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Abstract

:

The aim of this study is to investigate the effectiveness of a novel self-administered at-home daily virtual reality (VR)-based intervention (COVID Feel Good) for reducing the psychological burden experienced during the COVID-19 lockdown in Italy. A total of 40 individuals who had experienced at least two months of strict social distancing measures followed COVID Feel Good between June and July 2020 for one week. Primary outcome measures were depression, anxiety, and stress symptoms, perceived stress levels, and hopelessness. Secondary outcomes were the experienced social connectedness and the level of fear experienced during the COVID-19 pandemic. Linear mixed-effects models were fitted to evaluate the effectiveness of the intervention. Additionally, we also performed a clinical change analysis on primary outcome measures. As concerning primary outcome measures, participants exhibited improvements from baseline to post-intervention for depression levels, stress levels, general distress, and perceived stress (all p < 0.05) but not for the perceived hopelessness (p = 0.110). Results for the secondary outcomes indicated an increase in social connectedness from T0 to T1 (p = 0.033) but not a significant reduction in the perceived fear of coronavirus (p = 0.412). Among these study variables, these significant improvements were maintained from post-intervention to the 2-week follow-up (p > 0.05). Results indicated that the intervention was associated with good clinical outcomes, low-to-no risks for the treatment, and no adverse effects or risks. Globally, evidence suggests a beneficial effect of the proposed protocol and its current availability in 12 different languages makes COVID Feel Good a free choice for helping individuals worldwide to cope with the psychological distress associated with the COVID-19 crisis, although large scale trials are needed to evaluate its efficacy.
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1. Introduction


In late 2019, the virus responsible for the severe acute respiratory syndrome coronavirus 2 COVID-19 was first identified in a small Chinese town [1,2] forcing the world to face unprecedented medical, economic, and social challenges. After an uncontrollable diffusion of the disease from China to other countries, the World Health Organisation (WHO) declared the COVID-19 outbreak a ‘Public Health Emergency of International Concern’ on 30 January 2020. The immense spread of the COVID-19 and the consequent health emergency raised by the growing number of reported cases worldwide led the WHO to declare it a ‘pandemic’ on 11 March 2020 [3].



During the first three months of the emergency, Italy was one of the most affected countries [4]. The first cases were confirmed between 21 and 24 February 2020 in two areas in the northern regions of Italy, namely, the Lombardy and Veneto regions. Two ‘red zones’ were quickly introduced to isolate those areas, introducing physical/social distancing measures to slow down the spread of the disease. On 8 March, the Italian government extended these measures to all Lombardy and then to the whole country (the so-called Fase-Uno). Maintaining a social distance of at least 2 m away from other individuals, and limiting social interactions became the first rules to contain the transmission of the virus. Schools and all non-essential businesses were closed, social events were prohibited, and working from home became mandatory unless this was impossible due to the nature of the business or activities. The stay-at-home order (also called lockdown) resulted in a mass isolation measure that confined individuals to their homes except for essential needs [5,6]. These measures were implemented worldwide with varying degrees, aiming to limit the devasting diffusion of this disease, and were partially removed in Italy on 4 May 2020 when the so-called Fase-Due began. These measures globally achieved their goals of containing the dramatic spread of the disease; however, they also lead to negative psychological consequences and degradation of normal social systems [7,8,9,10,11]. Recent reviews indicated that the short-term psychological consequences included post-traumatic and depressive symptoms, high perceived stress, and an increase in anxiety and sleep disorders [6,12,13,14,15]. A study carried out during the first three weeks of the lockdown in Italy indicated that 37% of participants experienced post-traumatic stress, while 17–23% reported significant levels of anxiety, perceived stress, and adjustment disorders [16]. Some authors underlined that such effects can be pervasive and long-lasting, suggesting that the exposure to the psychological stress experienced during the ‘quarantine’ and the consequent social isolation can provoke long-term effects on mental health [17,18]. As reported by Gruber et al. [19], there are three peculiar and unique ways in which the COVID-19 pandemic is a stressor able to adversely affect mental health in the global population. First, the pandemic is accompanied by feelings of uncertainty regarding its duration that resulted in increased and diffuse concerns about its long-term economic and social consequences [20,21,22]. Second, the COVID-19 pandemic is a multidimensional stressor, affecting at the same time multiple spheres of our lives: work, family, and social life. The lockdown period forced families to try to maintain a functional work-family balance meeting the unique demand of the new working-from-home environment merged with homeschooling [23]. In addition, although economic-related stressors are always present, the COVID-19 crisis has rapidly intensified their load in terms of a sudden increase of unemployment and salary cuts that raise huge uncertainty about the future economic stability [24]. Third, social distancing measures adopted worldwide have had enormous costs on the social processes that underlie the very fabric of our society [25,26]. On one hand, these measures can negatively impact mental health in terms of an increase in perceived social isolation, personal distress [8,25,27], and unhealthy behaviours (e.g., excessive substance use; see, for example, [28]). In addition, adhering to stay-at-home orders and adopting social distancing measures drastically reduce the possibility to access important protective factors against stress, such as active participation in meaningful social relationships and interactions [29,30].



Delivering evidence-based psychological interventions for both preventing and treating these mental health disorders is an urgent challenge, considering also that the social distancing measures may limit the adoption of traditional psychological services [7,31]. To facilitate access to psychological services, traditional psychological interventions have been recently reconfigured to online or telehealth formats [31]. The literature suggests the efficacy of telehealth for delivering psychological interventions [32,33,34], and recent studies demonstrated the feasibility of these approaches during the COVID-19 crisis for both health care professionals and the general population [35,36,37,38]. In recent years, there has been a huge increase in the use of technology for the implementation of validated psychological interventions for a wide variety of psychological problems [33,39,40,41]. Digital psychological self-help interventions can be accessed from any location, with an obvious decrease in logistic and geographical barriers to treatment delivery. As a result, they are often more affordable and less time consuming in comparison to traditional interventions, with a subsequent lower impact on the public health service and a significant improvement in self-monitoring processes [42,43,44,45,46,47]. In particular, advanced technologies, such as virtual reality (VR) could play a unique role in times of the COVID-19 pandemic by supporting the delivery of accessible and affordable self-guided therapeutic interventions that offer multiple advantages, considering also high-treatment costs and the limited availability of health professionals [31,48,49,50]. VR occupies a prominent place among all other technologies for delivering self-help protocols for several reasons [40,41,51]. It is traditionally employed as a ‘simulative instrument’ [40] to reproduce ecologically valid and interactive scenarios recreating feared/critical situations (i.e., fear of spiders) while allowing the anxiety to attenuate, or naturalistic situations where one can learn specific skills in a safe, ecological, and interactive environment. At the same time, VR-based protocols allow precise control over the sessions’ delivery, according to both therapeutic strategies and patients’ progress; this aspect is particularly relevant for self-help protocols administered in the absence of a therapist’s guidance. These advantages offered by VR have already been exploited in VR-based self-help treatments for treating phobias and anxiety disorders [42,52,53].



The present study tested the effectiveness of COVID Feel Good [54], a novel self-help VR-based protocol aimed at helping individuals to cope with the psychological burden related to the COVID-19 pandemic and restrictive social distancing measures. The protocol consists of watching a 10 min, three hundred sixty–degree (360°) VR video, titled ‘The Secret Garden’, at least once a day for a week. Each day, after the VR session, participants were invited to perform a series of social exercises with targeted goals for each day of the week.



We hypothesised that the daily VR-based self-help protocol COVID Feel Good would be associated with a reduction in levels of depression, stress, anxiety, general distress, perceived stress, and hopelessness (primary outcome measures); an increase in the perceived interpersonal closeness with the social world; a decrease in fear of COVID-19 (secondary outcome measures) at the end of the intervention, compared with baseline responses and those from the 1-week waiting period. We predicted also that treatment gains would be maintained at 2-weeks follow-up. Additionally, we also evaluated the pre–post changes in perceived levels of relaxation and distress by comparing responses collected each day during the 1-week waiting period with those collected after completing each daily treatment module.




2. Materials and Methods


2.1. Recruitment and Experimental Design


We utilised a before-and-after study design. We compared changes in levels of depression, anxiety, stress, general distress, perceived stress, hopelessness, social connectedness, and fear of COVID-19 between a control waiting period (i.e., 7 days before the start of the intervention—Waiting Period), with changes before the start of the treatment (Day 0—T0) and the end of the treatment period (Day 7—T1). The inclusion of a 2-week follow-up (Day 21—T2) allowed us to additionally evaluate the stability of the treatment effects. State measures of anxiety, perceived stress, mood feelings, and relaxation levels were collected daily in the waiting period (7 days each day before the start of the intervention) and after the completion of each treatment module, from Day 0 to Day 7. From June to July 2020, participants were recruited through the combined use of traditional strategies and advertisements on a social media platform in Italy and completed the intervention. Potential participants were directly contacted by one of the researchers through emails and asked to complete a brief online questionnaire for screening purposes. A total of 45 participants were contacted for screening (Figure 1). The study was approved by the IRCSS Istituto Auxologico Italiano ethical review board in Milan, Italy (2020_06_16_09), and conducted according to the 1964 Declaration of Helsinki.



Inclusion criteria for participation included the following: (1) being at least 18 years old; (2) living in Italy during the pandemic; (3) being Italian-speaking citizens; (4) having experienced at least two months of strict social distancing measures (including a stay-at-home order) implemented by the Italian National Government (precise information about the measures implemented can be found here [55]); (5) availability and agreement of a partner for conducting the relational component of the treatment; (6) availability of a smartphone with Internet access; (7) normal or corrected-to-normal vision. Exclusion criteria (all self-reported) included the presence of a diagnosis of a major mental disorder, a lack of stereoscopic vision, or a balance/vestibular problem that would disrupt the VR experience. Participants who met the abovementioned eligibility criteria and agreed to participate (N = 40, Figure 1) were provided with information about the study design and asked to sign the informed consent. Table 1 presents the sample sociodemographic characteristics.



After the inclusion, they received the psychological assessment survey including all the outcome measures to be completed online through a Qualtrics survey and were informed that their intervention would start after a 1-week waiting period. In this initial survey, they were also asked to indicate whether they would have followed the protocol through their smartphone and a basic low-cost cardboard VR headset (‘immersive modality’) or through the YouTube App (‘non-immersive modality’). During the waiting period, participants received each day a Qualtrics survey link to complete the state measures. When the waiting period was over, participants received another Qualtrics survey to complete (the T0 baseline psychological assessment) with instructions to start the protocol and the self-help materials as an email attachment. During the treatment week, each day they received an email with the state assessment battery through a Qualtrics link to be completed at the end of each VR treatment module. At the end of the week (Day 7—T1) and after a 2-week follow-up (Day 21—T2), participants were invited to again complete the assessment survey with the same outcome measures as at baseline.




2.2. Treatment Protocol


Participants received six modules consisting of two integrated parts: the first part consists of a 10 min, 360° VR video entitled ‘The Secret Garden’, and the second part includes a series of social exercises, with a specific goal for each day of the week. From a technological viewpoint, 360° videos are spherical videos recorded with omnidirectional cameras to collect images from all around the environment, and they can be captured in natural landscapes or created using 3D computer graphics software (360° VR videos). They can be displayed in immersive (i.e., through a head-mounted display or low-cost cardboard connected with a smartphone) or in a non-immersive way (i.e., for instance, YouTube supports 360° video formats both in its Android app and on its website). During the playback, users can actively move the camera and have a 360° view of the environment. This feature allows them to have multiple views of the same video content interactively, feeling immersed or present in the represented environment and becoming the protagonist of the action that unfolds in front of their eyes.



The 360° VR video ‘The Secret Garden’ (Figure 2) has been developed through an iterative process involving psychologists, 3D artists, musicians, storytellers, and designers. It has been validated in previous studies by Chirico et al. [56]. It immerses users in a beautiful and relaxing Japanese garden, providing them with the visual (i.e., the flow of water) and auditory (i.e., the sound of running water) elements available in natural environments. The virtual environment has been developed using the software Unreal Engine. To guarantee scalability, the protocol could be accessed through both a participant’s smartphone and a basic low-cost cardboard VR headset (immersive modality) or through the YouTube App (non-immersive modality). The immersive experience is accompanied by a relaxation induction narrative structured following the principles of compassion-focused therapy [57,58]. This relaxation technique aims at deactivating the human threat protection system and activating the soothing system, with a mindset devoted to giving and receiving care, and nurturance. At the end of the VR exposure, participants were invited to perform a series of social tasks related to personal identity and interpersonal relationships. These tasks have been developed following guidelines provided by Winch [59] to cope with emotional experiences that can generate emotional pain, loneliness, rejection, or rumination. The tasks have the following general aims: (1) helping participants to pay attention and recognise their emotional discomfort; (2) supporting participants to reinforce their coping skills; (3) helping participants to monitor themselves and protect self-esteem; (4) support participants in finding a personal meaning even in difficult times. In addition, each activity has a specific objective as follows:




	
Day 1: Support to cope with stress, negative intrusive thoughts, worries related to the COVID-19 pandemic;



	
Day 2: Increase in self-esteem;



	
Day 3: Promotion in the use of autobiographical memories to create a stable representation of themselves over time, as well as increase intimacy and connectedness by sharing personal memories;



	
Day 4: Enhanced sense of community;



	
Day 5: Promotion in conscious self-regulation and self-organisation of life goals;



	
Day 6: Increase in empathy;



	
Day 7: Support a long-term positive psychological change.








All the exercises are designed to be experienced with another person (not necessarily physically together) to facilitate a process of critical examination and eventual revision of core assumptions and beliefs related to personal identity, relationships, and goals. The full description of the sessions is provided in [54].




2.3. Outcome Measures


2.3.1. Primary Outcome Measure


The following self-report questionnaires were included in the psychological assessment survey completed online through Qualtrics and administered at different time intervals to investigate changes in the subjective experience during a control waiting period (7 days before the start of the intervention—Waiting Period), prior to treatment (Day 0—T0) at the end of the treatment period (Day 7—T1), and at 2-week follow-up (Day 21—T2).



	
Depression Anxiety Stress Scale (DASS-21) [60,61]: The DASS-21 is the short version of the original self-report questionnaire developed and validated by Lovibond et al. [60] to evaluate depression, anxiety, and stress symptoms. It is composed of 21 items, with 7 items per subscale, namely, (1) DASS-21 Depression, a specific subscale for assessing depressed mood and absence of positive emotions (e.g., ‘I could not seem to experience any positive feeling at all’); (2) DASS-21 Anxiety, a specific subscale for evaluating anxiety feelings and somatic tension and (e.g., ‘I was aware of the dryness of my mouth’); (3) DASS-21 Stress, a specific subscale for evaluating somatic stress, with a focus on difficulty relaxing and irritability; (e.g., ‘I found it hard to wind down’). Participants are asked to score every item on a scale from 0 (‘did not apply to me at all’) to 3 (‘applied to me very much’). Sum scores are computed by adding up the scores on the items for each subscale the three subscales (DASS-21_Depression, DASS-21_Anxiety, DASS-21_Stress), and multiplying them by 2, but it is also possible to compute a composite score of ‘General Distress’ resulting from the sum of all items. Accordingly, total scale scores may range between 0 and 63 and subscales may range between 0 and 42.



	
Perceived Stress Scale (PSS) [62,63]: The PSS is a self-report questionnaire for evaluating individuals’ perceived stress. The scale is composed of 10 items on a 5-point Likert, and it measures to what extent our daily experiences are subjectively perceived as stressful in the last month (e.g., ‘How often you have been upset because of something that happened unexpectedly?’) For the current study, it was adapted to evaluate the perceived level of stress in the last week. It yields a composite score of perceived stress resulting from the sum of the responses of single items, from 0 to 40.



	
Beck Hopelessness Scale (BHS) [64,65]: The BHS is a self-report questionnaire for measuring pessimistic thoughts or negative attitudes toward the future in three different life spheres: feelings about the future, loss of motivation, and general expectations. It is composed of 20 true–false items. The total sum score can range from 1 to 20, with higher scores underscoring higher levels of hopelessness.







2.3.2. Secondary Outcome Measures


Participants were also assessed at four time points with the following measures:




	
Social Connectedness Scale (SCS) [66,67]: The SCS is a self-report instrument that measures the extent to which the individual feels connected to other persons or the social context. The scale is composed of 8 items on a 6-point Likert scale. Sum scores can range from 0 to 48, with higher scores indicating a higher sense of social connectedness.



	
Fear of Coronavirus (FCOR) [68,69]: FCOR is a scale aimed at measuring the level of fear experienced during the COVID-19 pandemic (‘I am most afraid of coronavirus-19’). FCOR is composed of 8 items on a 5-point scale. Sum scores can range from 0 to 40, with higher scores indicating higher fear of COVID-19.









2.3.3. State Outcome Measures


Furthermore, the following self-report questionnaires were administered each day to measure changes in daily subjective experience from the waiting period (7 days before the start of the intervention) and after the completion of each daily session (from Day 0 to Day 7):




	
State–Trait Anxiety Inventory (STAI) [70,71]: The STAI is a 40-item self-report questionnaire on a 4-point Likert scale where participants are asked to evaluate both state and trait levels of anxiety. This questionnaire is divided into 20 items that refer to state anxiety (STAI-S), and 20 items that refer to trait anxiety (STAI-T). In this study, we used only the STAI-S. Total scores range from 20 to 80, where higher scores indicate higher anxiety feelings.



	
Smith Relaxation State Inventory 3 (SRSI3) [72]: The SRSI3 is the revised version of the Smith Relaxation State inventory and measures 19 relaxation states. Individuals are asked to evaluate how they feel right now in response to 38 items on a 6-point Likert scale. The scale is divided into four subscales that can be selected independently. For this protocol, the following subscales have been selected, for a total of 20 items: rest/refresh, energised, physical relaxation, at ease/peace, joy, mental quiet, awareness, somatic stress, emotional stress, and cognitive stress.



	
Subjective Units of Distress Scale (SUDS) [73]: The SUDS is a numeric rating scale from 0 to 100 that evaluates the subjectively perceived level of distress.










2.4. Data Analysis


Sample size calculation was determined using G*Power (3.1) with a medium effect size (f = 0.25) [74], a power of 0.95, and an alpha of 0.05. We expected a medium effect size considering a recent meta-analysis of digital interventions for stress management in adults underlying that for the primary outcome of stress, an effect size of Cohen d = 0.43 was found across the 26 comparisons [75]. For a mixed between- and within-subject design (2 × 4), a minimum total sample size of 36 was suggested. Linear mixed-effects models (LMMs, estimated using REML and nloptwrap optimiser) were fitted to evaluate the effectiveness of the intervention. These models estimate both interindividual variability and intraindividual patterns of change over repeated sessions, thus controlling the issue of non-independence among repeated measures. Two separate models were fitted to evaluate changes for each outcome score (DASS-21_Depression, DASS-21_Anxiety, DASS-21_Stress, DASS-21_General Distress, PSS, BHS, SCS, FCOR) across four time points from the waiting period (7 days before the start of the treatment—Waiting Period) to the follow-up phase (T2). The first model was run according to the following formula = outcome ~ time, and the second one according to this formula = outcome ~ time*Immersion, to check for the potential effect on the results of using an immersive vs. a non-immersive modality. As reported in Table 1, 18 participants accessed the protocol through their smartphone and a basic low-cost cardboard VR headset (‘immersive modality’), and 22 participants followed the intervention through the YouTube App (‘non-immersive modality’). All models included participants as a random effect (formula = ~1 | ID). Table S1 (Supplementary Materials) presents the parameters estimated for each model that was fitted. In model comparisons, we selected the most parsimonious model according to Akaike’s information criteria (AIC) and Bayesian information criteria (BIC) to evaluate which model resulted to better fit the data. Then, we applied the same pipeline for evaluating changes in the daily subjective experience (STAI-S, SRSI3-Rest/Refresh, SRSI3-Energised, SRSI3-Physical relaxation, SRSI3-At ease/peace, SRSI3-Joy, SRSI3-Mental quiet, SRSI3-Aware, SRSI3-Somatic stress, SRSI3-Emotional stress, SRSI3-Cognitive stress, and SUDS) between the waiting period and the treatment week. Daily measures were first averaged to obtain a measure of global subjective experience before the starting of the treatment (waiting-list period) and after the treatment sessions (treatment period). Table S2 (Supplementary Materials) shows the parameters estimated for each model that was fitted. Analyses of variance (ANOVA) on selected LMM parameters were performed with Kenward–Roger approximation for degrees of freedom [76]. Significant effects were examined with post hoc comparisons (Bonferroni’s adjustment) and were performed with emmeans and are reported with estimated marginal means and standard error (SE). Assumptions for all models were satisfied. The linear mixed models were run in R Studio Version 1.1.463 with the following packages: Lme4 [77], with restricted maximum likelihood [78], lmerTest [79], emmeans [80]. Then, clinical change analyses on the primary outcome measures were carried out using the reliable change index (RCI) and the clinically significant change (CSC) (with formulas explained here [81]). RCI is an objective measure of change magnitude that accounts for errors of measurement, namely, the index explains if the participant improved (or worsened) between her/his pre–post-test questionnaire scores and if this improvement is not due to the measurement error. The CSC explains if the reliable change could be considered as important from a clinical point of view for the individual providing a cutoff for the clinical change (i.e., the score must pass the cutoff from pre- to post-test). Available Italian normative data for the DASS-21 [61] and PSS [63] were used to compute the indices. PSS scores are calculated for males and females separately, as normative data do not provide global measures of the population. The normative data of each questionnaire were used to compute the RCI and the CSC for each individual between pre- and post-test scores. Consequently, RCI and CSC indexes for each participant were calculated from the DASS-21 subscales and the PSS (males and females) normative data. Pre- and post-measures were taken from the waiting week (i.e., no intervention) and the seven days of treatment regardless of the level of immersion.



By counting the number of individuals with a positive or negative reliable change (i.e., RCI), risk measures and effect size of the intervention were computed [82,83]. Relative risk (RR) is a proportional measure estimating the size of the risk in the intervention period. Values close to 0 indicate a protective effect of the intervention (i.e., the risk of a bad outcome is reduced by the treatment). Experimental and control event ratios (EER, CER) indicate the incidence of a negative outcome in the two phases (intervention week vs. waiting period) in percentage (i.e., the lower the better in this case). The relative risk reduction (RRR) indicates the extent the intervention reduced the risk of bad outcomes relative to the waiting period in percentage (i.e., the higher the better in this case). Absolute risk reduction (ARR) indicates the percentage of participants who would be prevented from developing bad outcomes (i.e., the higher the better in this case). The number needed to treat (NNT) indicates the number of participants to treat to prevent a negative outcome (i.e., here the lower the better).





3. Results


3.1. Primary and Secondary Outcome Measures


Table 2 displays the means for primary and secondary outcomes across each assessment. None of the models were significant on the factor ‘immersion’, suggesting that there is no significant effect of the modality (immersive vs. non-immersive) on the results of the treatment. Furthermore, the models that include the factor immersion reported higher values of AIC and BIC parameters, suggesting that the models according to this formula: =outcome ~ time, were the best fit for the data (see Table S1).



Analysis of variance (ANOVA) on the LMM’s parameters indicated a significant effect of time for the primary outcomes of depression [F(3, 115.2) = 6.68; p < 0.001, η2p = 0.15, 95% CI (0.04, 0.26)], stress [F(3, 115.17) = 6.35; p < 0.001, η2p = 0.14, 95% CI (0.03, 0.25)], general distress [F(3, 115.15) = 6.97; p < 0.001, η2p = 0.15, 95% CI (0.04, 0.26)], perceived stress F(3, 115.17) = 5.15; p = 0.002, η2p = 0.12, 95% CI (0.02, 0.22)], and hopelessness [F(3, 115.07) = 4.80, p = 0.003, η2p = 0.11, 95% CI (0.01, 0.21)]. No significant effect of time was found on anxiety, as measured by DASS-21 [F(3, 115.2) = 2.2556, p > 0.05, η2p = 0.06, 95% CI (0.00, 0.14)]. Among the secondary outcomes, ANOVA on the linear mixed model’s parameters indicated a significant effect of time on social connectedness [F(3, 115.15) = 5.48, p = 0.001, η2p = 0.12, 95% CI (0.02, 0.23)] and fear of coronavirus [F(3, 115.07) = 5.0214, p = 0.003, η2p = 0.12, 95% CI (0.02, 0.22)]. All these significant effects were followed up with post hoc (Bonferroni adjusted) comparisons testing to determine changes in outcomes across the different time points. See Figure 3 for a summary of these findings. Full comparisons are presented in Supplementary Materials (see Table S3).



First, results indicated no significant changes (p = 1.000) for all the measures collected between the waiting period (i.e., data collected 7 days before the start of the treatment) and the baseline (i.e., data collected at the beginning of the intervention, T0). Regarding primary outcome measures, participants exhibited improvements from baseline to post-intervention for depression levels, stress levels, general distress, and perceived stress (all ps < 0.05) but not for the perceived hopelessness (p = 0.110). Results for the secondary outcomes indicated an increase in social connectedness from T0 to T1 (p = 0.033) but not a significant reduction in perceived fear of coronavirus (p = 0.412). Among these study variables, significant improvements observed from T0 and T1 were maintained from post-intervention to the 2-week follow-up (p > 0.05). Levels of depression, stress, general distress, and perceived stress significantly decreased from T0 to T2, and an increase in perceived interpersonal closeness with the social world was also observed (all ps < 0.05).




3.2. State Outcome Measures


Table 3 displays the means for the state outcome measures collected each day during the waiting week (7 days before the start of the intervention) and during the intervention phase, after each treatment module. Daily changes in the subjective experience across the two time periods are presented in Figure 4. Globally, the percentage of missing responses did not exceed 5% (We handled missing data averaging scores across weeks. Moreover, we also tried to impute values with a random forest algorithm (mice package in R), but the trends of the measures did not substantially change (see also Figure S1)). An improvement in almost all study variables was observed from the waiting period (i.e., data collected each day, for 7 days before the start of the intervention) to the intervention phase, namely, data collected each day after each treatment module. None of the models were significant on the factor ‘immersion’, suggesting that there is no significant effect of type of modality (immersive vs. non immersive) on the results of the treatment. Furthermore, the models that include the factor immersion reported higher values of AIC and BIC parameters, suggesting that the models according to this formula: =outcome ~ time, were the best fit for the data. Regarding the model including the subscale SRSI3- Aware, results indicated no effect from time or immersion (see Table S2). Analysis of variance (ANOVA) on the LMM’s parameters indicated a significant effect of time on anxiety levels [F(1, 39.323) = 39.99; p < 0.001, η2p = 0.50, 95% CI (0.28, 0.66)], refreshed feelings [F(1, 39.732) = 6.35; p = 0.007, η2p = 0.17, 95% CI (0.01, 0.38)], energised feelings [F(1, 39.836) = 5.54; p = 0.023, η2p = 0.12, 95% CI (0.00, 0.32)], perceived physical relaxation F(1, 39.634) = 25.75; p < 0.001, η2p = 0.39, 95% CI (0.16, 0.57)], feelings of peace [F(1, 40.242) = 5.23, p = 0.027, η2p = 0.12, 95% CI (0.00, 0.32)], feelings of mental quiet [F(1, 39.558) = 31.36, p < 0.001, η2p = 0.44, 95% CI (0.21, 0.61)], perceived somatic distress [F(1, 39.156) = 31.59, p < 0.001, η2p = 0.45, 95% CI (0.21, 0.61)], perceived emotional distress [F(1, 39.348) = 15.36, p < 0.001, η2p = 0.28, 95% CI (0.07, 0.48)], perceived cognitive distress [F(1, 39.178) = 31.51, p < 0.001, η2p = 0.45, 95% CI (0.21, 0.61)], and subjectively perceived levels of discomfort [F(1, 39.206) = 25.59, p < 0.001, η2p = 0.39, 95% CI (0.16, 0.57)]. No significant effect of time emerged for perceived feelings of joy [F(1, 39.285) = 3.83, p = 0.057, η2p = 0.09, 95% CI (0.00, 0.29)].




3.3. Clinical Change Analyses of Primary Outcomes


Table 4 provides the results obtained from the clinical change analyses of primary outcome measure scales. From a clinical point of view, all the scales indicated good outcomes and low risk for the intervention period, compared to the waiting one. The total number of pre/post-tests with a positive RCI was 29 for the treatment period, compared to 10 in the waiting period. These results indicate that almost 73% of the participants in the intervention week improved on the post-intervention measures. To understand if this change could be considered clinically significant, the analysis revealed that 16 out of the 29 RCI pre/post-tests reached the CSC, whereas only 3 out of 10 reached the cutoff for clinical change in the waiting period. These results indicate that more than 50% of the participants in the intervention period reported an improvement that could be considered clinically significant. Conversely, the pre/post-tests with a negative RCI were 4 in the treatment period, compared to 20 in the waiting one, highlighting a protective effect of the treatment.



The number of adverse outcomes during the first seven days of treatment compared to the waiting list (i.e., 7 days before the start of the intervention) is lower in all the relevant scales, including also the DASS-21-Anxiety that was found to be not statistically significant. These results are supported by the different scores of risks included in Table 4. Regarding the scales analysed, the risk associated with the treatment ranged between 0 to 0.44. The incidence of negative outcomes in the treatment period (EER) was between 0% and 33%, whereas the incidence of negative outcomes in the waiting period (CER) was from 40% to 100%. The reduction of risk in the experimental period (RRR) ranged from 56% to 100% and 29% to 100% of the participants treated would be prevented from developing negative outcomes (ARR). Taking into consideration the DASS-21, the best outcomes were observed for the total score, the general distress (see also Figure 5). Despite a small effect size, the depression subscale showed good protective effects of the treatment compared to the waiting period. Interestingly the anxiety subscale (DASS-21-Anxiety), despite not being statistically significant, highlighted a medium effect size of the treatment with good protective effects, compared to the waiting period. For the PSS, the males showed lower risk associated with the intervention compared to females; however, the effect size was lower for the former group, compared to the latter, and the two samples are small and unbalanced.





4. Discussion


The aim of this study was to evaluate the effectiveness of a novel virtual reality (VR) self-help psychological protocol to assist individuals in coping with the psychological burden related to the COVID-19 pandemic and associated social restriction measures. The entire protocol (1 week) is based on the 360° video (VR) ‘The Secret Garden’, which simulates a natural environment aiming to promote relaxation and self-reflection. ‘The Secret Garden’ experience is combined with daily social exercises with targeted goals that are designed to be experienced with another person. The sample consisted of 40 Italian participants who experienced at least two months of strict social distancing measures, including a ‘stay-at-home’ order, implemented by the Italian National Government to contain the dramatic diffusion of the disease in the country (the so-called Fase-Uno). To evaluate the effectiveness of the protocol we compared changes in levels of depression, anxiety, stress, general distress, perceived stress, hopelessness, social connectedness, and fear of COVID-19 between a control waiting period with changes before the start of the treatment, at the end of the treatment period, and at 2-week follow-up.



First, results indicated a significant change between the different time points (waiting period vs. baseline assessment vs. end of intervention vs. 2-week of follow-up) on all outcome measures, except for the anxiety subscale of the Depression Anxiety Stress Scale (DASS_21). Importantly, results indicated no significant changes for these measures between the waiting period (i.e., data collected 7 days before the start of the treatment) and the baseline (i.e., data collected at the beginning of the intervention), but from the baseline assessment and the end of the intervention.



Regarding primary outcome measures, participants exhibited improvements in depression levels, stress levels, general distress, and perceived stress but not for the perceived hopelessness. Results for the secondary outcomes indicated an increase in social connectedness but not a significant reduction in perceived fear of COVID-19. Results revealed that these treatment gains were maintained in the 2-weeks of follow-up.



Regarding the lack of changes in perceived anxiety levels (as measured with the DASS_21), although we observed a decrease from the baseline to post-intervention, we also measured a slight increase in scores from the waiting period to the start of the protocol. This slight increase in the perceived anxiety from the control period to the start of the treatment could be explained by data reviewed by recent meta-analyses indicating a high prevalence (23.4%) of anxiety symptoms among the general population measured with the DASS-21 scale during the COVID-19 pandemic [84]. Additionally, we did not observe any effect of the intervention on the subjective perception of hopelessness. An explanation might be offered by Cipolletta and Ortu [85], who suggested that one of the most profound psychological effects of the COVID-19 crisis and related restrictive measures is that this period has suspended time and our future [85], with a significant rebound in feelings of hopelessness and demoralisation [19].



Regarding the secondary outcome measures, we found a significant improvement in the feeling of social connectedness with the social world, but we did not find a reduction in the fear of COVID-19. Globally, we observed a reduction of fear of COVID-19 from the waiting period to the follow-up assessment, but the observed decrease from the beginning and the end of the intervention was not statistically significant. This finding could be explained by taking into consideration the nature of the COVID Feel Good intervention, i.e., it was specifically developed to offer participants a self-help tool for overcoming the psychological distress associated with the COVID-19 pandemic but without a specific reference to the pandemic itself. Accordingly, it is possible to observe that threat of catching the virus remained stable across the different assessment periods (see Table 2). We have indeed exploited the potentiality of VR as a ‘simulative instrument’ to provide participants with the opportunity to be immersed in a naturalistic and safe digital place [56], far from the stressful situations experienced in routine daily contexts during the pandemic, where they can learn how to relax and reflect upon their experience following a guided protocol. This effect has been enhanced by creating a bridge with the real-life context with different daily social tasks aimed at facilitating a process of critical examination and eventually revision of core assumptions and beliefs [54].



Wahlund et al. [86] offered another example of a brief self-guided, online psychological intervention. In this case, the intervention was specifically developed for targeting dysfunctional COVID-19 worry and associated symptoms. Consequently, they found a reduction in COVID-19-related worry for the intervention group compared to the waiting list, and improvements on all secondary outcome measures, including mood, daily functioning, insomnia, and intolerance of uncertainty.



As regards daily changes, we observed an improvement in the daily levels of anxiety, perceived stress, and mood levels from the waiting period to the treatment week, further suggesting the effectiveness of each module in ameliorating participants’ subjective experience in their daily context.



Importantly, these improvements are observed both at the statistical and clinical level. Indeed, we also explored the magnitude of the clinical change associated with the COVID Feel Good protocol with a series of clinical change analyses on the primary outcome measures of DASS_21 subscales and PSS. Our results indicated that the intervention was associated with good clinical outcomes, low-to-no risks for the intervention, and no adverse effects. Specifically, regarding the treatment period, we observed a positive change (defined as an improvement between the pre- and post-test scores in the self-reported questionnaires) in 73% of cases and among these, 50% of the participants reported a significant clinical improvement.



In sum, evidence suggests a potential benefit of the intervention in reducing psychological distress during a life-threatening situation. In this perspective, it is crucial to reiterate that participants had the opportunity to follow the protocol with the use of a head-mounted display (HMD, immersive modality) or without it, namely, by watching the 360° video entitled ‘The Secret Garden’ on Youtube (non-immersive modality). We did not find any difference in all outcome measures as regards the immersion, suggesting the potential applicability of the intervention in populations with no direct access to advanced technological devices, such as the use of an HMD.



These initial findings on the effectiveness of COVID Feel Good training contribute to the growing literature supporting the emerging role of digital self-help interventions in addressing mental health symptoms and promoting well-being [42,43,44,45,46,47]. As the countries and societies will hopefully begin to emerge from social distancing measures, a further step will include investigating whether this novel self-help intervention would ameliorate participants’ mental well-being without the peculiar conditions of a lockdown. Several studies have emphasised that a pandemic could have long-term adverse psychological sequelae such as anxiety, depression, post-traumatic stress among survivors, health professionals, but also the general population [87]. Continuous research efforts are needed to both develop and test effective evidence-based self-help interventions for improving mental health in the near future [88].



Limitations


Given the importance of delivering and testing digital psychological treatments to help individuals cope with psychological distress related to the COVID-19 crisis [38,89], the results obtained might have important implications for developing and testing future evidence-based protocols in this field. However, it is important to note that this study also has several limitations. First, as noted earlier, although our study was not aimed at comparing the use of immersive vs. non-immersive in VR-based self-help treatments, we did not experimentally control for this variable. Future research could aim to specifically examine the impact of the level of immersion on the delivery of digital psychological self-help treatments. Second, given the specific context of the intervention, we opted to not include an active control group, but rather offered all participants the possibility to participate in the study. The absence of a proper control condition may have impacted the results. Future studies should be carried out to further investigate the efficacy of COVID Feel Good in comparison to standard psychological treatments. Third, the participation in the protocol was limited to individuals with proper access to a smartphone with internet access and availability. This might have impacted the generalisability of the results obtained. Finally, the reported findings only measured short-term outcomes, and it is crucial to acknowledge that a 2-week follow-up is not adequate to properly draw long-term conclusions. Future larger controlled and randomised trials including a long-term follow-up should evaluate the clinical efficacy of this novel self-help intervention in ameliorating the psychological distress associated with the COVID-19 crisis.





5. Conclusions


The psychological and social costs of the COVID-19 pandemic are now evident. If not treated promptly and properly with appropriate evidence-based interventions, the psychological burden of COVID-19 may have long-term negative health effects. Globally, this study has important implications for the design and delivery of digital self-help psychological protocols to alleviate the psychological distress associated with the pandemic [7,8]. This effectiveness study tried to investigate if and how a daily VR self-help protocol can help overcome the psychological burden associated with the COVID-19 crisis and related social restrictive measures. The results, even if preliminary, suggest a potential benefit of the intervention in reducing psychological distress in participants who had experienced at least two months of strict social distancing measures. Moreover, its current availability [90] in 12 different languages—English, Spanish, French, Brazilian/Portuguese, German, Italian, Turkish, Japanese, Korean, Farsi, Romanian, and Catalan—makes COVID Feel Good a free choice for assisting individuals worldwide to cope with the psychological distress related to the COVID-19 pandemic and related restrictions. However, randomised controlled trials are needed to evaluate the clinical efficacy of this protocol in large samples, in other groups (i.e., health professionals or older adults), and its impact in the longer term.
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Figure 1. Participant flowchart. 
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Figure 2. ‘The Secret Garden’, a 360° virtual reality scenario where participants are immersed in a naturalistic and safe digital place, far from the stressful situations experienced in routine daily contexts, in which they can learn how to relax and reflect upon their experience following a guided protocol. 
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Figure 3. Bonferroni-adjusted, pairwise comparisons for Depression Anxiety Stress Scale Subscale Depression (DASS_21 Depression, (A) and Subscale Stress (DASS_21 Stress, (B), Depression Anxiety Stress Scale total score General Distress (DASS_21 General Distress, (C), Beck Hopelessness Scale (BHS, (D)), Stress, Perceived Stress Scale (PSS, (E)), Fear of Coronavirus outcome (FCOR, (F)), and Social Connectedness Scale (SCS, (G)) across the different time points. (7 days before the start of the intervention—Waiting Period, before the start of the intervention, Day 0—T0; end of the intervention, Day 7—T1; 2-week follow-up, Day 21—T2). * <0.05; ** <0.01; *** <0.001. 
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Figure 4. Daily changes in the subjective experience (refreshed feelings, SRSI3-Rest/Refresh; energised feelings; SRSI3-Energised, relaxation SRSI3-Physical relaxation; feelings of peace, SRSI3-At ease/peace; feelings of joy, SRSI3-Joy; mental quiet, SRSI3-Mental quiet; mental awareness, SRSI3-Aware; somatic stress, SRSI3-Somatic stress; emotional stress, SRSI3- Emotional stress; cognitive stress, SRSI3-Cognitive stress; anxiety level, State–Trait Anxiety Inventory-State—STAI-S; discomfort, Subjective Units of Distress Scale SUDS). State measures collected each day during the waiting week (7 days before the start of the intervention) and during the intervention phase, after each treatment module. Mean and 95% CI are depicted in the graphs. 
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Figure 5. Jacobson plot depicting the 95% CI of the RCI between the blue lines and the CSC cutoff for pre- and post-test between the green lines. Blue dots represent participants who did not have a reliable change between pre and post measures. Red dots represent individuals who had a reliable deterioration between the two time points. Green dots are participants who showed a reliable improvement between the two measures. Green dots falling in the bottom-right section of the rectangle delimited by the green horizontal and vertical lines are participants with a reliable change plus a CSC. Green dots falling in the bottom-left section of the rectangle delimited by the green horizontal, and vertical lines are participants who already have high scores to show a CSC. RCI: reliable change index; CSC: clinically significant change. 
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Table 1. Demographic characteristics of participants.
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	Variables
	Total Sample (N = 40)





	Age (years), mean (SD)
	30.28 (11.69)



	Gender, N (%)
	



	Male
	15 (37.5)



	Female
	25 (62.5)



	Relationship Status, N (%)
	



	Single
	30 (72.5)



	Married
	10 (25)



	Employment Status, N (%)
	



	Student
	22 (55)



	Employed
	18 (45)



	Housing arrangements, N (%)
	



	Living alone
	<5 (<5)



	Living with partner
	6 (15)



	Living with partner and children
	5 (12.5)



	Living with parents
	23 (57.5)



	Living with friends
	<5 (<5)



	Other
	<5 (<5)



	Experience of COVID Feel Good, N (%)
	



	Immersive modality

Non-Immersive modality
	18 (45)

22 (55)
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Table 2. Descriptive statistics for the primary and outcome measure across the different time points by time points (7 days before the start of the intervention—Waiting Period, before the start of the intervention, Day 0—T0; end of the intervention, Day 7—T1; 2-week follow-up, Day 21—T2). Data are provided in means and standard deviation (SD). Depression Anxiety Stress Scale Subscale Depression-21: DASS_21; Perceived Stress Scale: PSS; Beck Hopelessness Scale: BHS; Social Connectedness Scale: SCS; Fear of Coronavirus outcome: FCOR.
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Waiting Period

Mean (SD)

	
T0

Mean (SD)

	
T1

Mean (SD)

	
T2

Mean (SD)






	
Primary outcome measures

	

	

	

	




	
DASS-21

	
Depression symptoms

	
8.75 (6.80)

	
8.85 (8.18)

	
5.65 (5.51)

	
6.37 (6.59)




	

	
Anxiety symptoms

	
4.30 (3.88)

	
5.15 (4.77)

	
3.45 (4.51)

	
4.21 (4.50)




	

	
Stress symptoms

	
14.40 (8.25)

	
14.75 (8.14)

	
10.70 (7.01)

	
11.74 (9.10)




	

	
General distress

	
13.73 (7.85)

	
14.44 (9.34

	
9.90 (7.08)

	
11.23 (9.56)




	
PSS

	
Perceived stress level

	
16.55 (5.82)

	
17.03 (6.18)

	
14.33 (5.98)

	
14.50 (6.97)




	
BHS

	
Perceived hopelessness

	
4.42 (3.22)

	
4.03 (3.08)

	
3.27 (2.79)

	
4.13 (3.71)




	
Secondary outcome measures

	

	

	

	




	
SCS

	
Perceived social connectedness

	
37.40 (7.81)

	
37.43 (6.63)

	
40.10 (6.64)

	
40.08 (6.96)




	
FCOR

	
Fear of coronavirus

	
24.55 (4.62)

	
23.75 (4.74)

	
22.88 (5.00)

	
23.03 (5.36)
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Table 3. Descriptive statistics for the state measures collected each day during the waiting week (7 days before the start of the intervention) and during the intervention phase, after each treatment module. Data are provided in means and standard deviation (SD). State–Trait Anxiety Inventory-State: STAI-S; Smith Relaxation State Inventory 3: SRSI3; Subjective Units of Distress Scale: SUDS.
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State Outcome Measures

	
Waiting Period

	
Intervention Week




	

	
Mean (SD)

	
Mean (SD)






	
STAI-S

	
Anxiety level

	
42.00 (9.48)

	
35.29 (7.52)




	
SRSI3

	
Refreshed feelings

	
3.24 (0.69)

	
3.67 (0.88)




	

	
Energised feelings

	
3.09 (0.60)

	
3.46 (1.00)




	

	
Perceived physical relaxation

	
2.22 (0.87)

	
3.15 (1.25)




	

	
Feelings of peace

	
3.20 (0.79)

	
4.76 (0.41)




	

	
Feelings of joy

	
3.38 (0.91)

	
3.61 (1.02)




	

	
Feelings of mental quiet

	
2.50 (0.81)

	
3.31 (0.96)




	

	
Feelings of mental awareness

	
3.06 (1.01)

	
3.25 (0.96)




	

	
Perceived somatic distress

	
1.66 (0.55)

	
1.40 (0.50)




	

	
Perceived emotional distress

	
1.76 (0.66)

	
1.48 (0.46)




	

	
Perceived cognitive stress

	
2.01 (0.83)

	
1.62 (0.67)




	
SUDS

	
Subjectively perceived levels of discomfort

	
17.62 (15.6)

	
10.71 (13.1)
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Table 4. Clinical change analyses for the primary outcome measures. RCI indicates the number of participants who improved (improvement RCI) or worsened (deterioration RCI) from the waiting period to the treatment period for the relevant scales. CSC shows the number of participants that reached a clinical change in the selected scales. RCI is used to calculate risk and efficacy measures. RCI: reliable change index; CSC: clinically significant change; RR: relative risk; CER: control event rate; EER: experimental event rate; RRR: relative risk reduction; AAR: absolute risk reduction; NNT: number needed to treat. Measures from CER to NNT are expressed in percentage.
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	Variables
	Improvement

RCI
	Deterioration

RCI
	Improvement CSC
	RR
	CER
	EER
	RRR
	ARR
	NNT
	Effect Size d





	Depression Symptoms
	Treatment: 4

Waiting period: 2
	Treatment: 0

Waiting period: 4
	Treatment: 1

Waiting period: 0
	0
	67
	0
	100
	67
	1
	0.45

small-beneficial



	Anxiety Symptoms
	Treatment: 4

Waiting period: 0
	Treatment: 2

Waiting period: 4
	Treatment: 3

Waiting period: 0
	0.33
	100
	33
	67
	67
	1
	0.56

medium-beneficial



	Stress symptoms
	Treatment: 8

Waiting period: 3
	Treatment: 1

Waiting period: 2
	Treatment: 4

Waiting period: 0
	0.28
	40
	11
	72
	29
	3
	0.55

medium-beneficial



	General Distress
	Treatment: 9

Waiting period: 4
	Treatment: 0

Waiting period: 6
	Treatment: 5

Waiting period: 2
	0
	60
	0
	100
	60
	2
	0.6

medium-beneficial



	Perceived Stress Level
	Treatment: 2

Waiting period: 1
	Treatment: 1

Waiting period: 3
	Treatment: 2

Waiting period: 1
	0.44
	75
	33
	56
	42
	2
	0.66

medium-beneficial



	Perceived Stress Level
	Treatment: 2

Waiting period: 0
	Treatment: 0

Waiting period: 1
	Treatment: 1

Waiting period: 0
	0
	100
	0
	100
	100
	1
	0.22

small-beneficial
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