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Abstract

:

Virtual reality (VR) was introduced to maximize the effect of cognitive behavioral therapy (CBT) by efficiently performing exposure therapy. The purpose of this study was to find out whether VR-based individual CBT with relatively few treatment sessions is effective in improving social anxiety disorder (SAD). This therapy was applied to 115 patients with SAD who were retrospectively classified into 43 patients who completed the nine or 10 sessions normally (normal termination group), 52 patients who finished the sessions early (early termination group), and 20 patients who had extended the sessions (session extension group). The Brief Fear of Negative Evaluation Scale (BFNE) scores tended to decrease in all groups as the session progressed, and the slope of decrease was the steepest in the early termination group and the least steep in the session extension group. Severity of social anxiety in the last session and symptom reduction rate showed no significant group difference. Our findings suggest that short-term VR-based individual CBT of nine to 10 sessions may be effective. When the therapeutic effect is insufficient during this period, the additional benefit may be minimal if the session is simply extended. The improvement in the early termination group suggests that even shorter sessions of five or six can also be effective.
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1. Introduction


Social anxiety disorder (SAD) characterized by a marked fear about social situations, and avoidance of social stimuli [1] is a common psychiatric disorder with lifetime prevalence between 7% and 13% [2,3]. Cognitive behavioral therapy (CBT) has been used as a major tool for the treatment of SAD [4,5]. Among the techniques of CBT, exposure therapy is often used to treat a variety of anxiety disorders [6,7]. In particular, in vivo exposure to social situations has been reported to be an effective way to alleviate social anxiety and overcome social avoidance [8,9]. For example, Haug et al. [8] reported that between 24 weeks of treatment and 52 weeks of follow-up evaluation, the Clinical Global Impression—Social Phobia overall severity score decreased by 0.45 in the in vivo exposure group, compared to 0.25 in the placebo group.



However, in vivo exposure can be impractical to use in clinical practice due to several issues, such as cost, time consumption, audience recruitment, and control management. Patients with SAD can avoid experiencing such real-world situations because of their symptoms. Virtual reality (VR) exposure can be an alternative to in vivo exposure in that VR can induce emotional responses similar to reality and its application is acceptable to patients and produces a good therapeutic effect [10]. As a result of these advantages, VR exposure therapy (VRET) is being used more and more often in the clinical field to treat various mental disorders [11,12]. In particular, VRET has been reported to be as effective as traditional CBT in treating public speaking anxiety [13,14] and even generalized SAD [15]. A recent controlled trial for patients with SAD showed that VRET was more effective at post-treatment and more practical for therapists than in vivo exposure therapy [16]. A recent meta-analysis study suggested that the efficacy of VRET for SAD continued over the long-term follow-up period with an effect size (Hedges′ g) of −0.86 at post-intervention, –1.03 at three months, −1.14 at six months, and −0.74 at 12 months [17]. Our research team also reported that the use of VR exposure technology was effective in reducing social anxiety even in a self-training environment; the Liebowitz Social Anxiety Scale (LSAS) score decreased 19.8% in patients with social anxiety disorder [18].



In addition to exposure therapy, other forms of CBT have also been reported to be effective in treating SAD, examples of which include group therapy [19], individual cognitive therapy [20], intensive group cognitive therapy [21], social skills training [22], relaxation training [23], and mindfulness-based stress reduction [24]. Meta-analytic reviews have reported that combining two or more of these types of CBT is also useful for treating SAD, and both individual and group formats are effective [25,26]. In addition, in order to maintain the therapeutic effect for a sufficiently long period after CBT, it is necessary to weaken the negative beliefs of patients with SAD, and for this, cognitive restructuring through intensive cognitive therapy may be essential [27]. Taken together, it may be possible to treat patients with SAD only with VRET, but combining this with other forms of CBT is likely to improve treatment effectiveness. For example, VR-based individual CBT may include cognitive restructuring and relaxation training as well as VRET.



There is no doubt about the usefulness of CBT as such, but there are still no definitive guidelines on how many treatment sessions should be conducted to effectively treat SAD. Previous studies have reported that long-term treatment of 14 or 16 sessions, once a week, was effective [16,28], while short-term treatment of eight sessions was also effective [13]. Our research team reported that eight intensive exposure sessions for 2 weeks were effective enough to reduce social anxiety [18]. Due to the diversity of the treatment session composition of previous studies, it has not been established how many treatment sessions are appropriate even for VR-based individual CBT that maximizes the effect of CBT by efficiently performing exposure therapy.



The purpose of this study was to find out whether VR-based individual CBT with relatively few treatment sessions of nine or 10 times is effective in improving SAD. For this purpose, we performed a retrospective analysis of the data from patients who received VR-based individual CBT for the treatment of SAD, the core of which was to compare psychological measures among the group who ended earlier than eight sessions, the group who normally ended nine or 10 sessions, and the group who conducted longer than 11 sessions. We hypothesized that nine or 10 sessions of therapy would be sufficient to alleviate social anxiety, and in some cases, even short-term therapy of eight or fewer sessions could achieve the desired outcome, whereas there would be little additional benefit that could be gained from long-term therapy of longer than 11 sessions.




2. Methods


2.1. Participants


Among patients with SAD who visited the department of psychiatry in Gangnam Severance Hospital, 115 patients who participated in VR-based CBT were the targets of the retrospective analysis. Psychiatric diagnosis was based on the Mini-International Neuropsychiatric Interview (MINI) [29], and exclusion criteria included other significant psychiatric illnesses except SAD, substance abuse, any neurological or serious physical disorders, and a pregnancy. This study was approved by the institutional review board of Gangnam Severance Hospital (3-2020-0431).




2.2. Procedure


All patients participated in VR-based CBT for nine or 10 weeks in one session per week. These sessions were conducted one-to-one between a therapist skilled in CBT (J.H.L.) and a patient in the VR clinic of Gangnam Severance Hospital. VR-based CBT included cognitive restructuring training, relaxation training, and VRET. Cognitive restructuring training was to address the frequency and strength of beliefs to reduce negative self-defeating thoughts and increase positive well-being-enhancing thoughts [30]. Relaxation training consisted of diaphragmatic breathing and progressive muscle relaxation [31]. VRET was conducted using the desktop-based program or the mobile version consisting of three environments, in which 12 situations and 36 topics were provided with four different levels of difficulty in a way that the number of virtual audience appearing increased (see the sample videos: https://youtu.be/LxfSPaSJSTE accessed on 1 December 2020). The program featured an automatic monitoring system of the participants′ eye movement, speaking time, and heart rate for immediate feedback. A further description of VRET is detailed in a previous paper [18].



During the VR-based CBT period, the progression of sessions was in the following sequence and contents: Session 1, orientation and psychoeducation for SAD; Session 2, cognitive restructuring training (recognizing automatic thinking and cognitive errors); Session 3, cognitive restructuring training (attacking cognitive errors and deriving rational responses) and VRET (level 1, conversation with some people); Session 4, cognitive restructuring training (correcting irrational beliefs and becoming a self-therapist) and VRET (level 2, presentation in front of a small audience size); Session 5, relaxation training (diaphragmatic breathing) and VRET (level 3, presentation in front of a moderate audience size); Session 6, relaxation training (progressive muscle relaxation) and VRET (level 3, presentation in front of a moderate audience size); Session 7, VRET (level 4, presentation in front of a large audience size); Session 8, VRET (level 4, presentation in front of a large audience size); Session 9, VRET (special level, presentation in front of evaluators); and Session 10, VRET (special level, presentation in front of evaluators).



In principle, this training schedule was applied to all participants, but it was flexibly applied depending on the participants′ symptoms and learning level. Ten sessions were the default, but when nine sessions yielded sufficient treatment effects, the VR-based CBT was terminated normally under the agreement of the therapist and participant. If it was judged that sufficient therapeutic effect was not obtained by the 9th session, the VR-based CBT could be extended to more than 11 sessions with the agreement of the two. In these extended sessions, the contents of training were basically re-learning over and over again what was included up to the 10th session, and the termination was made between the 11th and 20th sessions by the agreement between the two.




2.3. Measurements


Prior to the beginning of the first session, participants completed a set of questionnaires. The first one was the Brief Fear of Negative Evaluation Scale (BFNE), which is a 12-item 5-point Likert scale (1–5) to assess anxiety with perceived negative evaluation [32]. The second one was the LSAS, which is a 24-item 4-point Likert scale (0–3), assessing the level of social anxiety and the avoidance of different social situations [33]. The third one was the Social Phobia Scale (SPS), which is a 20-item 5-point Likert scale (0–4), assessing fears of being scrutinized during routine activities [34]. The fourth one was the Social Interaction Anxiety Scale (SIAS), which is a 20-item 5-point Likert scale (0–4), measuring complementary aspects of social phobia [34]. These measures were reevaluated after the last session. Given that the BFNE was sensitive to treatment-related change and thus useful as an outcome measure in SAD [35], the BFNE was repeatedly evaluated in each session.




2.4. Statistical Analysis


The participants were classified into the following three groups according to the number of sessions completed. The participants who did not reach the 9th session, the criterion for normal termination, were referred to as the early termination group. The participants who completed the 9th or 10th session were referred to as the normal termination group. The participants who extended the session more than 11 times by agreement with the therapist were referred to as the session extension group.



Demographic variables and psychological measures at baseline were compared among the three groups using analysis of variance (ANOVA) or chi-squared test. The significance of changes in the BFNE score according to the progress of treatment sessions and their difference among the three groups were analyzed using the linear mixed model (specifically, random intercept model) analysis. For this analysis, after missing data were inputted using the last observation carried forward (LOCF) method, the estimated BFNE scores were counted in all groups and compared using ANOVA. Independent variables as possible predictors for the linear mixed models included gender, age, education years, job status, marital status, medication status, group, number of sessions, and group-by-session interaction. In the normal termination and session extension groups, the changes before and after the therapy of the scale scores other than the BFNE score were analyzed using ANOVA. For all scale scores, the symptom reduction rate was calculated by the formula of [(pretreatment score − posttreatment score) ÷ pretreatment score] × 100%, and the group difference in this reduction rate was assessed using ANOVA or Student t-tests. For all the ANOVAs described above, post-hoc tests for significant results were performed using independent or paired t-tests. The significance level in all analyses was set at p < 0.05, and Bonferroni correction was additionally applied to post-hoc tests. All statistical analyses were conducted using SPSS statistics, v. 25.0 (IBM, Armonk, NY, USA), SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), or R package version 4.0.3 (http://www.R-project.org accessed on 15 December 2020).





3. Results


3.1. Participant Characteristics


Among 115 participants, 52 were in the early termination group, 43 were in the normal termination group, and 20 were in the session extension group. The total number of sessions was 5.2 ± 1.9 in the early termination group, 9.4 ± 0.9 in the normal termination group, and 13.5 ± 2.7 in the session extension group. Demographic variables and measures of social anxiety in these three groups before VR-based CBT are given in Table 1. There were no significant group differences in demographic information. There were also no significant differences in the BFNE, LSAS-avoidance, and SIAS scores among the three groups, whereas the LSAS-anxiety and SPS scores showed a significant group difference (F2112 = 6.19, p = 0.003; F281 = 5.35, p = 0.007, respectively). Post-hoc tests showed that both the LSAS-anxiety and SPS scores were significantly higher in the session extension group than in the early and normal termination groups (t112 = 3.44, p = 0.003 and t112 = 2.95, p = 0.012; t81 = 3.05, p = 0.009 and t81 = 2.98, p = 0.012; respectively), whereas those scores did not significantly differ between the early and normal termination groups.




3.2. Changes in the BFNE Scores According to Session Progress


Figure 1 shows plots of the mean BFNE scores and the number of participants in each session and each group. Considering that the number of sessions completed in each group varied depending on the participants, Figure 2 presents changes in the mean BFNE scores from baseline to the last session. The scores in the last session did not significantly differ among the early termination, normal termination group, and session extension groups (38.5 ± 10.2, 35.0 ± 9.5, and 40.0 ± 8.1, respectively; F2112 = 2.18, p = 0.097). The reduction rate of the BFNE score also showed no significant group difference (14.5 ± 15.2 %, 18.7 ± 18.2%, and 15.2 ± 21.0%, respectively; F2,112 = 1.76, p = 0.477).



Table 2 presents the estimated mean BFNE scores at baseline and in each session, which were obtained using the LOCF method, and it shows results from the comparison among the three groups using ANOVA. From baseline to the second session, the estimated scores showed no group difference. By the third session, the scores were significantly higher in the session extension group than in the normal termination group. From the 4th session to the 10th session, they were significantly higher in the session extension group than in the early and normal termination groups. The scores did not differ between the early and normal termination groups in all sessions. Based on these estimated mean BFNE scores, the expected reduction rate when the 10th session was completed was 21.9% in the normal termination group, rather high at 28% in the early intervention group, and only 13.9% in the session extension group.



In the linear mixed models exploring associations of possible predictors with fear of negative evaluation, none of the demographic variables turned out to be significant predictors. Group was also revealed non-significant (F2862 = 2.41, p = 0.091), but the number of sessions and group-by-session interaction effect were significant (F1862 = 301.77, p < 0.0001; F2862 = 8.84, p = 0.0002, respectively). Post-hoc tests showed that all of the early termination, normal termination, and session extension groups showed significant decreases in the BFNE scores according to session progress (slope [standard error]: −1.31 [0.12], p < 0.0001; −0.95 [0.07], p < 0.0001; and −0.67 [0.09], p < 0.0001, respectively). The decrease in the scores was significantly steeper with a difference in slope of 0.36 [0.14] in the early termination group than in the normal termination group (p = 0.011), with a difference in slope of 0.29 [0.12] in the normal termination group than in the session extension group (p = 0.015), and with a difference in slope of 0.64 [0.15] in the early termination group than in the session extension group (p < 0.0001).




3.3. Changes in Other Psychological Measures before and after VR-Based CBT


Table 3 shows the psychological scale scores at baseline and in the last session in the normal termination and session extension groups. Since participants in the early termination group did not terminate VR-based CBT in agreement with the therapist, these scales, evaluated at termination, were not obtained, and thus, they were excluded in this table. The main effect of group was shown in the LSAS-anxiety, SPS, and SIAS scores (F1107 = 11.27, p = 0.001; F192 = 7.43, p = 0.008; F191 = 5.67, p = 0.019) but not in the LSAS-avoidance score. Post-hoc t-tests revealed that all of these three scale scores showing the group effect were significantly higher in the session extension group than in the normal termination group (all: p < 0.05). The main effect of time was shown in all scale scores (LSAS-anxiety: F1107 = 16.3, p < 0.001, LSAS-avoidance: F1107 = 8.86, p = 0.004, SPS: F192 = 20.48, p < 0.001, and SIAS: F191 = 19.86, p < 0.001, respectively). Post-hoc t-tests revealed that the scores in the last session were significantly lower than those at baseline in all of the four scales (all: p < 0.01). The group × time interaction effect was not found in all scale scores, and the reduction rates of all scale scores did not significantly differ between the two groups.





4. Discussion


The core issue of this study was the appropriate number of sessions when performing VR-based CBT in patients with SAD. Although it has been repeatedly reported that the treatment effect of VR-based CBT is excellent in SAD, the number of treatment sessions applied for each report varies considerably from four to 16 [36]. VR-based CBT is superior to conventional CBT in terms of cost and effort of delivering the treatment [37], yet there is no controlled study on whether the application of VR to patients with SAD contributes to the reduction of the number of treatment sessions.



Since our VR-based CBT was based on nine to 10 sessions, the patients who completed these sessions were defined as the normal termination group. Given that different cut-offs, from 20 to 50%, have been used in the literature for the definition of response [38], when 20% is considered the minimal response, most of our study′s scale scores appear to have reached the minimal level of improvement through these numbers of sessions. These numbers correspond to a study by Kampmann et al. (2016) [15], reporting the results after performing 10 sessions of VR-based CBT, in which the symptom reduction rate was about 12.2% on the BFNE and 23.6% on the LSAS. Our results showed that this reduction rate was relatively high on the BFNE (21.9%) and slightly low on the LSAS (19.5%). This is believed to be because our therapy was not only focused on exposure therapy using VR but also included cognitive restructuring and relaxation training that did not use VR.



In our VR-based CBT, there were patients who participated in sessions of 11 or more (average 13.5) without terminating normally in the 9th or 10th session, which was designated as the session extension group. These patients showed that all scale scores in the last session decreased to the extent that there was no statistical difference from those of the normal termination group. However, the slopes representing the rate of decline in the BFNE score indicated that this group was the least steep among the three groups, suggesting that they required more sessions to achieve a similar degree of therapeutic effect as other groups of patients. This inefficiency is likely to be related to their severe symptoms before the start of treatment, especially with the LSAS-anxiety and SPS scores significantly being higher than those of the other groups. In general, when predicting the therapeutic effect of psychotherapy, the baseline symptom severity has been regarded as a reliable predictor [39]. Even in SAD, the severity of baseline social anxiety was found to be one of the significant predictors of poor outcome [40].



At the current research level, it is difficult to determine whether long-term treatment of 11 or more sessions is necessary. The answer to this question cannot be found in the previous studies that analyzed the effects of VR-based CBT consisting of 12 or more sessions [14,16,41]. This is because all of them did not report any detailed changes in the scale scores after session 11, only the pre- and post-treatment scale scores. In fact, patients in our session extension group originally started with the goal of normal termination but felt that the treatment effect was insufficient and agreed with the therapist to extend the sessions. This feeling is reflected in the result that the symptom reduction rate calculated based on the estimated BFNE score at the 10th session was only 13.9% in this group. However, even though the therapy was extended, the reduction rate calculated based on the actual BFNE score at the last session was 15.2%, indicating that, as our hypothesis, there was little benefit obtained by adding the sessions. In light of these findings, it may not be recommended to simply extend the treatment sessions based on a patient′s request to obtain more therapeutic effects rather than the scheduled sessions from the initial plan. Instead, it may be desirable to add other treatment modalities for this class of patients.



Meanwhile, patients in the early termination group participated only in eight sessions or less in our VR-based CBT and did not go through a normal termination process. Thus, it was not possible to determine why they gave up treatment early. However, while their personal circumstances or disappointment with the degree of improvement may be the reason, they may have made such a decision because they thought that the treatment was remarkably effective and they did not need further treatment. The possibility for the latter seems to be well reflected by the changes in the BFNE scores of this group. They completed an average of 5.2 sessions, showing an average reduction rate of 14.5% in their last session, which was the lowest among the three groups but not statistically different. Therefore, short-term treatments of five to six sessions may be suitable for rapid responders. This is supported by a previous report that only four sessions of treatment were effective in reducing public speaking anxiety [42]. There is a report that VRET consisting of eight sessions was effective for treating social anxiety, and the therapeutic effect continued even after one year [11]. However, in our analysis, as it was calculated that their expected reduction rate based on the estimated BFNE score could have risen to 28.4% if it had reached normal termination, it seems that the treatment schedule of nine to 10 sessions rather than early termination may help maximize the treatment effect. Meanwhile, the findings in this early termination group can have an important economic implication. If a satisfactory therapeutic effect can be achieved with a small number of VRET sessions, patients will be able to receive treatment at a lower cost. Accordingly, the number of patients participating in the treatment may increase, and hospitals may increase the related investment.



Our results should be interpreted within the context of the study′s limitations. In this study, based on the data of patients with SAD who had already received VR-based CBT, the analysis was conducted in groups that were retrospectively classified according to specific criteria, and thus the number of sessions was too diverse and the same evaluation was not made between groups. For the same reason, demographic variables such as duration of illness or economic status that could affect outcomes were not included in the analysis. Therefore, a prospective randomized controlled study is needed to more accurately evaluate the effect of the number of sessions and the various demographic variables. In addition, the most important scale analyzed in this study was the BFNE measured in each session. This scale focuses on the cognitive aspects of patients with SAD and thus may not reflect patients′ social anxiety and avoidance linearly.




5. Conclusions


VR technology benefits treatment outcomes not only for the cost and effort of delivering treatment but also for the effectiveness of treatment. In this retrospective study for an issue of how many sessions are appropriate when performing VR-based CBT, data related to the severity of social anxiety obtained from patients with SAD, who received the therapy, were analyzed focusing on the differences among the three groups, such as the normal termination, early termination, and session extension groups. In the results, fear of negative evaluation tended to decrease in all groups as the session progressed, and the slope of decrease was the steepest in the early termination group and the least steep in the session extension group. The BFNE scores in the last session and the reduction rates of the scores showed no significant group difference. Our results suggest that short-term VR-based individual CBT of nine to 10 sessions may be effective in the treatment of SAD, and that patients with insufficient therapeutic effect during this period are difficult to obtain additional benefits even if the treatment is continued for an extended period. In view of the improvement in patients who finished earlier than normal termination, even shorter sessions of five or six could be effective in treating SAD. A further randomized controlled study is needed to assess a difference in effectiveness depending on the number of sessions more accurately.







Author Contributions


Conceptualization, J.H.L. and J.-J.K.; methodology, H.E.K.; formal analysis, H.S.J.; investigation, J.H.L.; writing—original draft preparation, H.S.J.; writing—review and editing, H.E.K. and J.-J.K.; supervision, J.-J.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of Gangnam Severance Hospital (protocol code 3-2020-0431; date of approval 2 December 2020).




Informed Consent Statement


Patient consent was waived due to retrospective study without harm to patients.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to ethical restrictions.




Conflicts of Interest


The authors declare no conflict of interest regarding this article.




References


	



Rapee, R.M.; Heimberg, R.G. A cognitive-behavioral model of anxiety in social phobia. Behav. Res. Ther. 1997, 35, 741–756. [Google Scholar] [CrossRef]

	



Ruscio, A.M.; Brown, T.A.; Chiu, W.T.; Sareen, J.; Stein, M.B.; Kessler, R.C. Social fears and social phobia in the USA: Results from the national comorbidity survey replication. Psychol. Med. 2008, 38, 15–28. [Google Scholar] [CrossRef]

	



Wittchen, H.U.; Fehm, L. Epidemiology and natural course of social fears and social phobia. Acta Psychiatr. Scand. Suppl. 2003, 417, 4–18. [Google Scholar] [CrossRef] [PubMed]

	



Heimberg, R.G.; Liebowitz, M.R.; Hope, D.A.; Schneier, F.R.; Holt, C.S.; Welkowitz, L.A.; Juster, H.R.; Campeas, R.; Bruch, M.A.; Cloitre, M.; et al. Cognitive behavioral group therapy vs phenelzine therapy for social phobia: 12-week outcome. Arch. Gen. Psychiatry 1998, 55, 1133–1141. [Google Scholar] [CrossRef]

	



Mayo-Wilson, E.; Dias, S.; Mavranezouli, I.; Kew, K.; Clark, D.M.; Ades, A.E.; Pilling, S. Psychological and pharmacological interventions for social anxiety disorder in adults: A systematic review and network meta-analysis. Lancet Psychiatry 2014, 1, 368–376. [Google Scholar] [CrossRef]

	



Craske, M.G.; Treanor, M.; Conway, C.C.; Zbozinek, T.; Vervliet, B. Maximizing exposure therapy: An inhibitory learning approach. Behav. Res. Ther. 2014, 58, 10–23. [Google Scholar] [CrossRef]

	



Hofmann, S.G.; Smits, J.A. Cognitive-behavioral therapy for adult anxiety disorders: A meta-analysis of randomized place-bo-controlled trials. J. Clin. Psychiatry 2008, 69, 621–632. [Google Scholar] [CrossRef] [PubMed]

	



Haug, T.T.; Blomhoff, S.; Hellstrøm, K.; Holme, I.; Humble, M.; Madsbu, H.P.; Wold, J.E. Exposure therapy and sertraline in social phobia: I-year follow-up of a randomised controlled trial. Br. J. Psychiatry 2003, 182, 312–318. [Google Scholar] [CrossRef]

	



Ponniah, K.; Hollon, S.D. Empirically supported psychological interventions for social phobia in adults: A qualitative review of randomized controlled trials. Psychol. Med. 2008, 38, 3–14. [Google Scholar] [CrossRef]

	



de Carvalho, M.R.; Freire, R.C.; Nardi, A.E. Virtual reality as a mechanism for exposure therapy. World J. Biol. Psychiatry 2010, 11, 220–230. [Google Scholar] [CrossRef]

	



Cieślik, B.; Mazurek, J.; Rutkowski, S.; Kiper, P.; Turolla, A.; Szczepańska-Gieracha, J. Virtual reality in psychiatric disorders: A systematic review of reviews. Complement. Ther. Med. 2020, 52, 102480. [Google Scholar] [CrossRef]

	



Wechsler, T.F.; Kümpers, F.; Mühlberger, A. Inferiority or even superiority of virtual reality exposure therapy in phobias?—A systematic review and quantitative meta-analysis on randomized controlled trials specifically comparing the efficacy of virtual reality exposure to gold standard in vivo exposure in agoraphobia, specific phobia, and social phobia. Front. Psychol. 2019, 10, 1758. [Google Scholar]

	



Anderson, P.L.; Price, M.; Edwards, S.M.; Obasaju, M.A.; Schmertz, S.K.; Zimand, E.; Calamaras, M.R. Virtual reality exposure therapy for social anxiety disorder: A randomized controlled trial. J. Consult. Clin. Psychol. 2013, 81, 751–760. [Google Scholar] [CrossRef]

	



Wallach, H.S.; Safir, M.P.; Bar-Zvi, M. Virtual reality cognitive behavior therapy for public speaking anxiety: A randomized clinical trial. Behav. Modif. 2009, 33, 314–338. [Google Scholar] [CrossRef]

	



Kampmann, I.L.; Emmelkamp, P.M.; Hartanto, D.; Brinkman, W.P.; Zijlstra, B.J.; Morina, N. Exposure to virtual social inter-actions in the treatment of social anxiety disorder: A randomized controlled trial. Behav. Res. Ther. 2016, 77, 147–156. [Google Scholar] [CrossRef]

	



Bouchard, S.; Dumoulin, S.; Robillard, G.; Guitard, T.; Klinger, É.; Forget, H.; Loranger, C.; Roucaut, F.X. Virtual reality compared with in vivo exposure in the treatment of social anxiety disorder: A three-arm randomised controlled trial. Br. J. Psychiatry 2017, 210, 276–283. [Google Scholar] [CrossRef] [PubMed]

	



Horigome, T.; Kurokawa, S.; Sawada, K.; Kudo, S.; Shiga, K.; Mimura, M.; Kishimoto, T. Virtual reality exposure therapy for social anxiety disorder: A systematic review and meta-analysis. Psychol. Med. 2020, 50, 2487–2497. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.E.; Hong, Y.J.; Kim, M.K.; Jung, Y.H.; Kyeong, S.; Kim, J.J. Effectiveness of self-training using the mobile-based virtual reality program in patients with social anxiety disorder. Comp. Hum. Behav. 2017, 73, 614–619. [Google Scholar] [CrossRef]

	



Taube-Schiff, M.; Suvak, M.K.; Antony, M.M.; Bieling, P.J.; McCabe, R.E. Group cohesion in cognitive-behavioral group therapy for social phobia. Behav. Res. Ther. 2007, 45, 687–698. [Google Scholar] [CrossRef]

	



Clark, D.M. Cognitive therapy versus exposure and applied relaxation in social phobia: A randomized controlled trial. J. Consult. Clin. Psychol. 2006, 74, 568–1067. [Google Scholar] [CrossRef]

	



Mörtberg, E.; Clark, D.M.; Bejerot, S. Intensive group cognitive therapy and individual cognitive therapy for social phobia: Sustained improvement at 5-year follow-up. J. Anxiety Disord. 2011, 25, 994–1000. [Google Scholar] [CrossRef]

	



Beidel, D.C.; Alfano, C.A.; Kofler, M.J.; Rao, P.A.; Scharfstein, L.; Wong Sarver, N. The impact of social skills training for social anxiety disorder: A randomized controlled trial. J. Anxiety Disord. 2014, 28, 908–918. [Google Scholar] [CrossRef] [PubMed]

	



Jerremalm, A.; Jansson, L.; Öst, L.G. Cognitive and physiological reactivity and the effects of different behavioral methods in the treatment of social phobia. Behav. Res. Ther. 1986, 24, 171–180. [Google Scholar] [CrossRef]

	



Goldin, P.R.; Gross, J.J. Effects of mindfulness-based stress reduction (MBSR) on emotion regulation in social anxiety disorder. Emotion 2010, 10, 83–91. [Google Scholar] [CrossRef] [PubMed]

	



Fedoroff, I.C.; Taylor, S. Psychological and pharmacological treatments of social phobia: A meta-analysis. J. Clin. Psycho-pharmacol. 2001, 21, 311–324. [Google Scholar] [CrossRef]

	



Powers, M.B.; Sigmarsson, S.R.; Emmelkamp, P.M.G. A meta-analytic review of psychological treatments for social anxiety disorder. Intern. J. Cogn. Ther. 2008, 1, 94–113. [Google Scholar] [CrossRef]

	



Stangier, U.; Heidenreich, T.; Peitz, M.; Lauterbach, W.; Clark, D.M. Cognitive therapy for social phobia: Individual versus group treatment. Behav. Res. Ther. 2003, 41, 991–1007. [Google Scholar] [CrossRef]

	



Yoshinaga, N.; Matsuki, S.; Niitsu, T.; Sato, Y.; Tanaka, M.; Ibuki, H.; Takanashi, R.; Ohshiro, K.; Ohshima, F.; Asano, K.; et al. Cognitive behavioral therapy for patients with social anxiety disorder who remain symptomatic following antidepressant treatment: A randomized, assessor-blinded, controlled trial. Psychother. Psychosom. 2016, 85, 208–217. [Google Scholar] [CrossRef]

	



Sheehan, D.V.; Lecrubier, Y.; Sheehan, K.H.; Amorim, P.; Janavs, J.; Weiller, E.; Hergueta, T.; Baker, R.; Dunbar, G.C. The Mini-International Neuropsychiatric Interview (M.I.N.I.): The development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J. Clin. Psychiatry 1998, 59 (Suppl. 20), 22–57. [Google Scholar] [PubMed]

	



Taylor, S.; Woody, S.; Koch, W.J.; McLean, P.; Paterson, R.J.; Anderson, K.W. Cognitive restructuring in the treatment of social phobia. Efficacy and mode of action. Behav. Modif. 1997, 21, 487–511. [Google Scholar] [CrossRef] [PubMed]

	



Payne, R.A.; Donaghy, M. Payne’s Handbook of Relaxation Techniques: A Practical Guide for the Health Care Professional; Churchill Livingstone Elsevier: Amsterdam, The Netherlands, 2010. [Google Scholar]

	



Leary, M.R. A brief version of the Fear of Negative Evaluation Scale. Pers. Soc. Psychol. Bull. 1983, 9, 371–375. [Google Scholar] [CrossRef]

	



Fresco, D.; Coles, M.; Heimberg, R.G.; Liebowitz, M.R.; Hami, S.; Stein, M.B.; Goetz, D. The Liebowitz Social Anxiety Scale: A comparison of the psychometric properties of self-report and clinician-administered formats. Psychol. Med. 2001, 31, 1025–1035. [Google Scholar] [CrossRef]

	



Mattick, R.P.; Clarke, J.C. Development and validation of measures of social phobia scrutiny fear and social interaction anxiety. Behav. Res. Ther. 1998, 36, 455–470. [Google Scholar] [CrossRef]

	



Collins, K.A.; Westra, H.A.; Dozois, D.J.A.; Stewart, S.H. The validity of the brief version of the Fear of Negative Evaluation Scale. J. Anxiety Disord. 2005, 19, 345–359. [Google Scholar] [CrossRef]

	



Carl, E.; Stein, A.T.; Levihn-Coon, A.; Pogue, J.R.; Rothbaum, B.; Emmelkamp, P.; Asmundson, G.J.G.; Carlbring, P.; Powers, M.B. Virtual reality exposure therapy for anxiety and related disorders: A meta-analysis of randomized controlled trials. J. Anxiety Disord. 2019, 61, 27–36. [Google Scholar] [CrossRef] [PubMed]

	



Wiederhold, B.K.; Bouchard, S. Social anxiety disorder: Efficacy and virtual humans. In Advances in Virtual Reality and Anxiety Disorders; Springer: Boston, MA, USA, 2014; pp. 187–209. [Google Scholar]

	



Leucht, S.; Davis, J.M.; Engel, R.R.; Kane, J.M.; Wagenpfeil, S. Defining ‘response’ in antipsychotic drug trials: Recommendations for the use of scale-derived cutoffs. Neuropsychopharmacology 2007, 32, 1903–1910. [Google Scholar] [CrossRef] [PubMed]

	



Lindhiem, O.; Kolko, D.J.; Cheng, Y. Predicting psychotherapy benefit: A probabilistic and individualized approach. Behav. Ther. 2012, 43, 381–392. [Google Scholar] [CrossRef] [PubMed]

	



Hedman, E.; Andersson, E.; Ljótsson, B.; Andersson, G.; Andersson, E.; Schalling, M.; Lindefors, N.; Rück, C. Clinical and genetic outcome determinants of internet-and group-based cognitive behavior therapy for social anxiety disorder. Acta Psychiatr. Scand. 2012, 126, 126–136. [Google Scholar] [CrossRef] [PubMed]

	



Robillard, G.; Bouchard, S.; Dumoulin, S.; Guitard, T.; Klinger, E. Using virtual humans to alleviate social anxiety: Preliminary report from a comparative outcome study. Stud. Health Technol. Inform. 2010, 154, 57–60. [Google Scholar]

	



Harris, S.R.; Kemmerling, R.L.; North, M.M. Brief virtual reality therapy for public speaking anxiety. Cyberpsychol. Behav. 2002, 5, 543–550. [Google Scholar] [CrossRef]








[image: Jcm 10 00915 g001 550] 





Figure 1. Plots of the mean scores of Brief Fear of Negative Evaluation Scale and the number of participants in each session among the early termination, normal termination, and session extension groups. 
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Figure 2. Group-specific changes in the Brief Fear of Negative Evaluation Scale scores for each participant from baseline to the last session. The number of sessions (NS) varied depending on the participants from one to eight in the early termination group (ET), nine to ten in the normal termination group (NT), and 11 to 20 in the session extension group (SE). Reduction rate (RR) = [(score at baseline − score in the last session)/score at baseline] × 100%. 
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Table 1. Demographic variables and psychological measures of the early termination, normal termination, and session extension groups before virtual reality-based cognitive behavioral therapy.
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	Early Termination Group

(n = 52)
	Normal Termination Group

(n = 43)
	Session Extension Group

(n = 20)
	χ2or F
	p





	Gender, male/female
	28/24
	32/11
	15/5
	5.41
	0.067



	Age, years
	34.3 ± 13.3
	31.2 ± 15.5
	27.6 ± 10.7
	1.81
	0.169



	Education level, years *
	14.2 ± 3.2
	13.0 ± 3.4
	13.5 ± 3.1
	1.60
	0.207



	Job status, employed/unemployed
	22/30
	13/30
	7/13
	1.51
	0.471



	Marital status, single/married/divorced
	29/20/3
	29/12/2
	15/5/0
	3.33
	0.504



	Medication, medicated/unmedicated
	28/24
	23/20
	15/5
	3.07
	0.215



	BFNE
	45.2 ± 9.7
	43.8 ± 10.4
	48.0 ± 6.4
	2.07
	0.264



	LSAS, anxiety
	34.1 ± 14.6
	35.5 ± 13.9
	46.6 ± 11.4
	6.19
	0.003



	LSAS, avoidance
	27.7 ± 15.7
	31.0 ± 14.8
	34.6 ± 10.8
	1.70
	0.187



	SPS
	32.2 ± 18.5
	32.4 ± 18.0
	49.2 ± 17.6
	5.35
	0.007



	SIAS
	43.9 ± 21.7
	46.6 ± 15.9
	56.1 ± 12.7
	3.62
	0.101







Values are the number of participants for Chi-squared test or mean ± standard deviation for ANOVA. * Education level refers to the number of years actually attended school. Abbreviation: BFNE, Brief Fear of Negative Evaluation Scale; LSAS, Liebowitz Social Anxiety Scale; SPS, Social Phobia Scale; SIAS, Social Interaction Anxiety Scale.
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Table 2. Changes in the estimated mean of the Brief Fear of Negative Evaluation Scale scores according to session progress and group comparisons in each session.
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	Session Number
	Early

Termination Group

(n = 52)
	Normal

Termination

Group

(n = 43)
	Session Extension

Group

(n = 20)
	p
	Post-hoc





	Baseline
	46.0 (1.2)
	43.3 (1.3)
	48.2 (1.9)
	0.089
	



	1
	44.7 (1.2)
	42.4 (1.3)
	47.5 (1.9)
	0.074
	



	2
	43.4 (1.1)
	41.4 (1.3)
	46.8 (1.8)
	0.057
	



	3
	42.1 (1.1)
	40.5 (1.2)
	46.2 (1.8)
	0.041
	ET = NT, ET = SE, NT < SE



	4
	40.8 (1.2)
	39.5 (1.2)
	45.5 (1.8)
	0.028
	ET = NT, ET = SE, NT < SE



	5
	39.4 (1.2)
	38.6 (1.2)
	44.8 (1.8)
	0.019
	ET = NT, ET < SE, NT < SE



	6
	38.1 (1.2)
	37.6 (1.2)
	44.2 (1.8)
	0.012
	ET = NT, ET < SE, NT < SE



	7
	36.8 (1.3)
	36.7 (1.3)
	43.5 (1.8)
	0.008
	ET = NT, ET < SE, NT < SE



	8
	35.5 (1.3)
	35.7 (1.3)
	42.8 (1.8)
	0.005
	ET = NT, ET < SE, NT < SE



	9
	34.2 (1.4)
	34.8 (1.3)
	42.2 (1.9)
	0.004
	ET = NT, ET < SE, NT < SE



	10
	32.9 (1.5)
	33.8 (1.3)
	41.5 (1.9)
	0.003
	ET = NT, ET < SE, NT < SE







Values are mean (standard error). Abbreviation: ET, early termination group; NT, normal termination group; SE, session extension group.
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Table 3. Changes in the psychological scale scores in the last session compared with the baseline scores in the normal termination and session extension groups.
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Scale

	
Normal Termination Group

	
Session Extension Group

	
Reduction Rate

	
Group × Time

Interaction




	
Baseline

	
Last

	
pa

	
Reduction Rate, %

	
Baseline

	
Last

	
pa

	
Reduction Rate, %

	
tb

	
p

	
Fc

	
p






	
LSAS, anxiety

	
35.5 ± 13.9

	
27.0 ± 12.8

	
0.000

	
19.5 ± 25.0

	
46.6 ± 11.4

	
33.7 ± 11.4

	
0.002

	
25.1 ± 26.6

	
−0.70

	
0.486

	
0.64

	
0.424




	
LSAS, avoidance

	
31.0 ± 14.8

	
23.5 ± 13.7

	
0.001

	
13.1 ± 37.9

	
34.6 ± 10.8

	
26.0 ± 7.7

	
0.009

	
20.7 ± 31.7

	
−0.67

	
0.507

	
0.04

	
0.848




	
SPS

	
32.4 ± 18.0

	
22.8 ± 15.6

	
0.001

	
22.9 ± 41.2

	
49.2 ± 17.6

	
25.8 ± 13.9

	
0.000

	
43.4 ± 23.4

	
−1.59

	
0.121

	
3.58

	
0.062




	
SIAS

	
46.6 ± 15.9

	
32.9 ± 15.6

	
0.000

	
23.2 ± 26.9

	
56.0 ± 12.7

	
39.6 ± 14.5

	
0.006

	
25.8 ± 28.4

	
−0.26

	
0.796

	
0.17

	
0.680








Values are mean ± standard deviation. Abbreviation: LSAS, Liebowitz Social Anxiety Scale; SPS, Social Phobia Scale; SIAS, Social Interaction Anxiety Scale. a Paired t-test, b Student t-test, c ANOVA.
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