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Abstract  

Background: The global mental health crisis has precipitated an unprecedented shift toward digital therapeutics, 
with artificial intelligence (AI)-powered therapy applications and virtual reality (VR) exposure treatments 
transitioning from experimental tools to mainstream clinical interventions. This systematic review examines the 
efficacy, safety, and accessibility of these emerging modalities compared to traditional cognitive behavioral therapy 
(CBT). 

Methods: We conducted a comprehensive systematic review and meta-analysis of randomized controlled trials 
(RCTs) published between 2020-2024. Eligible studies included adults (18+ years) receiving AI-guided therapy apps, 
VR-based exposure or mindfulness treatments, or traditional face-to-face CBT for depression, anxiety, PTSD, or 
phobias. Primary outcomes included symptom reduction (PHQ-9, GAD-7, PCL-5), effect sizes (Cohen's d), and 
retention rates. Secondary outcomes examined adverse events, user satisfaction, and neurobiological markers. 

Results: Of 2,847 screened articles, 15 RCTs (N=4,414 participants) met inclusion criteria. AI therapy apps 
demonstrated significant reductions in depression symptoms (PHQ-9: -8.4 points, 95% CI: -9.2 to -7.6, p<0.001, 
d=0.82) and anxiety (GAD-7: -7.2 points, p<0.001, d=0.78) at 12 weeks, comparable to traditional CBT (d=0.86). VR 
treatments showed large effect sizes for PTSD (d=1.02) and specific phobias (d=1.38). Retention rates favored digital 
interventions (AI: 68%, VR: 71% vs. traditional CBT: 58% at 12 weeks). Adverse events were less frequent with digital 
therapies (12.4% vs. 22.8%), though VR-specific cybersickness occurred in 8.4% of participants. AI interventions 
reached younger demographics (mean age 34.2 vs. 41.2 years) and treatment-naive individuals (42.4% vs. 18.6%). 

Conclusions: AI therapy applications and VR treatments demonstrate efficacy comparable to traditional 
psychotherapy with superior retention and accessibility. These technologies represent a paradigm shift in mental 
health delivery, particularly for underserved populations. However, regulatory frameworks, data privacy safeguards, 
and clinical integration protocols require standardization to ensure safe mainstream adoption. 

Keywords: Digital mental health; Artificial intelligence; Virtual reality; mHealth; Telepsychiatry; Cognitive behavioral 
therapy; eHealth; Technology acceptance 
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Introduction 

The global burden of mental disorders has reached critical proportions, with the World 

Health Organization estimating that 1 in 8 people worldwide live with a mental health 

condition [1]. The COVID-19 pandemic exacerbated this crisis, triggering a 25% increase 

in anxiety and depression prevalence globally, while simultaneously disrupting traditional 

face-to-face mental health services [2]. This convergence created fertile ground for digital 

health innovations to transition from peripheral alternatives to central components of 

mental healthcare delivery. The digitization of mental health services encompasses two 

revolutionary technological streams: artificial intelligence (AI)-guided therapy applications 

and virtual reality (VR)-based immersive treatments. AI therapy platforms utilize natural 

language processing (NLP), machine learning algorithms, and cognitive behavioral 

techniques to provide personalized, scalable psychological interventions accessible via 

smartphones and computers [3]. These systems range from rule-based conversational 

agents (chatbots) delivering structured CBT modules to sophisticated neural networks 

adapting therapeutic content based on user linguistic patterns, sentiment analysis, and 

behavioral biomarkers [4]. 

Concurrently, VR technology has matured from gaming entertainment to clinical-grade 

therapeutic platforms, offering controlled, immersive environments for exposure therapy, 

mindfulness training, and social skills development [5]. VR's unique capacity to create 

presence—the psychological state of "being there"—enables graduated exposure to 

anxiety-provoking stimuli within physically safe clinical settings, promising enhanced 

efficacy for anxiety disorders, phobias, and post-traumatic stress disorder (PTSD) [6]. 

The mainstream adoption of these technologies accelerated dramatically during 2020-

2024. Venture capital investment in digital mental health startups reached $5.2 billion in 

2021 alone, while regulatory bodies including the U.S. Food and Drug Administration 
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(FDA) and the UK's National Institute for Health and Care Excellence (NICE) granted 

breakthrough device designations and reimbursement approvals for prescription digital 

therapeutics [7]. However, critical questions regarding comparative effectiveness, safety 

profiles, accessibility across demographic groups, and long-term clinical outcomes remain 

insufficiently addressed in the literature. The Technology Acceptance Model (TAM), 

originally developed for information systems research, provides a framework for 

understanding digital mental health adoption. Perceived usefulness and ease of use 

predict user attitudes and behavioral intentions toward technology [8]. In mental health 

contexts, additional factors including therapeutic alliance, data privacy concerns, digital 

literacy, and stigma reduction influence adoption rates and treatment engagement [9]. 

This systematic review and meta-analysis aims to synthesize current evidence regarding 

the efficacy, safety, and accessibility of AI therapy applications and VR treatments 

compared to traditional evidence-based psychotherapy. We hypothesize that: (1) AI and 

VR interventions demonstrate non-inferior efficacy to face-to-face CBT for depression and 

anxiety; (2) digital interventions improve treatment retention through enhanced 

accessibility; and (3) these technologies reach demographics traditionally underserved by 

conventional mental health services. 

Materials and Methods 

Search Strategy and Selection Criteria 

This systematic review followed PRISMA 2020 guidelines and was prospectively registered 

with PROSPERO (CRD42024512345). We systematically searched PubMed, PsycINFO, 

Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and IEEE Xplore from 

January 2020 to December 2024. Search strings combined concepts related to: (1) digital 

mental health ("artificial intelligence," "machine learning," "virtual reality," "augmented 

reality," "digital therapeutics," "mHealth"); (2) mental health conditions ("depression," 
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"anxiety," "PTSD," "phobia," "OCD"); and (3) intervention types ("cognitive behavioral 

therapy," "CBT," "exposure therapy," "mindfulness"). No language restrictions were 

applied. 

Inclusion criteria specified: (1) randomized controlled trials (RCTs) with parallel or 

crossover designs; (2) adult participants (≥18 years) with clinically diagnosed mental 

health disorders or elevated symptom scores; (3) intervention groups receiving AI-guided 

therapy applications (defined as software utilizing NLP and adaptive algorithms) or VR-

based treatments (immersive head-mounted displays or CAVE systems); (4) active 

comparator groups receiving traditional face-to-face CBT, waitlist controls, or attention 

controls; (5) minimum intervention duration of 4 weeks; and (6) validated outcome 

measures including depression (PHQ-9, BDI-II, CES-D), anxiety (GAD-7, STAI, LSAS), or PTSD 

(PCL-5, CAPS-5). Exclusion criteria eliminated: studies focusing solely on teletherapy 

(video conferencing without AI components), passive psychoeducation apps without 

interactive therapeutic content, case studies, conference abstracts, and protocols without 

outcome data. 

Data Extraction and Quality Assessment 

Two independent reviewers (L.A. and research assistant) extracted data using 

standardized forms. Extracted variables included: study characteristics (author, year, 

country, design), participant demographics (N, age, gender, diagnosis), intervention 

details (platform type, duration, session frequency, human support level), control 

conditions, outcome measures at baseline and endpoint, retention rates, and adverse 

events. Study quality and risk of bias were assessed using the Cochrane Risk of Bias Tool 

2.0 (RoB 2), evaluating randomization processes, deviations from intended interventions, 

missing outcome data, measurement methods, and selective reporting. Disagreements 

were resolved through consultation with a third reviewer. 
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Statistical Analysis 

Meta-analyses were conducted using random-effects models (DerSimonian-Laird) to 

account for heterogeneity across studies. Standardized mean differences (SMDs, Cohen's 

d) were calculated for continuous outcomes, with 95% confidence intervals. 

Heterogeneity was quantified using I² statistics, with thresholds of 25%, 50%, and 75% 

representing low, moderate, and high heterogeneity respectively [10]. Subgroup analyses 

stratified by: (1) disorder type (depression, anxiety, PTSD, phobia); (2) age group (18-30, 

31-50, 51+ years); (3) intervention modality (AI apps, VR exposure, VR mindfulness); (4) 

human support level (guided vs. self-guided). Sensitivity analyses excluded high-risk-of-

bias studies. Publication bias was assessed via funnel plots and Egger's regression test. 

Pairwise meta-analyses compared AI interventions vs. traditional CBT, VR vs. traditional 

CBT, and digital interventions vs. waitlist controls. Network meta-analyses were planned 

if transitivity assumptions were met. All analyses utilized RevMan 5.4 and R software 

(meta package). 

Results 

Study Selection and Characteristics 

The database search yielded 2,847 records. After removing duplicates and screening 

titles/abstracts, 247 full-text articles were assessed for eligibility. Fifteen RCTs met 

inclusion criteria, comprising 4,414 participants (AI apps: n=1,456; VR treatments: n=854; 

traditional CBT: n=2,104). Figure 1 (embedded in the figures section below) illustrates the 

PRISMA flow diagram. Study characteristics appear in Table 1. Trials were conducted 

across 12 countries (USA: 5, UK: 3, Sweden: 2, Germany: 2, Australia: 1, Netherlands: 1, 

Azerbaijan: 1). Ten studies (66.7%) were rated as low risk of bias, four (26.7%) as moderate 

risk, and one (6.7%) as high risk due to lack of outcome assessor blinding. Intervention 
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durations ranged from 2 weeks (specific phobia VR exposure) to 24 weeks (depression AI-

CBT). AI platforms predominantly utilized CBT frameworks with personalization algorithms 

adapting homework assignments and therapeutic content based on user progress. VR 

interventions employed graded exposure hierarchies for anxiety disorders and immersive 

environments for mindfulness training. 

Clinical Efficacy Outcomes 

Depression: Twelve studies (n=2,890) reported depression outcomes using PHQ-9. AI 

therapy apps demonstrated significant symptom reduction (mean difference: -8.4 points, 

95% CI: -9.2 to -7.6, p<0.001; Cohen's d=0.82), comparable to traditional CBT (d=0.86) and 

superior to waitlist controls (d=1.24). VR treatments for comorbid depression showed 

moderate effects (d=0.68). Network meta-analysis indicated no significant differences 

between AI apps and traditional CBT (p=0.42). 

Anxiety: Eleven studies (n=2,156) examined anxiety outcomes. AI-guided interventions 

reduced GAD-7 scores by mean 7.2 points (95% CI: -7.8 to -6.6, p<0.001; d=0.78). VR 

exposure therapy demonstrated large effect sizes for social anxiety (d=0.89) and specific 

phobias (d=1.38). For generalized anxiety disorder, AI apps showed non-inferiority to face-

to-face CBT (margin=2.5 points; 95% CI -1.2 to 0.8). 

PTSD: Three VR studies (n=354) focused on PTSD, demonstrating large effect sizes (d=1.02, 

95% CI: 0.74-1.30) on PCL-5 measures. VR exposure combined with D-cycloserine 

pharmacotherapy showed the largest effects (d=1.28). 

Retention and Engagement: Digital interventions demonstrated superior retention 

compared to traditional CBT. At 12 weeks, retention rates were: AI apps 68%, VR 

treatments 71%, traditional CBT 58% (p<0.001 for digital vs. traditional). Figure 2C 

illustrates retention trajectories over 24 weeks. 
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Neurobiological and Physiological Outcomes 

Four studies incorporated biomarker assessments. AI-guided mindfulness interventions 

increased heart rate variability (HRV) by mean 18.4 ms (p=0.002), indicating improved 

autonomic regulation. VR exposure therapy reduced amygdala activation (fMRI) by 38% 

during trauma script presentations (p<0.001) and decreased salivary cortisol levels by 47% 

at 12 weeks (p<0.001) compared to baseline (Figure 3). 

Demographics and Accessibility 

AI therapy apps reached significantly younger demographics (mean age 34.2 vs. 41.2 years 

for traditional CBT; p<0.001) and higher proportions of treatment-naive individuals (42.4% 

vs. 18.6%; p<0.001). VR treatments attracted more middle-aged participants (mean 38.6 

years). Geographic accessibility favored digital interventions: 24.6% of AI app users 

resided in rural/underserved areas versus 12.2% of traditional therapy recipients 

(p<0.001). User satisfaction ratings favored VR treatments (64.2% very satisfied) 

compared to AI apps (58.4%) and traditional CBT (52.1%). Stigma concerns were highest 

among digital intervention users (32.4% vs. 18.6% for traditional), suggesting these 

modalities attract individuals avoiding conventional mental healthcare due to perceived 

stigma. 

Safety and Adverse Events 

Digital interventions demonstrated favorable safety profiles. Any adverse event rates: AI 

apps 12.4%, VR treatments 18.6%, traditional CBT 22.8% (RR=0.54, 95% CI: 0.42-0.70). 

Discontinuation due to adverse events was lowest for AI apps (3.2% vs. 8.4% traditional). 

VR-specific adverse events included cybersickness (8.4%), eye strain (12.2%), and motion 

sickness (4.6%), typically mild and transient. No serious adverse events (hospitalization, 
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suicide attempts) were attributed to digital interventions. Data privacy concerns were 

reported by 2.4% of AI app users. 

Discussion 

This comprehensive systematic review and meta-analysis demonstrates that AI therapy 

applications and VR treatments achieve clinical efficacy comparable to traditional face-to-

face psychotherapy across depression, anxiety, and PTSD, with superior treatment 

retention and favorable safety profiles. These findings support the mainstream integration 

of digital therapeutics into standard mental healthcare delivery, while highlighting 

important considerations regarding accessibility, ethical frameworks, and clinical 

implementation. The effect sizes observed for AI-guided CBT (d=0.82 for depression, 

d=0.78 for anxiety) align with benchmarks established for traditional CBT (typically 

d=0.70-0.90) and exceed those of antidepressant medications (d=0.30-0.50) [11]. This 

non-inferiority is remarkable given the scalability of AI platforms, which can theoretically 

reach unlimited users simultaneously without therapist hour constraints. The 

personalization capabilities of machine learning algorithms—adapting content difficulty, 

therapeutic techniques, and intervention timing based on individual user patterns—may 

explain the high engagement rates and symptom trajectories observed. 

VR treatments demonstrate particularly strong effects for specific phobias (d=1.38) and 

PTSD (d=1.02), likely attributable to the technology's capacity to create controlled, 

realistic exposure scenarios impossible to replicate safely in vivo (e.g., combat scenarios, 

heights, flying). The neurobiological findings of reduced amygdala activation and cortisol 

suppression provide mechanistic evidence that VR exposure achieves genuine fear 

extinction rather than mere habituation, with potential for lasting neural pathway 

remodeling [12]. The superior retention rates of digital interventions (68-71% vs. 58% at 

12 weeks) address a critical limitation of traditional psychotherapy, where dropout rates 
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often exceed 40% [13]. Factors contributing to enhanced retention likely include: (1) 24/7 

accessibility eliminating scheduling barriers; (2) reduced travel time and costs; (3) privacy-

preserving engagement minimizing stigma concerns; and (4) gamification elements 

enhancing motivation. Notably, digital interventions reached populations traditionally 

underserved—rural residents, younger adults, and treatment-naive individuals suggesting 

these technologies may expand the mental healthcare workforce virtually. However, our 

findings must be contextualized within limitations. The majority of studies (73%) were 

conducted in high-income Western countries, potentially limiting generalizability to low-

resource settings where smartphone penetration and internet infrastructure may be 

insufficient. Therapist-supported AI interventions showed larger effect sizes than fully 

automated platforms (d=0.92 vs. 0.68), indicating that human connection remains 

valuable even in digital formats. The "digital divide" may paradoxically exclude elderly 

populations or those with limited technological literacy, though our data suggest VR 

attracts older demographics than AI apps. 

Safety considerations, while favorable overall, require ongoing surveillance. The 

emergence of "therapy apps" lacking clinical validation or professional oversight poses 

risks of ineffective or harmful interventions proliferating in app stores. Regulatory 

frameworks must evolve to ensure evidence-based standards while fostering innovation. 

Data privacy represents another critical concern—mental health data are uniquely 

sensitive, requiring encryption standards exceeding those of general health information. 

From a clinical implementation perspective, these findings suggest a "stepped care" 

model wherein AI apps serve as first-line interventions for mild-to-moderate 

depression/anxiety, VR treatments address specific phobias and PTSD, and human 

therapists focus on complex cases, severe mental illness, and treatment-resistant 

conditions. This stratification could optimize resource allocation, with digital tools 

handling high-volume, lower-acuity care while preserving scarce clinician time for those 
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most in need. The rapid market growth (projected $45.2 billion by 2029) indicates 

sustained industry investment, but academia must ensure rigorous independent 

evaluation accompanies commercial development. Blinded, sham-controlled VR studies 

and AI platforms evaluated against active human therapist controls (rather than waitlists) 

will strengthen evidence quality. Longitudinal studies examining durability beyond 12 

months are urgently needed. 

Conclusions 

The mental health revolution is underway, with AI therapy applications and VR treatments 

transitioning from experimental novelties to evidence-based clinical tools. This meta-

analysis confirms that these digital therapeutics achieve efficacy comparable to traditional 

psychotherapy for depression and anxiety, with superior accessibility, retention, and 

safety profiles. The mainstream adoption of AI and VR in mental healthcare is not merely 

justified but ethically imperative given the global treatment gap. However, realizing the 

full potential of this revolution requires: (1) standardized regulatory frameworks ensuring 

safety and efficacy; (2) equity-focused implementation preventing digital divides; (3) 

hybrid care models integrating technology with human connection; and (4) continued 

research into long-term outcomes, mechanisms of action, and optimization algorithms. 

The future of mental healthcare lies not in choosing between human therapists and digital 

tools, but in thoughtfully integrating both to create accessible, effective, and personalized 

treatment ecosystems. 

Data Availability Statement 

Data extraction sheets and analysis code are available via the Open Science Framework 
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Tables and Legends 

Table 1: Characteristics of Randomized Controlled Trials Included in Systematic Review 

(N=3,104 participants across 15 studies) 
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Table 2: Safety Profile and Adverse Events Comparison (Pooled Analysis from 15 RCTs, 

N=4,414) 

 

 

 

 

 

 

 

 



 

 

Volume 71,  Issue 01, 2026 

 

1709 

 

Table 3: Demographic Characteristics, Clinical Profiles, and User Satisfaction (Pooled 

Data from 15 RCTs) 
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Figures and Legends 

Figure 1: Digital Mental Health Revolution - Market Growth and Technology Adoption 

(2019-2029 Projections) 

 

Figure 2: Clinical Efficacy Outcomes of AI Therapy Apps and VR Treatments (Comparative 

Effectiveness Analysis) 
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Figure 3: Neurobiological Mechanisms and AI/VR Technology Integration 

 


