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I. INTRODUCTION 

Artificial intelligence–enabled chatbots are increasingly 

used in mental health interventions, yet their long- and short-

term effectiveness remains unclear. This systematic review 

and meta-analysis synthesize randomized controlled trials to 

evaluate AI chatbot interventions targeting anxiety and 

depression, addressing treatment duration, risk of bias, and 

evidence certainty. Our study uniquely integrates both 

immediate and follow-up outcomes while assessing 

intervention quality across diverse populations and designs. 

II. METHODS 

We conducted a comprehensive search of PubMed, 

Scopus, Web of Science Core Collection, OVID-MEDLINE, 

ClinicalTrials.gov, and WHO ICTRP from inception to 

January 10, 2025. The search strategy, guided by the PICO 

framework, included Boolean logic and both subject headings 

and free-text terms related to AI, chatbots, psychotherapy, 

depression, anxiety, and RCTs. Manual forward and backward 

citation tracing was also performed to ensure comprehensive 

coverage. 

 

Eligible studies were randomized controlled trials involving 

adults (≥18 years) with clinical or subclinical depression or 

anxiety, using AI-driven psychotherapeutic interventions 

(e.g., CBT, ACT, mindfulness) lasting at least four weeks. 

Only trials using validated scales (e.g., PHQ-9, GAD-7) and 

random allocation with ≥20 participants per arm were 

included. Studies were excluded if they involved hybrid AI-

human interventions, physiological-only outcomes, severe 

mental illness populations, or were non-English or non-

randomized. 

 

Data extraction was performed using REDCap with built-in 

validation. Risk of bias was assessed using Cochrane RoB 2 

and supplemented with RoB-B-T. Effect sizes (Hedges’ g) 

were computed using random-effects models in CMA 

software. We conducted subgroup analyses by intervention 

duration and sensitivity tests (e.g., leave-one-out, risk-of-bias 

exclusion). Publication bias was evaluated using funnel plots, 

Egger’s test, and trim-and-fill procedures. Evidence certainty 

was graded using GRADE. 

 

III. RESULTS AND DISCUSSION 

A. Study Characteristics and Populations 

We included 23 RCTs from 10 countries, with the U.S. 

most represented. AI chatbots primarily used CBT, ACT, or 

mindfulness and were accessed via mobile or web apps 

(Figure 1). Most studies were published post-2021, involving 

5,748 adults (mean age 32.8) as shown in Table 1. Recruitment 

was mainly online, with samples drawn from both clinical and 

non-clinical settings. In Figure 2, the majority of studies 

(91.4%) employed a randomized controlled trial design, while 

the remaining comprised pilot and quasi-experimental studies.  

TABLE I 

 SUBJECT CHARACTERISTICS 

Characteristic Mean Median Min Max 

Age 

(yrs) 
32.8 30.7 18.9 65.0 

Study Duration 

(days) 
58.4 42 7 180 

 

B. Pooled Treatment Effects 

Pooled analyses showed moderate-to-large treatment 

effects: Hedges’ g ≈ 0.6–0.8 for depression and 0.5–0.8 for 

anxiety. Both outcomes reached statistical significance, 

particularly in short-term trials and minimal-contact control 

designs. Depression trials showed more consistency in 

symptom reduction, while anxiety trials demonstrated broader 

but more variable effects, especially in studies using active 

comparators. 

 

C. Subgroup Analysis by Treatment Duration 

Subgroup analyses found the strongest effects in 4–8 week 

interventions. Longer-term follow-ups (≥3 months) showed 

attenuated benefits or plateauing, with limited available data 

reducing certainty. Some >3-month studies revealed non-

significant results, suggesting AI chatbot efficacy may decline 

without sustained use or reinforcement, raising questions 

about long-term durability of treatment effects. 
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D. Bias, Heterogeneity, and Evidence Certainty 

Risk of bias was mixed, with several studies flagged as 

“High Risk” or having “Some Concerns.” Heterogeneity was 

substantial (I² > 50%), indicating methodological variability 

[6]. Sensitivity analyses confirmed robustness across models. 

Although funnel plots and Egger’s test suggested minor 

publication bias, trim-and-fill corrections did not 

meaningfully alter results, supporting overall reliability. 

 

Figure 1 shows the country distribution for included 

studies, while Figure 2 shows the study design distribution. 

 

 

Fig. 1 Map showing the geographic origin of the 23 studies included in this 
systematic review. Colour intensity reflects the number of studies per country 

(scale 1–9).  

 

 
 

Fig. 2 A donut chart in green, apple green, and orange differentiates 

Randomized Controlled Trial, Quasi-experimental, and Pilot Study. 

IV. CONCLUSIONS 

AI-based psychotherapeutic chatbots show moderate-to-

large short-term benefits for anxiety and depression, 

especially over 4–8 weeks. However, long-term effects remain 

uncertain. Despite heterogeneity and moderate bias, findings 

were robust. Focused design and extended follow-up are 

needed to optimize sustained mental health outcomes through 

autonomous, scalable digital interventions.  
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