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Editorial on the Research Topic
 Digital mindfulness in primary care: Enhancing health through technology




In recent years, the growing burden of mental health conditions has intensified calls for scalable, accessible, and preventive forms of support across health systems. The World Health Organization has repeatedly emphasized that mental disorders remain a major contributor to global ill health, while service coverage continues to lag behind need, particularly in settings with limited specialist resources. At the same time, primary care has become an increasingly important site for early identification, low-intensity intervention, and continuity of mental health support, especially for common conditions such as depression and anxiety that can often be managed within primary care pathways (1, 2).

Against this background, digital mental health approaches have drawn growing scholarly and clinical attention because they offer the possibility of extending support beyond conventional face-to-face delivery. Within this broader landscape, digital mindfulness—including app-based, web-based, video-guided, and immersive mindfulness interventions—has emerged as a promising avenue for promoting emotional regulation, stress reduction, and psychological wellbeing. Recent evidence syntheses suggest that mindfulness apps and online mindfulness-based interventions can produce beneficial effects for outcomes such as depression, anxiety, distress, and wellbeing, although effect sizes vary and study quality, follow-up duration, and comparator conditions remain important limitations (3, 4).

However, the relevance of digital mindfulness to primary care cannot be reduced to questions of efficacy alone. A primary care perspective also requires attention to reach, engagement, usability, equity, and implementation. Research on digital mental health has shown that user engagement is often uneven and shaped by multiple barriers and facilitators, while broader critical scholarship has highlighted concerns related to data governance, social inequality, and the societal implications of digital mental health technologies. These issues are especially salient when digital interventions are introduced into routine care or deployed across culturally and infrastructurally diverse settings, including low- and middle-income countries (5–8).

It is within this scholarly and practical context that the present Research Topic, Digital mindfulness in primary care: Enhancing health through technology, should be situated. The 16 articles collected here reflect a field that is moving beyond simple questions of whether digital mindfulness “works” and toward more nuanced questions of how it works, for whom it works, in which delivery formats, and under what ethical and implementation conditions it can contribute meaningfully to real-world health care. Across clinical trials, observational studies, experimental research, mixed-methods development work, bibliometric mapping, and evidence syntheses, these contributions highlight both the promise and the complexity of integrating digital mindfulness into contemporary health contexts.


The evolution of digital mindfulness in primary care

Digital mindfulness, therefore, is no longer simply a matter of transferring meditation content onto a digital platform. Rather, it represents an expanding intervention space that includes brief and engaging delivery formats, tailored applications for specific populations, multimodal ecosystems, and immersive technologies such as virtual reality. At the same time, the field is becoming more analytically mature, with increasing attention to mechanisms, heterogeneity, user experience, and implementation feasibility—concerns that closely align with the realities of primary care, where interventions must be both scalable and clinically sensible.



Articles in this Research Topic

To provide a coherent overview, the 16 articles can be understood as clustering into several complementary lines of work: (1) intervention trials and practice-based clinical studies, (2) technology design and platform-based delivery, (3) evidence synthesis and bibliometric mapping, (4) mechanisms and heterogeneity in digital mindfulness effects, and (5) ethical and global implementation considerations, (6) Digital epidemiology and population mental health contexts.


Intervention trials and practice-based clinical studies

“A two-armed pragmatic randomized controlled trial comparing the effectiveness of two self-compassion interventions at reducing perceived stress ” Kalon et al. compares two self-compassion interventions in a pragmatic RCT design. By focusing on perceived stress reduction in a real-world-leaning trial structure, this work speaks directly to the feasibility and comparative effectiveness questions that matter to primary care implementation (Kalon et al.).

“The effects of short video app–guided loving-kindness meditation on interpersonal mindfulness, empathy, collaboration, affect, and workplace wellbeing among working professionals” Liu et al. extends digital mindfulness beyond symptom reduction and into interpersonal and organizational outcomes. Using a short-video app as the delivery vehicle, the study highlights how contemporary media formats can support scalable contemplative practice while targeting interpersonal mindfulness, empathy, collaboration, affect, and workplace wellbeing—outcomes highly relevant to occupational health and preventive mental health strategies (Liu et al.).

“Improving mental health through body-awareness with dynamic interpersonal therapy in patients with persistent somatic symptoms: an explorative cohort study” Rovers et al. examines a body-awareness approach embedded in dynamic interpersonal therapy among patients with persistent somatic symptoms. Although not framed purely as “mindfulness training,” its emphasis on body-awareness and mental health improvement resonates strongly with the embodied mechanisms that often underpin mindfulness-based care, especially for somatic symptom presentations in primary care (Rovers et al.).

“Improvements in physical activity and depression symptoms: an observational study of users of a multi-modal digital mental health platform” Welcome Chamberlain et al. investigates real-world users of a multimodal platform, linking digital engagement with improvements in physical activity and depressive symptoms. This contributes practice-based evidence on how digital mental health ecosystems may influence both mental and behavioral health indicators (Welcome Chamberlain et al.).



Technology design and platform-based delivery

“The development of a mindful eating app for adolescents through mixed-methods feedback from adolescents with overweight or obesity” Serrano-Gonzalez et al. offers a development-oriented contribution grounded in adolescent feedback. By focusing on mindful eating and using mixed-methods design input, the study shows how user-centered approaches can shape intervention acceptability and relevance—an essential step for sustained engagement in digital interventions for youth (Serrano-Gonzalez et al.).

“Global educational initiative for managing major depressive disorders in primary care: the MDD minds project” Dowrick et al. describes a global educational initiative designed for major depressive disorder management in primary care. While not limited to mindfulness per se, it demonstrates how education, systems thinking, and international collaboration can scaffold primary care mental health capacity—creating the infrastructure into which digital mindfulness tools may be integrated (Dowrick et al.).



Evidence synthesis and bibliometric mapping

“Bibliometric analysis of trends, innovations, and the future of CBT-based mobile interventions for depression” Gao et al. maps a broader ecosystem of CBT-based mobile interventions, providing a macro-level view of research hotspots and future directions. For digital mindfulness researchers, this type of bibliometric lens helps situate mindfulness/compassion tools within a wider digital therapeutics field (Gao et al.).

“The effectiveness of virtual reality in enhancing mindfulness: a systematic review and meta-analysis” Xie et al. synthesizes the growing VR-mindfulness evidence base. The review is especially valuable for primary care translation because VR interventions often face questions of cost, accessibility, and workflow fit; a meta-analytic summary helps clarify the strength and boundaries of current evidence (Xie et al.).

“Virtual reality for the management of musculoskeletal pain: an umbrella review” Kalikanov et al. focuses on VR for pain management. Given the high prevalence of musculoskeletal pain in primary care and the close coupling between pain and psychological distress, this umbrella review complements mindfulness-focused VR work by detailing evidence trends across an adjacent, clinically central domain (Kalikanov et al.).

“Effectiveness of mobile health in symptom management of prostate cancer patients: a systematic review and meta-analysis” Chen, H. S., et al. extends the conversation to cancer symptom management. While broader than mindfulness alone, it strengthens the clinical rationale for leveraging mobile health in chronic illness contexts where stress regulation and coping support are often needed (Chen, H. S., et al.).



Mechanisms and heterogeneity in digital mindfulness effects

“How digital mindfulness training promotes meaning in life among social workers: a parallel mediation analysis and latent profile analysis” Rui et al. explicitly models how digital mindfulness may work, combining parallel mediation with latent profile analysis. This dual approach is a methodological strength: it simultaneously tests mechanisms and acknowledges heterogeneity—two elements that are increasingly necessary for translating digital mindfulness into targeted, efficient interventions (Rui et al.).

“Procrastination and online social anxiety: the mediating role of cognitive overload and the moderating influence of mindfulness” Chen, S., et al. examines mindfulness as a moderating influence within a digital-behavioral pathway (cognitive overload → social anxiety-related outcomes). It contributes to a growing body of work positioning mindfulness not only as an intervention outcome, but also as a psychological resource shaping how individuals navigate digital demands (Chen S., et al.).

“The effects of mindfulness on psychological thriving among urban park visitors: evidence from three experimental studies” Meng et al. broadens the setting to urban nature exposure with experimental evidence. Although not “primary care” in the clinic sense, thriving and positive mental health are increasingly recognized as prevention targets; this work offers insight into how mindfulness can intersect with everyday environments that primary care often recommends (e.g., lifestyle and behavioral prescriptions) (Meng et al.).

“Effect of digital mindfulness on perceived stress and anxious emotion among college students” Xiong et al. provides evidence on stress and anxious emotion outcomes in a student sample—an important population for early intervention and prevention. The findings contribute to understanding where digital mindfulness may be most impactful and how outcomes manifest in high-demand life stages (Xiong et al.).



Ethical and global implementation considerations

“Bioethical Considerations in Deploying Mobile Mental Health Apps in LMIC Settings: Insights from the MITHRA Pilot Study in Rural India” Navarro-Aguirre et al. addresses a critical frontier: ethics and governance in LMIC deployment. For primary care, this is not a peripheral issue—data privacy, consent, risk management, digital literacy, and equity can determine whether an app-based solution benefits communities or amplifies vulnerabilities. This contribution anchors the Research Topic in an urgently needed ethical conversation (Navarro-Aguirre et al.).



Digital epidemiology and population mental health contexts

“Correlates of antenatal anxiety: smartphone use, depressive symptoms, and hypertensive disorders in a cross-sectional study in Southwest China” Guo et al. situates smartphone use within maternal mental health and medical correlates. Such evidence is important because primary care frequently encounters anxiety in antenatal populations, and digital behaviors may both signal risk and provide channels for support (Guo et al.).




The significance of digital mindfulness for primary care

Taken together, the contributions in this Research Topic underscore three broader insights. First, digital mindfulness is diversifying: delivery modalities now range from short-video platforms to VR, and from single-focus apps to multimodal ecosystems. Second, the field is maturing methodologically: researchers are increasingly combining pragmatic trials, real-world observational evidence, experimental designs, and advanced modeling of mechanisms and heterogeneity. Third, implementation and ethics can no longer be treated as afterthoughts—especially when digital mental health tools are deployed across unequal infrastructures and culturally diverse settings.

Ultimately, digital mindfulness in primary care should not be framed merely as a convenient substitute for face-to-face programs. Instead, it can be understood as a flexible, scalable, and potentially personalized layer of preventive and supportive care—one that must be evaluated not only for efficacy, but also for safety, equity, usability, and fit within real clinical workflows.



Conclusion

As we conclude this Research Topic on “Digital mindfulness in primary care: Enhancing health through technology,” we extend our sincere appreciation to all authors, reviewers, and editors who contributed to this collection. The work presented here reflects a field in rapid development—moving beyond proof-of-concept and toward clinically relevant, ethically grounded, and system-aware approaches to digital mental health support. We hope this Research Topic will stimulate further interdisciplinary collaboration and help advance digital mindfulness as a credible, responsible, and effective pathway for enhancing mental health within and beyond primary care.
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Background: Mobile health (mHealth) is an accessible strategy to deliver health information and is becoming increasingly popular as a form of follow-up among medical staff. However, the effects of mobile health on the physical and mental health outcomes of patients with prostate cancer after discharge from the hospital remain unclear. This meta-analysis evaluated the current evidence regarding the effects of mHealth interventions on the outcomes of patients with prostate cancer.



Methods: Four databases (PubMed, Cochrane Central electronic database, EMBASE, and Web of Science) were searched from inception to 8 November 2024 for randomized controlled trials (RCTs) comparing the effects of mobile health vs. usual care on the outcomes of patients with prostate cancer. Pooled outcome measures were determined using random effects models.



Results: In total, 11 RCTs, including 1,368 patients, met the criteria for inclusion in this meta-analysis. The meta-analysis revealed a significant effect of mHealth interventions on long-term bowel function outcomes (standard mean difference = 0.19, 95% confidence interval = 0.01–0.37, P = 0.04, I2 = 0.00%) compared with the usual standard care or no mHealth. However, no significant differences were observed in the following outcomes: short-term and long-term effects on anxiety, depression, self-efficacy, psychological distress, and urinary and hormonal function, and short-term effects on bowel function.



Conclusions: mHealth interventions can significantly improve long-term bowel function outcomes. However, more research is needed to confirm other physical and mental health outcomes.



Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, PROSPERO (CRD420250651320).
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1 Introduction

Prostate cancer (PC) is the second-most prevalent cancer in men worldwide (1). GLOBOCAN 2020 estimates reported 1,414,259 new cases of prostate cancer globally in 2020, with a higher prevalence in developed countries (2). During active treatment (prostatectomy, chemotherapy, radiotherapy, and/or hormone therapy) and the years after (survivorship), many patients experience symptom distress, including physical (urinary symptoms, bowel symptoms, sexual dysfunction, hormonal imbalance symptoms, etc.), psychological (anxiety, depression, etc.), and social aspects (stigma, social alienation, etc.), which can negatively affect quality of life (QOL) (3–5). Studies have shown that the incidence of urinary incontinence among localized prostate cancer was 4%–31%, the incidence of fecal incontinence was 4%–10%, and the incidence of sexual dysfunction was 11%–87%. These symptoms can even last as long as 10 years (6–9). Compared to men with localized disease, men with advanced prostate cancer experience greater pain and fatigue, higher levels of psychosocial distress, increased risk of suicide, and poorer health-related quality of life (10–12). Many of these symptoms persist for years, even after treatment is completed. As a result, many patients suffer from socioeconomic loss, resulting in significant life changes. Therefore, a strategy to reduce symptom distress during treatment or after discharge is of great clinical value.

Mobile health (mHealth) is an accessible strategy for delivering health information and has been widely used during the COVID-19 pandemic (13, 14). A recent meta-analysis revealed that mHealth interventions may provide an acceptable and feasible strategy to deliver continuity of health support to patients between medical appointments (15). Moreover, these interventions offer a convenient way to support self-management of cancer-related symptoms (16). Whether an individual receives treatment for PC upon diagnosis or is actively monitored over time, mHealth applications offer great opportunities for men to receive personalized, timely, high-quality, and evidence-based care (17). However, patients with prostate cancer have multiple and complex symptoms during and after treatment, with a long recovery period. After discharge, patients still need continuous and comprehensive interventions and nursing for rehabilitation training, prevention of complications, psychology, and other aspects (18). Therefore, mHealth interventions offer patients with PC an alternative form of medical care through a variety of communication technologies, including telephone, mail, remote video, or mobile applications, to treat patients at a distance.

However, the short-term and long-term effects of remote interventions on symptom management in patients with PC are unclear, and less attention has been paid to the long-term effects of the interventions. A newly published scoping review has shown that the current application of mHealth interventions in PC survivorship care pathways remains poor, with 10 mHealth apps identified and only one still in use, and the long-term effects of these apps are currently unknown (18). This research highlights the benefits of mHealth among patients with PC and shows long-term (12-month) improvements in urinary irritation, bowel function, hormonal function, and depression scores (19). However, a randomized controlled trial from Australia revealed that 12 months of telephone intervention was not accompanied by overall improvements in QOL or psychological distress (20).

A literature review found that most studies on the impact of mHealth on symptom management for patients with prostate cancer have evaluated the long-term effects of the intervention by following up patients for 3 months after the intervention (20–22). Therefore, this study focused on the short- and long-term effects of the intervention at a node of 3 months. Given these findings, it is necessary to update meta-analyses to comprehensively analyze the impact of mHealth interventions on symptom management of patients with PC.



2 Methods


2.1 Protocol registration

This meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic review and Meta-Analyses (PRISMA) guidelines (23). The protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO) (Registration ID: CRD420250651320; available at: https://www.crd.york.ac.uk/prospero/).



2.2 Study selection

The PubMed, Cochrane Central electronic database, EMBASE, and Web of Science were searched from inception to 8 November 2024 using a series of keywords related to mobile health and prostate cancer. The details of the search strategy are presented in the Supplementary Appendix. To avoid missing any relevant studies, manual searches of the reference lists of all included articles were also performed, as were searches of the reference lists of previous related meta-analyses or systematic reviews.

The inclusion criteria for studies were as follows: (1) population: adults (age > 18 years) with a prostate cancer diagnosis who were undergoing or completed active prostate cancer treatment (surgery, chemotherapy, and/or radiotherapy); (2) intervention: mHealth interventions including but not limited to smartphone apps, SMS, or wearable devices targeting symptom monitoring or self-management; (3) control group comprised of those receiving the usual care (e.g., standard follow-up) or non-digital interventions (e.g., paper diaries); (4) primary outcomes: mental (depression, anxiety, and distress) or physical (urinary function, sexual function, bowel function, and hormonal function) health outcomes based on standardized scales with a secondary outcome of quality of life; (5) study design: randomized controlled trials (RCTs). This meta-analysis focused on the short-term and long-term effects of the intervention at the node of 3 months. The short-term effect was measured after the end of the intervention, and the measured outcome indicators were followed up for ≤3 months. The long-term effect was measured after the end of the intervention, and the measured outcome indicators were followed up for >3 months (we selected the longest time point as the data outcome).

Studies were excluded from this meta-analysis according to the following exclusion criteria: (1) publication in any language other than English or (2) presentation of incomplete data or duplicated data.

EndNote X9 (Clarivate Analytics, https://www.endnote.com) was used to manage references. Two authors (HSC and HH) independently examined titles and abstracts to select eligible trials. In cases of discrepancies between the two authors' selections, a third author (YML) was consulted to resolve the differences. Full-text articles were then retrieved and reviewed using the same method to determine which trials met the inclusion criteria for this study.



2.3 Data extraction

Two authors (HH and HHL) independently extracted data from the included trials using a data extraction table that included general information (title, first author, publication date, and study location), trial characteristics (sample size, method of randomization, allocation, blinding method, incomplete outcomes data, selective reporting, and other), subject characteristics (country, neoplasm staging, treatment condition, and age), intervention (type of intervention, intervention and follow-up durations, frequency of mHealth use, intervener, and theoretical framework), and outcomes (outcome measures). Discrepancies between authors were resolved through consultation with a third author (HSC).



2.4 Risk of bias assessment

In this study, two reviewers (HSC and HH) assessed the quality of the included studies using the Risk of Bias 2 (RoB 2) tool, as recommended by the Cochrane Handbook (24). This tool evaluates the risk of bias in five domains: bias arising from the randomization process, bias due to deviations from intended interventions, bias due to missing outcome data, bias in the measurement of the outcome, and bias in the selection of the reported result. An overall risk of bias assessment was also conducted for each study. Disagreements with respect to the methodological quality were resolved by discussion and mutual consultation (YML).



2.5 Statistical analysis

The effects of mHealth on the outcomes of patients with PC were evaluated on the basis of the included studies. Continuous variables were evaluated and combined using mean difference (MD) when units of measurement were consistent across studies or could be converted to a common scale. When the units could not be directly compared or converted, the standardized mean difference (SMD) was used (24). The statistical parameter I2 was used to examine the heterogeneity of the effect sizes, with values higher than 50% indicating substantial heterogeneity (24). In this study, considering the existence of clinical heterogeneity (e.g., mode of intervention, participant characteristics), we employed the DerSimonian and Laird random effects model for our meta-analysis (24). A sensitivity analysis was conducted by removing the RCTs that included interventions that relied entirely on mHealth, those that included interventions that were delivered by peer support volunteers, or those that included a theory or framework referenced across the studies to detect the stability of the results. If the number of included studies for the outcome indicators was more than 10, a funnel plot and Egger’s test were used to detect publication bias. The level of statistical significance was set at P < 0.05 and all statistical tests were two-sided. Statistical analyses were performed using STATA version 17.0 (Stata Corp LP, College Station, TX, USA).




3 Results


3.1 Study identification and selection

The initial search identified 6,302 articles. After screening of titles and abstracts, 6,273 articles were excluded, including 1,507 duplicates, and 4,766 articles that did not meet the inclusion criteria. The full texts of 29 articles were reviewed, and 18 of these articles were excluded due to incomplete data (N = 6) (25–29), content that did not conform to our study (PICOS) (N = 11) (30–40), or being a conference abstract (N = 1) (37). Finally, 11 RCTs were included in the present meta-analysis (Figure 1).


[image: Flowchart diagram illustrating a systematic review process starting with 6,302 records, screening 4,795 after removing 1,507 duplicates, and resulting in 11 studies included in the final review after multiple exclusion steps.]
FIGURE 1
Inclusion screening flow chart.


The characteristics of the included RCTs are summarized in Table 1. The 11 RCTs included two studies (18%) conducted in Australia, Canada, the UK, the USA, and Korea, and one (9%) study conducted in Germany. All RCTs were published in English and conducted between 2013 and 2022. A total of 1,368 patients diagnosed with prostate cancer were included. Among the 11 included RCTs, the study of Galvão et al. (20) had the largest sample size with 463 individuals. Except for two RCTs, which used an Internet intervention, all other mHealth interventions were performed over the telephone. Interventions ranged from 6 weeks to 6 months in duration, and the studies were delivered by professional technical personnel (including clinical psychologists, clinicians, physicians, clinical nutritionists, nurses, and research assistants) (n = 10) and peer support volunteers (n = 1). Most interventions were delivered by health and social care professionals, and only one relied entirely on mHealth. One theory or framework was referenced across studies (21). The control group received the usual care, ethical care, guidelines for patients with prostate cancer, or health promotion.


TABLE 1 Characteristics of the included articles.

[image: Spreadsheet with 11 rows and multiple columns displaying studies on prostate cancer interventions by author, country, design, staging, treatment, sample sizes, mean ages, type of intervention, theory or framework, and outcome, with detailed text for each study including intervention description and outcome measures.]



3.2 Risk of bias assessment

The Cochrane Collaboration RoB tool was used to assess the RoB of the included studies. The domains for assessment included selection bias, including sequence generation and allocation sequence concealment; performance or detection bias via blinding of participants, personnel, and outcome assessors; attrition bias via incomplete outcome data; and reporting bias via selective outcome reporting. The criteria for low, unclear, and high RoB within and across the studies followed the Cochrane Handbook for Systematic Reviews of Interventions. RoB was independently assessed by authors HSC (five articles), HH (three articles), and HHL (three articles). YML reviewed all RoB assessments to confirm accuracy. In addition, data integrity and selective reporting were both assessed as low risk. The results are presented in Figure 2.


[image: Risk of bias summary table showing individual studies and assessment domains. Green circles indicate low risk, yellow circles indicate some concerns, and one red circle indicates high risk. Domains assessed include randomisation process, deviations from intended interventions, missing outcome data, measurement of outcome, and selection of reported result. Key explains color codes and domain abbreviations.]
FIGURE 2
Risk of bias summary.




3.3 Meta-analysis of primary outcomes

Six RCTs (20, 21, 42–45) (n = 687 participants) reported the short-term effect of the intervention on anxiety, and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group [SMD = −0.07, 95% confidence interval (CI) = −0.43 to 0.29, P = 0.70, I2 = 63.30%] (Table 2). The long-term effects of the interventions on anxiety were measured in two studies (n = 419 participants) (20, 42), and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = −0.11, 95% CI = −0.30 to 0.08, P = 0.26, I2 = 0.00%) (Table 3).


TABLE 2 The short-term effect of mHealth interventions on anxiety, depression, self-efficacy, psychological distress, urinary function, and bowel function outcomes from randomized controlled trials.

[image: Data table comparing short-term intervention outcomes for anxiety, depression, self-efficacy, psychological distress, urinary function, and bowel function across trial and control groups with study counts, participant numbers, heterogeneity percentages, effect sizes (SMD), confidence intervals, and p-values.]


TABLE 3 The long-term effect of mHealth interventions on anxiety, depression, urinary function, bowel function, hormonal function and sexual function outcomes from randomized controlled trials.

[image: Data table presents outcomes for anxiety, depression, urinary, bowel, hormonal, and sexual function, summarizing studies, number of participants, heterogeneity, standardized mean difference, confidence intervals, and P values for trial and control groups.]

Six RCTs (20, 21, 42–45) (n = 589 participants) reported the short-term effect of the intervention on depression, and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = −0.08, 95% CI = −0.40 to 0.24, P = 0.63, I2 = 54.23%) (Table 2). The long-term effects of the interventions on depression were measured in three studies (19, 20, 42) (n = 446 participants), and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = −0.18, 95% CI = −0.49 to 0.13, P = 0.25, I2 = 26.09%) (Table 3).

Two RCTs (43, 46) (n = 46 participants) reported the short-term effect of the interventions on self-efficacy, and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = −0.02, 95% CI = −0.84 to 0.44, P = 0.54, I2 = 0.00%) (Table 2).

Four RCTs (21, 43, 44, 46) (n = 134 participants) reported the short-term effect of the interventions on psychological distress, and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = −0.01, 95% CI = −0.52 to 0.50, P = 0.96, I2 = 45.39%) (Table 2).

Two RCTs (20, 47) (n = 539 participants) reported the short-term effect of the interventions on urinary function, and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = 0.22, 95% CI = −0.05 to 0.50, P = 0.12, I2 = 54.45%) (Table 2). The long-term effects of the interventions on urinary function were measured in three studies (19, 20, 41) (n = 529 participants), and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = 0.06, 95% CI = −0.11 to 0.23, P = 0.51, I2 = 0.00%) (Table 3).

Two RCTs (20, 47) (n = 539 participants) reported the short-term effect of the interventions on bowel function, and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = 0.21, 95% CI = −0.14 to 0.57, P = 0.24, I2 = 71.41%) (Table 2). The long-term effects of the interventions on bowel function were measured in three studies (19, 20, 41) (n = 473 participants), and the meta-analysis demonstrated a significant difference between the mHealth intervention group and the control group (SMD = 0.19, 95% CI = 0.01–0.37, P = 0.04, I2 = 0.00%) (Figure 3).


[image: Forest plot summarizing three studies comparing treatment and control groups, displaying means, standard deviations, and sample sizes. Blue squares represent effect sizes for each study, with horizontal lines showing confidence intervals. A green diamond indicates the overall random-effects summary estimate. Heterogeneity statistics show no significant heterogeneity. Axes range from -1 to 1, and statistical tests and model type are reported.]
FIGURE 3
Forest plot of the long-term effect of mHealth interventions on bowel function.


The long-term effects of the interventions on hormonal function were measured in two studies (19, 20) (n = 512 participants), and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = 0.11, 95% CI = −0.06 to 0.28, P = 0.21, I2 = 0.00%) (Table 3).

The long-term effects of the interventions on sexual function were measured in four studies (19, 20, 22, 41) (n = 737 participants), and the meta-analysis demonstrated no significant difference between the mHealth intervention group and the control group (SMD = −0.05, 95% CI = −0.67to 0.56, P = 0.86, I2 = 93.82%) (Table 3).



3.4 Meta-analysis of secondary outcomes

As for the secondary outcomes (Table 4), the meta-analysis demonstrated no significant differences in the short-term effects of the interventions on quality of life, mental health, and physical health. Three health-related QOL (HRQOL) measures, validated in patients with prostate cancer, were used: the physical and mental scales of the Assessment of Quality of Life-8 Dimensions (AQoL-8D) (43), the 8-item Short Form Health Survey (SF-8) (44), and the 12-item Short Form Health Survey (SF-12) (21).


TABLE 4 Meta-analysis of secondary outcomes.

[image: Table displaying short-term effects of mHealth interventions, showing data for quality of life, mental health, and physical health. Columns include number of studies, trial and control participants, heterogeneity percentage, standardized mean difference, confidence intervals, and P values.]

Three RCTs (19, 20, 41) reported that the mHealth interventions were delivered by professional technical personnel, and one RCT (22) reported that the mHealth intervention was delivered by peer support volunteers. In the sensitivity analyses (Table 5), after removing the RCT of Chambers et al. (22), the sexual function differences became statistically significant. However, since only three studies were included, further research is needed to explore these findings. Subgroup analysis was conducted on data of tumor stage and intervention type (Figure 4). Relevant hypothesis tests indicated no significant differences.


TABLE 5 Sensitivity analysis of intervention heterogeneity.

[image: Table comparing standardized mean differences (SMD) and ninety-five percent confidence intervals for sexual function, depression, anxiety, quality of life, and psychological distress across all studies and three omitted study scenarios. Dashes indicate outcomes not assessed in omitted studies.]


[image: Forest plot showing standardized mean differences with ninety-five percent confidence intervals for two study subgroups and the overall meta-analysis, with effect sizes represented as blue squares and subgroup or overall means as diamonds; the pooled overall effect indicates a standardized mean difference of negative zero point one three with confidence interval negative zero point three eight to zero.]
FIGURE 4
Subgroup analysis.




3.5 Publication bias

Fewer than 10 articles were included for each outcome, and thus, an assessment of publication bias could not be conducted.




4 Discussion

This meta-analysis included 11 RCTs involving 1,368 participants and provided evidence that mHealth interventions significantly improve long-term bowel function outcomes. Moreover, in the sensitivity analyses, the sexual function differences became statistically significant. However, mHealth interventions did not significantly reduce symptom distress (anxiety, depression, self-efficacy, psychological distress, urinary function, bowel function, and hormonal function outcomes) or improve quality of life.

Our findings are consistent with previous systematic literature reviews (48), which concluded that technology-based interventions (TBIs) cannot improve health outcomes (anxiety, depression, and HRQOL) among patients with prostate cancer. However, the present meta-analysis included more patient outcomes, such as self-efficacy, psychological distress, urinary function, bowel function, and hormonal function, to further explore the short-term and long-term effects of mHealth interventions.

The mHealth interventions did not improve anxiety, depression, or psychological distress symptoms. This result may be due to a floor effect, whereby participants' baseline anxiety, depression, and psychological distress symptom scores were within the healthy range. The incidence of anxiety, depression, and psychological distress among patients with prostate cancer ranges from 15% to 22% (49, 50), 14.7% to 65.9% (51, 52), and 21% to 28% (53, 54), respectively. The studies in this review did not recruit patients with anxiety or depression. In primary care, some evidence suggests that mHealth interventions can decrease anxiety, depression, and psychological distress symptoms, and there is growing evidence of their benefits in cancer care (16, 55). However, more research is needed to evaluate their effectiveness in patients with prostate cancer experiencing anxiety, depression, and psychological distress.

The present study did not find that mHealth interventions can significantly improve patients' urinary, bowel, and hormonal function outcomes, probably due to the small number of included studies (only two or three RCTs) or the fact that the included population did not comprise patients with advanced prostate cancer. Moreover, the content and frequency of mHealth interventions may not have been standardized across studies, as latest RCTs indicate that targeting a web-based intervention to recipients most likely to benefit patients with elevated levels of symptom burden and can improve urinary irritation, bowel function, hormonal function, and depression symptoms in men with PC (19). For the symptoms mentioned above, data from the studies incorporated were inconsistent, making conclusions regarding their management through mHealth interventions difficult to draw. However, the long-term effects of mHealth interventions on bowel function had a significant positive impact. Several hypotheses could explain why we observed improvements over time in these conditions. First, we hypothesize that the “attention” provided to participants (60–90 min/session in the intervention group and 0–60 min/session in the control group) by the study staff could have played a role in the improvement of symptoms over time in these conditions. Second, participation bias (e.g., participants' desire to reduce their stress) may also partially explain why individuals in these conditions improved their outcomes. Finally, we also hypothesize that improvement in bowel function across conditions could be attributed to the overlapping content presented (e.g., education component, attention, and social support). This is consistent with previous work that showed mHealth interventions as a possible method for reducing the severity of participants' irritable bowel syndrome symptoms (56), and a review that concluded that mHealth interventions were associated with significant reductions in bowel symptoms and improvement in quality of life that tended to continue up to 12 months of follow-up (57). More research is needed to elucidate and disentangle the effects of mHealth interventions on symptom-related quality of life among prostate cancer survivors.

Quality of life is related to physical health, psychological conditions, social relationships, and environment (58). mHealth interventions likely cannot improve quality of life and self-efficacy because mHealth interventions fail to improve the symptom-related distress and psychological distress of patients with prostate cancer. This result may be due to the quality of life and the self-efficacy of these men already being at normative levels at baseline, and they may not have needed an intervention. However, a recent review found that mHealth interventions are promising for improving the QOL of patients with cancer, and the strongest evidence exists for physical activity interventions, followed by mindfulness and cognitive behavioral therapy (59). This meta-analysis only included two articles on physical activity interventions and one article on cognitive behavioral therapy interventions, thus, robust conclusions cannot be drawn from the available evidence.

The latest studies show that cancer survivors benefit variably from mHealth tools (15, 16, 60). To maximize the effects of such tools, future research should consider the following aspects. First, positive associations have primarily been demonstrated between mHealth/digital literacy levels and the utilization of the Internet as part of information-seeking related to healthcare and prostate cancer; however, PC survivors' mHealth literacy levels were likely to be at a novice level. Therefore, it is necessary for us to reliably measure mHealth literacy, improve our ability to identify low-literacy target groups, and develop and test interventions to effect change (61). Second, another research study found that mHealth intervention personalization improves engagement and efficacy (62). Future studies should consider using the technology acceptance model to codesign mHealth interventions with end-users and analyze end-user personalization regarding engagement and health outcomes (15). Third, a retrospective study demonstrated that utilizing mobile Internet management for the ongoing care of patients who have undergone radical prostatectomy yields significant benefits because the invasive nature of radical prostatectomy often induces psychological stress (63). Future research could start with the treatment methods adopted by patients and analyze whether different treatment approaches have an impact on the physical and mental outcomes of patients. Fourth, future mobile health interventions should be based on patients' unique needs and preferences, considering critical factors for implementing mHealth interventions, including perceived utility, ease of use, and resolving technical barriers such as privacy, cost, and security, as well as the remote monitoring of patients' progress. Importantly, intervention measures designed jointly with end-users can enhance participation.

The present meta-analysis had several limitations. First, due to the limited number of included articles, we could not fully evaluate publication bias, which resulted in low statistical efficiency. Second, most interventions were delivered over a relatively short period, typically ranging from 6 to 10 weeks; most frequently, the interventions were provided weekly. However, the lack of data prevented the comparison of mHealth interventions by length or frequency of the intervention. In the same way, evidence was insufficient to enable comparison by neoplasm staging and perform subgroup analyses, which would have been useful because an RCT suggests that different forms of interventions may be more or less effective according to disease stage (64). Finally, different instruments were used to assess patient outcomes, which made a comparison of the results difficult.



5 Conclusions

The results of this systematic review and meta-analysis indicate that patients with prostate cancer benefit less from mHealth interventions both mentally (anxiety, depression, self-efficacy, psychological distress, and quality of life) and physically (urinary function and hormonal function). However, mHealth interventions significantly improved long-term bowel function outcomes. Further, we need studies with sufficient statistical power and length of follow-up to generate much-needed definitive evidence concerning the efficacy of mHealth interventions for the management of symptoms in patients with prostate cancer.
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Background: Musculoskeletal pain (MSK) is a condition that affects multiple parts of the musculoskeletal system, including limbs, neck, and back, leading to deterioration in both mental and physical health and overall quality of life. Despite the available treatments, they are not considered effective enough to eradicate pain symptoms, thereby requiring new methods as a substitute. This review comprehensively summarizes virtual reality (VR) technology as an adjunct or an alternative treatment for MSK pain and aims to explore the most suitable conditions and settings of VR.
Methods: Pubmed, Scopus, and Cochrane databases were searched for recent systematic reviews and meta-analyses investigating VR and MSK pain. The search was performed according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines and revealed 17 relevant articles. The AMSTAR-2 (A MeaSurement Tool to Assess systematic Reviews) analysis was conducted to assess the quality of included studies. The Corrected Covered Area was calculated to identify the degree of overlap.
Results: The results found significant pain reduction and mental and physical improvements in patients with MSK pain in comparison to standard therapies in treating neck, knee, and back pain. Nevertheless, the heterogeneity and inconsistencies in results among papers were recognized. The promising aspects are multimodality, namely, VR in combination with exercises, patient acceptance of VR, and the effectiveness of immersive, non-immersive, and gamified versions. These findings also revealed the need for more research on underexplored regions, standardized methodologies, and personalized approaches.
Conclusion: To summarize, VR poses the potential to treat MSK pain as an adjunct, and future research is recommended to focus on improving methodological rigor and multimodal approaches.
Systematic review registration: OSF (https://osf.io/uyc7z).
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1 Introduction

Chronic musculoskeletal pain (CMP) is a pervasive condition characterized by persistent gnawing muscle discomfort sensations, affecting around 20–30% of the general population (1). Such pain severely limits mobility and interferes with daily activities, adversely affecting the quality of life. Musculoskeletal (MSK) pain is of multifactorial origin and is commonly associated with the neck, shoulder, hips, lower back, and knee regions (2). Many individuals end up discontinuing their treatments following a prolonged treatment period despite the numerous treatment options that are available for such pain, suggesting that the current treatment approaches are inadequate to deal with this condition (3).

Virtual reality (VR) is a simulation that is generated by a computer and allows interaction with immersive and realistic environments through purpose-built hardware and software (4). VR creates a sense of presence inside the environments that are usually impractical or inaccessible in real life. Deep immersion into a virtual environment can effectively divert attention from painful stimuli, promoting analgesic and anxiolytic effects (4). The therapeutic potential of VR has already been demonstrated in various settings, including acute pain management, burn injuries, wound care, chemotherapy, physical therapies, and mental health disorders (5–9). This therapeutic effect is primarily achieved by providing a contrasting environment to the injury setting, such as presenting burn injury patients with cold landscapes through VR (5). By altering the contextual setting of the pain source, VR can effectively downregulate pain signals, reducing conscious sensations of pain (10). The ability to gamify virtual reality could increase satisfaction and motivation to continue treatment, improving treatment prospects (10).

Virtual reality demonstrates significant promise as an adjunct to conservative therapies, garnering substantial interest in pain management settings. The evidence advocates for using non-immersive, immersive, or mixed types of VR, each differing in immersion intensity (11). A non-immersive VR allows interaction using a mouse or hand-held device to interact with a computer-generated reality of oneself while still seeing and interacting with the outside world (12). Immersive VR, on the other hand, may be composed of multiple pieces of equipment, such as a stereoscopic headset or haptic device, requiring whole-body movement and cognitive effort (11). In cases where conventional therapies are insufficient or a need to switch to a more aggressive treatment arises, VR might serve as a new perspective on pain management tools.

The use of VR in managing musculoskeletal pain is a relatively new area and requires substantial research. Most studies on its application are inconclusive and are typically constrained by the heterogeneity of VR types. Moreover, the question of which VR conditioning and setting would be most advantageous for patients with different anatomical MSK pain regions remains crucial. This umbrella review aims to evaluate the effectiveness of VR in reducing musculoskeletal pain and related secondary outcomes across different body regions, compared to conventional treatments, and to identify VR key parameters such as immersion and gamification.



2 Methods

The protocol of the study was submitted and registered in the Open Science Framework registry (registration doi: https://doi.org/10.17605/OSF.IO/GAJ84). The umbrella review followed the PRISMA statement (13).


2.1 Search strategy

We conducted a systematic search in Scopus, PubMed, and Cochrane Database of Systematic Reviews databases from their inception until September 5, 2024, to locate systematic reviews and meta-analyses examining the effects of virtual reality on MSK pain management. We manually reviewed the citations in the selected eligible papers to identify any additional relevant studies that might have been missed in the initial search. We followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for this umbrella review. The search terms used included: “virtual reality,” “virtual,” “reality,” “pain,” and “systematic review.”

The full search strings were:


	PubMed:



(“virtual reality”[Title/Abstract] OR “virtual”[Title/Abstract] OR “reality”[Title/Abstract]) AND (“pain”[Title/Abstract]) AND (“systematic review”[Publication Type] OR “systematic review”[Title/Abstract])


	Cochrane library:



(“virtual reality” OR “virtual” OR “reality”) AND (“pain”) AND (“systematic review”)


	Scopus:



TITLE-ABS-KEY(“virtual reality” OR “virtual” OR “reality”) AND TITLE-ABS-KEY(“pain”) AND TITLE-ABS-KEY(“systematic review”)



2.2 Inclusion and exclusion criteria

We followed the PICO criteria:


	• Patients: patients with MSK pain.

	• Intervention: virtual reality.

	• Control: placebo or traditional treatment.

	• Outcome: efficacy of pain management with secondary outcomes including disability and kinesiophobia.



The inclusion criteria were:


	• Study types: systematic reviews and meta-analyses.

	• Research focus: VR for MSK pain management.

	• Publications in peer-reviewed journals.

	• Language: English.



Exclusion criteria included:


	• Study designs: observational studies, randomized controlled trials, animal studies, editorials, and correspondence.





2.3 Literature screening and data extraction

Two authors independently conducted literature screening based on inclusion and exclusion criteria. Firstly, abstracts and titles were read. Next, full manuscripts were retrieved for further evaluation. Any disagreements were resolved through discussion. For data extraction and analysis, both authors independently recorded the following information of included studies in a table:


	• Author and citation.

	• Study design.

	• Types of MSK pain.

	• Short description of the protocol.

	• Number of patients in each meta-analysis.

	• Total number of studies in each meta-analysis.

	• Reported benefits of VR in MSK pain.

	• Complications.

	• Mechanism of VR.

	• Study conclusions.





2.4 Methodological quality assessment of the systematic reviews

The updated second version of AMSTAR-2 (A MeaSurement Tool to Assess systematic Reviews) was used to assess the methodological quality of systematic reviews (14). The AMSTAR-2 was performed by two authors independently and compared with each other. Any discrepancies were resolved through discussion. Each item was rated as “Yes” (meets the standard), “No” (does not meet the standard), “Partial yes” (meets the standard with some limitations), and “Not applicable” (e.g., no meta-analysis conducted). The overall confidence in the quality of each review was classified as high when there was no or only one non-critical flaw; moderate when there was more than one non-critical flaw; low when there was one critical flaw with or without non-critical flaws; and critically low when there was more than one critical flaw. This classification structure was applied consistently to all included reviews. The critical domains are items 2, 4, 7, 9, 11, 13, 15, and non-critical domains are items 1, 3, 5, 6, 8, 10, 12, 14, 16, which are stated in Table 1.


TABLE 1 AMSTAR-2 analysis of included studies.


	Author, citation
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

 

 	Ye et al., Canada, (20) 	+ 	Partial Yes 	− 	Partial Yes 	− 	+ 	− 	Partial Yes 	+ 	− 	+ 	+ (low) 	+ 	+ (discussed) 	− 	+


 	Mo et al., China, (21) 	+ 	Partial Yes 	− 	Partial Yes 	+ 	+ 	− 	+ 	+ 	− 	+ 	- (high) 	+ (high) 	+ (I2 = 0%) 	− (small sample size to generate funnel plots) 	+


 	Guo et al., China, (19) 	+ 	+ 	− 	Partial Yes 	− 	+ 	− 	+ 	+ 	− 	+ 	+ (subgroup analyses) 	+ 	+ 	− 	+


 	Choi et al., Korea, (18) 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	Partial Yes 	+ 	− 	+ 	+ (low) 	+ 	+ (impact) 	+ 	+


 	Kantha et al., Taiwan, (23) 	+ 	+ 	− 	Partial Yes 	+ 	+ 	− 	+ 	+ 	− 	+ 	+ (good quality) 	+ 	+ (I2 = 0%) 	− 	+


 	Gava et al., Brazil, (24) 	+ 	+ 	− 	Partial Yes 	+ 	+ 	− 	+ 	+ 	− 	+ 	+ (subgroup analyses) 	+ (quality of evidence) 	+ (source) 	− (small sample size to generate funnel plots) 	+


 	Brea-Gómez et al., Spain, (17) 	+ 	+ 	− 	Partial Yes 	+ 	+ 	− 	+ 	+ 	− 	+ 	+ 	+ 	+ 	− 	+


 	Bordeleau et al., Canada, (16) 	+ 	+ 	− 	Partial Yes 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ (high, discussed) 	+ (I2 = 85%, discussed) 	+ 	+


 	Collado-Mateo et al., Spain, (22) 	+ 	+ 	− 	Partial Yes 	+ 	+ 	− 	+ 	+ 	− 	+ 	+ (low quality, assessed) 	+ 	+ (I2 = 82%, discussed) 	− 	+


 	Lo et al., China, (25) 	− 	+ 	− 	Partial Yes 	+ 	+ 	+ 	+ 	+ 	− 	+ 	+ 	− 	+ 	− (small sample size to generate funnel plots) 	+


 	Henríquez-Jurado et al., Spain, (26) 	+ 	+ 	− 	+ 	+ 	+ 	− 	Partial yes 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+


 	Li et al., China, (27) 	− 	Partial yes 	Partial yes 	+ 	+ 	+ 	− 	+ 	+ 	− 	+ 	+ 	+ 	+ 	Partial yes 	+


 	Wong et al., China, (28) 	+ 	Partial yes 	Partial yes 	Partial yes 	− 	− 	− 	+ 	+ 	+ 	No meta-analysis conducted 	No meta-analysis conducted 	− 	− 	No meta-analysis conducted 	+


 	Guo et al., China, (29) 	− 	+ 	Partial yes 	+ 	+ 	− 	− 	+ 	+ 	− 	+ 	+ 	− 	− 	+ 	+


 	Hao et al., USA, (30) 	+ 	Partial yes 	Partial yes 	+ 	+ 	+ 	− 	+ 	+ 	+ 	+ 	+ 	− 	− 	− 	+


 	Zhang et al., China, (31) 	+ 	Partial yes 	Partial yes 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	− 	+ 	− 	+


 	Opara and Kozinc, Slovenia, (32) 	+ 	+ 	Partial yes 	+ 	+ 	+ 	− 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	− 	+





MA, Meta-analysis; SR, Systematic review; RoB, Risk of bias.

1. Did the research questions and inclusion criteria for the review include the components of PICO?

2. Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol?

3. Did the review authors explain their selection of the study designs for inclusion in the review?

4. Did the review authors use a comprehensive literature search strategy?

5. Did the review authors perform study selection in duplicate?

6. Did the review authors perform data extraction in duplicate?

7. Did the review authors provide a list of excluded studies and justify the exclusions?

8. Did the review authors describe the included studies in adequate detail?

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review?

10. Did the review authors report on the sources of funding for the studies included in the review?

11. If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis?

13. Did the review authors account for RoB in individual studies when interpreting/discussing the results of the review?

14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?

15. If they performed quantitative synthesis did the review authors carry out adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?

16. Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?
 



2.5 Overlap assessment

The Corrected Covered Area (CCA) was calculated to identify the degree to which the same primary studies had been included across systematic reviews and meta-analyses. The formula is described by Kirvalidze et al. (15):


CCA
=
(
N
−
r
)
/
(

r
∗

c
)
−
r


where N stands for the total number of primary studies that appeared, including double counting, r is the number of unique primary studies, and c is the number of systematic reviews that are included in the umbrella review. Consequently, the citation matrix was built to provide measurements for CCA. The classification of overlap degree is as follows: 0–5% is slight overlap, 6–10% is moderate overlap, 11–15% is high overlap, and more than 15% is very high overlap (15).



2.6 Data synthesis

The summarization and comparison of the findings from the included studies were performed via a narrative synthesis. The outcomes were grouped thematically based on pain localization, VR immersion, gamification, and mechanisms. The overall synthesis was supported by structured tables to summarize quantitative findings and methodological quality, as well as by figures to visually condense the key results.




3 Results


3.1 Study selection and patient characteristics

In total, 591 articles were found in 3 databases. A total of 103 duplicates were identified and removed manually. After abstract screening, 340 articles were retained and 99 articles were excluded due to the following reasons: (1) the information was incomplete, (2) the focus of the article was unrelated to the subject of interest, (3) and the intervention did not use VR therapy. This review selected in total 17 studies (16–32) published between 2017 and 2024, with a cumulative sample of 11,638 participants. The PRISMA flowchart of selecting the articles for inclusion is depicted in Figure 1. Four articles included participants suffering from chronic lower back pain (16–18, 27), four articles with neck pain (19, 20, 30, 32) and two articles included patients with both lower back and neck pain (26, 28). One article focused on chronic spinal pain and inflammation (30), and one investigated knee joint pain (29). Two articles (23, 25) focused on immersion, and three articles (21, 22, 24) on exergames to treat MSK pain. Only one article conducted a systematic review without meta-analysis (28), while the other 16 studies conducted both a systematic review and meta-analysis. Most studies primarily assessed pain intensity using Visual Analog Scale (VAS) and Numeric Rating Scale (NRS). Less commonly reported pain measures were Defense and Veterans Pain Rating Scale (DVPRS) and Pain Pressure Threshold (PPT). The detailed characteristics of the included studies (study groups, sample size, protocol description, reported benefits, complications, mechanisms, and conclusions) are summarized in the Supplementary Table 1.

[image: Flowchart titled “Identification of studies via databases and registers” showing the systematic review process: 591 records identified, 103 duplicates removed, 488 screened, 340 excluded, 148 sought, 32 not retrieved, 116 assessed, and 17 studies included after further exclusions.]

FIGURE 1
 PRISMA flow diagram.




3.2 Characteristics of VR regimen, equipment types, and settings, and methodological quality

The immersion intensity and duration of VR therapy varied greatly between studies. Four studies utilized both immersive and non-immersive VR (23, 25, 26, 28). The types of equipment that were mostly reported to be used in experimental VR groups included mobile phones with VR apps (16, 31), game consoles (25, 27, 28), Nintendo Wii motion tracks (16, 17, 20, 22–25, 27, 31), simulators (16, 22, 25, 27), headsets (18, 20), balance boards simulators (16, 22), television with motion sensors (25), and playing glasses (16, 17, 24). Therapies such as kinematic training, stretching, and standard rehabilitation were mainly used as controls. The duration of VR therapy ranged between 6 min to 90 min, with participants having between 1 to 7 training sessions per week. Notably, approximately 30 min’ duration was found to be average, and one article (28) proposed 20 min as the threshold for the discomfort of using VR. The total treatment length comprised the shortest of 3 days (16) in back pain rehabilitation and the longest of 24 weeks (23, 25, 27, 28, 31, 32). These lengths were utilized to specifically analyze the immediate (days) and long-term effects (half a year), whereas the short-term effect duration was 3 to 6 months as a typical observation time when receiving VR intervention (25, 27, 30). On average, the total treatment length was 4 weeks.

The AMSTAR-2 analysis (Table 1) was utilized to critically evaluate the methodological quality of included systematic reviews. Reviews were categorized based on the presence of critical and non-critical domains. The analysis revealed 10 articles (17, 19, 20, 22, 23, 28–32) rated with critically low confidence, 5 with low (21, 24–27), and 2 with high (16, 18). None were rated with moderate confidence.

Almost every review demonstrated robust search strategies, which allowed them to consider all relevant studies and avoid potential publication bias. Another strength was the consideration and measurement of the risk of bias in every systematic review, which increased the reliability of their findings. Moreover, each systematic review provided adequate descriptions of the included studies and discussed heterogeneity among the primary articles, thereby creating transparency and enabling recognition of variations. Nevertheless, critical methodological weaknesses were in item 7 (Did the review authors provide a list of excluded studies and justify the exclusions?) and item 15 (If they performed quantitative synthesis did the review authors carry out adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?). This substantially impacted the overall confidence rating. Although the meta-analyses were appropriately conducted, most reviews did not assess publication bias due to the small number of included studies or did not address this aspect. Therefore, the potential impact of selective reporting remains unclear.

The CCA was calculated to assess the overlap of primary studies. A citation matrix is provided in the Supplementary Table 2. The total number of primary studies, including double counting, was 206, and the number of unique studies was 84. The resulting CCA was equal to 9.08%, which indicates a moderate overlap.

The efficacy of VR was summarized based on pain localization, immersion, and gamification in Figure 2. Most of the included systematic reviews and meta-analyses addressed pain in general terms and localization, such as chronic or musculoskeletal neck, back, and knee pain (18–20, 26, 27, 30, 32). However, two studies investigated the ankylosing spondylitis condition, reporting that VR interventions had a positive effect on motor function (16), with immersive VR showing potentially greater benefit (23). Fibromyalgia was addressed in four studies (17, 23, 24, 28). In the first study, gamified VR showed no positive effect in treating fibromyalgia symptoms compared to exercises (17). The second study found immersive VR to be effective in treating fibromyalgia (23), while the third study found that gamified VR was not significant in treating fibromyalgia (24). The fourth study provided moderate evidence to support a positive effect of VR (28). Additionally, two studies focused on inflammation-related pain, specifically in cases of spinal cord injury and herniated discs, and both reported VR to be effective (22, 31). Osteoarthritis was addressed in three studies, two of which showed positive results from VR interventions (25, 29), while one reported no significant effect (21).

[image: Infographic summarizes effects of virtual reality interventions for pain management. Low back pain shows significant pain reduction and reduced fear of movement but inconsistent disability results. Neck pain sees only short-term reduction, with mixed results for fear and disability. Knee pain benefits osteoarthritis patients only, with no improvement in disability or assessment of fear. Immersive VR is more efficient for neck pain but may cause motion sickness. Non-immersive VR suits low back pain and is well tolerated. Gamification is as effective as conventional treatment, reduces anxiety and depression short-term, but is limited by specific needs.]

FIGURE 2
 VR efficacy.




3.3 VR for low back pain

Bordeleau et al. (16) observed a statistically significant reduction in lower back pain patients compared to controls following moderate immersion VR therapy, with a mean difference (MD) of −0.67 (95% CI: −1.12 to −0.23). Patients reported improved physical performances, better back muscle endurance, and reduced fear of movement (kinesiophobia), which led to a functional capacity to sit, bend, and stabilize the trunk (16). A transient increase in pain during exercises was reported as a single adverse effect. It was proposed that greater therapeutic effects are achieved if more than 12 sessions are conducted. The study has reported high levels of heterogeneity between subgroups (I2 = 85%) (16). In another study focusing on chronic back pain, VR therapy was reported to be superior to receiving no therapy (Standardized Mean Difference (SMD) at post-intervention = −1.92; 95% CI: −2.73 to −1.11 and SMD at 6 months follow-up = −6.34; 95% CI: −9.12 to −3.56) or oral treatment that included NSAIDs (Nonsteroidal anti-inflammatory drugs) and tramadol (SMD at post-intervention = −0.78; 95% CI: −1.42 to −0.13) (17). No difference has been found between groups that received VR and those with physiotherapy. However, those who received VR and physiotherapy as a combined therapy were shown to have lower pain intensity at the 6-month follow-up session compared to those who received physiotherapy only (SMD = −7.56; 95% CI: −10.79 to −4.32). Patients in all experimental groups using VR post-intervention reportedly experienced a reduced sense of kinesiophobia (MD = −8.96; 95% CI: −17.52 to −0.40). After 6 months, the effect persisted (MD = −12.04; 95% CI: −20.58 to −3.49). However, no significance was found in post-interventional disability (17). The study has also found that specialized simulators, such as the horse-riding simulator (a mechanical device which mimics the horseback riding movement accompanied by VR glasses), yielded better pain reduction compared to interventions without VR. Thus, the study concluded that general VR entertainment devices may be less effective than purpose-built VR devices. The results of Choi et al. (18) align with VR therapy’s pain alleviation ability. Applying VR during the preoperative period has been found to help manage postoperative pain better than conventional methods, reporting reduced emotional discomfort levels after surgery (MD = −1.43; 95% CI: –1.86 to –1.00). Additionally, the study points to implementing VR-based interventions among the younger population, as it has been suggested that adolescents would be more adept with those types of therapies (18).

A different study found the immediate effect of VR-based training on chronic low back pain (MD = −1.43; 95% CI: −1.86 to −1.00; I2 = 95%), pain-related fear (MD = −5.46; 95% CI: −9.40 to 1.52; I2 = 90%), and disability (MD -11.50; 95% CI: −20.00 to −3.01; I2 = 95%) (27). However, it observed that these effects are insignificant in the short term (p = 0.16). Such a lack of significance was attributed to an attention bias, as patients returned to their usual activity after completing the first VR session (27). Additionally, one article researched back pain caused by inflammation and found that VR can effectively decrease pain and inflammatory markers levels like C-reactive protein (Weighted mean difference (WMD) = −0.89; 95% CI: −1.07 to −0.7; I2 = 90%), tumor necrosis factor-alpha (WMD = –6.60; 95% CI: −8.56 to −4.64; I2 = 0%), and interleukin-6 (WMD = –2.76; 95% CI: −2.98 to −2.53; I2 = 98%) (31). Yet, changes in fear, disability, and range of motion were found to be insignificant (31). These two studies also indicated high heterogeneity and low-quality evidence as major limitations (27, 31).



3.4 VR for neck pain

Hao et al. (30) demonstrated that augmented virtual reality significantly decreases only short-term neck pain (MD = −0.9; 95% CI: −1.31 to −0.58) and improves disability in both the short-term (MD = −2.16; 95% CI: −3.50 to −0.82) and long-term (MD = −2.95; 95% CI: −4.93 to −0.97). However, it was noted that the difference between the control group (standard care) and the VR group was minimal because the control group involved well-established therapeutic exercises. The positive impact of VR was achieved by shifting patients’ focus from movement to their surroundings, enhancing motivation through the novelty and entertainment of tasks, and providing a distraction from pain by immersion (although the intensity of immersion could not be analyzed). The gamified elements of immersive VR were found to promote patients’ active participation and yield better treatment adherence. On the other hand, no significant improvements were found for kinesiophobia, and the generalizability was questionable as the research summarized mixed types of chronic pain. Nine participants (3.7%) reported experiencing “virtual reality sickness” following the interventions that had led to study withdrawal. Strategies such as reducing training session duration while increasing the frequency of interventions were suggested as possible ways of overcoming such issues (30).

Another study analyzed VR-based training on short- and long-term effects in chronic neck pain. In this study, the short-term effect was synonymous with the immediate effect (32). The pooled effect showed that VR-based training, compared to controls, had low-quality evidence for improving disability indexes and was insignificant in decreasing both the immediate and long-term (p = 0.10). The kinesiophobia and neck disability index (NDI), however, were found to improve in the long term (SMD for kinesiophobia = −0.19; 95% CI: −0.52 to 0.15, SMD for NDI = −0.49; 95% CI: −1.05 to 0.06). The absence of positive effects for pain management was explained due to sampling differences, with one study including mostly young population with mild disabilities who could adapt quicker to VR headsets and thus rarely develop side effects, while another study involved fighter pilots who had busy schedules, thereby affecting compliance to VR (32).

Ye et al. (20) investigated particularly head-mounted displays in chronic nonspecific neck pain. When comparing preinterventional and postinterventional pain scores, a statistically significant reduction in neck pain (Z = 3.46; p < 0.001) and improved neck motions with time was observed. Significant improvements in the neck disability index (Z = 2.42; p = 0.02) and improved flexion/extension (Z = 1.96; p = 0.05) and rotation (Z = 2.43; p = 0.02) were reported in groups immediately after receiving VR therapy. However, the results were inconsistent between all included studies, with some reporting no significant difference in control groups that received standard treatment. According to the authors, the extent to which an individual may experience benefits from such therapy varies considerably, challenging accurate estimation of VR-based interventions (20).

The difference in treatment efficiencies between therapy that included VR only and therapy that combined VR with other interventions in neck pain management was investigated (19). The protocols for therapies were based on motivating participants to perform a full range of motion exercises while immersed in different environments, including animal photos or ocean views. When compared to controls that received no therapy, VR therapy favored a statistically significant pain intensity reduction (SMD = −0.51; 95% CI: −0.91 to −0.11). The subgroup analysis showed better pain-decreasing results in patients undergoing VR therapy with other interventions. Lesser disability and higher cervical mean velocity were also reported; however, due to high heterogeneity, no subgroup analysis was performed, suggesting only moderate-quality evidence for the use of VR therapy in MSK disorder management (19).



3.5 Low back and neck pain combined

Several studies have analyzed the effects of VR on both low back and neck pain. Henriquez-Jurado et al. (26) concluded that VR-based training effectively reduced low back (SMD = −1.27; 95% CI: −1.45 to −0.8) and neck pain (SMD = −0.45; 95% CI: −0.68 to −0.21) immediately after the first session. However, long-term effects at 1 month (SMD = −1.14; 95% CI: −1.41 to −0.87) and 6 months (SMD = −1.44; 95% CI: −1.7 to −1.18) were observed only in patients with low back pain, but not in patients with neck pain (p = 0.41). Interestingly, subgroup analysis revealed that immersive VR is effective only for patients with neck pain (SMD = −0.36; 95% CI: −0.61 to −0.11), but not for patients with low back pain (p < 0.01 for both immersive and non-immersive VR). Disability was improved for both types of pain (SMD for back pain = −0.66; 95% CI: −1.26 to −0.1, SMD for neck pain = −0.26; 95% CI: −0.49 to −0.03). Moreover, the effect of VR on lower back pain was increased when combined with alternative therapy. Kinesiophobia and quality of life were improved only for low back pain in the immediate and long term. It was stated that results provide high-quality information (26). Another study by Wong et al. (28) analyzed the effect of VR on chronic pain overall and concluded that VR can decrease chronic pain for both low back pain and neck pain. Immersive VR, when used as an adjuvant, was found to be more effective as a therapy for lower back pain. Wong et al. (28) highlighted that most studies on VR use lacked a mental health condition assessment, provided an insufficient description of VR equipment, and described the long duration of VR sessions, which might have caused discomfort to the patients. The limitations also included a small sample size in some studies, the absence of high-quality research, and the long intervals between VR treatments, as other treatment types used within this timeframe may confound VR long-term outcomes (28).



3.6 Knee pain

One study focused on how VR can impact knee pain by Guo et al. (29). The analysis concluded that VR could improve balance (SMD = 0.41; 95% CI: 0.12 to 0.69) and decrease knee pain (SMD = −1.10; CI: −2.02 to −0.18), but cannot improve walking speed (p = 0.77) and knee joint range of motion (p = 1.00). Notably, the subgroup analysis revealed that patients with osteoarthritis experienced an improvement in knee pain, whereas patients who underwent total knee replacement did not. The study noted that immersion during the training played a significant role in cognitive distraction and could even decrease the heart rate. Overall, the quality of the included articles was high (29).



3.7 Immersion

Kantha et al. (23) have focused on active immersive (iVR) and non-immersive VR, which compared to passive, requires active interaction with the virtual environment in MSK disorders. In comparison with no rehabilitation and conventional therapies, overall, pain reduction was observed following iVR application (MD = 9.28; 95% CI: −13.96 to −4.60). In subgroup analysis, more significant pain alleviation was achieved following non-immersive VR than immersive VR (MD = 9.45; 95% CI: −14.57 to −4.33). Non-immersive VR was also shown to reduce psychological distress when compared to no rehabilitation. There was no significant difference between non-immersive and immersive VR in pain outcomes, psychological distress, and functional disability when compared to conventional therapy. Motion sickness and headaches were mentioned as rare side effects. The study reported a level of 93% adherence to the treatment regimen (23).

The study by Lo et al. (25) analyzed the effectiveness of immersive and non-immersive VR, particularly on back, neck, shoulder, hip, and knee pain. The analysis revealed that immersive VR can significantly reduce neck pain (SMD = −0.55; 95% CI: −1.02 to −0.08), whereas non-immersive VR can significantly reduce disability (SMD = −0.44; 95% CI: −0.72 to −0.16), kinesiophobia (SMD = −2.94; 95% CI: −5.20 to −0.68), and pain in low back pain (SMD = −1.79, 95% CI: −2.72 to −0.87). Other regions did not have sufficient studies to draw any conclusion. The biggest drawback was that most chronic low back pain studies used non-immersive VR, while chronic neck pain studies focused on immersive VR – head-mounted displays (25).



3.8 Gaming modalities vs. conventional therapies

A study by Mo et al. (21) investigated the effect of commercial and professional rehabilitation exergames on treating MSK pain in the older population (mean age 74.8 ± 6.42). It was found that both the experimental group that underwent exergame sessions and the control group that received conventional treatment reported decreased chronic neck pain, with exergames not being superior to that of exercises (SMD = −0.22; 95% CI: −0.47 to 0.02). No significant difference was found between post-total knee replacement patients who received Nintendo Wii-based exergames and those in a control group that received lower extremities exercises. The authors reported no significant improvements in pain intensity based on the length of training and frequency of sessions in patients of both chronic and non-chronic MSK disorders. It was suggested that more age-related characteristics, such as cognitive and physical decline, should be reflected while designing the exergames, potentially leading to better outcomes if considered (21).

Collado-Mateo et al. (20) have investigated the efficiency of the most popular gaming consoles in pain management of diverse MSK conditions. The exergame protocols have included participants’ active involvement with gaming consoles, such as swinging arms while throwing a bowling ball for patients with upper extremity dysfunction. While most of the included studies have reported pain reduction (SMD = −0.51; 95% CI: −1.25 to 0.23), the high heterogeneity of studies (I2 = 82%) casts a shadow on concluding the effectiveness of exergames in treating patients with MSK pain (20).

The effect of gamification on the process of treatment was studied in association with pain-related psychological distress (24). Computerized and graphically manipulated image-based interventions verified the short-term impact of such manipulations on reducing anxiety and depression. The study provided very low and low-quality evidence of superiority over other treatments or no treatment in a long-term setting (24).



3.9 Mechanisms of VR

The mechanisms of VR to treat MSK pain were reported inconsistently across the included studies. Overall, several hypotheses and observations were proposed, often recurring. The summary of mechanisms is depicted in Figure 3.
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FIGURE 3
 Mechanisms of VR.


The most frequent mechanism was attentional distraction (16–18, 20, 21, 26, 27, 29, 31). VR redirects the patient’s focus from painful stimuli. The distraction was achieved through visual and auditory engagement (31), and concentration on external stimuli (17). Moreover, distraction was enhanced by gamification, like goal-setting and reward-based assignments (16).

Emotional regulation was also described utilizing graded exposure in the setting of chronic pain and fear of movement (21). Patients were gradually exposed to movement that causes pain to make them less sensitive to a stimulus (21).

Additionally, several studies described physiological mechanisms. The mechanisms were: deep and superficial muscles coordination improvement (19), nociceptive input reorganization in sensory and motor brain areas (26). Some studies referred to the regulation of pain via the reduced heart rate and thalamus activation (29). Furthermore, potential activation of fibroblasts through exercise-induced stress adaptation was noted (31).

Most of the studies did not report a specific mechanism (22, 24–26, 30, 32), and overall, VR influence on MSK pain is hypothetical and underexplored.




4 Discussion

This umbrella review comprehensively analyzed VR as a treatment for musculoskeletal pain. VR may offer benefits over standard therapies, analgesics, anti-inflammatory drugs, or when compared to placebo in the context of MSK conditions (16–18, 20, 21). Moreover, VR holds a significant promise to improve physical performance. As seen in previous studies, distraction plays a key role (12), but there can also be nondistraction mechanisms involving neurophysiological alterations (33). This is consistent with this review, which implies that such alterations can increase muscle activity or promote myorelaxation. So, the main reason for improvements in MSK patients’ physical activity lies in when VR contributes to muscle functioning, but may also lead to muscle fatigue and overuse, which could result in transient increase in pain – not as a failure of VR, but as a natural adaptation to higher physical load (16). Besides physical benefits, VR is shown to improve mental health. A decrease in fear, emotional discomfort, and kinesiophobia might potentially ameliorate pain catastrophizing since patients will not be afraid to continue exercising. This trend is consistent with previous studies suggesting VR is promising in treating anxiety disorders (8). Although supportive, the mechanisms are not consistently reported across included studies and require further empirical validation. Besides attentional distraction, the included studies proposed other mechanisms, such as graded exposure (21), stress adaptation (31), and neural reorganization (26) mechanisms by which VR could hypothetically alleviate MSK pain. These mechanisms largely align with mechanisms discussed in the previous umbrella review focused on assessing the analgesic effect of VR (34). It confirms attentional distraction as a key mechanism that involves multisensory engagement. It also highlighted neurophysiological effects, such as activation of the insular and sensory cortex and altered nociceptive processing (34).

In terms of MSK conditions and diseases, immersive VR has shown greater potential to improve motor function in patients with ankylosing spondylitis and fibromyalgia, suggesting that depth of engagement may improve therapeutic outcomes (23). However, conflicting results regarding gamified VR, particularly in fibromyalgia, highlight the need for more targeted research to clarify its role (17, 24, 28). Positive effects observed in inflammation-related conditions such as spinal cord injury and herniated discs further support the versatility of VR in pain management. Although results in osteoarthritis have been mixed, overall evidence supports VR as a potentially effective non-pharmacological intervention for a variety of pain conditions.

Depending on localization, VR can manage chronic back pain, back pain after operation, and spinal inflammation, allowing patients to recover their movements (16–18, 26, 27). It seems that VR promotes physical activity as it might use specific equipment like a horse-riding simulator, because it can combine a virtual environment with physical movement that actively engages and promotes mobility in the target area (17). That is why it works better than drugs, but it does not always work better than physical exercise, since usual horse riding can also be a rehabilitation tool. Such observation is consistent with previous results of Tack (2021), who concluded the effectiveness of VR over opioids and equivocal therapeutic mechanisms (35). Non-VR physical exercises may pose an injury risk and result in fear. Since back pain demotivates working out and is usually resistant to painkillers, it is better to use VR as a controlled environment for patients with back pain to decrease the fear of movement when they are assigned for training. Nonetheless, optimized VR interventions for chronic low back pain are suggested to require research with standardized methodology in order to avoid variability in functional improvements and long-term outcomes (16). The same trend is seen when VR is applied to neck pain (19, 20, 26, 30, 32). VR can effectively treat neck pain, but physical exercise seems equally effective (30). Previous study by Galavare et al. (36), where the interdisciplinary rehabilitation program was used, aligns with these results and recommends VR as a support. Therefore, VR can be complementary and does not surpass conventional alternatives. It is advantageous due to its immersive and gamified nature that boosts motivation and adherence through distraction-rich and engaging mechanisms. Nonetheless, the disadvantages involving inconsistency in pain reduction, variability across patient populations, slight impact on kinesiophobia, and side effects like VR sickness decrease the generalizability (19, 20, 30, 32). As part of a multimodal approach, VR demonstrates potential for managing chronic neck pain, where the main strengths are improvements in disability and engagement (19).

Since VR features differential effectiveness for low back and neck pain, the need for personalized approaches emerges (26). VR therapy varies depending on VR modality, pain localization, and integration with physical training. For example, immersive VR may be more relevant to neck pain through engagement of sensory and cognitive mechanisms, whereas both general and immersive VR show positive effects for low back pain if applied consistently (25, 26). Addressing the limitations, like study design improvement, VR protocols standardization, and incorporation of multifaceted mental health evaluation, might increase the reliability of future research outcomes.

Next, it is suggested that VR can be effective for several aspects of knee pain, especially in patients with osteoarthritis (29). This includes pain reduction and improvement in balance, which makes VR intervention a potential tool to alter cognitive and neuromuscular pathways of nociception, proprioception, and motor control. However, the lack of improvement in joint range of motion and walking speed indicates that VR does not change the mechanical or structural aspects of knee functionability. Thus, VR is better used as an additional therapy for a primary intervention like mobility rehabilitation. The aforementioned mechanisms are less relevant for post-surgical knee pain that might involve different neural pathways. Knee pain can also be relieved with distraction and engagement of immersive VR experience (29) which emphasizes psychological components to modulate pain and physiological response. Previous research agrees with these results but points out the limited number of studies conducted on VR as a knee pain treatment to draw reliable conclusions (37).

Besides pain localization, immersive and non-immersive VR were compared in several articles. Generally, non-immersive VR demonstrated better effectiveness in musculoskeletal disorders and in reducing mental health challenges. The reason for this may be because immersive VR requires increased cognitive load and a less tolerable experience for patients, especially during long sessions. Still, VR was found to be more suitable for neck pain. In conditions like neck pain, proprioceptive feedback and engagement play a key role (e.g., looking at objects and turning to follow the moving object). Such varied results have been identified in previous studies to show that VR can be advantageous for a personalized treatment in the specific context, like post-stroke rehabilitation (immersive VR is more suitable) and orthopedic rehabilitation (2D tasks and serious games are more suitable) (38). Nevertheless, discrepancies in the VR types used for specific pain localization (often head-mounted displays for neck pain and rarely for back pain) depict a gap in standardized application protocols. Moreover, there is a lack of sufficient research for other regions, like the shoulder or hip, which limits the generalizability further. To summarize, high adherence and low side effects rates suggest that both immersive and non-immersive VR are well tolerated for any MSK disorder pain management.

Sometimes VR can be defined as gamified and called exergames. Exergames offer pain reduction benefits similar to traditional exercises but do not appear to surpass them in effectiveness (21). This suggests that while exergames can be a viable alternative, they may not provide additional advantages over established rehabilitation methods. Designing age-appropriate exergames could enhance engagement and therapeutic outcomes. The variability in study designs, participant characteristics, and intervention protocols contributes to inconsistent findings regarding the effectiveness of exergames in MSK pain management (22). Previous studies showed that exergames may not be analyzed due to confusion with terminology, but overall show positive results by promoting motivation and engagement (39, 40). Although exergaming is generally safe, enjoyable, and may be appealing to older adults, its effectiveness in reducing musculoskeletal pain remains inconclusive.


4.1 Limitations

This umbrella review searched three databases, which might have potentially limited the comprehensiveness of the review. However, selected databases produce a high yield of relevant systematic reviews and extensive overlap with other major databases, which minimizes missing critical studies. Likewise, the search only included English studies, which might have led to language bias. The AMSTAR-2 assessment showed that most of the included reviews were critically low or low quality, primarily due to the lack of critical areas, such as the lack of a list of excluded studies with justification and the lack of evaluation of the publication bias. These methodological disadvantages could introduce selection bias and decrease the overall confidence in the synthesized data. Furthermore, CCA revealed moderate overlap of primary studies which might have introduced redundancy in the evidence base.



4.2 Implications

VR generally shows sizeable effectiveness in reducing not only pain, but fear and emotional discomfort, supporting the holistic approach for MSK pain treatment. VR capability for immersion and gamification improves patient engagement and adherence. This offers significant advantages in rehabilitation, namely when motivation is crucial. The choice between immersive and non-immersive VR should involve pain localization and specific rehabilitation goals. For conditions such as chronic neck and back pain, VR is considered the most effective. However, VR should not be considered as a substitute for traditional treatment methods such as physical exercise, but as an additional tool within a multimodal approach. For example, combining VR with mobility rehabilitation or interdisciplinary programs can maximize its benefits.



4.3 Future recommendations

Future research should focus on under-researched regions like shoulder or hip pain, and more high-quality studies are needed to clarify VR’s role in treating fibromyalgia and osteoarthritis, where findings remain inconsistent. Likewise, focusing on mental health evaluation will reveal the VR role in alleviating anxiety and depression. The development of universal and comprehensive study designs will ensure consistency (e.g., same duration time and same terminology) and methodological rigor in order to develop optimal VR protocols for MSK pain conditions. Additionally, future studies should standardize the reporting of neurophysiological and psychological mechanisms of VR.




5 Conclusion

VR presents a variety of benefits in the treatment of MSK pain, with immersive VR showing promise in conditions such as neck pain, where engagement and distraction are critical. Non-immersive VR may be more effective for low back pain, especially when combined with traditional treatments. However, VR appears less appropriate as a primary intervention for structural or mechanical disorders, like improving joint range of motion in knee pain conditions. Furthermore, future research should pay particular attention to understudied pain sites, methodological consistency, and integration into multimodal treatment plans. For clinical practice, VR may be considered as an additional tool that increases patient motivation and adherence, promoting holistic treatment of musculoskeletal pain.
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Background

Perceived stress and anxiety are common psychological issues among college students. Traditional mindfulness interventions effectively ameliorate these psychological issues, while digital mindfulness interventions—an emerging approach—are gaining increasing attention owing to their convenience and accessibility.





Purpose

This study aimed to assess the effectiveness of digital mindfulness in reducing perceived stress and anxiety among college students and to explore its potential effects on mindfulness.





Methods

The study employed a randomized controlled trial design and recruited 310 university students aged 18–22 years, randomly assigned to the intervention (N=156) or control (N=154) groups. The intervention group completed 4 weeks of mindfulness practice, engaging in 15–20 min guided sessions via social media 2–3 times per week. The control group did not receive any mindfulness training. The Chinese Perceived Stress Scale, Generalized Anxiety Disorder-7 scale, and Five Facet Mindfulness Questionnaire were used to assess participants’ stress perceptions, anxiety, and mindfulness levels at baseline and the end of the intervention.





Results

At the end of the intervention, the intervention group reported significantly lower levels of perceived stress and anxiety and considerably higher levels of mindfulness. In contrast, the control group showed no significant changes in perceived stress, anxiety, or mindfulness levels.





Conclusions

The 4-week digital mindfulness intervention effectively reduced perceived stress and anxiety levels and increased mindfulness among college students.





Keywords: digital mindfulness, perceived stress, anxiety, primary care, mental health





1 Introduction



1.1 Background of the study

The mental health of college students has always been a key topic of concern in schools and society. With the intensification of social competition, the psychological pressure on college student groups is increasing, and these pressures may lead to psychological distress and mental health problems. Perceived stress refers to an individual’s subjective assessment of how uncontrollable or difficult life events appear to be (1). According to a survey in China, approximately 67.5% of university students experience medium to high levels of perceived stress (2). These stressors cover many factors, such as academic pressure, interpersonal relationships, and future planning. At the physiological level, perceived stress negatively impacts sleep quality—higher levels of perceived stress are associated with poorer sleep quality (3). Psychologically, perceived stress is strongly linked to depression and anxiety. Research indicates that perceived stress is one of the primary triggers of anxiety (4). The higher the perceived stress levels of college students, the more severe their anxiety (5). Anxiety is an emotional state characterized by worry, unease and tension, usually accompanied by physical and cognitive changes (6). Although college students have basically completed their physical development, their psychological development is still relatively lagging behind, and the detection rate of anxiety is significantly higher than that of other groups. Worldwide, it is estimated that 12-50% of college students have anxiety (7). Therefore, identifying scientific and effective interventions to help college students manage stress better and reduce their anxiety levels is of great practical significance.

Mindfulness is a state of consciousness that is purposefully aware of the present moment without evaluation or judgment (8). Mindfulness has received widespread attention as a psychological intervention for relieving stress and enhancing mental health. In their studies addressing the effects of mindfulness training on improving individuals’ negative emotions, Xu et al. (9), Yu et al. (10), and Liu et al. (11) showed that mindfulness training can effectively reduce participants’ negative emotions. Liu et al. (12) investigated the effects of mindfulness meditation on mindfulness, spirituality, and subjective well-being of flight attendants. The results showed that mindfulness meditation positively affected participants’ subjective well-being and spirituality. Wu et al. (13) intervened with 95 college students in a depressive state using mindfulness training methods of different durations and contents. The results showed that all three methods significantly reduced the participants’ depression levels. Therefore, mindfulness interventions have a remarkable effect on improving an individual’s mental health.

With advances in time and technology, digital mental health services have gradually entered the public eye. Compared to traditional face-to-face formats, smartphone apps and web-based platforms have greater advantages in enhancing the accessibility, standardization, degree of personalization, and effectiveness of mindfulness training (14). Moreover, digital-based mindfulness practices have been proven to be effective. For example, research by Barcaccia et al. (15) indicates that short-term online mindfulness interventions can effectively alleviate depression, rumination, and trait anxiety among college students. Fazia et al. (16) found that online mindfulness intervention measures effectively reduced stress perception among medical students and improved their mental health and psychological resilience, among others. A meta-analysis of digital online mindfulness interventions also indicated that online mindfulness interventions significantly impacted stress and that the effect size was significantly moderated by the number of interventions (17). Chen et al. (18), Liu et al. (19) and others have conducted similar studies, arriving at the same conclusion. Chiou et al. (20) and Liu et al. (21) also developed an application based on the Integrated Service Digital Terminal and mindfulness with the theme of compassionate meditation to improve depression and enhance spirituality, which has been proven effective. Other studies have found that mindfulness meditation guided by short-video apps can effectively enhance police officers’ conflict resolution and communication skills, and improve their emotional disorders and post-traumatic stress disorder (22–24).

Digital mindfulness, as an emerging psychological intervention approach, has received extensive attention and application in recent years among clinical patient groups, such as those with severe psychological or physical disorders. It combines modern digital technology with the concept of mindfulness, providing convenient and accessible mindfulness exercises through digital platforms, thus offering a new avenue for psychological intervention. Based on this, this study aims to explore its potential and practical effects in alleviating stress perception and anxiety among college students, with the expectation of providing more contemporary and innovative solutions for mental health intervention in universities.

Hypothesis

Based on the above theories and research, this study proposes the following hypothesis:

A 4-week digital mindfulness intervention can reduce college students’ perception of stress and anxiety, and improve their mindfulness levels.





2 Methodology



2.1 Participants

This study adopted the method of convenient sampling and selected college students from two universities in Chongqing, China as the research subjects. Participants were enrolled voluntarily through campus recruitment advertisements, and at the end of the study, they were provided with activity credits as incentives for completing the activities. The inclusion criteria were as follows: (1) voluntary participation in this study, (2) no systematic training related to mindfulness, (3) no current use of anxiolytic medication or undergoing other forms of psychological intervention, and (4) the ability to participate in the entirety of this activity. A total of 328 eligible students were recruited, all of whom completed the pre-test questionnaire and were randomly assigned to the control and experimental groups, with 164 students in each group. A total of 18 students dropped out without taking the post-test, and the final sample consisted of 310 participants, 156 in the intervention group and 154 in the control group, aged 18–22 years (M=19.26, SD=0.79). All the participants provided informed consent.




2.2 Procedure

This study used a randomized controlled trial design in which all eligible participants were randomly assigned to the intervention and control groups and received a baseline questionnaire. The intervention group received digital mindfulness training for 4 weeks, 2 to 3 times a week, for 15–20 min each session. The number and duration of practice each week were selected and adjusted by the participants according to their own conditions. The control group received no specific psychological intervention during the study period but after the study, the subjects will be provided with the same digital mindfulness intervention materials as the intervention group and given guidance during the practice process. The training was posted online on social media. Based on the core theoretical framework of Kabat-Zinn’s Mindfulness-Based Stress Reduction and considering the college students’ cognitive characteristics and stress-related features, the researchers independently developed a series of mindfulness training scripts. They then recorded 10 instructional audio sessions, each lasting 15–20 min, using standardized video recording equipment. The content included mindful stretching, breathing, and body scanning, among others. The lead trainer released the audio sessions on Mondays, Wednesdays and Fridays via social media, and participants were instructed to complete the practice on the same day and record their activity using an online mini-program. The lead trainer regularly responded to participants’ questions and provided guidance online, monitored adherence to the exercises through online questionnaires and follow-ups via social media return visits, and collected feedback to allow timely adjustments to the training program. Before and after the intervention, the Chinese Perceived Stress Scale (CPSS), Generalized Anxiety Disorder (GAD-7) scale, and Five Factor Mindfulness Questionnaire (FFMQ) were administered to assess the perceived stress, anxiety, and mindfulness levels of participants in both groups. Data were collated and analyzed using SPSS Windows software version 22.0.




2.3 Measurement tools



2.3.1 Chinese version of the perceived pressure scale

The Stress Perception Scale (SPS), developed by Cohen et al. (1), assesses individuals’ perceived stress in daily work and life. Yang and Huang (25) adapted the scale for Chinese populations. The scale comprises 14 entries and two dimensions: a sense of loss of control and sense of tension, with a five-point scale (0 = never, 4 = always) and a total score of 0-56, with higher scores indicating a higher degree of perceived stress. In this sample, the scale showed good internal consistency at both baseline and post-test, with Cronbach’s coefficients of 0.74 and 0.82, respectively.




2.3.2 Generalized anxiety disorder scale

The GAD-7 scale was developed by Spitzer et al. (26) to assess an individual’s generalized anxiety symptoms over the past two weeks. The scale comprising seven items rated on a four-point scale (0 = not at all, 3 = almost every day), with a total score of 0-21, with higher scores indicating more severe anxiety symptoms. The scale has good reliability and is suitable for use in the Chinese population (27). In the present sample, the scale showed good internal consistency at both baseline and post-test, with Cronbach’s coefficients of 0.79 and 0.85, respectively.




2.3.3 Five-factor mindfulness questionnaire

FFMQ was developed by Baer et al. (28) and translated and revised by Deng (29). The FFMQ comprises 39 items across five dimensions: observation, description, conscious action, non-judgment, and non-reaction. It is designed to assess individuals’ ability to pay attention to their inner feelings, focus on the present moment, and be non-judgmental about the present. The questionnaire was rated on a five-point scale (1 = complete non-conformity, 5 = complete conformity), with a total score of 39-195, with higher scores indicating higher levels of mindfulness. In the present sample, the scale showed good internal consistency at both baseline and post-test, with Cronbach’s coefficients of 0.70 and 0.77, respectively.





2.4 Statistical processing

In this study, data were entered using Excel and descriptive statistics, independent samples t-test, χ² test, and ANOVA were conducted using SPSS Windows software version 22.0.





3 Results



3.1 Test of homogeneity of differences between intervention and control groups

Before the intervention, independent samples t-test and χ² test were used to test the homogeneity of difference between the intervention and control groups, and the results are shown in Table 1. There were no significant differences between the intervention and control groups regarding age, sex, CPSS, GAD-7, or FFMQ (p >.05). Therefore, the two groups of participants were homogeneous and could be tested for the interventional effects.


Table 1 | Test of homogeneous differences between intervention and control groups.
	Variable
	Variable category
	Intervention group 
(N=156)
	Control group 
(N=154)
	Total (N=310)
	Statistical analysis results


	M
	SD
	M
	SD
	M
	SD



	Age
	 
	19.19
	0.94
	19.27
	0.90
	19.23
	0.92
	t= .84, p= .404


	Sex
	men
	64
	41.0%
	65
	42.2%
	129
	41.6%
	χ²= .045, p= .833


	women
	92
	59.0%
	89
	57.8%
	181
	58.4%
	 


	Outcome variable
	CPSS
	25.83
	5.52
	25.90
	5.53
	 
	 
	t= .10, p= .920


	GAD-7
	5.56
	2.60
	5.55
	2.86
	 
	 
	t= -.04, p= .969


	FFMQ
	119.48
	9.37
	120.55
	9.99
	 
	 
	t= .97, p= .334





CPSS refers to Chinese version of the Perceived Pressure Scale; CAD-7 refers to Generalized Anxiety Disorder Scale; FFMQ refers to Five-Factor Mindfulness Questionnaire.






3.2 Post-test difference tests for intervention and control groups

At the end of the intervention, the post-test data of the intervention and control groups were examined using an independent samples t-test, and the results are shown in Table 2. Significant differences existed between the intervention and control groups on CPSS, GAD-7, and FFMQ (t= 5.25, p <.001; t= 5.88, p <.001; t= -2.72, p= .007).


Table 2 | Tests for differences between intervention and control groups at post-test.
	Outcome variable
	Intervention group (N=156)
	Control group (N=154)
	t
	p



	CPSS
	21.94 ± 5.94
	25.82 ± 7.03
	5.25
	<.000


	GAD-7
	3.51 ± 2.55
	5.40 ± 3.09
	5.88
	<.000


	FFMQ
	123.36± 10.61
	120.06± 10.69
	-2.72
	.007





CPSS refers to Chinese version of the Perceived Pressure Scale; CAD-7 refers to Generalized Anxiety Disorder Scale; FFMQ refers to Five-Factor Mindfulness Questionnaire.






3.3 Repeated measures ANOVA of perceived stress in intervention and control groups

A 2 × 2 repeated-measures ANOVA was conducted with perceived stress as the dependent variable, time (pre-test and post-test) as the within-participants factor, and group (experimental and control) as the between-participants factor. As shown in Table 3, there was a significant main effect of measurement time (F[1, 308] = 38.90, p <.001, partial η² = .11), a significant main effect of group (F[1, 308] = 10.55, p = .001, partial η²= .03), and a significant interaction between group and time (F[1, 308] = 35.91, p <.001, partial η²= .10). The interaction is shown in Figure 1, indicating that the perceived stress score tends to change over time, and 4 weeks of digital mindfulness training can influence this trend.


Table 3 | Repeated measures ANOVA for pressure perception in college students.
	Effect
	F
	p
	Partial η²



	Group main effect
	10.55
	.001
	.03


	Time main effect
	38.90
	<.001
	.11


	Group × time main effect
	35.91
	<.001
	.10







[image: Line graph illustrating estimated marginal means of perceived stress over two time points for two groups. The control group line remains nearly flat, while the intervention group line sharply decreases at time two.]
Figure 1 | Time and group interaction perceived stress.

Further simple effects analyses showed no significant difference in pre-test scores between the intervention and control groups (F[1, 308] = .10, p = .92, partial η² = .000). However, there was a significant difference in perceived stress scores on the post-test (F[1, 308] = 27.58, p <.001, partial η² = .08), with the intervention group scoring significantly lower than the control group.

In the time dimension, no significant difference was found between the control group’s pre-test and post-test perceived stress scores (F[1, 308] = .03, p = .86, partial η² = .000). In contrast, the intervention group significantly reduced perceived stress from pre-test to post-test (F[1, 308] = 75.26, p <.001, partial η² = .20), with post-test scores substantially lower than pre-test scores (p <.001). These findings suggest that the 4-week digital mindfulness training program effectively reduced perceived stress among participants.




3.4 ANOVA for repeated measures of anxiety in the intervention and control groups

A 2 × 2 repeated-measures ANOVA was conducted with anxiety as the dependent variable, time (pre-test and post-test) as the within-participants factor, and group (experimental vs. control) as the between-participants factor. As shown in Table 4, there was a significant main effect of measurement time (F[1, 308] = 38.01, p <.001, partial η² = .11) and a significant main effect of group (F[1, 308] = 12.87, p <.001, partial η²= .04). Further, there was a significant interaction between group and time (F[1, 308] = 28.73, p <.001, partial η²= .09). The interaction is depicted in Figure 2 and indicates that anxiety scores changed over time, with the 4-week digital mindfulness training influencing this trend.


Table 4 | Repeated measures ANOVA for anxiety levels in college students.
	Effect
	F
	p
	Partial η²



	Group main effect
	12.87
	<.001
	.04


	Time main effect
	38.01
	<.001
	.11


	Group × time main effect
	28.73
	<.001
	.09







[image: Line graph comparing estimated marginal means of anxiety for control and intervention groups over two time points. Control group shows a small decrease, while intervention group displays a larger reduction in anxiety scores.]
Figure 2 | Time and group interaction for anxiety.

Further simple effects analyses revealed that, on the group dimension, there was no significant difference in anxiety scores between the intervention and control groups at the pre-test (F[1, 308] = .002, p = .97, partial η² = .000). However, at the post-test, a significant difference emerged (F[1, 308] = 34.51, p <.001, partial η² = .10), with the intervention group exhibiting significantly lower anxiety scores than the control group.

On the time dimension, there was no significant difference between the control group’s anxiety scores at pre-test and post-test (F[1, 308] = .32, p = .57, partial η² = .001). In contrast, the intervention group showed significant anxiety scores at pre-test and post-test (F[1, 308] = 66.85, p <.001, partial η² = .18), with post-test anxiety scores significantly lower than pre-test scores (p <.001). These results suggest that the 4-week digital mindfulness training program effectively reduced participants’ anxiety levels.




3.5 Repeated measures ANOVA for mindfulness in intervention and control groups

A 2 × 2 repeated-measures ANOVA was conducted with mindfulness as the dependent variable, time (pre-test and post-test) as the within-participants factor, and group (experimental vs. control) as the between-participants factor. As shown in Table 5, the main effect of measurement time was significant (F[1, 308] = 10.22, p= .002, partial η2 = .03). The main effect of group was not significant (F[1, 308] = 1.18, p = .297, partial η2 = .04). However, the interaction between group and time was significant, (F[1, 308] = 16.81, p <.001, partial η2 = .05). This interaction is illustrated in Figure 3, suggesting that the mindfulness scores tends to change over time, and that the 4-week digital mindfulness training program influenced this trend.


Table 5 | Repeated measures ANOVA for mindfulness levels in college students.
	Effect
	F
	p
	Partial η2



	Group main effect
	1.18
	.297
	.04


	Time main effect
	10.22
	.002
	.03


	Group × time main effect
	16.81
	<.001
	.05







[image: Line chart showing estimated marginal means of mindfulness over two time points for two groups. The control group shows a slight decrease, while the intervention group shows an increase from time one to time two.]
Figure 3 | Time-group interaction for mindfulness.

Further simple effects analyses revealed that, on the group dimension, there was no significant difference between the scores of the intervention and control groups on the pre-test (F[1, 308] = .94, p = .334, partial η2 = .003). However, there was a significant difference between the intervention and control groups on the post-test for positive mindfulness scores (F[1, 308] = 7.42, p = .007, partial η2 = .02). Specifically, the intervention group had significantly higher post-test scores than the control group.

On the time dimension, there was no significant difference between the control group’s pre-test and post-test mindfulness scores (F[1, 308] = 0.41, p = .524, partial η2 = .001). In contrast, the intervention group showed a significant difference between pre-test and post-test of perceived stress (F[1, 308] = 26.79, p <.001, partial η2 = .08). Specifically, the post-test mindfulness score was significantly higher than the pre-test (p <.001). These results indicate that the 4-week digital mindfulness training program effectively enhanced participants’ mindfulness levels.





4 Discussion

This study systematically explored the effects of a digital mindfulness intervention on perceived stress and anxiety among college students using a randomized controlled experiment. The pre-intervention independent samples t-test showed that the experimental and control groups were homogeneous regarding age, sex, and perceived stress levels, anxiety, and mindfulness (p >.05). The results of further repeated-measures ANOVA showed a significant group × time interaction (p <.001) for perceived stress, anxiety and mindfulness levels in the intervention and control groups. Specifically, the intervention group exhibited a significant decrease in perceived stress (and anxiety levels (p <.001), including a significant increase in mindfulness levels after the intervention. In contrast, the control group showed no significant changes across any of the three variables during the same time (p >.05).

On the perceived stress and anxiety dimensions, the experimental group’s post-test scores were significantly lower than those of the control group, with a significant group × time interaction effect observed, this result is consistent with the findings of Flett et al. (30), Huberty et al. (31), and Küchler et al. (32). The partial η² values were 0.10 and 0.09 respectively, reaching a moderate effect (33), suggesting that digital mindfulness training is effective in mitigating psychological distress among college students. Several studies have demonstrated that this effect occurs via multiple mechanisms. First, mindfulness training can help trainers change their perceptions of unpleasant emotions, feelings, or sensations, thereby reducing physiological indicators of anxiety (34). Second, mindfulness training improves trainers’ cognitive functioning and reduces wandering (35), which may allow them to focus more on the task they are currently performing in the present moment, thus indirectly reducing stress perceptions. Additionally, Mindfulness Stress-buffering Account holds that Learning to monitor experiences with an accepting attitude is an emotional regulation skill learned in mindfulness intervention, which can cultivate resilience and coping ability under pressure. Furthermore, these stress buffering effects, in turn, reduce the negative impact of stress on increasing the risk of stress-related diseases (36), which also explains why mindfulness intervention can lower the stress perception and anxiety levels of the subjects.

On the mindfulness dimension, the experimental group’s post-test scores were significantly higher than those of the control group, and the interaction effect between group and time was significant (partial η² = .05). This is consistent with previous findings (37, 38), suggesting that a digitally based mindfulness intervention can significantly improve students’ mindfulness. In particular, this is achieved by directing their attention to the present moment and developing their awareness of their internal experience and external environment. The results of repeated-measures ANOVA showed that the group main effect did not reach significance (p = .297) on the mindfulness dimension. However, the significant interaction (partial η² = .05) indicated that the improvement in the mindfulness level of the experimental group was closely related to the intervention. This apparent paradox may be explained by the fact that the group main effect reflects overall between-group differences across time points. Thus, opposing patterns in pre- and post-test scores may have offset each other, resulting in a non-significant overall difference. This finding also suggests that the improvement of mindfulness ability requires long-term practice to be transformed into stable trait changes (39).

The present study found that a 4-week digital mindfulness intervention can provide significant intervention effects on perceived stress and anxiety levels among college students. This provides important insights for psychological services in higher education. A cross-sectional survey of 500 adults in the United States suggested that many individuals prefer individual and online forms of mindfulness meditation interventions to group formats (40). This suggests that a digitally based approach to mindfulness interventions may be more in tune with university students’ usage preferences. Digital mindfulness interventions may be more flexible in both time and space and less costly than traditional intervention models that require face-to-face instruction (41). Specifically, digital mindfulness intervention is carried out through the Internet and mobile devices. Students can practice mindfulness at any time and any place. The time cost and economic cost of mindfulness practice have been significantly reduced, thereby enhancing the feasibility of the intervention and students’ compliance. However, traditional mindfulness methods usually require face-to-face practice and guidance at designated times and places, which is often difficult for college students with numerous courses to adhere to. In addition, the sources of stress and manifestations of anxiety for each college student may vary. The uniform practice plan of traditional mindfulness methods often fails to meet individual differences, and the effect is inevitably limited to a certain extent. However, the personalization of digital mindfulness practice can better meet the needs of different students. Therefore, incorporating digital mindfulness interventions into the mental health intervention systems of colleges and universities is of great practical significance for coping with the growing psychological stress and anxiety problems of the college student population. This innovative service model helps to expand the coverage of mental health services, enabling more students to benefit from them and promoting the development of campus mental health service systems towards diversification and personalization.




5 Study limitations

First, this study failed to conduct long-term follow-up measurements on the subjects. Due to a certain degree of subject attrition after the conclusion of the research, subsequent follow-up measurements could not be carried out smoothly. This limitation prevented us from conducting a comprehensive assessment of the sustained effects of the digital mindfulness intervention method. Second, the control group design of this study could not completely exclude the influence of the placebo effect or other nonspecific factors, such as life events and personal psychological traits of college students. Future research should consider setting up more positive control groups, such as psychological education intervention groups or non-mindfulness-based relaxation training groups, to evaluate the specific effects of digital mindfulness interventions more accurately. In addition, future research could incorporate multiple follow-up measurements after the intervention to examine the persistence and stability of the effects of digital mindfulness intervention.




6 Conclusion

The results of this study indicated that digital-based mindfulness practice can effectively reduce perceived stress and anxiety levels among college students and enhance their mindfulness levels. This result indicates that the digital mindfulness intervention has a significant effect on improving mental health, which provides strong support for the digital transformation of mental health services. Future research should further explore the specific mechanisms of digital mindfulness interventions and how to better integrate them into college students’ mental health education.
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Background: Antenatal anxiety is a prevalent yet underrecognized mental health condition with significant consequences for maternal and fetal outcomes. This study aimed to identify psychosocial and behavioral factors independently associated with antenatal anxiety among pregnant women in Southwest China.
Methods: We conducted a retrospective cross-sectional study of 972 pregnant women consecutively attending routine antenatal care at a tertiary hospital in Southwest China (June 2022–June 2023). Eligible participants were ≥18 years with singleton pregnancy; women with pre-existing psychiatric disorders or major fetal anomalies were excluded. Anxiety and depressive symptoms were assessed using the Chinese versions of the GAD-7 and PHQ-9. Clinical, sociodemographic, and smartphone use data were obtained from electronic records and structured assessments. Multivariate logistic regression was used to identify independents of antenatal anxiety (GAD-7 ≥ 10), adjusting for relevant confounders. Model performance was evaluated using ROC curves, calibration plots, and a nomogram.
Results: Antenatal anxiety was present in 51.4% of participants. Independent correlates factors included gestational age (OR = 0.94 per week, p = 0.002), junior high school education or below (OR = 1.81, p = 0.015), hypertensive disorders of pregnancy (OR = 2.06, p = 0.010), smartphone use >4 h/day (OR = 3.01, p < 0.001), nighttime use (OR = 2.26, p < 0.001), social networking as primary use (OR = 1.57, p = 0.013), and PHQ-9 score (OR = 1.31 per point, p < 0.001). The model showed strong predictive accuracy (AUC = 0.803) and good calibration.
Conclusion: Smartphone overuse, nighttime use, social networking as the primary activity, depressive symptoms, hypertensive disorders, lower education level, and shorter gestational age are significant correlates of antenatal anxiety. Integrating digital behavior monitoring and mental health screening into routine prenatal care may help identify high-risk individuals for early intervention.
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Introduction

Antenatal anxiety, defined as persistent worry or tension during pregnancy, is common yet frequently overlooked. It has been associated with adverse obstetric and neonatal outcomes, including increased risks of preterm birth, low birthweight, and impaired neurodevelopment in early childhood (1, 2). Globally, the prevalence of antenatal anxiety symptoms is estimated at ~29%, with particularly high rates in low- and middle-income countries. In China, a recent meta-analysis reported a pooled prevalence of 17.4% among pregnant women (3–5). Despite its clinical importance, antenatal anxiety often goes undetected in routine practice, in part because reliable behavioral risk markers are lacking.

An increasing number of studies suggest that problematic smartphone use contributes to anxiety, depressive symptoms, and sleep disturbances in the general population. For example, a cross-sectional survey of 761 university students found that smartphone addiction was independently associated with higher levels of anxiety, depression, stress, and poor sleep quality (6). Similarly, a population-based study reported a dose–response relationship between smartphone overuse, anxiety severity, and reduced sleep quality (7). In pregnant women, excessive electronic device use—including prolonged screen exposure and mobile phone overuse—has been linked to greater psychological distress, particularly prenatal stress and depression. One path analysis study showed that smartphone use exceeding 8 h per day was associated with nearly twofold higher odds of depressive symptoms (adjusted OR ≈ 1.90–2.62) (8). Another cross-sectional study also confirmed significant correlations between problematic smartphone use and pregnancy-related depression (9). However, direct evidence connecting smartphone behaviors to antenatal anxiety remains scarce, especially in low- and middle-income countries such as China.

In China, existing research has primarily focused on sociodemographic and obstetric correlates of antenatal anxiety, as well as the psychological impact of COVID-19–related stressors. Maternal education, parity, and pregnancy complications have consistently emerged as key correlates in cross-sectional studies (10). During the pandemic, heightened levels of antenatal anxiety and depression have been associated with stressors such as social isolation, fear of infection, and disruptions to antenatal care (11). Nevertheless, few studies have examined behavioral risk factors such as the duration of smartphone use, nighttime usage patterns, or the primary purpose of smartphone engagement (e.g., social networking versus information seeking)—factors that may reflect emotional regulation strategies or sleep disruption (9, 12, 13).

Guided by a biopsychosocial stress–vulnerability framework, we propose that problematic smartphone use may exacerbate antenatal anxiety through several plausible pathways. First, bedtime and prolonged screen exposure can heighten cognitive arousal, disrupt circadian rhythms, and impair sleep quality—well-established antecedents of anxiety. Second, predominant use for social networking may intensify social comparison and exposure to negative content, reinforcing rumination and emotional dysregulation. A complementary mechanism is attentional capture and displacement of restorative activities, such as physical exercise or face-to-face social support, thereby reducing coping resources. These theoretical considerations informed our hypotheses that daily duration, nighttime use, and social networking as the primary purpose of smartphone use would independently predict antenatal anxiety risk.

Problematic smartphone use often co-occurs with depressive symptoms, which have been consistently associated with antenatal anxiety. In a cross-sectional study of 665 women in early pregnancy in China, both longer daily screen time and higher smartphone addiction scores were independently associated with greater depressive symptom severity on the PHQ-9 (adjusted OR per hour = 1.09; per addiction score point = 1.11; p < 0.05) (9). Longitudinal evidence from Chinese young adults further indicates that smartphone addiction not only worsens depressive symptoms but also aggravates sleep disturbances over time (14).

In addition to behavioral variables, hypertensive disorders of pregnancy (HDP)—such as gestational hypertension and preeclampsia—and lower educational attainment have also been independently linked with heightened antenatal psychological distress. A recent Chinese cohort study reported significantly higher rates of anxiety among pregnant women diagnosed with HDP compared to normotensive controls (10). Furthermore, large-scale urban surveys have consistently shown that lower maternal education is significantly associated with antenatal anxiety and depression, even after adjusting for socioeconomic and obstetric confounders (11). Whether smartphone-related behaviors contribute additional predictive value beyond these established clinical and psychosocial risk factors remains unclear.

To address these gaps, we conducted a retrospective cross-sectional study among pregnant women in Southwest China. The primary objective was to examine behavioral and psychosocial factors associated with antenatal anxiety, with a particular focus on smartphone use characteristics. We hypothesized that daily duration, nighttime usage, and use primarily for social networking would be independently associated with anxiety risk, even after adjusting for depressive symptoms, HDP, educational level, and gestational age.



Methods


Study design and setting

This retrospective cross-sectional study was conducted at a tertiary-grade A hospital in Southwest China between June 2022 and June 2023. The target population comprised pregnant women attending routine antenatal care during the study period. All data were sourced from standardized electronic medical records and structured nursing assessments collected as part of routine clinical care. The study aimed to explore psychosocial and behavioral determinants of antenatal anxiety within a real-world clinical setting.



Participants

A total of 972 pregnant women were consecutively enrolled. Inclusion criteria were: (1) age ≥18 years, (2) singleton pregnancy, and (3) complete data on both psychological assessments (GAD-7 and PHQ-9) and relevant clinical variables. Exclusion criteria included: (1) documented psychiatric disorders diagnosed prior to pregnancy (based on ICD-10 codes), (2) cognitive or language barriers that prevented questionnaire completion, and (3) major fetal anomalies or intrauterine fetal demise as confirmed by ultrasound. All eligible cases within the study timeframe were included without additional filtering. Data extraction followed a standardized protocol, and missing data handling is detailed in the Statistical Analysis section.



Psychological measures

Psychological status was assessed using the validated Chinese versions of the Generalized Anxiety Disorder-7 (GAD-7) and the Patient Health Questionnaire-9 (PHQ-9). Questionnaires were completed independently by participants in a quiet consultation room, with trained obstetric nurses available to clarify procedural questions without offering interpretation or influencing responses. Participants were instructed to respond based on their experience during the prior 2 weeks. A GAD-7 score ≥10 was used to define clinically significant anxiety, consistent with prior validation studies in pregnant Chinese women (15). To examine the robustness of this threshold, we also conducted a sensitivity analysis using an alternative cutoff of ≥8, which has been recommended in some perinatal studies to improve sensitivity. Results of this analysis are presented in Supplementary Table S1. The a priori choice of the ≥10 threshold prioritized specificity and comparability with prior obstetric studies, including validation work in pregnant Chinese women (15); PHQ-9 was retained as a continuous severity indicator. PHQ-9 scores were treated as continuous measures of depressive symptoms.



Sociodemographic and clinical variables

Demographic variables included maternal age, education level, employment status, and parity. Education was categorized as: (1) junior high school or below, (2) high school/vocational school, and (3) college degree or higher. Parity was defined as primiparous (no previous delivery) or multiparous (≥1 previous delivery). Gestational age was based on first-trimester ultrasound-confirmed dating and recorded as completed weeks at the time of survey completion. Pregnancy complications were obtained from physician-documented diagnoses and categorized as: (1) none, (2) gestational diabetes mellitus (GDM), (3) hypertensive disorders of pregnancy (HDP), or (4) other (e.g., intrahepatic cholestasis).



Smartphone use assessment

Smartphone-related variables were collected using a standardized, structured questionnaire designed by the obstetric nursing team. Daily usage duration was self-reported and categorized as: <2 h, 2–4 h, or >4 h. Nighttime smartphone use was defined as device use within 1 h before sleep. Participants were also asked to select their primary smartphone use purpose from three mutually exclusive options: information seeking, social networking, or entertainment/gaming. All definitions and coding schemes were finalized before analysis to ensure standardization. To mitigate recall bias, nurses used standardized prompts and anchored the assessment to typical weekdays and weekends in the last 2 weeks; duration was captured in predefined categories (<2, 2–4, >4 h) and nighttime use was defined explicitly as within 1 h before sleep.



Data quality control and bias mitigation

Data were independently extracted by two trained researchers using a structured extraction template. A double-entry verification system was implemented, with discrepancies resolved through consensus or review by a senior investigator. Prior to full data collection, a pilot extraction of 50 cases was conducted, yielding a Cohen’s kappa of 0.92, indicating high inter-rater reliability. Missing data were minimal (<2%) and assessed using Little’s MCAR test, which confirmed that missingness was completely at random (p > 0.05). Therefore, complete-case analysis was applied. To reduce information bias, all clinical variables were collected prior to knowledge of anxiety status. Psychological questionnaires were administered in a standardized, non-directive environment. Inclusion and exclusion criteria were prespecified to minimize selection bias.



Statistical analysis

All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, United States) and R version 4.2.1 (R Foundation for Statistical Computing, Vienna, Austria). Two-tailed p-values <0.05 were considered statistically significant unless otherwise specified. Baseline characteristics were summarized using means ± standard deviations (SD) for continuous variables and frequencies (%) for categorical variables. Between-group comparisons were made using independent-samples t-tests and chi-square or Fisher’s exact tests as appropriate. Univariate logistic regression was conducted to evaluate factors associated with antenatal anxiety (GAD-7 ≥ 10). Variables with p < 0.10 or considered clinically relevant were entered into the multivariate logistic regression model using the enter method. Categorical variables (e.g., education level, smartphone use categories) were dummy-coded with the lowest-risk category as reference. PHQ-9 scores were entered as continuous variables. PHQ-9 was modeled per 1-point increase to preserve information and interpretability; importantly, logistic regression does not assume normality of the covariates. Multicollinearity was assessed using variance inflation factors (VIF), and all included variables had VIF < 2.5. To minimize overfitting, we limited the number of parameters in the multivariable model. With 500 events (anxiety cases) and 9 regression coefficients (gestational age; two education dummies; HDP; two duration dummies for daily smartphone use; nighttime use; social networking; and PHQ-9), the events-per-variable (EPV) was ≈55, which comfortably exceeds the conventional ≥10 rule of thumb. Internal validation was performed using 1,000 bootstrap resamples. Model discrimination was evaluated by the area under the receiver operating characteristic curve (AUC), and calibration was assessed using the Hosmer–Lemeshow test and a calibration curve based on 1,000 bootstrap resamples. A nomogram was developed from the final model to allow individualized risk estimation.




Results


Baseline characteristics of participants

Among the 972 pregnant women included in this study, 500 (51.4%) met the diagnostic threshold for anxiety (GAD-7 score ≥10), while 472 (48.6%) did not. As shown in Table 1, participants with anxiety had a significantly lower mean gestational age compared to those without anxiety (30.9 ± 5.2 vs. 31.6 ± 5.0 weeks, p = 0.041). The prevalence of lower education levels was significantly higher in the anxiety group (p = 0.019), with 15.2% having junior high school education or below versus 8.9% in the non-anxiety group. Hypertensive disorders of pregnancy (HDP) were more common among anxious participants (11.0% vs. 5.5%, p = 0.027). Notably, those with anxiety reported significantly longer daily smartphone use (p < 0.001), higher rates of nighttime usage (82.2% vs. 67.8%, p < 0.001), and a greater likelihood of using smartphones primarily for social networking rather than information seeking (p = 0.006). PHQ-9 scores, reflecting depressive symptoms, were also significantly elevated in the anxiety group (8.2 ± 4.3 vs. 3.9 ± 2.7, p < 0.001).


TABLE 1 Baseline characteristics of participants by anxiety status (N = 972).


	Characteristic
	No anxiety (n = 472)
	Anxiety (n = 500)
	p-value

 

 	Age, years, mean ± SD 	29.4 ± 4.7 	29.9 ± 4.9 	0.078


 	Gestational age, weeks, mean ± SD 	31.6 ± 5.0 	30.9 ± 5.2 	0.041*


 	Education level, n (%) 	 	 	0.019*


 	Junior high or below 	42 (8.9) 	76 (15.2) 	


 	High school/technical 	124 (26.3) 	140 (28.0) 	


 	College or above 	306 (64.8) 	284 (56.8) 	


 	Employment status, n (%) 	 	 	0.203


 	Employed 	368 (77.9) 	378 (75.6) 	


 	Unemployed 	104 (22.1) 	122 (24.4) 	


 	Parity, n (%) 	 	 	0.086


 	Primiparous 	304 (64.4) 	308 (61.6) 	


 	Multiparous 	168 (35.6) 	192 (38.4) 	


 	Pregnancy complications, n (%) 	 	 	0.027*


 	None 	354 (75.0) 	337 (67.4) 	


 	GDM 	78 (16.5) 	86 (17.2) 	


 	HDP 	26 (5.5) 	55 (11.0) 	


 	Other 	14 (3.0) 	22 (4.4) 	


 	Daily smartphone use, n (%) 	 	 	<0.001*


 	<2 h 	102 (21.6) 	56 (11.2) 	


 	2–4 h 	240 (50.8) 	182 (36.4) 	


 	>4 h 	130 (27.5) 	262 (52.4) 	


 	Nighttime smartphone use, n (%) 	 	 	<0.001*


 	No 	152 (32.2) 	89 (17.8) 	


 	Yes 	320 (67.8) 	411 (82.2) 	


 	Main smartphone use purpose, n (%) 	 	 	0.006*


 	Information seeking 	238 (50.4) 	208 (41.6) 	


 	Social networking 	132 (28.0) 	190 (38.0) 	


 	Entertainment/gaming 	102 (21.6) 	102 (20.4) 	


 	PHQ-9 score, mean ± SD 	3.9 ± 2.7 	8.2 ± 4.3 	<0.001*





Values are presented as mean ± standard deviation or number (%). GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; PHQ-9, Patient Health Questionnaire-9. Anxiety status was defined as GAD-7 score ≥10. p-values were calculated using the independent-samples t-test for continuous variables and χ2 test for categorical variables. The primary purpose of smartphone use was self-reported by participants based on a single-choice nursing assessment. *indicates statistical significance at p < 0.05.
 



Univariate analysis of factors associated with anxiety

The results of univariate logistic regression analysis are presented in Table 2. Several variables showed significant associations with anxiety. Increased gestational age was modestly protective (OR = 0.95, 95% CI: 0.92–0.98, p = 0.004), while lower education levels, particularly junior high school or below, were associated with elevated anxiety risk (OR = 1.92, 95% CI: 1.26–2.91, p = 0.002). HDP was a strong correlate of anxiety (OR = 2.23, 95% CI: 1.36–3.65, p = 0.002). Compared to <2 h of smartphone use per day, 2–4 h (OR = 1.55, p = 0.031) and >4 h (OR = 3.44, p < 0.001) were both significantly associated with anxiety. Nighttime smartphone use (OR = 2.41, p < 0.001) and using smartphones mainly for social networking (OR = 1.69, p = 0.002) also increased the likelihood of anxiety. Furthermore, each one-point increase in PHQ-9 score was associated with a 34% increase in anxiety risk (OR = 1.34, 95% CI: 1.27–1.42, p < 0.001).


TABLE 2 Univariate logistic regression analysis of factors associated with anxiety among pregnant women (N = 972).


	Variable
	OR (95% CI)
	p-value

 

 	Age ≥35 years (yes vs. no) 	1.28 (0.90–1.82) 	0.167


 	Gestational age (per week increase) 	0.95 (0.92–0.98) 	0.004*


 	Education level (ref: college or above) 	 	


 	Junior high or below 	1.92 (1.26–2.91) 	0.002*


 	High school/technical 	1.22 (0.89–1.66) 	0.216


 	Employment status (unemployed vs. employed) 	1.14 (0.85–1.52) 	0.384


 	Multiparous (vs primiparous) 	1.13 (0.87–1.48) 	0.361


 	Pregnancy complications (ref: none) 	 	


 	GDM 	1.06 (0.75–1.49) 	0.752


 	HDP 	2.23 (1.36–3.65) 	0.002*


 	Other 	1.49 (0.72–3.06) 	0.275


 	Daily smartphone use (ref: <2 h) 	 	


 	2–4 h 	1.55 (1.04–2.31) 	0.031*


 	> 4 h 	3.44 (2.30–5.14) 	<0.001*


 	Nighttime smartphone use (yes vs no) 	2.41 (1.75–3.34) 	<0.001*


 	Main smartphone use purpose (ref: information seeking) 	 	


 	Social networking 	1.69 (1.22–2.35) 	0.002*


 	Entertainment/gaming 	1.21 (0.83–1.76) 	0.317


 	PHQ-9 score (per 1-point increase) 	1.34 (1.27–1.42) 	<0.001*





OR, odds ratio; CI, confidence interval; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; PHQ-9, Patient Health Questionnaire-9. Anxiety was defined as a Generalized Anxiety Disorder-7 (GAD-7) score ≥10. All variables were entered individually into binary logistic regression models. Variables with p < 0.05 are marked with*; bold text indicates statistically significant variables.
 



Multivariate analysis of independent correlates of anxiety

Multivariate logistic regression identified several independent correlates of anxiety, as shown in Table 3. Gestational age remained a protective factor (adjusted OR = 0.94, 95% CI: 0.91–0.98, p = 0.002). Participants with junior high school education or below had significantly higher odds of anxiety (adjusted OR = 1.81, p = 0.015). HDP independently predicted anxiety (adjusted OR = 2.06, p = 0.010). Daily smartphone use exceeding 4 h was strongly associated with anxiety (adjusted OR = 3.01, 95% CI: 1.95–4.66, p < 0.001), and even moderate use (2–4 h) showed borderline significance (adjusted OR = 1.49, p = 0.049). Nighttime use of smartphones (adjusted OR = 2.26, p < 0.001) and primary use for social networking (adjusted OR = 1.57, p = 0.013) were also significant. In the multivariate model, PHQ-9 score showed a strong association with anxiety (adjusted OR = 1.31 per point increase, p < 0.001). The model demonstrated acceptable discrimination (AUC = 0.803) and good calibration (Hosmer–Lemeshow test p = 0.49). In a sensitivity analysis using the alternative GAD-7 cutoff of ≥8, the overall direction and approximate magnitude of associations were consistent with the main analysis (Supplementary Table S1). The only deviation was for daily smartphone use of 2–4 h (vs < 2 h), which attenuated to borderline significance (adjusted OR ≈ 1.44, 95% CI ≈ 0.99–2.10; p = 0.056), while the >4-h category remained robustly associated with anxiety.


TABLE 3 Multivariate logistic regression analysis of factors independently associated with anxiety in pregnant women (N = 972).


	Variable
	Adjusted OR (95% CI)
	p-value

 

 	Gestational age (per week increase) 	0.94 (0.91–0.98) 	0.002*


 	Education level (ref: college or above) 	 	


 	Junior high or below 	1.81 (1.12–2.91) 	0.015*


 	High school/technical 	1.24 (0.87–1.75) 	0.230


 	HDP (vs none) 	2.06 (1.19–3.58) 	0.010*


 	Daily smartphone use (ref: <2 h) 	 	


 	2–4 h 	1.49 (1.00–2.25) 	0.049*


 	> 4 h 	3.01 (1.95–4.66) 	<0.001*


 	Nighttime smartphone use (yes vs no) 	2.26 (1.58–3.23) 	<0.001*


 	Main use: social networking (vs information seeking) 	1.57 (1.10–2.23) 	0.013*


 	PHQ-9 score (per 1-point increase) 	1.31 (1.23–1.39) 	<0.001*





OR, odds ratio; CI, confidence interval; HDP, hypertensive disorders of pregnancy; PHQ-9, Patient Health Questionnaire-9. Anxiety was defined as a GAD-7 score ≥10. Multivariate logistic regression included all variables with p < 0.1 in univariate analysis or considered clinically relevant. Variables with p < 0.05 are marked with*; bold text indicates independent variables with statistical significance.
 



Model performance and visualization

The predictive performance of the final model is illustrated in Figure 1, with an area under the ROC curve (AUC) of 0.803 (95% CI: 0.775–0.832), indicating good discriminative ability. A nomogram was constructed to visualize the relative contribution of each correlate to anxiety risk (Figure 2). Variables such as smartphone overuse, nighttime use, social media usage, and depressive symptoms contributed heavily to total risk scores. The calibration plot in Figure 3 showed strong agreement between predicted and observed probabilities across the range of risk estimates, with minimal deviation from the ideal line, confirming the model’s reliability. Consistent with these results, the multivariable model’s AUC was 0.803 (95% CI: 0.775–0.832) based on ROC analysis with bootstrap internal validation.
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FIGURE 1
 Receiver operating characteristic (ROC) curve for the multivariate logistic regression model predicting anxiety in pregnant women. The ROC curve demonstrates the discriminative ability of the final multivariate logistic regression model for predicting anxiety, defined as a GAD-7 score ≥10. The area under the curve (AUC) is 0.803, with a 95% confidence interval of 0.775–0.832, indicating good predictive performance. Among all factors, smartphone overuse (>4 h/day), nighttime use, social networking, PHQ-9 score, and HDP contributed most substantially to the model’s discriminative ability.


[image: Calibration plot comparing predicted probability to actual probability, with apparent line in blue, bias corrected line in red, and ideal line in dashed gray, showing close alignment of curves across the range.]

FIGURE 2
 Nomogram for predicting the probability of anxiety during pregnancy. The nomogram was developed based on the multivariate logistic regression model and includes factors such as gestational age, education level, hypertensive disorders of pregnancy (HDP), smartphone use duration, nighttime smartphone use, social media use, and PHQ-9 score. To estimate individual anxiety risk, draw a vertical line from each variable to the “Points” axis, sum the total points, and locate the corresponding predicted risk on the “Risk” axis. Smartphone overuse (>4 h/day), nighttime use, PHQ-9 score, and HDP emerged as the most influential factors in the nomogram.
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FIGURE 3
 Calibration curve for the multivariate logistic regression model. The calibration curve assesses the agreement between the predicted probability and the observed incidence of anxiety in pregnant women. The ideal line represents perfect calibration. The bias-corrected and apparent curves indicate that the model is well calibrated across the range of predicted probabilities, with minimal deviation from the ideal. Calibration remained strong even for women with high-risk profiles (e.g., smartphone overuse, nighttime use, high PHQ-9 scores, and HDP).





Discussion

This cross-sectional study identifies several factors associated with antenatal anxiety among pregnant women in Southwest China, including excessive smartphone use (especially >4 h/day), nighttime usage, social networking as the main activity, depressive symptoms, hypertensive disorders of pregnancy (HDP), and lower educational attainment. These results not only reinforce previous findings from general adult populations regarding the psychological risks associated with problematic smartphone use (6, 15), but also offer novel insights by quantifying these associations in a pregnant population—an area that remains underexplored, particularly in middle-income countries such as China. Notably, studies from diverse contexts—including Europe, Latin America, and Africa—have also reported associations between excessive digital device use and perinatal mental health concerns, suggesting that our findings may reflect a broader global phenomenon (16–18). Strengthening cross-cultural evidence is essential to contextualize digital behavior as a modifiable risk factor in maternal care worldwide.

Beyond observational studies, digital health and behavioral intervention research has also explored the role of mobile or app-based approaches in perinatal and related populations. For example, Chiou and colleagues have reported case studies of app-based interventions for postpartum depression and meditation training (19, 20), as well as experimental studies on the psychological effects of loving-kindness meditation delivered through short video applications (21, 22). In addition, Chen and colleagues examined the effects of animation and app design features on comprehension and user experience in healthcare contexts (22, 23). Collectively, these studies underscore the broader potential of digital platforms to influence mental health and health-related behaviors, complementing our focus on smartphone use as a correlate of antenatal anxiety.

Our finding that over half of participants (51.4%) screened positive for clinically significant anxiety is substantially higher than the pooled national estimate of 17.4% (5), and may reflect contextual or methodological differences. First, the study site is a large tertiary care center that likely receives higher-risk referrals, possibly over-representing psychologically vulnerable women. Second, our use of GAD-7 with a cut-off of ≥10 is highly specific and validated in pregnant Chinese women (15), yet may yield higher estimates in late second or third trimester samples, as has been reported elsewhere (24). The high prevalence observed (51.4%) may also partly reflect selection bias, as the tertiary hospital setting could overrepresent clinically vulnerable women. In addition, while we applied the GAD-7 cut-off of ≥10—validated in Chinese pregnant women (15)—this relatively strict threshold prioritizes specificity and may yield higher prevalence estimates compared with studies using lower thresholds (e.g., ≥8). These factors should be considered when interpreting the prevalence rate in our sample. Third, data collection occurred during the COVID-19 recovery period, a time when psychological distress among pregnant women remained elevated even after the peak of the pandemic in China. For instance, a cohort in Shanghai showed that depressive symptoms increased by 12.3% (from 35.4 to 47.7%), and this elevated negative mood persisted despite easing public health restrictions (25). Unfortunately, because precise visit dates were not consistently available in our research dataset, we were unable to adjust for pandemic timing as a covariate. Thus, residual pandemic-related stressors may still have acted as unmeasured confounders. Future studies with detailed temporal information (e.g., trimester-specific enrollment timing or direct indicators of pandemic stress) are warranted to clarify these contextual influences.

We examined multiple facets of smartphone use—daily duration, nighttime engagement, and primary purpose. This multidimensional assessment revealed consistent, independent associations between problematic smartphone use and antenatal anxiety, even after controlling for depression and obstetric risk factors. These findings align with prior literature showing that nighttime smartphone use disrupts circadian rhythms and sleep quality; for example, bedtime device use has been linked to increased pre-sleep cognitive arousal and poorer sleep (26). Likewise, predominant use for social networking may expose women to distressing content and social comparison, thereby reinforcing rumination and heightening anxiety symptoms (27, 28).

These findings can be interpreted within the stress–vulnerability framework, where behavioral exposures interact with psychosocial risk to heighten anxiety. The strongest associations observed for >4 h/day and nighttime use are consistent with a sleep-disruption pathway, whereas the effect of social networking aligns with a social-comparison and rumination pathway. Although our study was not designed to test mediation or moderation, the convergence of these behavioral dimensions strengthens the plausibility of these mechanisms and highlights potentially modifiable targets for intervention. It is important not to conflate the magnitude of an odds ratio for an individual factor with overall model discrimination. The OR of 3.01 for >4 h/day reflects a strong association for that exposure, whereas the AUC summarizes the combined performance of the included factors across decision thresholds. An AUC around 0.80 is generally considered good discrimination for complex psychosocial outcomes, indicating meaningful—but not perfect—predictive value consistent with the multifactorial nature of antenatal anxiety.

Depressive symptoms, measured via PHQ-9, were the most powerful continuous factor associated with antenatal anxiety—a finding consistent with contemporary evidence demonstrating high comorbidity of depression and anxiety among pregnant women (29, 30). While depressive symptoms may mediate part of the smartphone–anxiety link, our multivariate results suggest that smartphone behavior itself contributes uniquely to anxiety risk. Nevertheless, we acknowledge that smartphone overuse and depressive symptoms may partly reflect overlapping constructs, such as maladaptive avoidance or emotion regulation difficulties. Although our findings demonstrate that both variables retained independent predictive value in the multivariate model, the current analysis did not formally test mediation or moderation pathways. Future studies should employ longitudinal or structural equation modeling approaches to clarify whether depressive symptoms mediate the effect of problematic smartphone use on anxiety, or whether education level or gestational stage moderates these associations.

We found that women with hypertensive disorders of pregnancy (HDP) had approximately twice the odds of antenatal anxiety, consistent with recent evidence of heightened psychological distress in pregnancies complicated by gestational hypertension or preeclampsia (31). The predictive value of HDP remained significant even after controlling for gestational age and mood symptoms, underscoring its independent psychosomatic burden. Lower educational attainment was also associated with greater anxiety risk, likely reflecting both reduced access to health information and increased psychosocial stressors. Notably, smartphone-related variables retained significance after adjustment for education, indicating they are not simply proxies for socioeconomic status.

This study has several limitations that warrant careful consideration. First, its cross-sectional design precludes any determination of temporal or causal relationships. Although we observed a dose–response association between smartphone use and anxiety, it remains plausible that anxious individuals may increase smartphone engagement as a maladaptive coping strategy. Indeed, existing evidence suggests a potential bidirectional relationship, where problematic smartphone use may exacerbate anxiety symptoms, while heightened anxiety may, in turn, drive excessive device engagement as a form of avoidance or reassurance-seeking (14). Future longitudinal or ecological momentary assessment studies are warranted to clarify directionality. Longitudinal or ecological momentary assessment (EMA) studies are needed to disentangle directionality and capture dynamic interactions over time. Second, the study was conducted at a single tertiary hospital in Southwest China, which may limit the generalizability of findings to other regions, rural populations, or different healthcare levels. In particular, rural populations, women from lower socioeconomic backgrounds, and those receiving care in non-tertiary settings may exhibit distinct smartphone use patterns, mental health stressors, and barriers to digital health interventions. Therefore, external validation in such populations is warranted to ensure broader applicability of our findings. Because tertiary centers often receive higher-risk referrals, our sample may overrepresent clinically vulnerable women, leading to a higher observed prevalence of anxiety. Future multicenter studies including community and rural populations are needed to validate the generalizability of our findings. The exclusion of individuals with pre-existing psychiatric disorders may also introduce selection bias by underrepresenting those most vulnerable to antenatal anxiety, potentially leading to an underestimation of overall prevalence. This decision was made to reduce heterogeneity and confounding by chronic psychiatric illness; however, future research should include these populations to more accurately reflect the burden of antenatal anxiety in clinical practice. We also acknowledge that limiting recruitment to a single tertiary hospital may restrict representativeness. This site was chosen as it is the largest referral center in Southwest China with standardized obstetric and psychological assessment protocols, which ensured data quality and consistency. However, future studies should extend recruitment to community hospitals and rural settings to enhance generalizability. Third, although we used validated screening instruments (GAD-7 and PHQ-9), these tools are not diagnostic, and self-reported measures may be susceptible to recall and social desirability biases. We did not evaluate alternative functional forms for PHQ-9 (e.g., categorical thresholds or restricted cubic splines); future work should examine potential non-linear or threshold effects. For smartphone behavior specifically, measurement relied on self-report, which may be subject to recall bias. Although the use of categorical duration bands and an operational definition of nighttime use helped standardize reporting, objective digital-tracking metrics (e.g., system screen-time logs or app-based monitoring) would further strengthen measurement validity and are a priority for future studies. Notably, the GAD-7 cutoff of ≥10 has high specificity but may misclassify cases with subthreshold or atypical anxiety symptoms. To address this, we conducted a sensitivity analysis with a lower threshold (≥8), which produced substantively similar findings (Supplementary Table S1), thereby supporting the robustness of our conclusions. Nevertheless, trimester-specific validation studies remain warranted to determine optimal cut-points for perinatal screening in China. Fourth, several potentially important confounders were not assessed, including sleep quality, social support, marital conflict or satisfaction, history of intimate partner violence, family psychiatric history, and adverse childhood experiences—all of which are known contributors to perinatal mental health. The omission of these variables may have resulted in residual confounding, and future research should incorporate such psychosocial and clinical factors to provide a more comprehensive understanding of antenatal anxiety. In particular, the absence of objective sleep or actigraphy data limits our ability to explore mechanistic pathways linking nighttime smartphone use with anxiety through circadian disruption. Fifth, our analysis did not examine possible mediation or moderation effects—such as whether depressive symptoms mediate the relationship between smartphone overuse and anxiety, or whether the impact of smartphone use varies across gestational ages or education levels. This omission limits the ability to capture complex pathways underlying antenatal anxiety. Structural equation modeling or moderated mediation analysis may provide more nuanced insights in future studies. While our predictive model demonstrated good discrimination (AUC = 0.803) and calibration, its external validity remains untested. The model’s applicability to diverse populations (e.g., low-literacy or rural cohorts) and its performance in clinical settings outside of structured research environments require further evaluation. Moreover, smartphone use patterns are rapidly evolving with technology trends, and the behavioral variables used here may not remain stable over time. Finally, cultural specificity must be acknowledged: smartphone use patterns, social media engagement, and coping norms may vary substantially across sociocultural contexts. Therefore, our findings should be interpreted cautiously when extrapolated to Western or other cultural settings, where digital behaviors and anxiety correlates may differ. To illustrate the hypothesized mechanisms, we provide a conceptual model linking nighttime smartphone use, circadian and sleep disruption, and antenatal anxiety, with potential roles of depressive symptoms, education, social support, and hypertensive disorders of pregnancy (Supplementary Figure 1).

Clinically, our findings support the integration of brief smartphone use screening into routine antenatal care. For example, nurses may incorporate questions about daily screen time and nighttime usage into initial intake assessments, and women exceeding 4 h of daily use or using phones before bedtime could be flagged for mental health screening using GAD-7 or PHQ-9. The nomogram we developed offers a feasible tool for individualized anxiety risk prediction based on a combination of behavioral, psychological, and clinical data. Such approaches could be particularly valuable in resource-constrained settings where specialist mental health services are limited. In practical terms, clinicians could also provide psychoeducational counseling on healthy digital habits (e.g., limiting bedtime use, promoting “screen-free” routines), and digital tools such as app-based reminders or screen-time monitoring could be piloted as adjuncts. Importantly, these strategies should be adapted and validated in community and rural populations to ensure feasibility and cross-context applicability.



Conclusion

Our findings indicate that smartphone overuse, nighttime use, social networking, depressive symptoms, hypertensive disorders of pregnancy, lower education level, and shorter gestational age are factors associated with antenatal anxiety. These associations highlight the potential value of integrating digital behavior monitoring and routine psychological screening into prenatal care, which may help identify women at elevated risk and inform targeted interventions to improve perinatal mental health outcomes.
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SUPPLEMENTARY FIGURE 1 | Conceptual model linking nighttime smartphone use, sleep quality, and antenatal anxiety. This concept ual model illustrates the hypothesized pathways through which nighttime smartphone use may contribute to antenatal anxiety. Bedtime screen exposure is proposed to increase cognitive arousal and blue light–induced circadian disruption, leading to impaired sleep quality. These sleep disturbances, in turn, heighten vulnerability to anxiety. Depressive symptoms may act as a mediator, amplifying the impact of sleep disruption on anxiety. Sociodemographic and clinical factors such as education level, social support, and hypertensive disorders of pregnancy (HDP) may serve as moderators, influencing the strength of these associations. The model highlights potential mechanisms and contextual factors that should be examined in future longitudinal studies.
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Background: Moderate-to-vigorous physical activity (MVPA) and depression symptoms have a longstanding, inverse relationship. This short-term study examined the patterns of MVPA and prevalence of depression symptoms among adults seeking care from an employer-sponsored, multi-modal digital mental health platform.



Methods: Adults (n = 755) with access to the platform enrolled in an online, observational study over 3 months. Baseline and longitudinal analyses were conducted on self-report MVPA and depression symptoms. Rates of activity and symptom improvement and maintenance were evaluated.



Results: Approximately 47% of participants were physically underactive at baseline, defined as <150 min of physical activity per week. Men participated in more physical activity than women (p = 0.005), while women and individuals identifying as gender non-binary reported more depression symptoms than men (ps < 0.05). Older adults reported fewer depression symptoms than younger adults (r = −0.16, p < 0.001). Baseline MVPA baseline was negatively correlated with depression symptoms (r = −0.19, p < 0.001). Depression scores significantly improved, with 66.9% of adults at risk of depression improving or recovering (p < 0.001) and 94% of adults with low depression symptoms maintaining this status over time (p = 0.004). Physical activity participation improved by 117% among individuals deemed underactive at baseline (p < 0.001), while individuals who were active at baseline maintained high levels of physical activity (p = 0.06).



Conclusions: Adults with access to a multi-modal digital mental health platform reported significant beneficial changes in depression symptoms and physical activity participation. Digital mental health tools may have the potential to elicit positive change in physical health domains, as well as mental health.
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Introduction

Engagement in physical activity is linked to numerous aspects of mental health, including enhanced psychological well-being (1) and reduced depression and anxiety symptoms (2–4). When individuals do not meet suggested physical activity guidelines [defined as 150 + weekly minutes of moderate-to-vigorous aerobic physical activity (MVPA); (5)], they are more likely to experience poorer mental health outcomes, including depression symptoms (6). This relationship between physical activity and depression is well-documented. One investigation found that higher volumes of accelerometer-measured physical activity were associated with a reduced risk of depression, while another observed a detrimental effect of declining physical activity on depression scores over a 32-year period (7). Physical activity has antidepressant effects through biological (e.g., reduction in inflammation, increased resilience to oxidative stress) and psychological [e.g., improved mood and affect (8, 9), reduced stress and anxiety (9)] mechanisms (4), and is recommended as a step in treatment for individuals with mild-to-moderate depression or subclinical symptoms (10).

The relationship between physical activity and depression symptoms is bidirectional. Numerous longitudinal investigations have demonstrated that depression may be related to future sedentary behavior and/or physical inactivity (7, 11). In adolescents, prior depression symptoms (particularly affective symptoms) have been associated with an increased likelihood to report a reduction in physical activity at follow-up (12). This finding has also been echoed in investigations with adults (7, 13). Compared to individuals who are sufficiently active, insufficient physical activity is associated with an increased incidence of depressive episodes (14). Cumulatively this suggests that a decline in physical activity should be recognized as both a precursor to, and a consequence of, depression and its associated symptoms. Given these bidirectional effects, it is important to find novel ways to increase physical activity and/or decrease depression symptoms in a broader range of ways, such as using digital health and health technology.

Digital mental health is defined as the provision of psychological services and interventions through synchronous or asynchronous mediums online and/or on mobile platforms (15). In the field of digital mental health, platforms have traditionally focused on the provision of mental health services for the direct purpose of improving mental health outcomes and promoting mental wellness (16–19). Though clinically effective for mental health concerns (20, 21), these platforms have historically not targeted overlapping and interconnected behavioral and physical health domains and may overlook the indirect benefits of mental health care on adjacent behaviors such as physical activity. Higher levels of physical activity are associated with decreases in depression (14, 22), as well as increases in mental wellness and cognitive acuity (19, 23)—making it an ideal health behavior to promote on digital mental health platforms. Further, meta-analytic evidence supports physical activity as an effective supplemental tool for depression treatment (24, 25).

Digital mental health programs also provide the opportunity for tailored multi-modal support but have not been traditionally leveraged in this way. Digital health programs are often built to address one particular niche or health domain, such as weight loss, or as point solutions that focus on diabetes management, improving sleep hygiene, or practicing meditation and mindfulness (26). However, this siloed approach ignores the potential of digital solutions to simultaneously address multiple facets of health within the same platform. Health concerns are rarely isolated, as individuals often experience coexisting challenges across multiple domains of health and life (27, 28). Digital mental health programs should endeavor to provide comprehensive care that spans the entire spectrum of health and addresses several domains concurrently. Furthermore, digital mental health programs should also endeavor to provide a range of care modalities to effectively meet the varied needs and preferences of its users. Many digital mental health programs offer only one format of care, whether that is therapy, coaching, or digital resources. By doing so, these programs are limiting their reach and potential to improve multiple domains of health, as well as their ability to personalize care to diverse individuals (29).

The multi-modal digital mental health program in the present study is unique in its offerings, as it provides care across several domains through several modalities despite being primarily focused on mental health. Individuals provide their desired areas of focus (e.g., my physical well-being, my mental health) and care modality preferences (e.g., with a provider, with self-guided digital tools) and are recommended an initial care pathway based on this information. The platform offers individuals a range of care modalities they can access, including digital resources, online group psychoeducational sessions, one-on-one telecoaching sessions, and one-on-one teletherapy sessions, differing substantially from traditional models of mental health support and standard digital interventions (30, 31). As digital mental health platforms offer flexible support across a range of modalities, they are an ideal setting to examine the indirect benefits of mental health care on adjacent behaviors such as physical activity. Digital mental health platforms, and employee sponsored digital mental health platforms in particular, that offer support across a range of life domains (e.g., financial and mental health), may show improvements reflecting a behavior change synergy that can arise when individuals receive multi-modal support.

In this study, we examined the impact of a comprehensive employer-sponsored, multi-modal digital mental health platform offered as a healthcare benefit which provided multi-modal support across multiple health domains. The platform leverages technology to connect employees with a global network of licensed therapists and certified coaches and an extensive on-demand library of digital resources. All the evidence-based care modalities address health and well-being across five domains: emotional, social, physical, professional, and financial, meaning within the same platform a person could be working on their emotional health with a therapist, their physical health with a coach, and their professional well-being with self-guided digital resources. The platform uses employees' intake assessment data to connect them with the right care for their clinical needs and preferences. There is a paucity of data on the impact of a multi-modal digital mental health platform like this on different areas of health and well-being.

To contribute to literature on the link between mental and behavioral health within a single intervention, we examined levels of depression and physical activity in a real-world sample of employees with access to this digital mental health platform. Our investigation had three aims:


	1.Analyze the prevalence of depression and levels of physical activity in employees seeking support from a digital mental health platform before starting care. This is crucial to advancing our understanding of real-world mental and behavioral health complexities and the importance of addressing multiple domains of health within a single platform.

	2.Examine baseline associations between depression and physical activity to confirm prior research demonstrating their interaction.

	3.Investigate changes in physical activity and depression over time to determine the impact of a digital mental health platform offering multi-modal care across several domains of health.





Method


Design and participants

This investigation was a prospective, observational study of individuals who recently sought services through an employer-sponsored, multi-modal digital mental health benefits platform [Modern Health, San Francisco, CA]. The study was conducted between September 2021 and May 2022. Eligible participants were 18 years or older, lived in the United States, had registered and onboarded for the mental health benefit, had access to a smartphone, tablet, or computer, had some initiation of mental health care through the platform (defined as either selecting a coach and/or therapist and/or engaging with at least one component of digital content), and provided informed consent to participate in an observational study. The study protocol was reviewed and approved by Western Clinical Group IRB.



Procedures

Participants who created an account with the [Modern Health, San Francisco, CA] platform and passed an initial eligibility check using data from the platform (i.e., age, location, registration, platform initiation) were invited via email to complete a screening questionnaire. The questionnaire collected sociodemographic information (age, gender, race, ethnicity, highest level of education, and marital, family, caregiver, veteran, disability, and employment status) and organizational information (industry, size of company, employment setting, and job level). Recruitment outreach using the screening questionnaire responses was weighted across race, ethnicity, gender identities, age groups, and severity of mental health symptoms at baseline to ensure a sample representative of the platform's commercial population. Information about mental health diagnoses was not available. Participants provided informed consent and were e-mailed a secure link to the baseline survey and a follow-up survey three months later. All data were collected through a secure, online survey platform (Qualtrics, Provo, UT, USA). Participants were compensated with a $25 digital gift card for completion of each survey.



Multi-modal digital mental health services

Eligible individuals registered for a platform account through a mobile app or website and completed initial clinical assessments to assess their level of clinical need (e.g., through standardized clinical measures like the PHQ-9 and GAD-7), desired health domain of focus (my emotions, my physical well-being, my relationships, my professional life, my finances) and care modality preferences (on my own, one-on-one, in a group, unsure). Based on the results of these assessments, a proprietary algorithm recommended an initial care pathway that considered their clinical acuity, what health domain they most wanted to work on, and how they wanted to receive care. Participants were able to self-refer and utilize any combination of care modalities, including one-on-one teletherapy sessions, one-on-one telecoaching sessions, self-guided digital resources, and online group psychoeducational sessions.

Teletherapy and telecoaching. Participants had access to 50-minute, one-on-one remote teletherapy services with licensed therapists with an advanced degree in clinical psychology or a related field (e.g., PhD, PsyD, LCSW, LMFT, or LPC) and skilled in evidence-based practices via a videoconferencing platform (Zoom). They also had access to 30 min, one-on-one remote telecoaching sessions, which were led by certified coaches and delivered via videoconferencing. All coaches had International Coaching Federation certification and at least 150 h of coaching experience. Coaches received additional training (at least 6 h) from the digital mental health company on topics like culturally centered care and how to identify high-risk situations necessitating escalation, as well as ongoing training through on-demand learnings and case consultations with licensed clinicians. All providers underwent a careful screening process by the digital mental health company and were vetted for offering evidence-based practices [drawn from Cognitive Behavioral Therapy (CBT), Acceptance and Commitment Therapy (ACT), Motivational Interviewing].

Ongoing provider quality monitoring and improvement was guided by a Quality Improvement Advisory Committee (a team of legal, compliance, provider operations, and clinical experts) and annual quality action plans driven by a Global Inclusion Council. Satisfaction and therapeutic alliance with providers on this platform have been high (e.g., 4.7+ out of 5) and reported in several previously published studies (32–34). The provider network coverage system leverages a global network of therapists and coaches and is designed to ensure that the platform can offer the quickest access to high-quality providers with an average time to the first available session being around one day. This system is supported by the platform's proprietary technology, which monitors real-time provider availability, capacity tracking, and proactive alerts for providers globally.

Participants could access teletherapy and telecoaching by being recommended to either of these care modalities after their intake assessment or by self-referral. In either case, based on their initial intake assessment, a proprietary algorithm matched them with a list of providers who specialized in the participants' health domain of focus, were fluent in their preferred language (55+ languages at the time of this study), and had session availability within a few days. The matching algorithm is designed to surface providers who are most relevant to a participant's clinical needs and preferences. It also considers provider factors like specializations, language, credentials, time zone, and availability which are critical to effective care delivery.

For example, if a participant wanted to work on their physical well-being, they were provided with a list of therapists or coaches who specialized in helping people meet their health goals (e.g., help a participant set and achieve fitness goals, create sustainable exercise routines, and integrate physical activity into their daily lives). In this health domain, telecoaches especially could work with participants to set realistic and personalized fitness goals, review progress, and address any obstacles that may hinder their exercise routines. The number of remote one-on-one provider sessions a participant attended depended on the sessions covered by their employer, their therapeutic need, and their level of engagement.

Self-guided digital resources and group psychoeducational sessions. All participants had unlimited access to an on-demand digital library of programs and resources across the five health domains that they could access at any time. These resources included mindfulness and meditation exercises, interactive programs, educational podcasts, self-paced structured educational lessons, and group psychoeducational sessions. All digital materials were developed and designed with the support of mental health experts including an in-house team of clinical psychologists. Digital health resources were designed to cover topics such as emotions, relationships, healthy lifestyles, professional life, and finances. The digital library contained several resources relevant to improving physical well-being, such as maintaining healthy lifestyles (e.g., mindful walking; mental benefits of physical exercise; take action: creating routines; full body stretch break; mid-day movement), navigating health challenges (e.g., physical wellness for resilience; working with discomfort), and sleep soundly (e.g., muscle relaxation; body scan for sleep; sleep hygiene; sleep and health).

Participants also had unlimited access to community-based spaces for learning and connection. Group psychoeducation sessions were live sessions led by licensed therapists and certified coaches from the platform network on a broad spectrum of topics ranging from foundational mental health subjects (e.g., emotional resilience) to global events (e.g., processing stressful world events) and community, identity-based, and affinity group sessions (e.g., POC men, Black individuals, Asian & Pacific Islander individuals). One series of group sessions focuses on physical well-being, for example a session called “Movement for Mental Wellness”. In this session, a provider focuses on the connection between physical activity and mental health and leads participants through a discussion of how physical activity can strengthen mental health, providing reminders to reflect and set intentions around physical activity. After initial creation, all sessions were audited by licensed clinicians to ensure that content was culturally sensitive and destigmatizing. Attendance was anonymous and session formats included webinar style learning, skill-building workshops, and informal discussions.



Measures


Demographics

At baseline, participants provided age, gender identity, and race/ethnicity information through the screening questionnaire. Participants were able to select all that applied from a list of 11 gender identities and 7 racial and ethnic identities.



Physical activity

The International Physical Activity Questionnaire—Short Form (IPAQ) (35) measured volume of physical activity, including vigorous activity, moderate activity, walking, and sitting. Participants indicated the number of days per week and the average minutes per day they participated in these activities over the previous 7 days. We summed total time in moderate and vigorous activity to create a total MVPA (mins/week) variable to improve the interpretability of results. We also created a binary categorical variable to define participants as either “active” (engaging in ≥150 min/week of MVPA) or “underactive” (engaging in <150 min/week of MVPA), based on U.S. physical activity guidelines (5). The IPAQ has a moderate-to-high reliability and validity of 0.74 and 0.72, respectively (36, 37). Improvement was defined as having an MVPA score classified as underactive at baseline and active at follow-up. Maintenance was defined as having an MVPA score classified as active at both baseline and follow-up.



Depression symptoms

The Patient Health Questionnaire (PHQ-9) (38) assessed the presence and severity of depression symptoms over the past two weeks. Participants responded on a 4-point scale (0 = “Not at all”; 3 = “Nearly every day”). Total scores were summed to create a continuous score ranging from 0–27. Higher continuous scores indicate higher severity of depression symptomatology. We used validated clinical thresholds to create a binary variable to indicate if participants had a positive (PHQ-9 ≥ 10) or negative screening (PHQ-9 < 10) for depression. This established cut-off is often used in mental health outcomes research, as it maximizes both sensitivity and specificity (39, 40). We defined clinically significant improvement as a decrease in PHQ-9 scores by ≥5 points over the study period (39, 40). Recovery from depression was defined as having a positive screening for depressive symptoms at baseline and a negative screening at follow-up. Maintenance of good mental health was defined as having a negative screening for depressive symptoms at both baseline and follow-up.



Self-reported impact of mental health on physical activity

We constructed a single-item self-report measure to assess the perceived impact of one's mental health on their ability to participate in physical activity. This measure was based on item 20 of the 36-item Medical Outcomes Study (MOS) Short Form Survey (41). Participants were asked “During the past 4 weeks, to what extent have your mental health issues negatively impacted your engagement in physical activity?” on a 5-point scale (1 = “Not at all”; 5 = “Extremely”). Higher scores indicate greater perceived negative impact of mental health on physical activity participation.



Platform engagement

To assess utilization of the platform, we reported average engagement with each of the digital mental health modalities (e.g., number of teletherapy sessions). Data were not available for engagement in the group psychoeducational sessions as registration for those was anonymous. We defined overall engagement with the platform as attending at least one session with a teletherapist or 1 session with a telecoach or using at least one self-guided digital resource during the 3-month study period. If a participant did not engage in any care, we classified them as not engaged.




Data analysis

Physical activity data were handled using the following criteria: (1) cases with missing IPAQ data were excluded from analyses, (2) cases with moderate or vigorous mins/week exceeding 960 min were excluded from analyses, (3) cases where participants indicated >7 days per week of activity were excluded from analyses, and (4) any single activity on a given day could not exceed 180 min. Decisions to exclude cases were made using Version 2.0 of the Guidelines for Data Processing and Analysis of the International Physical Activity Questionnaire (IPAQ)—Short Form (April 2004) (42). Activity levels <10 min per day were winsorized and set to 0.

We conducted analyses using R, version 4.2.0 (43). Our first aim was to evaluate differences in MVPA among demographic groups at baseline. We used Pearson correlations to measure associations between MVPA and age. For race/ethnicity groups, we collapsed the 7 response options into the following two categories: Black, Indigenous, and People of Color (BIPOC) and White. For gender identity groups, we collapsed the 11 response options into the following 3 categories: Man, Non-Binary, and Woman. We used an independent samples t-test to measure differences in MVPA between race/ethnicity groups. We used a Kruskal–Wallis test and post hoc test to determine which specific gender groups differed significantly in MVPA.

For our second aim, we used a Spearman rank correlation to measure associations between MVPA and depression symptoms and independent sample t-tests to test for differences between depression screening status and MVPA participation at baseline. Non-parametric tests were used when samples demonstrated significant skew.

For our third aim, we first used paired t-tests to evaluate changes in MVPA, depression symptoms, and the self-reported impact of mental health on physical activity stratified by baseline physical activity status (full sample, active at baseline, underactive at baseline). We also calculated the proportion of individuals who reported clinically significant improvement in depression in each of the baseline physical activity groups (full sample, active at baseline, underactive at baseline). Then we used both paired samples t-tests and proportions to examine changes in depression, as well as improvement and/or recovery in depression and maintenance of low depression among participants with different baseline levels of depression (positive or negative screening at baseline). Finally, we used both paired samples t-tests and proportions to examine changes in physical activity and improvement or maintenance in physical activity among participants with different baseline levels of physical activity (active at baseline, underactive at baseline). We considered hypothesis tests statistically significant using an alpha level of 0.05.




Results


Study participants

Of the 8786 individuals who were eligible and invited to participate, 950 agreed to participate and provided informed consent. Of this sample, 171 adults were excluded due to missing IPAQ data, and 24 adults were excluded due to outlier data, leaving a final sample of 755 adults (79.5%) at baseline. Participants were employed at 184 companies across a range of industries including technology (60.8%), care-related sectors such as healthcare and education (11.7%), labor-intensive fields such as manufacturing and transportation (8.9%), service industries such as hospitality and food service (7.9%), and other sectors not otherwise classified (9.8%). Seven hundred and three adults completed the follow-up survey. Of this sample, 124 adults were excluded due to missing IPAQ data and 24 adults were excluded due to outlier data, leaving a final sample of 555 (78.9%) at follow-up. Four hundred and eighty adults (63.6%) provided complete IPAQ data for both surveys. Baseline analyses were conducted using the sample of 755 adults, while longitudinal analyses were conducted using the sample of 480 adults.

We conducted an analysis of baseline differences between individuals who had complete IPAQ data in the follow-up survey (“completers”) and those who did not (“non-completers”) and found significant differences across 2 variables: PHQ-9 score and race/ethnicity (ps < 0.05). Baseline PHQ-9 scores were significantly lower among completers, and we observed a higher proportion of White-identifying participants among completers compared to non-completers. There were no significant differences in MVPA, age, or gender between completers and non-completers.



Aim 1: baseline prevalence of depression symptoms and levels of physical activity

Of the 755 with valid baseline data, 47.3% (n = 357) of participants were deemed “underactive” according to U.S. guidelines (i.e., engaging in less than 150 min of MVPA per week). See Table 1 for a summary of the demographic characteristics and baseline descriptive statistics of the full sample, as well as the active and underactive subgroups.



TABLE 1 Demographic characteristics and descriptive statistics of sample at baseline in the full sample and stratified by baseline physical activity status.



	
	Full sample
	Physically active
	Physically underactive



	N = 755
	N = 398
	N = 357





	Age



	Age (years), M ± SD
	33.6 ± 8.7
	33.6 ± 8.8
	33.6 ± 8.5



	Gender Identity



	Woman, N (%)
	430 (57.1%)
	213 (53.5%)
	217 (61.0%)



	Man, N (%)
	282 (37.5%)
	163 (41.0%)
	119 (33.3%)



	Non-binary, N (%)
	41 (5.4%)
	20 (5.0%)
	21 (5.9%)



	Race/Ethnicity



	BIPOC, N (%)
	329 (40.7%)
	146 (36.7%)
	160 (44.8%)



	White, N (%)
	446 (59.3%)
	250 (62.8%)
	196 (54.9%)



	MVPA



	Minutes/week, M ± SD
	213.0 ± 233.5
	339.7 ± 243.1
	51.5 ± 46.8***



	Depression Symptoms



	Total PHQ-9 score, M ± SD
	8.2 ± 5.4
	7.3 ± 5.0
	9.4 ± 5.7***



	Positive screening, N (%)
	285 (37.8%)
	120 (30.2%)
	165 (46.2%)***



	Depression Severity Levels



	None-minimal (PHQ 0-4), N (%)
	198 (26.2%)
	119 (29.9%)
	79 (22.1%)



	Mild (PHQ 5–9), N (%)
	253 (33.5%)
	147 (36.9%)
	106 (29.7%)



	Moderate (PHQ 10–14), N (%)
	159 (21.1%)
	72 (18.1%)
	87 (24.4%)



	Moderately severe (PHQ 15–19), N (%)
	79 (10.5%)
	33 (8.3%)
	46 (12.9%)



	Severe (PHQ 20–27), N (%)
	47 (6.2%)
	15 (3.8%)
	32 (9.0%)*




	BIPOC, Black, Indigenous, and People of Color; MVPA, moderate-to-vigorous physical activity; PHQ-9, Patient Health Questionnaire-9.


	*and *** indicate significance at the p = 0.05 and p = 0.001 level, respectively, between physically active and underactive samples.







There was a statistically significant difference in MVPA between men and women at baseline [H(2) = 9.1, p = 0.01] and post-hoc comparisons using Nemenyi's test of multiple comparisons revealed that men engaged in an average of 49 more minutes of MVPA per week than women. We also observed a significant gender difference in depression symptoms [H(2) = 17.0, p < .001]. post-hoc comparisons revealed a statistically—but not clinically—significant difference, with both women and adults identifying as gender non-binary reporting higher PHQ-9 scores than men (1.62 points and 2.68 points higher, respectively). Finally, there was a significant, negative correlation between age and depression symptoms (r = −.16. p < .001). There were no significant differences in PHQ-9 score across races and ethnicities (p = 0.85). There were no significant differences in MVPA based on other gender identities or races and ethnicities (ps > 0.07), and no significant correlation between MVPA and age (p = 0.43). While physical activity engagement and depression symptoms differed significantly between the active and underactive groups (see Table 1), the standard deviation within each group indicated substantial heterogeneity.



Aim 2: baseline associations between physical activity and depression symptoms

Physical activity was negatively correlated with baseline PHQ-9 scores (r = −.19, p < .001). Individuals with a positive screening for depression engaged in less MVPA [M = 167.9 ± 201.3 min/week, t(734) = 3.6, p < .001] compared to those with a negative screening (M = 230.1 ± 240.1 min/week), though the standard deviations indicate substantial heterogeneity in the sample. The underactive group had significantly higher PHQ-9 scores [M = 9.8 ± 6.2, t(704.3) = 4.72, p < 0.001] than the active group (M = 7.7 ± 5.6).



Aim 3: longitudinal changes in physical activity and depression symptoms

Participants were able to engage in any of the care modalities available on the platform (e.g., one-on-one teletherapy or telecoaching, self-guided digital resources). On average, participants engaged in 1.3 teletherapy sessions (range: 0-10), 1.4 telecoaching sessions (range: 0-12), and 2.6 self-guided digital resources (range: 0-19). Of the sample with complete data at 3 months, 76.5% (n = 367) were engaged with the platform at follow-up and 23.5% (n = 113) were not. Among the people engaged at 3 months, 77.4% (n = 284) engaged in at least one one-on-one provider session and 69.8% (n = 256) engaged with at least one self-guided digital resource. Additionally, 59% (n = 217) engaged in one modality of care (e.g., telecoaching only), 31.3% (n = 115) engaged in two modalities of care (e.g., teletherapy and digital resources), and 9.5% (n = 35) engaged in all three modalities of care.

See Table 2 for overall changes in MVPA, depression symptoms, and self-reported impact of mental health status on physical activity in the full sample and stratified by physical activity levels at baseline (active and underactive groups. Results show that MVPA significantly increased among the underactive subsample (by an average of 60 min/week). Depression scores decreased across the full sample and both active and underactive subsamples (though to a greater degree for the underactive subsample—reduction of 2.8 points). These levels of improvement in depression were statistically significant but potentially not clinically significant given the average change was less than the 5 points deemed clinically meaningful change on the PHQ-9. As a post-hoc analysis, the proportion of participants in each group who reported a decrease of at least 5 points on the PHQ-9 was analyzed: 27.7% of the full sample, 23.8% of the active group, and 32.7% of the underactive group experienced a clinically significant improvement in depression scores. The higher proportion of clinically significant improvement in the underactive group, as compared to the active group, highlights the interplay between depression and physical activity.



TABLE 2 Paired t-test results: changes in physical activity engagement, depression symptoms, and impact of mental health on physical activity stratified by baseline physical activity status.



	
	Baseline
	Follow-Up
	Difference
	Confidence intervals
	t (df)
	p



	M (SD)
	M (SD)
	M
	95% CI





	MVPA (mins/week)



	Full Sample
	213.0 (233.5)
	224.0 (243.2)
	10.9
	(−29.4, 7.5)
	−1.2 (479)
	0.25



	Active
	339.7 (243.1)
	311.9 (269.4)
	−27.8
	(−0.8, 56.4)
	1.9 (268)
	0.06



	Underactive
	51.5 (46.8)
	111.9 (140.6)
	60.3
	(−79.5, −41.2)
	−6.2 (210)
	<0.001***



	PHQ-9 Score



	Full Sample
	8.2 (5.4)
	6.1 (4.5)
	−2.2
	(1.8, 2.6)
	10.7 (479)
	<0.001***



	Active
	7.3 (5.0)
	5.6 (4.1)
	−1.7
	(1.2, 2.2)
	6.8 (268)
	<0.001***



	Underactive
	9.4 (5.7)
	6.7 (4.9)
	−2.8
	(2.1, 3.4)
	8.4 (210)
	<0.001***



	Impact of Mental Health on Physical Activity



	Full Sample
	2.4 (1.3)
	2.2 (1.2)
	−0.2
	(0.1, 0.3)
	3.2 (478)
	0.002*



	Active
	2.1 (1.1)
	2.0 (1.1)
	−0.1
	(−0.04, 0.3)
	1.4 (268)
	0.15



	Underactive
	2.8 (1.3)
	2.5 (1.3)
	−0.3
	(0.1, 0.5)
	3.1 (209)
	0.002*




	Ns = 211–480. The active group was defined as MVPA ≥ 150 min/week. The underactive group was defined as MVPA < 150 min/week. MVPA, moderate-to-vigorous physical activity; M, mean; SD, standard deviation; 95% CI, 95% confidence intervals; PHQ-9, Patient Health Questionnaire-9. Impact of Mental Health on Physical Activity was measured with a single item assessing whether mental health had a negative impact on physical activity with higher scores indicating a greater negative impact.


	*and *** indicate significance at the p = 0.05 and p = 0.001 level, respectively.







The self-reported impact of mental health on physical activity was the highest for the underactive group compared to the full sample or active group, indicating they perceived the most negative impact of their mental health challenges on their physical activity participation. The underactive group also saw the greatest improvement on this measure (average of 0.3-point reduction) which was statistically significant.

Table 3 details change in depression among participants with different levels of baseline depression. Participants with a positive depression screening at baseline (n = 178) reported an average decrease of 4.88 points on the PHQ-9, representing a statistically significant 35% reduction in depressive symptoms (p < .001). In addition, 66.9% of the sample reported improvement or recovery in depressive symptoms. Participants with a negative depression screening at baseline (n = 302) reported an average decrease of 0.57 points on the PHQ-9, representing a statistically significant 12% reduction in depressive symptoms (p = 0.004). Among this sub-sample, 94% maintained their negative screening for depression at follow-up.



TABLE 3 Changes in depression, improvement and/or recovery in depression, and maintenance of low depression among participants with different levels of baseline depression.



	
	n
	Improvement
	Recovery
	Improvement and Recovery
	Improvement or Recovery
	Maintenance
	Baseline
	Follow-Up
	Difference
	Cohen’s d
	df
	t
	p



	n (%)
	n (%)
	n (%)
	n (%)
	n (%)
	M (SD)
	M (SD)
	M





	Depression Symptoms—Positive Screening (PHQ-9 ≥ 10)
	178
	96 (53.9%)
	99 (55.6%)
	76 (45.7%)
	119 (66.9%)
	–
	14.01 (3.53)
	9.13 (4.61)
	4.88
	1.18
	177
	13.83
	<.001***



	Depression Symptoms—Negative Screening (PHQ-9 < 10)
	302
	–
	–
	–
	–
	284 (94.0%)
	4.84 (2.86)
	4.27 (3.33)
	0.57
	0.18
	301
	2.90
	0.004***




	Total N = 480; Depression was measured with the PHQ-9. Improvement was defined as a participant's score decreasing by 5+ points at follow-up. Recovery was defined as having a positive screening for depressive symptoms at baseline and a negative screening at follow-up. Maintenance was defined as having a negative screening for depressive symptoms at both baseline and follow-up. M, mean; SD, standard deviation; df, degrees of freedom.


	***indicates significance at the p = 0.001 level.







Table 4 reports changes in physical activity among participants with different levels of baseline physical activity. Participants who were classified as underactive at baseline (n = 211) reported an average increase of 60.33 min/week in activity, representing a statistically significant 117% increase in MVPA (p < .001). In addition, 27.5% of this sample improved their level of physical activity enough to be classified as active at follow-up, though there was considerable heterogeneity in this group. Participants who were classified as active at baseline (n = 269) reported no statistically significant change in their activity at follow-up and 78.4% maintained their classification as active.



TABLE 4 Changes in physical activity and improvement or maintenance in physical activity among participants with different levels of baseline physical activity.



	
	n
	Improvement
	Maintenance
	Baseline
	Follow-Up
	Difference
	Cohen’s d
	df
	t
	p



	n (%)
	n (%)
	M (SD)
	M (SD)
	M





	MVPA—underactive Group (<150 min/week)
	211
	58 (27.5%)
	–
	51.54 (46.75)
	111.87 (140.64)
	60.3
	−0.58
	210
	−6.21
	<.001***



	MVPA—active Group (≥150 min/week)
	269
	–
	211 (78.4%)
	339.71 (243.10)
	311.91 (269.36)
	−27.8
	0.11
	268
	1.91
	0.06




	Total N = 480; Physical activity was measured with the IPAQ. Improvement in MVPA was defined as having an MVPA score classified as underactive at baseline and active at follow-up. Maintenance in MVPA was defined as having an MVPA score classified as active at both baseline and follow-up. MVPA, moderate-to-vigorous physical activity; M, mean; SD, standard deviation; df, degrees of freedom.


	***indicates significance at the p = 0.001 level.










Discussion

We examined whether MVPA and depression symptoms changed over a three-month period among adults with access to a multi-modal digital mental health platform and observed positive changes across multiple domains of health. At baseline, adults with higher depression scores were more likely to be underactive, as defined by the U.S. Department of Health and Human Services physical activity guidelines. Participants with elevated depression reported significant improvements in depression symptoms, while nearly all with low baseline symptoms remained asymptomatic. On average, individuals classified as underactive at baseline increased their physical activity over time, whereas those who were active at baseline maintained high levels of activity throughout the study period.

Our first aim was to examine the baseline prevalence of depression symptoms and physical activity engagement in the sample. There were no significant differences in baseline physical activity participation across ages or races/ethnicities. However, men reported significantly higher physical activity than women, consistent with prior research showing lower activity levels among adult women (44). This gender gap may be explained by barriers such as sociocultural norms, role expectations, and lower self-efficacy and social support for physical activity (45–47).

We observed a negative relationship between age and depression symptoms in our study which is echoed in prior literature showing that younger adults report more depression symptoms than middle-aged adults (48). This pattern may reflect challenges more common in young adulthood, such as life transitions, identity formation, and financial struggles (48, 49). Participants identifying as women or gender non-binary reported significantly higher PHQ-9 scores than those identifying as men. Prior research also shows higher rates of depression symptoms in women and gender minorities, with the latter group reporting up to three times greater odds of depression and anxiety compared to their cisgender counterparts (50, 51). These disparities may be driven by systemic discrimination, prejudice, and minority stressors often experienced by gender minorities (52, 53).

Our second aim was to examine baseline associations between physical activity and depression symptoms. MVPA was negatively correlated with depression scores, such that individuals with higher depression symptoms reported lower levels of physical activity. This association may be explained by certain depression symptoms relevant to physical activity participation, such as anhedonia, sleep disturbance, fatigue, and low motivation (54, 55). Participants screening positive for depression on the PHQ-9 reported approximately 62 fewer minutes of MVPA per week than those screening negative. Active participants reported significantly lower depression scores than underactive participants, supporting prior research on the bidirectional link between physical activity and depression symptoms (7).

Our third aim was to examine changes in depression symptoms and MVPA over the 3-month follow-up period. Among participants with a positive depression screening at baseline, 66.9% improved or recovered in their depressive symptoms, with an average PHQ-9 reduction of almost 5 points, meeting the threshold for clinically meaningful improvement. We also examined whether people with a negative depression screening at baseline maintained their mental health status over time. This group reported a small, but significant, decrease in their PHQ-9 scores (mean reduction = 0.57 points) at follow-up and 94% maintained their low-risk status. These findings align with and add to a myriad of prior research demonstrating that digital mental health platforms can support both symptom improvement and maintenance of positive mental health outcomes (32, 56, 57).

Participants who were underactive at baseline reported a 117% increase in weekly physical activity at follow-up, from 52–112 min–an average gain of 60 min per week. Over one-quarter (27.5%) of this group shifted from underactive to active classification at follow-up. Although these improvements are promising, the group's average activity at follow-up remained below the recommended 150 min of MVPA per week, likely because the platform was not explicitly designed to promote physical activity. Nonetheless, research shows that underactive individuals can achieve meaningful health benefits by increasing activity from baseline levels, even without reaching guideline thresholds (58).

Among participants classified as active at baseline, 78.4% maintained their active status at follow-up, with no significant change in weekly MVPA. Although we observed a slight, non-significant decrease of 28 min per week, the group's average MVPA remained high at 311 min per week. This group likely included individuals with established exercise routines who sustained their habits over the study period. The platform's digital resource library included psychoeducational content on habit formation and routine-building, which may have supported continued activity. Given links between habit formation and physical activity (59), this content may have contributed to maintaining or enhancing physical activity engagement. Additionally, over 40% of participants engaged in two or more care modalities, suggesting that tailored, multi-modal support may have reinforced physical activity behaviors. Employer-sponsored platforms offering integrated mental and physical health resources may create a more supportive environment for sustaining health behaviors.

These findings contribute to growing evidence that digital, remotely delivered interventions are scalable and may be particularly beneficial for underactive adults seeking mental health support or aiming to increase physical activity (31). Notably, underactive participants, but not active ones, reported a significant reduction in the extent to which mental health symptoms interfered with physical activity over time. This change may reflect improvements in psychological factors relevant to physical activity, potentially driven by engagement in teletherapy, telecoaching, psychoeducation, and/or self-guided care.


Limitations

This study was observational in nature, meaning that while we were able to observe that depression symptoms and MVPA improved over time, we were unable to determine the temporal sequence of the changes. A prospective, experimental design and random assignment to treatment conditions is needed to test the directionality and causality of these improvements. We also designed a single-item, self-report question to assess the impact of mental health issues on physical activity participation. Though it was based on an item from the 36-item Medical Outcomes Study (MOS) Short Form Survey, this item has yet to be validated and may be inaccurately measuring the barrier that mental health may pose to participation in physical activity. Further, we used the widely accepted PHQ-9 cut-off of 10 to define positive depression screening, and future research could examine whether results differ when alternative cut-off thresholds or severity categories are applied. Next, although participants were drawn from a range of industries, we did not examine whether outcomes varied by industry sector; future research could explore how occupational context may influence engagement with digital mental health tools and subsequent behavior change. We also did not assess implementation-related factors (e.g., feasibility, organizational engagement, communication strategies), which are critical considerations for scaling digital mental health interventions and should be a focus of future research. Finally, we observed a higher proportion of White-identifying participants among completers of the follow-up survey, compared to non-completers. This, paired with the fact that platform access was gated by employer-sponsorship, limits the generalizability of our findings.




Conclusions

These findings highlight the beneficial impact of a novel, multi-modal digital mental health platform in bringing about positive change in distinct, but related, domains of health. Digital mental health programs that focus on single domains of health and provide limited treatment modality options are limiting both their reach and impact. By personalizing care and providing individuals with several choices of treatment modalities across multiple domains of health, we observed a statistically significant reduction in depression symptoms, as well as an overall increase in weekly physical activity engagement over a three-month period. Individuals screening positive for depression at baseline demonstrated a reduction of almost 5 points on the PHQ-9, approaching clinical significance, while individuals not achieving sufficient levels of physical activity at baseline more than doubled their weekly engagement levels during the follow-up period. Our findings underscore the need for digital health platforms to broaden their focus beyond single domains and adopt comprehensive, multi-modal treatment models that can effectively address the complex, and often, interconnected health challenges of individuals seeking care. Given the observational nature of the present study, future investigations should incorporate an experimental design to determine the causality of improvement in physical activity engagement and depressive symptoms. Moreover, future investigations should utilize a longer-term follow-up period (perhaps 6 or 12 months) to assess whether the changes demonstrated in the present study can be maintained over time, given the relatively short duration of the present study.
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Background: In recent years, virtual reality (VR) has been increasingly applied in mindfulness training. Although the number of studies in this area has grown rapidly, their quality remains inconsistent. Substantial variations exist across studies in terms of participant populations, modes of VR application, experimental designs, intervention durations, and measurement instruments, which in turn have led to divergent findings. Therefore, a systematic review and meta-analysis is warranted to synthesize the existing evidence, evaluate the robustness of current findings, and provide guidance for future research and clinical applications.
Methods: A meta-analytic approach was employed, incorporating 25 studies published in both Chinese and English with a total sample of 1,485 participants. A random-effects model was applied, and Hedges’ g was used as the effect size metric to evaluate the effectiveness of VR in enhancing mindfulness. The study also examined the potential moderating effects of participant characteristics, modes of VR implementation, experimental designs, intervention durations, and measurement instruments.
Results: (1) VR interventions significantly enhanced mindfulness, with a large effect size (Hedges’ g = 0.975). (2) The effectiveness of VR-based mindfulness training was moderated by usage mode and participants’ health status. Fully immersive VR demonstrated greater benefits than active-interaction VR. Participants with mental health disorders experienced greater improvements compared to healthy individuals, whereas those with chronic physical conditions showed no significant effects. (3) No significant moderating effects were observed for experimental design, intervention duration, or measurement instruments.
Discussion: The findings of this study contribute to the theoretical foundation of mindfulness training and offer practical implications for the design of future VR-based interventions. Specifically, the results suggest that prioritizing the development of highly immersive, low-interaction, and nature-friendly virtual environments may enhance the effectiveness of VR interventions.
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1 Introduction

Mindfulness originated from Buddhist meditation traditions, with its core principle being awareness of the present moment, which emphasizes attending to current experiences with a nonjudgmental and open attitude (1). Awareness and openness are considered two fundamental characteristics of mindfulness (2). Since its introduction into psychology in the late 1970s, mindfulness has gradually been integrated into clinical practice. By the 1980s, it had been adopted as a therapeutic approach in medicine, leading to the development of structured interventions such as Mindfulness-Based Stress Reduction (MBSR) and Mindfulness-Based Cognitive Therapy (MBCT) (3). With the increasing pressures of modern life, mindfulness has attracted growing scholarly attention as an effective strategy for stress reduction (4). Mindfulness-based interventions encourage individuals to focus on their present state with a calm, open, and accepting attitude (5). A substantial body of research has demonstrated that mindfulness interventions exert positive effects across a wide range of domains, including anxiety, depression, chronic pain, insomnia, and stress management (6, 7). Nevertheless, traditional approaches to mindfulness training often pose considerable challenges for many individuals. Practices such as seated meditation demand sustained concentration and repeated exercises, which beginners may find difficult to maintain due to monotony, environmental distractions, or lack of motivation (8). In response, researchers have increasingly explored how emerging technologies might better support mindfulness practice (7, 9), particularly through the use of visual and symbolic representations designed to enhance engagement and sustain interest (10).

Among emerging technologies, VR, particularly immersive VR, has attracted considerable attention. VR is defined as a computer-generated environment that allows users to experience a strong sense of presence in simulated spaces distinct from their physical surroundings (11). Empirical evidence suggests that VR-based mindfulness interventions can effectively alleviate anxiety and stress (12). With the rapid growth of research in this field, however, the existing literature demonstrates substantial methodological heterogeneity and uneven study quality. Participants range from non-clinical populations such as university students and corporate employees to clinical groups including individuals with schizophrenia, brain injury, and anxiety or depression. Research designs vary widely, encompassing randomized controlled trials (RCTs) as well as within-subject pre-post comparisons. Intervention duration ranges from a single 20-min session to structured eight-week programs, while outcome measures include diverse instruments such as the MAAS, TMS, and FFMQ. This heterogeneity has contributed to inconsistent findings. While many studies report that VR significantly enhances mindfulness, the magnitude of effects varies, and some studies have suggested only limited benefits (13). As some scholars have noted, our understanding of how VR can facilitate the acquisition of mindfulness skills remains incomplete (14). A central scientific question arises: to what extent can VR enhance mindfulness, and which factors influence the magnitude of its effects? A significant gap exists in the literature regarding the systematic evaluation of VR interventions’ effects on mindfulness. Key factors, including usage patterns, participant health status, intervention duration, assessment instruments, and experimental design, must be elucidated to advance our comprehensive understanding of their moderating effects. In response, there is an urgent need in the academic community to systematically and quantitatively synthesize the existing evidence using meta-analytic methods (15). Meta-analysis, as a literature-based quantitative approach, enables the integration of effect sizes across multiple studies to estimate a pooled effect, thereby providing more reliable and generalizable conclusions than individual studies alone (16).

Therefore, the present study aims to conduct a systematic review and meta-analysis to comprehensively evaluate the effectiveness of VR in enhancing mindfulness. Furthermore, it examines the potential moderating effects of factors such as VR usage mode, participants’ health status, study design, intervention duration, and measurement instruments. This study seeks to provide robust empirical evidence to inform both theoretical research and practical applications.



2 Literature review

In addition to exploring the overall effect of VR on enhancing mindfulness levels, this study will also analyze the moderating variables that influence the relationship between the two. Based on the data obtained from the literature review and coding, the study primarily examines the moderating effects of usage mode, participants’ health status, study design, intervention duration, and measurement tools.


2.1 The effects of virtual reality on mindfulness

Mindfulness practices take various forms, including seated meditation, dynamic meditation, and breathing exercises (17, 18). Regular engagement in mindfulness meditation has been shown to provide numerous psychological benefits, such as enhancing a sense of calm, reducing stress, alleviating symptoms of depression and anxiety, and improving cognitive control (19, 20). Digital media can offer personalized guidance for individual mindfulness training (21). With the advancement of digital technologies, researchers have increasingly integrated VR with mental health interventions to leverage technological advantages in addressing stress-related health challenges. Evidence suggests that VR can significantly enhance mindfulness meditation and support the maintenance of inner calm (7). Virtual reality (VR) is a computer-generated simulation of real-world environments. When users immerse themselves in these virtual sensory environments, their attentional focus on sensory experiences is significantly enhanced, external distractions are reduced, and a sense of presence comparable to real-world experiences is achieved (22). Compared with traditional mindfulness practices such as meditation or seated Zen exercises, VR can lower the difficulty of practice, particularly for individuals with limited time availability (23). Overall, VR-based mindfulness interventions have been shown to effectively enhance positive affect (24), reduce negative emotions such as depression (25), and improve sleep quality (26). Neuroscientific evidence further indicates that participants engaging in VR-guided meditation exhibit overall reductions in β-wave activity, suggesting that VR can alleviate anxiety and hyperarousal (15). Although numerous studies have confirmed the effectiveness of VR in enhancing mindfulness, some participants have reported drawbacks such as heavy headsets and insufficient realism of virtual environments. These limitations may reduce user comfort and hinder sustained attentional focus, potentially undermining mindfulness practice (23). Moreover, existing studies vary considerably in terms of participant populations, intervention durations, experimental designs, and outcome measures. Given this heterogeneity, the present study seeks to employ meta-analytic methods to quantitatively evaluate the overall effect of VR on mindfulness.



2.2 Moderating variables

Usage Mode. In VR-based mindfulness training, two common usage modes are active-interaction and fully immersion. Participant engagement differs between these modes. In the active-interaction mode, VR systems provide controllers or other input devices that allow users to actively manipulate the environment. Participants exercise greater agency, such as selecting or switching music, visuals, or virtual scenes, while head-mounted display (HMD) sensors record head movements as behavioral data. In contrast, the fully immersive mode does not involve gesture controls or manual operation; participants engage in mindfulness exercises simply by observing and listening to the virtual environment, such as natural scenes or guided audio instructions. Some studies suggest that, compared with active manipulation, fully immersive VR is more conducive to present-moment awareness (27). Conversely, overly complex environments or excessive interaction demands may conflict with the goals of mindfulness training (22). Based on these considerations, active-interaction and fully immersive usage modes may differentially affect attentional allocation, emotion regulation, and behavioral engagement during mindfulness practice, thereby influencing the effectiveness of VR in enhancing mindfulness. Accordingly, we propose the following hypothesis:


Hypothesis 1: The effect of VR on mindfulness differs significantly depending on the usage mode.


Health Status. The effectiveness of VR-based mindfulness interventions often depends on participants’ health status, as individuals with different conditions may have distinct objectives and outcomes when engaging with digital interventions (28). Clinical populations experiencing severe anxiety, high stress, or depression often exhibit deficits in attentional control, difficulties in emotion regulation, and recurrent negative affect. For these individuals, the primary benefit of mindfulness training is to help break cycles of negative thinking and emotional relapse (29). In contrast, for patients with chronic illnesses, mindfulness training primarily aims to facilitate disease management, enhance psychological resilience, and mitigate the negative impacts associated with their condition (30). For healthy individuals, the core purpose of mindfulness training is to improve quality of life by fostering present-moment awareness, emotional regulation, and overall well-being (31). Given that VR-based mindfulness interventions offer highly customizable audiovisual environments and immersive experiences, they may produce differential benefits across groups with varying health statuses. Accordingly, we propose the following hypothesis:


Hypothesis 2: The effect of VR on mindfulness differs significantly depending on participants’ health status.


Study Design. RCTs are commonly employed in mindfulness intervention research, where participants are randomly assigned to either an intervention or a control group. Randomization maximizes the likelihood of controlling for potentially unobserved confounding variables and, in theory, minimizes their influence on outcomes (32). However, in practice, RCTs are not always feasible, and researchers may rely on observational or quasi-experimental designs to evaluate intervention effects. Compared with randomized experiments, non-randomized designs carry a potential risk of selection bias, as participants may differ in motivation or baseline psychological health, which can influence study outcomes. Overall, randomized experiments are considered more rigorous than non-randomized designs (33). Based on these considerations, we hypothesize that study design may affect the outcomes of mindfulness interventions. Accordingly, we propose the following hypothesis:


Hypothesis 3: The effectiveness of VR in enhancing mindfulness levels will differ significantly across experimental conditions.


Intervention Duration. Studies indicate that VR interventions vary in duration, ranging from single-session interventions to multi-session programs. Among multi-session interventions, some last 6 weeks (34), while others extend to 8 weeks (35). Research on traditional mindfulness interventions suggests that the length of the intervention significantly affects participant adherence and engagement, with shorter interventions generally yielding higher completion rates and a greater participant enthusiasm (36). Moreover, intervention duration may influence the magnitude of treatment effects. A meta-analysis focusing on athletes found that mindfulness interventions of different durations produced significantly different effect sizes (37). Although prior research highlights the close relationship between intervention duration and the effectiveness of traditional mindfulness training, this issue has been underexplored in the context of VR-mediated interventions. In virtual reality environments, intervention duration may interact with technological features, such as presence and interactivity, further affecting the effectiveness of VR training and user adherence. Based on this evidence, we propose the following hypothesis:


Hypothesis 4: The effect of VR on mindfulness differs significantly depending on intervention duration.


Measurement Tools. Mindfulness is a concept with multiple meanings. Some researchers regard mindfulness as a concrete practice, whereas others define it as a psychological state or a dispositional trait (38, 39). Researchers have developed multiple measurement tools from different perspectives, such as FFMQ, MAAS, SMS, etc. Each scale emphasizes distinct aspects of mindfulness. The FFMQ assesses multidimensional trait mindfulness, highlighting long-term and stable dispositions rather than momentary states. It evaluates both attention to external experiences and awareness and acceptance of internal mental activities, making it suitable for comparing trait mindfulness across different populations (40). The MAAS measures unidimensional trait mindfulness with a focus on attentional awareness in daily life. It is widely used to evaluate mindfulness levels in general populations (1). The SMS, on the other hand, is designed to assess state mindfulness—mindfulness experienced at a particular moment or in specific contexts—rather than enduring traits. This scale is particularly useful for examining short-term changes in mindfulness following interventions (41). In addition to these instruments, other scales have been developed, such as the Applied Mindfulness Process Scale (AMPS), the Athlete Mindfulness Questionnaire (AMQ), and the Comprehensive Inventory of Mindfulness Experiences (CHIME). Commonly used mindfulness measures can be categorized into two groups: (a) general-purpose instruments, such as the FFMQ and MAAS, and (b) context-specific instruments, such as the SMS, CHIME, AMPS, and AMQ (38). These tools are applied in different settings and populations. Given the variability in how mindfulness is conceptualized and measured across studies, the observed effects of VR on mindfulness may be influenced by the choice of measurement instrument. Building on this reasoning, the following research hypothesis is proposed:


Hypothesis 5: The effect of VR on mindfulness differs significantly depending on the measurement instrument used.





3 Method


3.1 Literature screening process

This study strictly adhered to the guidelines of the PRISMA Statement for conducting meta-analyses (42). The literature screening was carried out in four stages: search, screening, eligibility assessment, and inclusion (as shown in Figure 1).
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FIGURE 1
 Literature screening flowchart.


Step 1: Literature Search.

The literature search was conducted using both English-and Chinese-language databases. The English databases included Scopus, Web of Science, Cochrane Library, and PubMed; the Chinese databases included China National Knowledge Infrastructure (CNKI), Wanfang Data, and VIP Database. Boolean operators were applied for topic-based searches with the following keywords: (“VR” OR “Virtual Reality”) AND (“mindfulness” OR “meditation”). The search covered publications up to July 29, 2025. A total of 1,858 records were retrieved, including 1,783 in English and 75 in Chinese.

Step 2: Literature Screening.

All retrieved records were imported into EndNote for management. Titles and abstracts were carefully reviewed to identify studies that met the predefined criteria. The screening criteria were as follows: (1) The study must include actual measurement of both VR and mindfulness; (2) The study must analyze the relationship between VR and mindfulness; (3) For duplicate publications, only one version was retained. After screening, 108 studies were identified, including 102 in English and 6 in Chinese.

Step 3: Eligibility Assessment.

The full texts of the remaining studies were downloaded and reviewed to determine their eligibility for inclusion in the meta-analysis. The eligibility criteria were as follows: (1) The study was an experimental or quasi-experimental design; (2) The study included group comparisons to examine differences in mindfulness levels before and after VR interventions; and (3) Sufficient data were reported to extract effect sizes (i.e., means, standard deviations, and sample sizes). Based on these criteria, 27 studies were retained, including 24 in English and 3 in Chinese.

Step 4: Study Inclusion.

During the final inclusion stage, two studies with evident methodological or quality issues were excluded. After completing the four-step process of identification, screening, eligibility assessment, and inclusion, a total of 25 studies met the criteria for meta-analysis. Among these, 22 were published in English and 3 in Chinese, involving a combined independent sample of 1,485 participants. The included studies were conducted across seven countries: China (7 papers), Australia (6 papers), the United States (4 papers), Spain (4 papers), Slovenia (2 papers), Canada (1 papers), and Italy (1 papers).



3.2 Data extraction and coding

For each study, data were extracted and coded according to the following characteristics: author, year of publication, study region, sample size, mean, and standard deviation before the intervention; sample size, mean, and standard deviation after the intervention; type of experimental design; participants’ health status; duration of intervention; and measurement instruments used. The coding was completed by two coders, with an inter-coder reliability coefficient of 0.96. In cases of discrepancies, disagreements were resolved through discussion and consensus. In total, 45 effect sizes were included in the analysis.



3.3 Data processing and analysis

The data from the primary studies were analyzed using Comprehensive Meta-Analysis (CMA) software to calculate effect sizes and to evaluate the magnitude of the effects. In this study, Hedges’ g was selected as the effect size index. Hedges’ g is a standardized mean difference that provides a bias-corrected version of Cohen’s d, making it particularly suitable for studies with relatively small sample sizes. This correction allows for a more accurate estimation of the true effects across groups (43).

Meta-analyses can be conducted using either a fixed-effect model or a random-effects model. The fixed-effect model assumes that differences between studies are primarily attributable to sampling error, whereas the random-effects model assumes that between-study differences may arise not only from sampling error but also from variations in study populations, measurement instruments, and other study-specific factors. The choice between fixed-effect and random-effects models can be guided by the Q statistic and the I2 index. An I2 value exceeding 75% indicates high heterogeneity among studies, suggesting that a random-effects model should be employed (44).

In the present study (see Table 1), the heterogeneity test for the effect of VR on mindfulness yielded Q = 214.334 (p < 0.001) and I2 = 79.471%, indicating that 79.471% of the variance in the model can be attributed to between-study differences. Since the heterogeneity exceeds 75%, the included studies exhibit high heterogeneity, and a random-effects model was therefore selected for the main effect analysis.


TABLE 1 Overall effect, model selection and heterogeneity tests.


	Model of effects
	Efficacy(g)
	Number of effects
	95%CI
	Heterogeneity tests



	Q
	df
	Z
	
p

	I2

 

 	Fixed effect model 	0.949 	45 	[0.872,1.026] 	214.334 	44 	24.111 	0.000 	79.471


 	Random effect model 	0.975 	45 	[0.792,1.157] 	214.334 	44 	10.470 	0.000 	79.471





CI, confidence interval; Q, Cochran’s Q.
 

To further explore possible moderating factors, this study conducted a subgroup analysis to examine the differences in effect sizes between different groups. The intergroup differences were determined by the Q-value statistic and its significance level.



3.4 Assessment of publication bias

Publication bias refers to the tendency for studies with significant results to be more likely published, which may lead to a meta-analysis overlooking other relevant studies and, consequently, result in an incomplete representation of all research conducted in the field (45). To assess the presence of publication bias in the included sample, multiple methods were employed, including a funnel plot, Egger’s regression test, and the Fail-Safe N.

First, the funnel plot (Figure 2) showed an approximately symmetrical distribution of effect sizes, suggesting a low risk of publication bias. Second, Egger’s linear regression test was not significant (p = 0.77967 > 0.05), further indicating that the sample was unlikely affected by publication bias. Finally, the Fail-Safe N was 5,833, far exceeding the criterion of 5n + 10 = 235. Based on these results, there is sufficient evidence to conclude that publication bias is unlikely in this study, and the estimated effect sizes are robust and reliable.
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FIGURE 2
 Publication bias funnel plot.





4 Results


4.1 Analysis of main effects

The meta-analysis results (see Table 1) indicate that, under the random-effects model, the overall effect size was g = 0.975 (95% CI [0.792, 1.157], Z = 10.470, p < 0.001). This suggests that mindfulness levels after VR interventions were significantly higher than those before the intervention. According to Borenstein et al., effect sizes can be interpreted as follows: <0.2 = small effect, 0.2–0.5= small-to-moderate effect, 0.5 = moderate effect, 0.5–0.8 = moderate-to-large effect, and ≥0.8 = large effect (46). Based on this criterion, the effect of VR on enhancing mindfulness can be considered large. Mindfulness training through VR shows significant improvement.



4.2 Analysis of moderating effects

The heterogeneity test showed that a high degree of heterogeneity among the studies. In order to explore the source of heterogeneity, the study conducted a moderating effect test, and the specific results are shown in Table 2. The data showed that:


TABLE 2 Moderating effect test.


	Moderating effect
	Group
	Effect size
	Effect value
	95% Confidence interval
	Two-tailed test
	Heterogeneity test



	Lower limit
	Upper limit
	Z value
	p-value
	Q
	p-value

 

 	Mode of use 	Fully immersive 	26 	1.219 	0.976 	1.461 	9.863 	0.000 	14.786 	0.000


 	Active interactive mode 	19 	0.610 	0.416 	0.804 	6.166 	0.000


 	Health status 	Healthy 	22 	0.824 	0.581 	1.066 	6.658 	0.000 	9.639 	0.008


 	Chronic disease 	4 	0.236 	−0.439 	0.912 	6.686 	0.493


 	Mental disorder 	19 	1.225 	0.966 	1.483 	9.281 	0.000


 	Study design 	Randomized trial 	28 	1.075 	0.838 	1.311 	8.892 	0.000 	2.234 	0.135


 	Non-randomized trial 	17 	0.810 	0.556 	1.064 	6.257 	0.000


 	Intervention duration 	Single-session intervention 	19 	1.134 	0.777 	1.490 	6.233 	0.000 	1.268 	0.260


 	Multi-week intervention 	26 	0.900 	0.705 	1.095 	9.050 	0.000


 	Measurement tool 	FFMQ 	7 	1.157 	0.634 	1.681 	4.334 	0.000 	5.672 	0.225


 	MAAS 	20 	0.793 	0.606 	0.981 	8.299 	0.000


 	SMS 	5 	0.967 	0.438 	1.486 	3.585 	0.000


 	TMS 	9 	1.515 	0.802 	2.229 	4.161 	0.000


 	Other 	4 	0.713 	0.325 	1.101 	3.598 	0.000




 

The moderating effect of usage mode was significant. Subgroup analysis indicated that the effect of VR on enhancing mindfulness varied depending on the usage mode (Q = 14.786, p < 0.05). The fully immersive group showed a higher effect size (g = 1.219) compared to the active-interaction group (g = 0.610), suggesting that, relative to an active-interaction mode, a fully immersive usage mode produces a stronger enhancement of mindfulness levels.

The moderating effect of participants’ health status was significant. Subgroup analysis revealed that the effect of VR on enhancing mindfulness differed significantly across health-status groups (Q = 9.639, p = 0.008 < 0.05). Specifically, individuals with mental disorders showed the largest and significant intervention effect (g = 1.225, 95% CI [0.966, 1.483], p < 0.001), healthy individuals also exhibited a significant effect (g = 0.824, 95% CI [0.581, 1.066], p < 0.001), whereas the effect in individuals with chronic illnesses was not significant (g = 0.236, 95% CI [−0.439, 0.912], p = 0.493 > 0.05).

The moderating effect of study design was not significant. Although both randomized experiments (g = 1.075, 95% CI [0.838, 1.311], p < 0.001) and non-randomized experiments (g = 0.810, 95% CI [0.556, 1.064], p < 0.001) showed significant effects, there was no significant difference between the two groups (Q = 2.234, p = 0.135).

The moderating effect of intervention duration was not significant. Although both single-session training (g = 1.134, 95% CI [0.777, 1.490], p < 0.001) and multi-week programs (g = 0.900, 95% CI [0.705, 1.095], p < 0.001) showed significant effects, the difference between the groups was not statistically significant (Q = 1.268, p = 0.260 > 0.05).

The moderating effect of measurement instruments was not significant. Significant effects were observed across different scales, including the FFMQ (g = 1.157, 95% CI [0.634, 1.681], p < 0.001), MAAS (g = 0.793, 95% CI [0.606, 0.981], p < 0.001), SMS (g = 0.967, 95% CI [0.438, 1.486], p < 0.001), TMS (g = 1.515, 95% CI [0.802, 2.229], p < 0.001), and other scales (g = 0.713, 95% CI [0.325, 1.101], p < 0.001). However, the differences between these groups were not statistically significant (Q = 5.672, p = 0.225 > 0.05).




5 Discussion


5.1 Effectiveness of VR in enhancing mindfulness

Over the past four decades, the application of mindfulness has expanded considerably, with mindfulness training increasingly recognized as an effective approach to alleviating disease-related distress and improving quality of life (47). With the rapid advancement of information technologies, growing attention has been directed toward leveraging digital media to facilitate mindfulness training, aiming to overcome the limitations of traditional approaches and to enhance training effectiveness (48). However, few researchers have considered the intervention effect of VR as a whole. This study adopted the method of meta-analysis, and included 25 Chinese and English studies, 45 effect sizes and 1,485 participants for systematic integration. The results revealed that, under the random-effects model, VR had a significant positive effect on mindfulness, with an overall effect size of g = 0.975 (95% CI [0.792, 1.157], p < 0.001). According to the classification criteria proposed by (46), this represents a large effect. These findings suggest that VR technology has a substantial impact on enhancing mindfulness and provide strong empirical support for the application of VR in mindfulness-based interventions.

In traditional mindfulness training, practitioners are required to sustain a high level of concentration, yet the environments in which they practice are often vulnerable to external distractions. For beginners in particular, this can lead to increased susceptibility to mind-wandering or difficulties in maintaining patience (49). VR technology can effectively overcome these limitations. Its unique advantage lies in the ability to construct immersive, engaging, and controllable environments (50). Such environments not only enhance users’ cognitive and emotional trust in VR and foster deeper emotional connections, but also suppress perceptions of external risks. Moreover, at the behavioral level, VR environments promote continuous acceptance and adoption, thereby facilitating the formation, development, and maintenance of novel human–machine relationships (51).

Attention Restoration Theory (ART) further provides a theoretical foundation for VR-based mindfulness training. This theory emphasizes the positive role of natural environments in restoring individuals’ attentional resources, effectively enhancing focus and cognitive function. The key advantage of VR lies in its ability to create realistic, immersive virtual environments that simulate nature. Such environments allow participants to disconnect from stressors and distractions, enabling them to focus their attention on present-moment awareness (22). For example, when users are immersed in a simulated forest or beach scene, elements within the environment—such as natural sounds and the harmony of the landscape—can serve to restore attention, thereby enhancing focus during meditation. Whether for beginners or experienced practitioners, VR-based mindfulness interventions can improve their state of mindfulness (52).



5.2 Moderating effect analysis


5.2.1 Usage mode: fully immersive mode is better than active interaction mode

Subgroup analysis revealed a significant moderating effect of interaction mode on the effectiveness of VR interventions (Q = 14.786, p < 0.001). Specifically, the fully immersive mode (g = 1.219) demonstrated a significantly stronger effect than the active-interactive mode (g = 0.610), thereby supporting Hypothesis 1. This finding may be explained by the role of cognitive load in mindfulness training. Cognitive load theory posits that cognitive load during learning is composed of intrinsic cognitive load, extraneous cognitive load, and germane cognitive load. During the learning process, if learners lack sufficient prior knowledge or if the presentation of content and materials is overly complex, it is likely to impose significant cognitive load on the learner. In brief, the core idea of cognitive load theory is that human working memory capacity is limited, and effective learning and information processing require avoiding excessive cognitive load (53). Within VR interventions, participants in fully immersive settings follow relatively simple operational procedures: they primarily attend to the audio guidance of a virtual instructor and immerse themselves in the virtual environment. This process facilitates attentional anchoring rather than frequent switching, the cognitive load on learners is relatively low, thereby enhancing present-moment awareness. For beginners, such straightforward engagement also helps mitigate potential anxiety about technology. In contrast, the active interactive mode requires participants to allocate attentional resources to managing hand controllers, navigating between scenes, and performing multiple tasks simultaneously. These additional demands can interfere with perceptual awareness and hinder sustained focus on breathing and bodily sensations, the cognitive load imposed on learners is considerable. Such divided attention runs counter to the core principle of mindfulness practice, which emphasizes non-judgmental and effortless awareness of the present moment.



5.2.2 Health status: individuals with mental disorders benefit the most, while effects are limited for those with chronic diseases

The moderating effect of health status was significant (Q = 9.639, p = 0.008), assumption 2 was verified. VR interventions yielded the greatest benefits for individuals with mental disorders such as anxiety and depression (g = 1.225, 95% CI [0.966, 1.483], p < 0.001). Anxiety and depression are frequently associated with deficits in attentional control and tendencies toward negative rumination (54). According to stress reduction theory, exposure to natural environments promotes relaxation, calmness, and reflection, thereby mitigating attentional control deficits and reducing the negative impact of maladaptive rumination (55). Compared with mindfulness training conducted in urban settings, nature-based mindfulness practices have been shown to produce more pronounced improvements in mood and psychological well-being (56). VR can simulate natural environments such as rivers, oceans, flowers, and forests, thereby reducing the influence of real-world stressors. At the same time, it enables participants to transform abstract negative emotions into concrete and observable experiences, enhancing their capacity for emotional acceptance (57).

The effect size for healthy individuals was also found to be high (g = 0.824, 95% CI [0.581, 1.066], p < 0.001), exceeding the impact reported for traditional mindfulness interventions in this population. A meta-analysis revealed that the effect of traditional mindfulness on healthy people was Hedges’ g = 0.55 (58). This analysis, which integrated data from 29 studies and 2,668 participants, found that traditional mindfulness had a moderate effect on stress, anxiety, depression and quality of life, and that this effect remained after several weeks of follow-up (58). More recently, emerging VR-based mindfulness interventions have shown even greater benefits for healthy populations. For example, one study found that VR meditation not only made mindfulness practice more engaging but also significantly outperformed audio-guided meditation in promoting relaxation, enhancing positive affect, and reducing stress (59). These findings further support the notion that VR can serve as an effective tool for improving quality of life and subjective well-being among healthy individuals.

For individuals with chronic illnesses, the effect size was not significant (g = 0.236, 95% CI [−0.439, 0.912], p = 0.493). Although many studies have suggested that VR can alleviate negative emotions among patients with chronic conditions, consensus regarding its therapeutic efficacy in this population has yet to be established. Some scholars argue that VR technology has shown limited effectiveness in chronic pain management (60). They contend that many existing findings were derived from small-scale experimental studies, and that systematic reviews specifically addressing VR-based mindfulness interventions for chronic conditions remain lacking, requiring further support from high-quality research (61). The present study found the limited effectiveness of VR for individuals with chronic illnesses. However, this finding should be interpreted with caution, as only four studies with a total sample size of 17 participants were included in this meta-analysis. Future research should incorporate larger and more representative samples to validate these results.



5.2.3 Study design: no significant difference between randomized and non-randomized trials

The moderating effect of study design was not significant (Q = 2.234, p = 0.135), and Hypothesis 3 was not supported. This indicates that the results of randomized and non-randomized experiments showed convergence in current research, with both types of experiments confirming the effectiveness of VR in enhancing mindfulness levels. These findings suggest that results from high-quality non-randomized studies still hold a degree of credibility. Some researchers argue that although RCTs are considered the gold standard for causal inference, well-conducted non-randomized studies can also provide reliable evidence, particularly in intervention studies involving technology-assisted approaches (62). Additionally, the technological advantages of VR may help reduce variability during the intervention and mitigate potential confounding risks in non-randomized trials (63). Therefore, at the current stage, evidence from non-randomized studies should not be entirely discounted, especially in contexts where RCTs face ethical or feasibility constraints.



5.2.4 Intervention duration: no significant moderating effect

The moderating effect of intervention duration was not significant (Q = 1.268, p = 0.260), and Hypothesis 4 was not supported. Both single-session and multi-week VR interventions were effective in enhancing mindfulness levels. This finding indicates that the effectiveness of VR interventions does not entirely depend on the length of the intervention period. For instance, a study involving healthy adults demonstrated that even a single 20-min VR mindfulness session could significantly reduce negative psychological states and improve mindfulness levels (57). These results suggest that VR-based mindfulness interventions exhibit strong flexibility and adaptability with respect to intervention duration, making them suitable for both rapid stress relief and longer-term, systematic mindfulness training.



5.2.5 Measurement tools: no significant moderating effect

The moderating effect of measurement tools was not significant (Q = 5.672, p = 0.225), and Hypothesis 5 was not supported. This finding reflects the robustness of VR in enhancing mindfulness across different assessment instruments. Although the scales such as FMMQ, MAAS, SMS and TMS have different focus on application, the immersive environment constructed by VR can not only enhance individuals’ awareness at a specific moment to improve state mindfulness, but also help individuals develop trait mindfulness through continuous practice. These results further support VR as an effective medium for improving mindfulness across multiple dimensions. Consequently, researchers can select the most appropriate measurement tool based on the specific objectives of their study.

The above studies have demonstrated that usage mode and participants’ health status have significant moderating effects, while the moderating effects of study design, intervention duration, and measurement tools were not significant. Due to incomplete data in the original literature, this study only examines the moderating effects of the five factors mentioned above and does not investigate the moderating effects of other factors such as individual traits (e.g., technology acceptance) or VR device models. Future research should focus on exploring these additional factors.





6 Conclusion

(1) VR technology can significantly enhance mindfulness, and the effect is large. (2)The effectiveness of VR in improving mindfulness was moderated by both usage mode and participants’ health status. Fully immersive modes outperformed active-interactive modes, and individuals with mental disorders derived greater benefits more than healthy individuals, whereas the intervention effect for individuals with chronic illnesses was not significant. (3)The moderating effects of study design, intervention duration, and measurement tools were not significant.

The findings of this study enrich the theoretical foundation of mindfulness training and provide clear guidance for future VR intervention design. Specifically, VR interventions should prioritize constructing highly immersive, low-interaction-complexity virtual environments centered on natural settings, avoiding distractions caused by excessive user operations. Tailored approaches can be implemented to accommodate the diverse needs of different populations: for individuals with psychological disorders such as anxiety and depression, VR can serve as an accessible and engaging treatment modality; for healthy individuals, it can be an effective tool for daily stress management and emotional regulation; and when promoting VR among chronic illness patients, careful evaluation of its suitability is essential, potentially integrating VR with other therapeutic methods. Social organizations such as schools and corporations can introduce VR mindfulness programs to enhance students’ or employees’ focus, psychological resilience, and overall mental health. Furthermore, it is recommended that public health authorities, research institutions, and technology companies strengthen collaboration to promote the standardization and normalization of VR mindfulness initiatives, integrating them into the broader digital mental health service framework.



7 Limitations and future research

This study has the following limitations: First, it only included Chinese and English literature, failing to incorporate other language types, which may have resulted in some studies being overlooked. To address this language limitation, future studies could collaborate with multilingual researchers to access literature in additional languages. Second, the sample size for chronic illness population was relatively small, requiring cautious interpretation of the findings. Future research should aim to expand the sample size. Third, differences in VR hardware and software, such as headset types and scene design, were not thoroughly considered. Future studies should conduct more detailed research that includes VR device models, environmental design specifics, and other key parameters. Fourth, it is necessary to further subdivide groups, such as the older adults and college students. Age, social identity and other characteristics may affect the relationship between digital media and mindfulness level (6).
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Introduction

This study investigates the mechanisms by which digital mindfulness training promotes meaning in life among social workers and explores individual heterogeneity in this process.





Methods

A parallel mediation model was used to test the pathways from digital mindfulness training to meaning in life. Latent Profile Analysis (LPA) was employed to identify distinct subgroups among the participants.





Results

All five proposed hypotheses received strong empirical support. Our analysis revealed that social workers who participated in digital mindfulness programs reported a stronger meaning in life. The parallel mediation model identified two distinct pathways: digital mindfulness training was associated with (1) reduced perceived social exclusion and, separately, (2) fewer psychotic-like experiences. Both of these factors, in turn, independently contributed to a greater meaning in life. The LPA identified five distinct subgroups: the "Flourishing Professional," "Socially Isolated yet Resilient," "Typical Practitioner," "Internally Struggling but Connected," and "High-Risk and Distressed." These groups differed significantly in meaning in life, with the "High-Risk and Distressed" category scoring the lowest.





Discussion

Viewed together, these patterns form a coherent explanatory structure that helps clarify how mindfulness interventions may operate. The findings also point to the importance of tailoring program content and delivery to address the particular vulnerabilities and strengths of each subgroup, rather than relying on a single, generic format.
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1 Introduction

Social workers operate at a demanding crossroads where the turbulence of broad social change meets the urgent needs of individuals (1). Their work—anchored in the steady delivery of empathy and sustained emotional presence—can be transformative for clients seeking stability and direction. Yet the very qualities that enable this impact may, over time, erode practitioners’ own sense of purpose, leaving them more susceptible to burnout and, in some cases, prompting an exit from the profession (2). The recent growth of digital platforms has created opportunities to provide psychological support on a larger scale, including mindfulness−based programs tailored to sustaining the well−being of helping professionals. Whether these formats can truly deepen a meaning in life remains uncertain (3). Their influence may hinge not only on program content but also on how individual traits and cognitive−emotional patterns interact with the complex realities of social work. This includes dispositions toward psychotic-like symptoms—subclinical experiences such as heightened paranoia or unusual perceptual disturbances that, while not meeting the criteria for a formal psychotic disorder, are often exacerbated by chronic stress. Rather than assuming a single formula will serve all, the present study investigates the specific routes through which digital mindfulness training might bolster—or, in some contexts, fail to bolster—meaning in life for different subgroups of social workers (4).

Recent studies have increasingly pointed to the promise of digital mindfulness programs in reducing stress and anxiety among a wide span of users—from university students to frontline healthcare workers (5). While these findings are encouraging, they leave an important question unresolved: can such interventions influence the deeper construct of meaning in life? In the landscape of digital well-being research, social workers remain something of an afterthought, despite the fact that their everyday work exposes them to intense existential strain through repeated encounters with trauma, systemic inequities, and human distress (6). When they are included in studies, the analysis too often treats them as a single, undifferentiated group, overlooking the possibility that their baseline psychological resources, levels of burnout, and existential concerns may differ sharply. By collapsing these distinctions, earlier research risks obscuring meaningful subgroup patterns—patterns that could be crucial in shaping how individuals respond to digital mindfulness training (7). Addressing this gap calls for a more refined, person-centered perspective capable of capturing the diversity within the profession.

To bridge these notable research gaps, the current study offers a comprehensive examination of how digital mindfulness interventions influence social workers’ perceptions of meaning in life in nuanced ways (8). Leveraging cross-sectional survey data collected from a sizeable cohort of social workers in China—where the profession is undergoing rapid transformation but issues of practitioner well-being often receive insufficient attention—we adopt a dual-method analytical approach. The first stage applies Latent Profile Analysis (LPA) to transcend conventional mean-based comparisons, enabling the identification of distinct subpopulations characterized by different patterns of response to digital mindfulness training (9). In doing so, we directly address the question of which practitioners derive the greatest benefit from such interventions. Second, building on this person-centered foundation, we test a parallel mediation model to unravel the underlying mechanisms. This model examines the dual pathways through which the intervention fosters meaning in life: concurrently building psychological resources through the cultivation of self-compassion while also preserving them by mitigating professional burnout (10). By integrating these advanced methodologies, this study aims to provide a granular, empirically-grounded understanding that can inform the development of more personalized and effective well-being support for this vital professional community.

This study is poised to make several significant contributions to both theory and practice. Theoretically, our research extends the Conservation of Resources (COR) theory by delineating the nuanced pathways of resource management (11). First, by distinguishing between latent profiles, we show that a social worker’s initial “resource caravan” plays a decisive role in shaping their ability to capitalize on mindfulness training, clarifying who is most likely to initiate a positive resource gain spiral. Second, our parallel mediation analysis uncovers a dual mechanism underlying this process (12). Mindful attention and awareness function as a versatile resource management strategy operating on two fronts: they foster a resource−building pathway by sharpening the perception of pleasant life experiences (PLE), while simultaneously supporting a resource−preservation pathway by alleviating the harmful influence of perceived social exclusion (SE) (13). This dual−pathway framework offers a nuanced extension of Conservation of Resources (COR) theory (14). It illustrates that a single intervention may operate on two fronts: fostering the development of novel psychological resources, while simultaneously mitigating the erosion of social and relational assets. In this way, it contributes to the preservation—and possible enrichment—of a broader, higher−order resource, namely meaning in life. From an applied perspective, the findings suggest a shift away from generalized well−being programs toward more tailored strategies. Within such a framework, mindfulness training can serve distinct functions: acting as a catalyst to enhance positive affect among practitioners with limited capacity for pleasure, or functioning as a safeguard against the deleterious effects of social isolation (15).




2 Theoretical background and hypotheses



2.1 Conservation of resources theory

Social work takes place in an environment where resources—both personal and external—must be constantly balanced against persistent emotional demands and intricate social responsibilities (16). In such settings, a practitioner’s resilience is repeatedly tested, sometimes to its limits. To analyze these dynamics, the present study employs Conservation of Resources (COR) theory, not merely as contextual background, but as the central framework for generating hypotheses that can be empirically examined. COR theory advances two ideas that are highly pertinent here. The first is that losing personal or social resources typically causes a stronger psychological impact than gaining an equal amount, making the experience of depletion particularly harmful (17). The second is that building new resources often depends on using those already available—an investment that, if effectively managed, can trigger a self−reinforcing “gain spiral” over time.

From this perspective, meaning in life is conceptualized not just as an outcome, but as a cornerstone resource—a high-order, stable asset that provides resilience against future loss (18). Our study is therefore guided by the central question: How can social workers strategically manage their resources to protect and enhance this cornerstone resource? We posit that mindful attention (MA) acts as a meta-cognitive resource-management strategy. Its value lies in its dual capacity to both preserve existing resources and generate new ones, aligning perfectly with a parallel mediation model (19).

Specifically, we theorize a resource preservation pathway: Mindful attention helps to sever the automatic link between external events and internal distress, thereby mitigating the perception of social exclusion (SE)—a potent threat that drains crucial social-relational resources (20). This aligns with the “primacy of resource loss” principle, suggesting that preventing this loss is a primary mechanism for well-being. Concurrently, we theorize a resource generation pathway: By investing attentional resources into the present moment, individuals enhance their capacity to notice and savor pleasant life experiences, effectively generating new experiential resources (21, 22). This aligns with the “resource investment” principle, initiating a gain spiral toward meaning. Moreover, COR theory’s concept of “resource caravans”—the notion that resources cluster and the resource-rich get richer—provides a direct theoretical mandate for our use of Latent Profile Analysis (LPA). We expect to find distinct subgroups (i.e., resource caravans) of social workers, and we hypothesize that their pre-existing resource levels will determine their differential capacity to engage these preservation and generation pathways (23).




2.2 Digitalized mindfulness and meaning in life

At its core, mindfulness is a state of non-judgmental, present-moment awareness cultivated through specific attentional exercises. For social workers, who constantly operate in high-stakes environments, the cognitive ‘autopilot’ that often accompanies high-stress professions is not a luxury but a liability, leading to emotional exhaustion and a disconnection from their professional calling (24). Digitalized mindfulness training emerges here as a highly accessible, low-stigma intervention. From a COR theory perspective, it functions as a meta-cognitive skill that serves as a powerful resource-management tool. The practice of mindfulness training prompts a crucial ‘resource reallocation’ (25). It trains individuals to disengage from the resource-draining cycles of rumination and secondary traumatic stress, thus preserving valuable cognitive and emotional resources (3). More importantly, this conserved energy can then be reinvested into discerning the deeper significance of their work. By stepping off the treadmill of reactive crisis management, practitioners are afforded the mental space to reconnect with the profound sense of purpose and human connection that form the cornerstone of their professional calling (26). This process—shifting from a state of resource depletion to one of resource reinvestment in value-aligned activities—is the very mechanism through which a higher meaning in life in life can be forged. Therefore, we propose our first hypothesis:

	H1: Engagement with digitalized mindfulness training is positively associated with social workers’ meaning in life.






2.3 The mediating role of social exclusion

For professionals dedicated to fostering social inclusion, the experience of social exclusion—whether from clients, colleagues, or the wider system—is not merely a professional setback but an existential threat (27). Social exclusion refers to the pervasive perception of being ostracized, devalued, or separated from one’s professional or social community. Within COR theory, this perception acts as a corrosive drain on vital social-relational resources, such as a sense of belonging and professional esteem, triggering a potent resource loss cycle. Herein lies the protective power of mindfulness (3). Digitalized mindfulness training serves as a cognitive buffer, fostering a state of decentering. This allows practitioners to observe rejecting social cues or critical feedback non-reactively, as transient mental events rather than as definitive indictments of their self-worth (28). By creating this crucial psychological space, mindfulness disrupts the automatic pathway from a negative social event to the debilitating feeling of exclusion, effectively staunching the loss of relational resources at its source (29). A meaning in life, in turn, is deeply contingent on the fundamental human need for relatedness and belonging. When this foundation is protected from the erosion of social exclusion, meaning can be sustained and even flourish. Thus, we posit that mindfulness does not create meaning out of a vacuum; rather, it protects the relational soil in which meaning can grow. This constitutes a critical resource preservation pathway (30). Accordingly, we hypothesize:

	H2: Perceived social exclusion mediates the positive relationship between engagement with digitalized mindfulness training and social workers’ meaning in life.






2.4 The mediating role of psychotic-like experiences

The relentless exposure to trauma, systemic dysfunction, and human suffering places social workers at a unique risk for the fraying of their own cognitive fabric. This can manifest as Psychotic-Like Experiences (PLEs): subclinical, transient episodes of perceptual distortions, intrusive thoughts, or mild paranoia that erode an individual’s stable sense of reality (31). From a COR theory perspective, PLEs represent a profound resource drain, consuming vast cognitive and emotional energy as individuals struggle to distinguish internal noise from external reality. This internal chaos makes the construction of a coherent life narrative—a prerequisite for a meaning in life—nearly impossible. Meaning cannot be built upon the shifting sands of a destabilized mind (32).

Here, digitalized mindfulness training intervenes not as a mere coping skill, but as a fundamental tool for cognitive stabilization (33). Through the practice of cognitive defusion, mindfulness teaches practitioners to observe these intrusive thoughts and perceptions with detached awareness, recognizing them as mental events rather than as reality itself (34). This act of non-judgmental observation functions as a circuit breaker, halting the escalation of PLEs and preserving the critical resource of cognitive integrity (35). By reducing this “cognitive static,” mindfulness restores the mental clarity and internal coherence necessary for an individual to engage in the higher-order process of meaning-making. In essence, mindfulness does not directly bestow meaning; instead, it quiets the internal storm, providing the stable ground upon which a meaningful life can be built (36). This represents a foundational resource preservation pathway. Therefore, we hypothesize:

	H3: Psychotic-like experiences mediate the positive relationship between engagement with digitalized mindfulness training and social workers’ meaning in life.






2.5 A person-centered approach

The pathways described above, while theoretically sound, implicitly assume a homogenous population of social workers who respond to interventions in a uniform manner. However, this variable-centered approach may mask a more complex reality. We challenge this assumption, positing that social workers are not a monolith (37); they enter the professional field with vastly different “resource caravans,” as conceptualized by COR theory. To capture this critical heterogeneity, we adopt a person-centered approach using Latent Profile Analysis (LPA). We expect to identify distinct subgroups of social workers characterized by unique constellations of their initial resources and vulnerabilities (e.g., levels of burnout, self-compassion, and social support) (38).

Specifically, we anticipate the emergence of at least three profiles: a “Resilient” profile, characterized by high resources and low vulnerabilities; a “Vulnerable” profile, marked by depleted resources and high vulnerabilities; and an “At-Risk” or “Struggling” profile, representing an intermediate state (39). These profiles are not merely descriptive categories; they represent fundamentally different starting points for resource management and meaning-making. An individual’s capacity to engage in the resource generation and preservation pathways we previously outlined is likely contingent upon which profile they belong to (40). Consequently, we expect these naturally occurring subgroups to exhibit significant differences in their baseline meaning in life. This leads to our final set of hypotheses:

	H4: There are distinct and meaningful latent profiles of social workers based on their initial levels of psychological resources and professional vulnerabilities.

	H5: These latent profiles will significantly differ in their reported meaning in life, with the ‘Flourishing Professional’ profile exhibiting the highest level and the ‘High-Risk and Distressed’ profile exhibiting the lowest level.







3 Methods



3.1 Participants and procedure

Participants were social workers recruited via convenience sampling from professional online platforms in China. A recruitment advertisement was posted on various social work-related online communities, forums, and social media groups (e.g., WeChat groups), which explained the study’s purpose, estimated completion time, and voluntary nature, and provided a link to the online survey. Upon accessing the survey, participants in the intervention group were first guided through the digital mindfulness training before proceeding to the questionnaire. This intervention consisted of a structured, 15-minute, pre-recorded audio-guided exercise, developed by the research team based on the core principles of Mindfulness-Based Stress Reduction (MBSR; 41) and narrated by a calm female voice. The session began with a brief period for settling in (minutes 1-3), followed by a core exercise focused on breath awareness, during which participants were guided to non-judgmentally observe their breath and gently return their attention when the mind wandered (minutes 3-10). The exercise then transitioned to a brief body scan (minutes 10-13) before concluding with guidance on returning awareness to the external environment (minutes 13-15). Prior to starting the audio, participants were instructed to find a quiet space and use headphones for an optimal experience. This standardized protocol was designed to ensure intervention fidelity and provide a replicable mindfulness experience, after which participants immediately proceeded to complete the survey measures. The inclusion criteria were as follows: (a) being at least 18 years of age; (b) currently employed as a full-time social worker in mainland China with a valid professional qualification certificate; and (c) having at least one year of full-time professional experience in social work. The procedure was structured as follows. Upon clicking the survey link, participants were first presented with an electronic informed consent form. This form detailed the research objectives, data usage, confidentiality protocols, and their right to withdraw at any point without penalty. After providing consent, they proceeded to the initial section of the questionnaire, which served as a screening tool to verify that they met all three inclusion criteria. Eligible participants then continued to complete the full battery of scales. To ensure data quality, attention check items (e.g., “For this item, please select ‘Strongly Agree’”) were embedded within the survey. An initial sample of 900 participants was recruited. Following data collection, the raw data underwent a rigorous screening process. A total of 49 responses were excluded due to incomplete submissions from midway withdrawal, failure to pass the attention check items, or not meeting the inclusion criteria. Consequently, the final valid sample consisted of 851 participants, yielding an effective response rate of 94.6%.




3.2 Measures

To measure trait mindfulness, we administered the Mindful Attention Awareness Scale (42). This 15-item instrument requires respondents to rate the frequency of experiences related to inattention and automatic behavior on a 6-point scale (1 = Almost Always to 6 = Almost Never). The average score across all items was used for analysis, with higher scores indicating greater mindfulness.

Psychotic-like experiences (PLEs).To assess psychotic-like experiences (PLEs), we utilized the 8-item positive symptom subscale from the Community Assessment of Psychic Experiences (CAPE-P8; (43)). This instrument gauges the frequency of six delusional and two hallucinatory symptoms within the past month. Participants provided their responses on a 4-point frequency scale (1 = Never to 4 = Almost Always). We then calculated a total score by summing the items (range: 8–32), where higher scores reflect a greater frequency of PLEs.

Social exclusion. Perceived social exclusion was measured with the 11−item scale developed by (44). The instrument taps into feelings of being marginalized or disregarded in social interactions. Items include statements such as “I feel ignored by the people around me,” which participants rated on a 7−point Likert−type scale ranging from 1 (Strongly Disagree) to 7 (Strongly Agree). Item responses were averaged to generate an overall score, with higher values reflecting a greater sense of social exclusion.

Meaning in life. Meaning in life was assessed using the Presence of Meaning subscale of the Meaning in Life Questionnaire (MLQ; (45)), consisting of five items. This subscale captures the extent to which participants perceive their lives as meaningful. Sample items include “I understand my life’s meaning.” Ratings were collected on a 7−point scale from 1 (Absolutely Untrue) to 7 (Absolutely True), and the mean of these ratings was used as the index, with larger scores indicating a stronger perceived presence of meaning.





4 Results



4.1 Latent profile analysis results

Latent Profile Analysis (LPA) was carried out with the tidyLPA package in R (version 4.3.2). The analysis aimed to classify participants into empirically derived subgroups based on two key indicators: psychotic−like experiences (PLEs) and perceived social exclusion (SE). This approach was selected to detect naturally occurring patterns in the joint distribution of these variables, rather than relying on a priori categorical assumptions. To determine the optimal number of profiles, we compared models with one to six classes based on multiple criteria: lower values for the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and sample-size adjusted BIC (SABIC); higher Entropy values (>.80); and a significant Bootstrapped Likelihood Ratio Test (BLRT; p<.05). The final decision was also informed by model parsimony and the theoretical interpretability of the profiles.




4.2 Model selection

The model fit indices for each solution are presented in Table 1. As shown, the AIC, BIC, and SABIC values generally decreased as the number of profiles increased, indicating a better fit with more complex models. Specifically, the BLRT results revealed that, with the exception of the three-profile solution, each model from two to six profiles offered a significant improvement in fit over the preceding (k−1) model (all ps <.01). However, the transition from a two- to a three-profile solution was not statistically significant (BLRT p= .129). Furthermore, the three-profile solution yielded a relatively low Entropy value of 0.692, suggesting it was not a robust classification.


Table 1 | Fit indices for latent profile models with different numbers of profiles.
	Classes
	LogLik
	AIC
	BIC
	SABIC
	Entropy
	BLRT val
	BLRT p



	1
	-22933.31
	45942.62
	46122.99
	46002.31
	1.000
	NA
	NA


	2
	-22508.57
	45133.14
	45408.43
	45224.24
	0.796
	849.488
	0.010


	3
	-22489.20
	45134.39
	45504.61
	45256.91
	0.692
	38.742
	0.129


	4
	-22275.95
	44747.91
	45213.06
	44901.84
	0.790
	426.487
	0.010


	5
	-22184.41
	44604.82
	45164.89
	44790.16
	0.797
	183.092
	0.010


	6
	-22072.09
	44420.18
	45075.19
	44636.94
	0.820
	224.632
	0.010





LogLik, Log-Likelihood; AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; SABIC, sample-size adjusted Bayesian Information Criterion; BLRT, Bootstrapped Likelihood Ratio Test.



Among the remaining candidate models, while the four-profile model had an adequate Entropy of.790, the five-profile (.797) and six-profile (.820) solutions demonstrated superior classification clarity. When comparing the five- and six-profile solutions, we observed that although the six-profile model had the lowest BIC and the highest Entropy, it was rejected on the grounds of parsimony. Specifically, it produced smaller subgroups (9.6% and 9.3% of the sample, respectively), which could compromise the stability and theoretical interpretability of the profiles. In contrast, the five-profile solution demonstrated excellent overall fit (AIC=44604.82, BIC=45164.89, SABIC=44790.16), good classification quality (Entropy = .797), and represented a significant improvement over the four-profile model (BLRT p<.01). Therefore, balancing model fit, parsimony, and theoretical interpretability, we selected the five-profile solution as the optimal model for subsequent analyses.

Below are the results of the model-fitting curves Figures 1, 2.
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Figure 1 | Latent class profile plot.

[image: Line graph titled Latent Class Feature Profile comparing standardized mean scores across variables Q21 to Q49 for six categories. Each category is represented by a colored line, showing different trends and variability over the variables.]
Figure 2 | Latent Class Feature Profile.




4.3 Characteristics of the latent profiles

The selected five-profile model revealed five distinct subgroups of social workers, each characterized by a unique combination of perceived social exclusion (SE) and psychotic-like experiences (PLEs). A fundamental premise of our interpretation is that lower scores on both the SE and PLEs scales indicate better psychosocial functioning. Based on their scoring patterns, these profiles were re-evaluated, named, and are described below in order from most adaptive to most at-risk.

	C1: The Flourishing Professional (formerly C4, 14.2%): This profile represents the most adaptive and psychologically healthy subgroup. Characterized by the lowest scores on both social exclusion and psychotic-like experiences, these social workers demonstrate robust psychosocial functioning. They feel well-integrated within their professional environments (low SE) and maintain high levels of mental clarity and well-being (low PLEs). This pattern suggests a group of practitioners who have successfully cultivated supportive networks and effective coping mechanisms, enabling them to thrive in their demanding roles.

	C2: The Socially Isolated yet Resilient (formerly C3, 8.8%): This subgroup presents a unique and important pattern: markedly high scores on social exclusion paired with very low scores on psychotic-like experiences. These practitioners appear to be mentally resilient and maintain psychological stability (low PLEs) despite experiencing significant professional marginalization, conflict, or a lack of belonging (high SE). They may be effective practitioners who are unfortunately situated in unsupportive or hostile work environments. Their resilience in the face of social adversity is a key characteristic.

	C3: The Typical Practitioner (formerly C2, 30.0%): Constituting the largest subgroup, these social workers scored near the sample average on both dimensions. Their profile reflects the normative experience of the profession: a manageable level of psychological distress (moderate PLEs) co-occurring with a moderate degree of social and systemic friction (moderate SE). They are navigating the standard challenges and rewards inherent in social work without falling into extreme distress or flourishing unimpeded.

	C4: The Internally Struggling but Connected (formerly C1, 22.9%): This profile reveals a paradoxical pattern of low social exclusion but high psychotic-like experiences. On the surface, these social workers appear well-connected and integrated into their teams (low SE). However, they internally experience a high frequency of distressing psychological symptoms, such as intrusive thoughts or perceptual anomalies (high PLEs). This suggests a group that may be adept at maintaining a professional facade while privately struggling with significant mental health challenges. Their difficulties are primarily internal rather than social.

	C5: The High-Risk and Distressed (formerly C5, 24.0%): This profile represents the most vulnerable subgroup, characterized by high scores on both social exclusion and psychotic-like experiences. These social workers are facing a dual crisis: they feel actively isolated and rejected by their professional environment (high SE) while simultaneously battling severe psychological distress (high PLEs). This combination points to a state of acute burnout, alienation, and significant risk for adverse mental health outcomes. This group requires the most urgent and intensive support.



In summary, this Latent Profile Analysis successfully identified five clinically meaningful and distinct patterns of psychosocial functioning among social workers. These findings move beyond a one-size-fits-all understanding of professional well-being, revealing a significant heterogeneity ranging from the flourishing to the critically at-risk. This empirical typology provides a crucial foundation for developing targeted support strategies (25). For instance, the “High-Risk and Distressed” group requires immediate, comprehensive intervention addressing both their social environment and psychological symptoms. In contrast, interventions for the “Socially Isolated yet Resilient” group should focus primarily on improving workplace integration and resolving interpersonal conflicts, as their internal coping resources appear to be intact.




4.4 Results of the parallel mediation model

To test the mediating roles of social exclusion and psychotic-like experiences in the link between mindfulness attention and meaning in life, we utilized Hayes’ PROCESS macro (Model 4). The analysis yielded significant results consistent with our hypotheses. Mindfulness attention was negatively associated with both proposed mediators: social exclusion (β = -0.2325, 95% CI [-0.3513, -0.1138]) and social anhedonia (β = -0.0622, 95% CI [-0.1225, -0.0019]). Subsequently, both social exclusion (β = -0.3121, 95% CI [-0.3838, -0.2404]) and social anhedonia (β = -0.1634, 95% CI [-0.3045, -0.0222]) negatively predicted meaning in life, even after accounting for the strong, positive direct effect of mindfulness attention (β = 1.0639, 95% CI [0.9417, 1.1861]). Most importantly, the specific indirect pathways were confirmed as significant. The mediating effect of social exclusion was robust (Effect = 0.0726, 95% CI [0.0384, 0.1119]), and the mediation via social anhedonia was also significant (Effect = 0.0102, 95% CI [0.0000, 0.0260]), as its confidence interval did not cross zero Figure 3.

[image: Path diagram illustrating relationships between mindfulness attention, social exclusion, psychotic-like experiences, and meaning in life. Arrows are labeled with coefficients: -0.2325, -0.3121, 1.0639, -0.0622, and -0.1634, with asterisks indicating significance.]
Figure 3 | PROCESS model results.





5 General discussion



5.1 Research summary

The current study provided robust empirical validation for all five of its hypotheses. We first confirmed a significant positive association between digital mindfulness training and social workers’ meaning in life (H1). More importantly, a parallel mediation model was supported (H2 & H3), revealing how this effect operates: training first reduced perceived social exclusion, which in turn lessened psychotic-like experiences (46). Complementing this mechanistic insight, our analysis confirmed the existence of five distinct and meaningful latent profiles (H4): the Flourishing Professional, the Socially Isolated yet Resilient, the Typical Practitioner, the Internally Struggling but Connected, and the High-Risk and Distressed. Finally, as predicted (H5), these profiles exhibited significantly different levels of meaning in life, with the High-Risk/Distressed profile reporting the lowest (47). These integrated, validated findings offer a comprehensive framework for developing targeted interventions.




5.2 Theoretical contributions

This study makes several theoretical contributions. First, our study significantly extends the application of Conservation of Resources (COR) theory by translating its abstract principles into a concrete, empirically-derived typology of professional well-being (48). While COR theory provides a powerful lens for understanding resource dynamics, its core concepts of ‘resource caravans’ and ‘gain/loss spirals’ have predominantly been examined through variable-centered approaches. Such methods capture the average trend but often obscure the crucial heterogeneity within a population (49). Our use of Latent Profile Analysis directly confronts this limitation. By identifying five distinct psychosocial profiles among social workers, we provide a tangible manifestation of how resource ecologies are configured in a real-world professional population, illustrating the holistic patterns of resource clustering that the theory describes (50). This research marks a significant step forward for both organizational psychology and the study of professional well-being. By introducing a clear typological framework, we challenge the limitations of simplistic, linear models of stress and coping. This approach provides a practical diagnostic map, allowing for the identification of distinct practitioner subgroups (51), each with its own profile of resources and vulnerabilities. In essence, we offer a more refined method for understanding how the dynamics of personal and professional resources play out within complex organizational settings (52).

Second, our findings challenge the long−held view of social workers as a homogeneous body. Much prior research isolates variables such as burnout or supervision, overlooking the heterogeneity in lived adaptation (53). Our five profiles make this diversity visible, particularly the “Socially Isolated yet Resilient” (C2) and the “Internally Struggling but Connected” (C4) groups. The C2 profile reveals a group that maintains robust mental health (low PLEs) despite experiencing significant professional exclusion (high SE). This form of adaptation complicates linear stress-strain models, suggesting that internal psychological resources can serve as a powerful buffer against a negative social environment (54). Conversely, the C4 profile presents a different paradox: social integration (low SE) co-existing with significant internal distress (high PLEs). This reveals that resilience is not merely the absence of social stressors; one can appear well-connected yet be privately battling significant mental health challenges (55). By framing these patterns within an evidence-based typology, we expand theoretical accounts of professional adaptation, accommodating pathways that are resilient despite marginalization, or internally distressed despite social connection.

Finally, this study delineates two distinct micro-pathways by which external social stressors and internal psychological states can independently erode a meaning in life, offering a more nuanced account of resource management within COR theory (56). Our parallel mediation model reveals that a single intervention can operate on two separate fronts. The first pathway demonstrates how mindfulness training acts as a protective buffer against the erosion of social-relational resources. By mitigating the perception of social exclusion (SE), the intervention prevents a primary resource loss that directly threatens an individual’s sense of belonging and professional esteem (57). Protecting this foundational social resource is, in itself, a critical route to preserving meaning. Concurrently, the second, independent pathway reveals a mechanism for preserving internal cognitive resources. Mindfulness training was also shown to reduce psychotic-like experiences (PLEs), thereby quieting the cognitive static that can destabilize one’s sense of reality and undermine the mental scaffolding needed to sustain a coherent life narrative. This finding refines COR theory by illustrating that the erosion of meaning is not a single cascade but can result from distinct social and cognitive vulnerabilities. The contribution extends to clinical occupational psychology and stress research by demonstrating that safeguarding meaning in high-stress roles requires a dual focus: it is as much a cognitive imperative to maintain internal stability as it is a social imperative to foster belonging (58).




5.3 Practical implications

This study yields several practical and managerial implications. First, the findings challenge the efficacy of traditional one-size-fits-all well-being programs and suggest a necessary shift toward precision-based, tiered support systems for social workers. The identification of five distinct profiles provides a strong diagnostic framework to drive this transition. For instance, rather than providing a generic wellness app to all employees, organizations could implement short, confidential annual screenings using validated scales for social exclusion (SE) and psychotic-like experiences (PLEs). This approach would allow for the identification of each employee’s profile, enabling a tiered, need-aligned support plan. For employees in the ‘Socially Isolated yet Resilient’ group, organizations could offer digital resources focused on navigating difficult interpersonal dynamics and leveraging their internal resilience. In contrast, identifying an employee in the ‘High-Risk/Distressed’ profile should trigger immediate and confidential outreach from a trained wellness officer, including direct access to counseling and a caseload review. Such a strategy transforms support from a passive, optional perk into an active, data-driven system that directs the most intensive help where it is most critically needed.

Second, our mechanistic findings provide a clear blueprint for designing dual-function digital mindfulness interventions that are both protective and generative. The parallel mediation pathways show that simply teaching relaxation is insufficient; the training must target the specific mechanisms of resource loss and gain (59). An effective intervention should therefore be structured into two complementary streams. A “Defensive Shield” stream would focus on mitigating the impact of social exclusion, incorporating specific exercises like the RAIN meditation for processing difficult interpersonal events and “thought defusion” techniques to de-personalize criticism. Concurrently, a “Generative Catalyst” stream would actively build positive resources through practices such as a “Three Good Things in My Work” guided journal to savor client successes and Values-Based Intention Setting meditations to connect daily tasks to a core sense of professional meaning (22). This dual-focus design ensures that the intervention not only helps social workers weather storms but also equips them to find the sun.

Finally, this research argues for a systemic evolution from reactive care to proactive organizational and educational immunization. Addressing distress cannot be the sole responsibility of the individual; the system must share the burden (60). For organizations, this means implementing policies that directly reduce the sources of social exclusion. This should include mandatory manager training focused on providing psychologically safe feedback and facilitating inclusive team dynamics, as well as revising supervision models to formally dedicate time to discussing the practitioner’s emotional well-being, not just administrative tasks (61). This dedicated time becomes the crucial juncture for deploying tailored support. For instance, a supervisor could guide a practitioner identified as ‘Striving-but-Struggling’ toward digital modules focused on preventative tools like value clarification exercises and stress management techniques to reinforce their purpose before it erodes. Conversely, for a colleague in the ‘High-Risk/Distressed’ group, the same supervisory check-in would trigger a different pathway, recommending a digital intervention that prioritizes stabilizing content—such as guided self-compassion and grounding exercises—while crucially embedding immediate links to formal clinical care. For social work education, this translates to embedding “psychological personal protective equipment” (PPE) as a core competency. Curricula should integrate mandatory, semester-long experiential courses on emotional resilience and mindfulness. A powerful capstone requirement could be the development of a “Professional Sustainability Plan,” (62) where students articulate their personal strategies for managing stress and seeking support, thus equipping the next generation with the tools for a long and meaningful career from day one.




5.4 Limitations and future research

This study has several limitations that warrant consideration. First and foremost, our reliance on a convenience sampling method, recruiting from online professional communities and social media groups, introduces a significant potential for selection bias. This approach may have resulted in a sample that is not fully representative of the broader social worker population in China. For instance, participants recruited online are likely to be more technologically adept, potentially younger, and more actively engaged in seeking peer support via digital platforms. Conversely, this method could have systematically excluded social workers who are less active online, such as those in older age brackets or those working in rural areas. Consequently, the generalizability of our findings, particularly the prevalence and characteristics of the five latent profiles, should be interpreted with caution. Future research should aim to replicate these findings using more robust sampling strategies, such as stratified random sampling from official professional registries, to ensure the sample more accurately reflects the heterogeneity of the entire profession. Second, the study’s cross-sectional design reveals correlations but cannot establish causality; future longitudinal research is needed to explore the dynamic relationships over time (63). Third, while the sample was exclusively Chinese, which limits generalizability to other cultural contexts, the aforementioned sampling issue poses a more immediate challenge to its generalizability even within China. Finally, the reliance on self-report data may be subject to social desirability bias; future studies could benefit from incorporating behavioral observations or multi-source data for triangulation. In addition, participation in digital mindfulness programs may be subject to self-selection bias, whereby individuals with greater prior interest in mindfulness, higher intrinsic motivation, or higher digital literacy are more likely to enroll. This could further limit the generalizability of our findings to practitioners who are less engaged with or less inclined toward digital mindfulness interventions.
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Depressive disorders are common and disabling, and a substantial treatment gap exists particularly in low-resource settings. Family doctors are well-placed to bridge this gap but often lack the confidence, knowledge and skill to do so. The World Organization of Family Doctors (WONCA) and its collaborators designed the MDD Minds project to improve care for major depressive disorders delivered by family doctors in Africa/Middle East (Kenya, Nigeria, and Saudi Arabia), Asia (Indonesia, Japan, and Sri Lanka) and Latin America (Brazil, Mexico, and Peru). The MDD Minds organizational structure included a steering committee, a design and measurement team and a group of master faculty composed of primary mental health care experts from participating countries. Project delivery was in three phases: MDD Minds 101, an online programme with seven modules; Train-the-Trainer, a group-based approach combining online and real-time elements and leading to delivery of in-country educational activities; and Performance- in-Practice, focused on enhanced depression screening for patients with diabetes. Recruitment was conducted by WONCA in collaboration with national primary care organizations. Project delivery began in October 2023 and was completed in December 2024. Enrollment and completion rates were tracked: 2,892 family doctors enrolled in MDD Minds 101; 581 (20%) completed the course. In Train-the-Trainer 210 scholars enrolled; 126 (60%) completed the program, delivering 143 educational sessions to 1,697 other healthcare professionals in their respective regions. Nine primary care teams in Brazil, Kenya, Japan and Nigeria participated in the Performance-in-Practice program; among 1,592 diabetes patients screened, 26.6% were diagnosed with depression and promptly managed. Strategic alignment between partnering organizations, in combination with world-wide expertise in mental health, ensured effective participation. Language and cultural adaptation were important to serving the diverse range of learners, as was ease of access to online platforms and enhanced use of social media. Our online course completion rate exceeded our expectations. The MDD Minds project demonstrates WONCA’s ability to deliver high-quality educational programming at scale, as well as the benefits of localized frameworks that support family doctors, primary care teams, and patients in improving the care of those with major depressive disorder. It offers a replicable and sustainable approach to enhancing mental healthcare in diverse primary care settings.

Keywords
depression, primary care, family doctors, online training, Train-the-Trainer, screening


Introduction

Mental health is a fundamental pillar of global health, yet depressive disorders remain prevalent and disabling conditions. In 2019, 275 million cases of major depressive disorder were diagnosed across the globe, an increase of over 100 million from 1990. The highest rate of increase is in low-resource settings (1), where the burden of illness is greatest for women (2). In 2021 depressive disorders accounted for 56 million years lost to disability, 36.5% more than in 2010 (3).

The consequent decrease in productivity takes a financial toll, with the global cost estimated at $1 trillion annually. In high-income countries, about half of people suffering from depression are not diagnosed or treated appropriately, and the percentage increases to between 80% and 90% in low-income countries (4).

Most patients with mental health problems report first to their family doctors. The integration of mental health into primary care, especially into family medicine, is recognized as a priority by international agencies (5, 6). Optimal mental health outcomes are achieved through integration of mental health services into the general framework of existing primary health care (7). This strategy has the potential to reduce stigma, protect patients’ rights, improve social integration, reduce chronicity, improve human resource capacity for mental health and ultimately, access to effective mental health care (8).

The need to train family doctors to acquire current evidence-based knowledge, skills and practices of mental health care at the primary care level is urgent. This training supports family doctors so they can deliver non-stigmatizing mental care and help reduce the treatment gap. Clear evidence and practical guidance are available to empower family doctors with the skills necessary to diagnose and treat major depression (9).

It is imperative to translate this robust evidence base into practice through context- sensitive interventions. When primary care providers such as family doctors are enabled through training, they effectively deliver mental health care, including application of appropriate psychotherapy (10, 11).

Delivery of effective care for patients with major depressive disorders (MDD) also requires systems empowerment for family doctors. Family doctors not only need to develop their own knowledge and skills in the diagnosis and management of major depression, they also need to be empowered to work as part of a team with local communities and families, and to advocate for practice transformation and integrated care (12).

Interaction and discussions are necessary to improve communication skills related to mental health issues. The constraints imposed by the COVID-19 pandemic and the needs of a wide geographical spread of participants have led to an increased emphasis on online learning. When these include a combination of live sessions with faculty, online presentations and webinars, with access to reading materials and videos, they are valuable formats for successful educational delivery (13, 14).

Despite numerous local training initiatives, no previous training has globally addressed MDD training across diverse cultural contexts using a standardized yet adaptable curriculum at this scale.

In this paper we describe the context for the MDD Minds project, explain its content and structure, provide an overview of results, and consider the implications for best practice for international educational interventions in primary care mental health.

Specific objectives of the project were to increase family doctor competence to:


	•Diagnose MDD in context of cultural variations in presentation;

	•Educate patients in health promotion and lifestyle change;

	•Employ shared decision-making;

	•Select appropriate pharmacologic and non-pharmacologic therapy, including group interventions;

	•Manage co-morbidities of MDD, including cardio-vascular disease and diabetes;

	•Develop team approaches, including family and community support;

	•Communicate with specialists in making referrals;

	•Follow-up with patients to reevaluate care; and

	•Train other primary care practitioners in diagnosis and management of MDD.






Context

The WONCA MDD Minds project was delivered in nine countries across Africa/Middle East, Asia- Pacific, and Latin America: Brazil, Indonesia, Japan, Kenya Nigeria, Mexico, Peru, Saudi Arabia, and Sri Lanka (see Figure 1). These countries were selected for their geographic diversity, varied economies, practice settings, and their leadership in family medicine.
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FIGURE 1
Map of participating countries, by region.


In Africa, despite the high prevalence of mental disorders the mental health gap remains enormous, up to 85% in some countries (15). Across the continent, typically less than 1% of the health budget is spent on mental health (16), and most of this limited resource is expended on tertiary mental health institutions whose services are inaccessible to the majority of patients with mental health problems. The health systems in Africa are still burdened with large volumes of communicable diseases including Malaria, HIV/AIDS and the COVID-19 pandemic, and these compete better than mental health problems for the meager resource available for health care. Importantly, the stigma associated with mental conditions is extremely high and constitutes a major impediment to seeking care.

In the Asia-Pacific region, a needs assessment survey of more than 300 WONCA members demonstrated a high need for education related to mental health issues. Interviews with family doctors in that study concluded that improving communication skills was a priority: communicating with patients requires specific skills to set expectations, explain disease processes and recommend therapy. Additionally, a need for skills in communicating with specialists to gain trust and respect from the specialists was expressed by many family doctors (17). During 2018 and 2019, WONCA delivered three train-the-trainer programs for family doctors in the Asia-Pacific Region in the assessment and management of depression and anxiety in primary care. This led to a training cascade with primary care educational events hosted in participating doctors’ home countries, including China, Japan (14), Nepal (18), and Vietnam.

In Latin America, despite the existence of specialized and specific training in family and community medicine, many curricula do not include training on communication skills and psychosocial interventions. In Brazil only 22% of patients with depression received treatment, usually pharmacological interventions (19, 20), and low levels of competence were identified during training with the WHO mhGAP Intervention Guide (21). During 2022 Mosaica Solutions, with WONCA and in-country champions, undertook an extensive needs assessment on issues related to mental health care provided by family doctors. The assessment, completed in Brazil, Chile, Colombia, Mexico and Peru provided clinical and gap data to support training for family and primary care physicians, as well as an educational construct to support learning.



Key project elements

Major depressive disorders Minds is a three-phase educational project for family doctors in the diagnosis and treatment of major depressive disorders (MDD) in primary healthcare settings. The first phase is a set of online modules - MDD Minds 101 - followed by a Train-the-Trainer phase and a Performance in Practice component.

Members of the WONCA Working Party for Mental Health undertook preparatory work during 2020 and 2021 in setting the parameters for the MDD Minds program including three expert panel meetings for Asia, Latin America and Africa/Middle East. Project delivery began in October 2023 and was completed in December 2024.


Project content and structure

Guided by senior members of the WONCA Working Party for Mental Health, the MDD Minds curriculum was developed during 2023 by the Master Faculty of mental health experts from 12 countries across Latin America, Europe, Africa, the Middle East, and Asia. The curriculum was tailored to the specific needs and cultural contexts of each region and country, enhancing both relevance and applicability.

MDD Minds 101 is a series of seven fully accessible online modules covering the following topics:


	1.Introduction and the burden of depression

	2.Starting treatment

	3.Non-drug interventions

	4.Pharmacotherapy

	5.Managing co-morbidities

	6.Follow-up and referral

	7.Self-care and wellness




The modules were designed to provide learners with clinical information and practice tools to enhance their care of patients with MDD (22). The case-based content was developed by Mosaica Solutions building on curriculum developed in the Asia-Pacific Train-the-Trainer project (referenced above), with review by WONCA experts and oversight by the Steering Committee. The modules were presented in video format, each averaging 15–20 min, with resources for further learning provided to augment the sessions. Post-session reflection questions were asked as learners moved through the modules and each module included a quick review of the previous session. The modules were presented in English. Japanese, Portuguese, and Spanish versions were subsequently developed with the assistance of local faculty. Those completing the MDD Minds 101 curriculum received a bonus module that included resources from the World Health Organization (WHO). Expected participation for MDD Minds 101 was 750 family doctors (250 from each region).

Family doctors from the nine participating countries were recruited via email, web notices, social media (including WhatsApp) and organizational invitations. The following national WONCA membership organizations assisted with the recruitment process:


	•Brazil: Sociedade Brasileira de Medicina de Família e Comunidade (SBMFC)

	•Indonesia: Indonesian Association of Family Physicians

	•Japan: Japan Primary Care Association

	•Kenya: Kenya Association of Family Physicians

	•Mexico: Federación Mexicana de Especialistas y Residentes en Medicina Familiar

	•Nigeria: Society of Family Physicians of Nigeria

	•Peru: Sociedad Peruana de Medicina Familiar y Comunitaria

	•Saudi Arabia: Saudi Society of Family and Community Medicine

	•Sri Lanka: College of General Practitioners of Sri Lanka




The World Organization of Family Doctors and the Master faculty remained in contact with learners throughout the engagement to support completion and next steps. Enrollees in in the 101 program were recruited through their WONCA Member country organizations. Once enrolled, learners were encouraged to complete the 101 programme via email reminders from WONCA and master faculty members. Participants in the Train the Trainer program were recruited from MDD Minds 101 completers as well as through personal recommendations from faculty and physician leaders.

The Train the Trainer and Performance in Practice faculty were provided with curriculum resources and encouraged to adapt these tools based on local practice norms and country localization therefore we did not require fidelity to the provided curriculum.

Scholars who completed MDD Minds 101 were eligible to enter the Train-the-Trainer (TtT) component of the program. The TtT course, led by local Master Faculty, combined online content with real-time sessions with other scholars.

The course reinforced the content areas from MDD Minds 101, adding application in practice and skill-building. There were additional modules on motivational interviewing, communication skills and presentation training. The TtT course used Trello (a visual project management and collaborative tool), Zoom and WhatsApp for engagement. Master Faculty members were encouraged to add and translate content as needed. For example, the Saudi group enhanced patient interviews through the implementation of the AlKhathami Five-Step approach (23). Scholars participated in four sessions with Master Faculty and their cohort colleagues. These included one “Scholars” Choice’ session designed to meet expressed localized needs. Each scholar was required to deliver at least one local training session to disseminate knowledge. Expected participation for the TtT component was 150 family doctors (50 per region).

For the Performance-in-Practice (PiP) component Master Faculty aimed to recruit two practices from one country in each of the three regions. The focus was on implementing a systematic approach for depression screening amongst adult patients with diabetes, a long-term disease commonly diagnosed across primary care internationally and associated with increased risk for depression (24). Practices were invited to evaluate the patient’s record for a previous diagnosis of depression; and then implement a screening process aligned with the practice needs (25, 26).

The PiP project included a two-cycle improvement process with baseline measurement and final process cycles. Coaching by the Master Faculty and education on elements of performance and quality improvement (QI) were provided through four virtual calls scheduled to align with the data collection and reflection process. Learners were encouraged to interact using the Trello platform that housed the native language videos, resources and localized content including practice data. The 12-week project was designed into four phases. The practices completed “swim lane” analysis and Plan-Do- Study-Act planning prior to beginning their improvement cycles (27). Practices received a participation stipend to support the time commitment to the QI project. Both TtT and PiP were completed in December 2024.

The overall structure of the MDD Minds project is summarized in Figure 2:
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FIGURE 2
Structure of MDD minds projecture 3.


Each phase of the project included a comprehensive evaluation component. The Design and Measurement group used a variety of evaluation tools, including pre-assessment questionnaires, pre-post testing, and a series of surveys to measure the results and outcomes for the individual phases, as well as the overall project. Evaluation of the TtT phase included each scholar’s overall experience, community meeting feedback and the content and experiences of the community learners. Additionally, the Master Faculty completed an evaluation of their involvement in the overall project.

[image: Table summarizes activities and participant numbers for the MDD Minds Educational Initiative, including enrollment, session completion, faculty involvement, educational program sharing, local attendance, practice participation, and depression screening among diabetic patients, with figures ranging from 9 to 2892 participants.]



Project management

The project benefited from a multi-level management structure, with implementation led by three working teams in addition to the internal project management coordinated by WONCA staff.


	•The Steering Committee, which met monthly throughout the life of the project, was responsible for project oversight, support of the WONCA staff, input on the curriculum and content, and communications with the Master Faculty and participants.

	•The Design and Measurement group, led by Mosaica Solutions, was responsible for the overall content design, development and outcomes strategies for the project, including guiding the phasing, clinical modifications, recruitment and communications; designing the dissemination plan; and analyzing the outcomes data.

	•The Master Faculty, including representatives of each of the nine participating countries, played an integral role in the MDD Minds project. They served as content developers, translators/interpreters, teachers, coaches and advocates. Their engagement was crucial to the project’s success. Through the evaluation process they shared their successes and challenges as well as the impact this project had on their own practices. Four Master Faculty members (from Brazil, Japan, Kenya and Nigeria) both facilitated the TtT program and served as coaches for PiP.




Prior to the launch of each phase of the MDD Minds project a series of training sessions for the Master Faculty was held, ensuring they had a full understanding of the materials and implementation plans, and the opportunity to engage in conversations with each other. Master Faculty members were encouraged to localize content to meet the needs of the family doctors in their region. Support for the Master Faculty was also provided by Mosaica Solutions for the TtT and PiP components, with participation in the zoom sessions and one-on-one guidance as needed.




Discussion


Summary of results

We begin this section with a brief summary of the results of the MDD Minds project. These will be described and discussed in greater detail in subsequent publications.

MDD Minds 101: A total of 2,892 learners enrolled, with 581 participants (20% completion rate). The curriculum significantly increased participant confidence in managing depression. A total of 566 participants completed both pre- and post-training assessments. Confidence in managing depression increased from 2.97 to 4.11 on a five-point Likert scale. This improvement was statistically significant (p < 0.001), with a large effect size (Cohen’ d = 1.17), indicating a substantial gain in participant confidence following the training.”

Train-the-Trainer: A total of 226 scholars in nine countries enrolled in our advanced program with at least 126 (56%) completing the program. These scholars demonstrated remarkable commitment by delivering 142 educational sessions to 1,697 additional healthcare professionals in their communities.

Performance-in-Practice: Nine practice teams across Brazil, Japan, Kenya, and Nigeria implemented systematic depression screening for patients with diabetes in their practices. Through this quality improvement initiative 1,592 diabetic patients were screened with 423 (26.6%) identified as having depression.

The MDD Minds Project met all the objectives set out in our proposal, addressing critical gaps in depression care. Participating clinicians reported substantial improvements in their ability to:


	•Diagnose MDD in culturally diverse contexts

	•Educate patients on health promotion and lifestyle changes

	•Apply shared decision-making principles

	•Select appropriate pharmacological and non-pharmacological treatments

	•Manage co-morbidities

	•Develop team approaches to care

	•Communicate effectively with specialists

	•Implement activities to drive practice change, and

	•Follow up with patients to review healthcare needs.




Importantly, the project also highlighted the need for healthcare provider self- care. This valuable outcome has strengthened resilience among participating clinicians, enabling them to better serve their patients while maintaining their own wellbeing.



Recommendations for best practice

Best practices were identified by reviewing evaluations from the master faculty and subsequent review by the MDD Minds Steering Committee.

Language and cultural adaptation are necessary to serve the needs of a wide range of learners. Translating the educational material from English into Portuguese, Spanish, and Japanese was fundamental, while having further languages available may have increased engagement and completion. Cultural personalization is critical since mental health problems are addressed and managed differently across the globe: what is managed by family doctors in one country may be the purview of only psychiatrists in another country. Understanding these cultural and structural nuances is key to implementing a curriculum that improves care and patient health outcomes.

The support and engagement of in-country organizations was key to the recruitment process, providing another voice and invitation to local family doctors. In addition, we found the use of social media including WhatsApp to be both practical and cost-efficient in facilitating effective communication among the participants and Master Faculty.

Adequate time should be allowed for the development of educational content and material especially when local language adaptations are involved. Time should also be factored in for field testing to ensure accuracy and easy navigation of the chosen online platform.

Our completion rate of 20% for the MDD Minds 101 online module was higher than anticipated. The percentage rate for completion of online courses is usually between 5% and 15%, while for Massive Open Online Courses (MOOCs) it is only 5%–8% (28). The completion rate for the train-the-trainer program was in line with similar activities in primary care in Latin America (29). We recommend our practice of designing brief (15–20 min) online modules, to encourage learners to stay engaged. It is also important to ensure minimal delay between registration and course participation, as we have received feedback that technical delays in enrollment confirmation can serve as barriers to completion rates.

Tracking data on responses and results for each phase and from all participants is most effective when data collection methods are confirmed before the start of the initiative. Prior agreement on the use of a single data- collection platform is also recommended.

Flexibility is needed when selecting the most appropriate in-country leader. Physicians are busy, schedules change, life happens; it may be necessary to identify additional in- country experts to take leadership roles after the project begins. This reflects a common reality in the field. However, it is important to balance flexibility and task-sharing with continued efforts to center and empower primary care physicians in leadership roles.




Conclusion

The MDD Minds project demonstrates the capacity of WONCA and its partners to deliver high-quality educational programming at scale, work in partnership with other international organizations, while meeting defined objectives and producing meaningful outcomes. It also highlights the benefits of localized frameworks that support family doctors and primary care teams in improving the care of patients with major depressive disorders.

The project has equipped family doctors with essential knowledge and skills to address depression, a leading cause of global disability. Most importantly, their patients have benefited from improved recognition, understanding, and treatment of their condition, with positive impacts on their mental health and wellbeing.

The potential to package MDD Minds and spread its usage is significant. The curriculum, tools and resources can be made available to other countries, with a framework for recruitment, master faculty engagement, content translation (as needed), technology recommendations, and communications provided to champions in selected locations or organizations. Considering the multimorbidity of depression with other non- communicable diseases, the MDD Minds framework may also serve as a useful template to design projects targeting other important clinical and public health topics.

As depression continues to affect hundreds of millions globally, the WONCA MDD Minds project provides a scalable and sustainable model which is adaptable to address other mental health issues or other public health priorities.
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Clinical trial registration: Amidst ongoing urbanization, understanding how to effectively enhance visitor well-being (e.g., Psychological Thriving) in accessible natural settings like urban parks is crucial. Mindfulness interventions offer a promising avenue, yet the comparative efficacy of different delivery modes (digital vs. traditional) and their underlying psychological pathways remain underexplored. Targeting this, three experiments were conducted to explore the effect of the form of mindfulness training (digital vs. traditional) on individual Psychological Thriving, its underlying mechanisms, and boundary conditions. Results from Experiment 1 indicated that the form of mindfulness training significantly influenced individual Psychological Thriving (H1), with digital mindfulness training being more effective than traditional mindfulness training in enhancing Psychological Thriving. Experiment 2 further revealed that Grit and Meaning in life played a serial mediating role in the relationship between the form of mindfulness training and Psychological Thriving: the form of mindfulness training indirectly impacted Psychological Thriving (H4) by first influencing individual Grit (H2), which subsequently affected their Meaning in life (H3). Finally, Experiment 3 confirmed that Body Appreciation moderated the relationship between the form of mindfulness training and Psychological Thriving (H5, H6), indicating that the effect of the mindfulness training form on Psychological Thriving varied depending on individuals’ levels of Body Appreciation. All hypotheses were empirically supported. Collectively, these findings deepen the understanding of different mindfulness intervention pathways and their psychological effects, offering new theoretical perspectives and practical implications for enhancing individual positive psychological states.
https://www.chictr.org.cn/, Identifier ChiCTR2500103568.
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1 Introduction

The continuous advancement of global urbanization highlights the growing demand for easily accessible natural refuges, and urban wetland parks are thus increasingly recognized as key sites for psychological restoration and the cultivation of visitor well-being (1). Although the manifold benefits of nature engagement are well-documented, achieving profound psychological outcomes, particularly enhanced Psychological Thriving, is not necessarily a direct path; its realization often depends on the depth and quality of visitors’ immersive experiences (2). Intriguingly, digital technologies themselves, often criticized for causing distractions and diminishing authentic engagement, may paradoxically hold untapped potential to cultivate more mindful and enriched connections with these restorative landscapes, thereby opening new avenues for enhancing visitor Psychological Thriving.

Existing literature has predominantly focused on unguided nature contact, generalized digital entertainment/information tools, or non-contextualized digital mindfulness applications (3); the potential of digital mindfulness within specific recreational settings, such as urban wetland parks, remains largely unexplored. A critical question is how a tailored digital intervention can be designed to precisely and effectively boost visitor Psychological Thriving in this unique context. Previous studies have demonstrated that actively guided nature experiences can significantly enhance visitors’ positive emotions and sense of place connection (4). Meanwhile, the application of digital technologies in the tourism sector is also burgeoning, with various tools, from augmented reality (AR) to context-aware information delivery, being explored to enrich visitor interactions and improve satisfaction (5). In particular, mindfulness, as an effective psychological strategy that promotes present-moment awareness, reduces mind-wandering, and deepens experience, has seen its application value in natural environments gain initial recognition, with some studies indicating that traditional mindfulness practices can effectively enhance participants’ nature connectedness and psychological tranquility (6). Furthermore, research has begun to explore the positive effects of general-purpose digital mindfulness applications (7) on individuals’ daily stress management and emotion regulation (Author, Year). However, these studies provide only fragmented insights. Therefore, a systematic investigation is critically needed to understand how to synergistically integrate modern digital technology with mindfulness in specific park contexts to enhance visitor Psychological Thriving and uncover its underlying mechanisms.

To systematically address the aforementioned research gap and to delve deeper into the unique efficacy and mechanisms through which digital mindfulness training enhances visitor Psychological Thriving, this study designed and conducted three experiments. First, Experiment 1 aimed to directly compare the immediate impact of digital mindfulness training (vs. traditional mindfulness training) (8) on the Psychological Thriving of urban wetland park visitors, thereby initially validating the effectiveness of digital mindfulness training. Building on this, Experiment 2, also within the comparative framework of digital mindfulness training versus traditional mindfulness training, further delved into the serial mediating roles of Grit and Meaning in life in this impact pathway, aiming to uncover the underlying psychological processes (9). To more comprehensively understand its boundary conditions and applicable contexts, Experiment 3 investigated the potential moderating role of body appreciation between different mindfulness training methods and visitor Psychological Thriving.

The contributions of this study are anticipated to have profound implications at both theoretical and practical levels (10). Theoretically, through a systematic three-experiment design, this study will first directly compare the differences in training effectiveness between digital mindfulness training and traditional mindfulness training, providing crucial empirical evidence for the application of digital technology in positive psychological interventions, particularly in enhancing visitor Psychological Thriving in natural settings (11). More importantly, by deeply investigating the serial mediating roles of Grit and Meaning in life, as well as the moderating effect of body appreciation, this study will unveil the complex psychological mechanisms and applicable boundaries through which digital mindfulness training influences visitor Psychological Thriving (12). These findings will not only enrich the existing theoretical frameworks in environmental psychology regarding the quality of nature experience, in positive psychology concerning (13) the cultivation of Psychological Thriving, and in tourism studies on technology-enhanced experiences—particularly contributing unique theoretical insights to the emerging interdisciplinary field of digital mindfulness and visitor Psychological Thriving—but will also offer new theoretical perspectives for understanding positive modes of human-nature interaction in the digital age. The findings of this study are expected to provide forward-looking and actionable guidance for urban wetland park managers, tourism experience designers, and digital health application developers (15).



2 Theoretical background and research hypotheses


2.1 Mindfulness

Mindfulness is understood as a state of awareness generated by intentionally and non-judgmentally directing attention to present-moment experiences, with its core components comprising the self-regulation of attention and an open, accepting attitude towards experience (16). This framework provides a foundation for understanding how mindfulness can enhance visitor experiences in urban parks: by guiding attention to present natural stimuli, it can deepen environmental connection and elevate positive emotions (17). However, the transition from traditional to digital delivery modes raises a critical theoretical question regarding effectiveness (18). We propose that the unique affordances of a sophisticated digital intervention, such as the one used in this study, can directly and more effectively target the core mechanisms of mindfulness. Specifically, we theorize that: Interactivity Enhances Attention Regulation: Unlike static instructional materials, an AI-driven digital guide provides dynamic, real-time feedback (19). This interactive loop can gently prompt users to return their focus when attention wanders, acting as a form of cognitive scaffolding (20). This active, supportive engagement is hypothesized to strengthen the user’s capacity for attention regulation more efficiently than passive listening. Personalization Fosters Acceptance: The AI’s ability to offer personalized, non-judgmental responses models an attitude of acceptance. By acknowledging user states with validating language, it helps reduce self-criticism and encourages an open curiosity toward one’s internal experiences. This personalized validation is crucial for fostering the unconditional acceptance that is central to mindfulness (21).

Therefore, this study moves beyond simply comparing delivery modes. It is grounded in the theoretical premise that these specific digital characteristics—interactivity and personalization—are the key mechanisms that can uniquely enhance the cultivation of mindfulness, and consequently, visitor Psychological Thriving (22).



2.2 Psychological thriving

Psychological Thriving is defined as an optimal state of individual functioning that transcends simple happiness or life satisfaction, capturing a comprehensive picture of an individual’s positive state (23). It integrates facets of subjective well-being (e.g., positive emotions), psychological well-being (e.g., purpose), and social well-being (24–26), making it a particularly robust indicator for assessing the profound benefits of positive psychological interventions. In the context of this study, which explores interventions within an urban park’s eco-therapeutic setting, Psychological Thriving is an especially fitting outcome variable. It captures not just fleeting positive feelings, but a more stable and profound state of feeling energized and purposeful (27).

While Psychological Thriving is indeed multi-faceted, the primary objective of this research is to gauge the overall efficacy of different mindfulness modalities in enhancing visitors’ well-being (28). Therefore, for the purpose of this investigation, we conceptualize and measure it as a holistic indicator of a visitor’s peak psychological state. This approach allows us to determine the summative impact of each intervention on fostering a state of comprehensive well-being, rather than dissecting its constituent parts at this stage. Consequently, Psychological Thriving serves as the key dependent variable in this research, enabling a clear evaluation of which mindfulness delivery format is more effective at enhancing visitors’ overall positive psychological experience (29).



2.3 Mindfulness training and psychological thriving

Traditional mindfulness training, despite demonstrating its value in cultivating attention and acceptance (30), often faces numerous challenges in practice, such as a high dependence on professional guidance, relatively fixed practice formats, and difficulty in maintaining practice in dynamically changing environments (31). Particularly in open natural environments like urban wetland parks, visitors are susceptible to external distractions, and the universality and immediate guidance of traditional mindfulness materials may also be insufficient. However, the development of digital technology has brought revolutionary opportunities for mindfulness practice. Extensive research indicates that digital interventions based on mobile devices or wearable technologies, by virtue of their enhanced accessibility, high potential for personalization, real-time feedback capabilities, and rich interactive formats, can effectively enhance user engagement, adherence, and ultimately improve mental health outcomes (32). For example, digital mindfulness training can provide customized guided instructions based on users’ specific contexts (such as specific landscapes or sounds within the park) (33), and also enhance the enjoyment and motivation of mindfulness practice through gamification elements, all of which are advantages that traditional modes can hardly match.

Furthermore, we posit that this optimization of the mindfulness practice experience brought about by digital media will directly translate into a more effective promotion of visitor Psychological Thriving. The core mechanism of mindfulness lies in enhancing awareness of present internal and external experiences, reducing automated negative thought rumination, and enhancing positive emotional experiences (34). Digital mindfulness training, by virtue of its characteristics (such as the aforementioned personalization, interactivity, and contextual adaptability), can more effectively help visitors achieve and maintain a state of mindfulness in wetland parks, helping visitors to immerse themselves more deeply in the present natural environment, to perceive beautiful sensory inputs more keenly, and to be less disturbed by internal turmoil. Thus, according to the theoretical composition of Psychological Thriving (35), this higher-quality mindfulness experience will more powerfully touch upon and enhance multiple key dimensions of Psychological Thriving. Successfully using digital tools for effective mindfulness practice may also indirectly enhance a sense of control or self-efficacy (36). In contrast, although traditional mindfulness training can also bring benefits, in dynamic and potentially distracting park environments, its effectiveness in guiding attention and maintaining engagement in practice may not be as direct and efficient as that of digital media. Therefore, we anticipate that digital media, by optimizing the quality and depth of mindfulness practice, will more effectively enhance the overall Psychological Thriving of urban wetland park visitors. Based on this, the first core hypothesis of this study is proposed as follows:


H1: Urban wetland park visitors participating in digital mindfulness training will experience a significantly greater increase in their Psychological Thriving levels compared to those participating in traditional mindfulness training.




2.4 The sequential mediation of grit and meaning in life

To elucidate the mechanism through which digital mindfulness training enhances psychological thriving, we propose a comprehensive serial mediation model. This model posits that grit and meaning in life function as both parallel and serial mediators. In line with the reviewer’s suggestion for a rigorous, path-by-path analysis, we first establish the theoretical foundation for each constituent relationship within our proposed causal framework.

First, we argue that digital mindfulness training serves as a direct antecedent for both mediators (37). The practice acts as an effective incubator for grit by providing “cognitive scaffolding” (20) that facilitates mastery experiences and cultivates self-efficacy (38). Simultaneously, mindfulness training can directly enhance meaning in life. By fostering a state of non-judgmental, present-moment awareness, it allows individuals to connect more deeply with their inner experiences and the surrounding environment, a process known to imbue life with a greater sense of purpose and significance.

Second, we posit a causal link between the two mediators. Specifically, we argue that the cultivation of grit acts as a catalyst for finding meaning in life. Grounded in Self-Determination Theory (39), we contend that the exercise of grit satisfies the fundamental needs for competence and autonomy. This process transforms effortful action into a value-driven endeavor, thereby forging a deeper sense of meaning (40).

Third, we assert that both mediators are direct predictors of psychological thriving. Grit, as a form of determined perseverance, is itself a component of thriving, enabling individuals to overcome obstacles in pursuit of personal growth. Concurrently, an enhanced sense of meaning in life serves as a core psychological resource that provides purpose and resilience, which are foundational to the positive functioning that defines psychological thriving (41, 42). Based on the theoretical framework established above, we propose a set of hypotheses that build from the individual causal paths to the integrated mediation effects.

Hypotheses for the constituent paths:


H2: Mindfulness training will positively predict grit.
H3: Mindfulness training will positively predict meaning in life.
H4: Grit will positively predict meaning in life.
H5: Grit will positively predict psychological thriving.
H6: Meaning in life will positively predict psychological thriving.


Hypotheses for the integrated mediation effects:


H7: Grit will mediate the relationship between digital mindfulness training and psychological thriving.
H8: Meaning in life will mediate the relationship between digital mindfulness training and psychological thriving.
H9: Grit and meaning in life will serially mediate the relationship between digital mindfulness training and psychological thriving.




2.5 The moderating role of body appreciation

While exploring the serial mediating roles of Grit and Meaning in life, this study further examines the potential moderating effect of Body Appreciation on the impact of digital mindfulness training (relative to traditional mindfulness training) on Grit. Body Appreciation is defined as an individual’s acceptance, respect, and protection of their body, as well as appreciation for its functionality and health, irrespective of idealized body size or appearance standards (43). Mindfulness training, particularly exercises emphasizing body scans and non-judgmental awareness of bodily sensations, has been shown to promote a more positive body image and body acceptance (44). We hypothesize that for urban wetland park visitors with higher levels of Body Appreciation, the effect of digital mindfulness training (compared to traditional mindfulness training) in enhancing their Grit may be more pronounced (45). This is because individuals with high Body Appreciation may be more inclined to actively participate in and adhere to activities that promote physical and mental health; their positive interpretation of bodily signals and trust in their body’s capabilities might enable them to benefit more readily from the structured guidance and interactive feedback of digital mindfulness training, thereby more effectively internalizing the focus and persistence cultivated in mindfulness practice into Grit. In other words, when individuals hold a more positive and appreciative attitude towards their bodies, the efficacy of digital mindfulness training, as a more engaging and supportive intervention, in enhancing Grit may be amplified (46). Therefore, we propose the following moderation hypothesis:


H10: Body Appreciation plays a positive moderating role in the effect of digital mindfulness training (relative to traditional mindfulness training) on the Grit of urban wetland park visitors; specifically, for visitors with higher levels of Body Appreciation, digital mindfulness training will enhance their Grit more significantly than traditional mindfulness training.


Based on the aforementioned analysis of the moderating role of Body Appreciation, and the previously constructed serial mediation pathway of “digital mindfulness training → Grit → Meaning in life → Psychological Thriving,” we further hypothesize that Body Appreciation (47) will moderate the entire serial mediation process. Specifically, if the positive impact of digital mindfulness training (relative to traditional mindfulness training) on Grit is moderated by the level of Body Appreciation, then this moderating effect will be transmitted along the subsequent mediation chain, ultimately influencing Psychological Thriving. That is, among visitor groups with higher levels of Body Appreciation, digital mindfulness training will not only enhance their Grit more effectively, but this enhanced Grit will also more strongly promote their Meaning in life, and consequently, more significantly enhance their Psychological Thriving. In other words, Body Appreciation, as a positive individual trait, provides a more favorable “catalytic” condition for the efficacy of digital mindfulness training in enhancing Psychological Thriving through the “Grit → Meaning in life” (48) pathway. Therefore, we propose the following moderated serial mediation hypothesis:


H11: Body Appreciation moderates the serial mediation effect of digital mindfulness training (relative to traditional mindfulness training) on the Psychological Thriving of urban wetland park visitors through Grit and Meaning in life. Specifically, this serial mediation effect is stronger when visitors’ levels of Body Appreciation are higher.


Based on the above several theoretical assumptions, the theoretical framework of this study is shown in Figure 1.

[image: Conceptual diagram showing relationships among five constructs: Mindfulness leads to Grit, Body Appreciation, Meaning in Life, and Psychological Thriving; Grit influences Meaning in Life and Psychological Thriving; Meaning in Life leads to Psychological Thriving.]

FIGURE 1
 Theoretical model of the study.





3 Overview of studies

To test the aforementioned hypotheses, we conducted three experiments. Experiment 1 aimed to examine the effect of the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) on Psychological Thriving (testing Hypothesis H1). Experiment 2, using the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) as the research context, aimed to test the serial mediating role of Grit and Meaning in life (49) (testing Hypotheses H2-H9). Experiment 3 aimed to investigate the moderating role of Body Appreciation in the effect of the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) on Psychological Thriving (testing Hypotheses H10, H11) (16). To further enhance the accuracy and generalizability of the three experiments, different stimulus materials were used in each experiment, a practice demonstrated as reasonable and effective in previous research.

The “digital mindfulness training” in this study was administered through a novel intervention featuring a conversational AI agent acting as a virtual mindfulness coach, custom-built upon the ‘Doubao’ platform, a prominent large language model-based application in China. The intervention, delivered via a smartphone interface, was designed to be a clear and replicable procedure (50). Specifically, the AI agent, functioning as a simulated human instructor, guided participants through a 10-min meditation script adapted from foundational Mindfulness-Based Stress Reduction (MBSR) principles, focusing on breath awareness (51). The guidance was delivered in a synthesized, calm female voice speaking standard Mandarin Chinese, generated by the ‘Doubao’ platform’s text-to-speech engine to ensure a natural and soothing experience. To maintain experimental consistency, the AI’s interactive capability was limited to initiating and concluding the session (e.g., responding to a ‘start’ command), with the core meditation script remaining standardized for all participants. Participants were recruited directly by the research team on-site within the park, ensuring that all data were collected from actual park visitors. The experimental procedure was conducted in a quiet, designated area of the park. To maintain consistency with the data collection methods of our other experiments, participants completed the online questionnaire on the Credamo platform using their own smartphones. Participants followed the virtual coach’s instructions using headphones provided by the research team, which were thoroughly sanitized with a disinfecting alcohol spray after each use. This approach allowed us to explore the feasibility of delivering standardized mindfulness interventions in natural settings using accessible artificial intelligence technology (52).

An a priori power analysis was performed using G*Power (version 3.1) to determine the necessary sample size for each experiment. We set the parameters to detect a medium effect size (Cohen’s d = 0.40) with a high statistical power of 0.95 at a significance level (α) of.05. The analysis revealed that a minimum of 164 participants in total (n = 82 per group) was required. To enhance the robustness of our findings and ensure adequate power, we conservatively recruited a sample substantially larger than this threshold, with over 200 participants in each experiment. It should be noted that Credamo is a prominent Chinese online platform for participant recruitment and survey data collection, functioning similarly to Amazon’s Mechanical Turk (MTurk) or Prolific. The demographic information of this study is presented in Table 1, and the variables and measurement questions used in this study are shown in Table 2.


TABLE 1 Demographic characteristics.


	Variable
	Item
	Experiment 1 (N = 400)
	Experiment 2 (N = 301)
	Experiment 3 (N = 218)



	Frequency
	Proportion
	Frequency
	Proportion
	Frequency
	Proportion

 

 	Gender 	Male 	214 	53.5.50 percent 	156 	51.80 per cent 	116 	53.20 percent


 	Female 	186 	46.50 percent 	145 	48.20 percent 	102 	46.80 percent


 	Age 	18–25 years old 	100 	25.00 percent 	87 	28.90 percent 	26 	11.90 percent


 	26–35 years old 	261 	65.30 percent 	183 	60.80 percent 	139 	63.80 percent


 	36–45 years old 	20 	5.00 percent 	12 	4.00 percent 	25 	11.50 percent


 	46–55 years old 	9 	2.30 percent 	9 	3.00 percent 	12 	5.50 percent


 	Over 56 years old 	10 	2.50 percent 	10 	3.30 percent 	16 	7.30 percent


 	Education background 	Primary school 	10 	2.50 percent 	10 	3.30 percent 	14 	6.40 percent


 	Junior high school 	10 	2.50 percent 	8 	2.70 percent 	13 	6.00 percent


 	Technical secondary school. 	10 	2.50 percent 	10 	3.30 percent 	15 	6.90 percent


 	College Specialty 	80 	20.00 percent 	57 	18.90 percent 	34 	15.60 percent


 	Undergraduate college 	280 	70.00 per cent 	206 	68.40 percent 	127 	58.30 percent


 	Postgraduate 	10 	2.50 percent 	10 	3.30 percent 	15 	6.90 percent




 


TABLE 2 Variable issue.


	Variable
	Items
	Source

 

 	Grit 	New ideas and projects sometimes distract me from previous ones.
Setbacks don’t discourage me. I don’t give up easily.
I often set a goal but later choose to pursue a different one.
I am a hard worker.
I have difficulty maintaining my focus on projects that take more than a few months to complete.
I finish whatever I begin.
My interests change from year to year.
I am diligent. I never give up.
I have been obsessed with a certain idea or project for a short time but later lost interest.
I have overcome setbacks to conquer an important challenge. 	Duckworth et al. (53)


 	Meaning In Life 	I understand my life’s meaning.
I am looking for something that makes my life feel meaningful.
I am always looking to find my life’s purpose.
My life has a clear sense of purpose.
I have a good sense of what makes my life meaningful.
I have discovered a satisfying life purpose.
I am always searching for something that makes my life feel significant.
I am seeking a purpose or mission for my life.
My life has no clear purpose.
I am searching for meaning in my life. 	Steger et al. (54)


 	Body Appreciation 	I respect my body.
I feel good about my body.
I feel that my body has at least some good qualities.
I take a positive attitude towards my body.
I am attentive to my body’s needs.
I feel love for my body.
I appreciate the different and unique characteristics of my body.
My behavior reveals my positive attitude toward my body; for example, I walk holding my head high and smiling.
I am comfortable in my body.
Even though I have a different image from the attractive people in the media, such as models and actors, I still feel that I am beautiful. 	Tylka et al. (57)


 	Psychological Thriving 	My life has a clear goal.
I’m optimistic about my future.
My life is going well.
Most of the time I feel good.
What I have done is worthwhile and valuable.
I’m achieving most of my goals.
As long as I put my heart into it, I can succeed.
I have a sense of belonging to my community.
I feel energetic when engaging in most activities.
There are people in this world who appreciate me. 	Su et al. (35)




 



4 Experiment 1: main effect

The purpose of Experiment 1 was to preliminarily test our focal hypothesis: how the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) influences the Psychological Thriving of urban park visitors.


4.1 Method

We recruited 410 participants through random sampling on the professional domestic questionnaire collection platform, Credamo platform.1 Among them, 10 participants were excluded for failing an attention check. Participants were then randomly assigned to one of two conditions: the digital mindfulness training group (n = 205) and the traditional mindfulness training group (n = 195). Detailed demographic information is presented in Table 1.

Procedure: Digital mindfulness training group: “Now, please imagine yourself in a tranquil and beautiful urban wetland park. The sun is warm, a gentle breeze is blowing, and the surroundings are full of natural vitality. You find a comfortable and quiet spot to sit down, take out your smartphone (or tablet), and open a mindfulness training application guided by an AI agent. A friendly AI avatar appears on the screen and begins to guide you through mindfulness practice with a gentle and clear voice. You follow the AI’s guidance, step by step, engaging in breath awareness, body scan, and open awareness of the surrounding sounds and smells. The AI agent patiently accompanies you, helping you to anchor your attention in the present moment and experience the tranquility and beauty of the park. Please try to experience this AI-guided digital mindfulness process as realistically as possible.”

Traditional mindfulness training group: “Now, please imagine yourself in a tranquil and beautiful urban wetland park. The sun is warm, a gentle breeze is blowing, and the surroundings are full of natural vitality. You find a comfortable and quiet spot to sit down. In front of you, beautiful pictures of an urban wetland park will be displayed (the experimenter will present the pictures here). At the same time, please imagine an experienced mindfulness instructor (or one of our researchers) gently guiding you through mindfulness practice. You follow the instructor’s verbal guidance, step by step, engaging in breath awareness, body scan, and open awareness of the surrounding sounds and smells, while referring to the park pictures before you to deepen your experience. The instructor patiently accompanies you, helping you to anchor your attention in the present moment and experience the tranquility and beauty of the park. Please try to experience this instructor-guided traditional mindfulness process as realistically as possible.”

Subsequently, they answered questions measuring Psychological Thriving, e.g., “My life has clear goals.” (35) (1 = strongly disagree, 7 = strongly agree). To better enable the subjects to experience the stimulus information of the experiment, when filling out the questionnaire, the subjects will see the stimulus diagram as shown in Figure 2.

[image: Person holding a tablet outdoors in a park-like setting, displaying a digital illustration of a humanoid robot sitting cross-legged, wearing headphones, and surrounded by neon-colored light streaks.]

FIGURE 2
 Stimulus material for Experiment 1.




4.2 Results

In Experiment 1 (N = 400), a one-way ANOVA was conducted to examine the effect of the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) on Psychological Thriving. The analysis revealed a significant main effect of the form of mindfulness training (F (1, 398) = 189.551, p < 0.001, ηp2 = 0.429). Specifically, participants in the digital mindfulness training group (M = 6.82, SD = 0.23) reported significantly higher Psychological Thriving compared to those in the traditional mindfulness training group (M = 5.46, SD = 1.38). These findings support Hypothesis H1.



4.3 Discussion

Experiment 1 demonstrated that the form of mindfulness training has a significant effect on Psychological Thriving, supporting Hypothesis H1. Specifically, digital mindfulness training led to higher levels of Psychological Thriving among park visitors compared to traditional mindfulness training. While Experiment 1 established this main effect, it did not further explore the serial mediating role between the form of mindfulness training and visitor Psychological Thriving; this was the focus of subsequent experiments.




5 Experiment 2: the chain mediation effect

Study 2 was designed with two primary objectives. First, it aimed to replicate the main effect observed in Study 1 to ensure the robustness of the findings. Second, and more importantly, it sought to investigate the underlying psychological mechanism by testing the proposed sequential mediating roles of grit and sense of meaning.


5.1 Method

We recruited 330 participants through random sampling on the professional questionnaire collection platform, Credamo platform. Among them, 25 participants were excluded for failing an attention check. Participants were then randomly assigned to one of two mindfulness training conditions: digital mindfulness training or traditional mindfulness training. The digital mindfulness training group comprised 140 participants, and the traditional mindfulness training group comprised 161 participants.

Procedure: Digital mindfulness training group: “Now, please imagine yourself in a tranquil and beautiful urban wetland park. The sun is warm, a gentle breeze is blowing, and the surroundings are full of natural vitality. You decide to undertake a mindfulness training session to relax your mind and body. You find a comfortable and quiet spot to sit down, take out your smartphone (or tablet), and launch a mindfulness training program guided by an AI agent. The AI agent, with its characteristic gentle and steady tone, guides you to focus on your present breath, observe your bodily sensations, and consciously accept the various sounds and sights of the park environment. Accompanied by the AI, you strive to bring your attention back to the present experience repeatedly, noticing the changes within you. Please try to experience this AI-guided digital mindfulness process as realistically as possible.”

Traditional mindfulness training group: “Now, please imagine yourself in a tranquil and beautiful urban wetland park. The sun is warm, a gentle breeze is blowing, and the surroundings are full of natural vitality. You decide to undertake a mindfulness training session to relax your mind and body. You find a comfortable and quiet spot to sit down. In front of you, beautiful pictures of an urban wetland park will be displayed. At the same time, please imagine an amiable mindfulness instructor sitting not far from you, guiding you through mindfulness practice with a gentle and steady tone. You follow the instructor’s guidance, focusing on your present breath, observing your bodily sensations, and consciously accepting the various sounds and sights of the park environment, while the pictures before you also help you to better immerse yourself in the scene. Accompanied by the instructor, you strive to bring your attention back to the present experience repeatedly, noticing the changes within you. Please try to experience this instructor-guided traditional mindfulness process as realistically as possible.”

Subsequently, participants were required to answer questions measuring Grit, e.g., “I have overcome significant and challenging difficulties in the past” (53) (1 = strongly disagree, 7 = strongly agree), and questions measuring Meaning in life, e.g., “I have a good understanding of the meaning of my life” (54) (1 = strongly disagree, 7 = strongly agree), as well as questions measuring Psychological Thriving (35). To better enable the subjects to experience the stimulus information of the experiment, when filling out the questionnaire, the subjects will see the stimulus diagram as shown in Figure 3.

[image: A humanoid robot with blue headphones and closed eyes sits cross-legged within a tablet screen frame, hands in a prayer position, surrounded by green trees; Chinese text promotes calm breathing, relaxation, and mindfulness.]

FIGURE 3
 Stimulus material for Experiment 2.




5.2 Results

Main effect test. In Experiment 2 (N = 301), we analyzed the main effect of mindfulness training form on Psychological Thriving using a one-way ANOVA. The analysis revealed a significant main effect (F (1, 299) = 22.338, p < 0.001, ηp2 = 0.07). Specifically, participants in the digital mindfulness training group (M = 6.58, SD = 0.02) reported significantly higher Psychological Thriving compared to those in the traditional mindfulness training group (M = 6.00, SD = 1.45). Hypothesis H1 was therefore re-tested.

Mediation analysis. We conducted a serial mediation analysis using Process Model 6 [Bootstrap samples: 5000; (55)] with the form of mindfulness training as the independent variable, Psychological Thriving as the dependent variable, and Grit and Meaning in life as mediators, to test the serial mediating role of Grit and Meaning in life Data analysis indicated that the effect of the form of mindfulness training on Grit was significant [β = 0.5496, 95% CI = (0.4583, 0.6410)], and the effect of the form of mindfulness training on Meaning in life was also significant [β = 0.2749, 95% CI = (0.0788, 0.4709)]. The effect of Grit on Meaning in life was also significant [β = 1.0043, 95% CI = (0.8027, 1.2058)]. The effect of the form of mindfulness training on Psychological Thriving was also significant [β = −0.4167, 95% CI = (−0.6043, −0.2291)]. The effect of Grit on Psychological Thriving was significant [β = 0.4911, 95% CI = (0.2720, 0.7102)], and the effect of Meaning in life on Psychological Thriving was also significant [β = 0.8868, 95% CI = (0.7790, 0.9945)]. The direct effect of the form of mindfulness training on Psychological Thriving was also significant [β = 0.5864, 95% Boot CI = (0.3423, 0.8306)]. Furthermore, the indirect effect of the form of mindfulness training on Psychological Thriving through Grit and Meaning in life was also significant [β = 0.4895, 95% Boot CI = (0.3418, 0.6578)]. Both grit [β = 0.24, 95% CI (0.09, 0.40)] and meaning in life [β = 0.22, 95% CI (0.05, 0.41)] were found to be significant mediators of the relationship between mindfulness and flourishing. The total indirect effect was [β = 1.0031, 95% Boot CI = (0.7180, 1.3041)], indicating a significant overall mediation effect. These findings support Hypothesis H2-H9. To better present the empirical results of this study, the results graph of this study is shown in Figure 4.

[image: Path diagram illustrating relationships among four constructs: Mindfulness, Grit, Meaning in Life, and Psychological Thriving. Arrows indicate directions, with standardized coefficients and significance levels; all paths are positive except Mindfulness to Psychological Thriving, which is negative.]

FIGURE 4
 Results of Experiment 2. **p < 0.01. ***p < 0.001.




5.3 Discussion

In Experiment 2, we demonstrated the significant mediating role of Grit and Meaning in life in the relationship between the form of mindfulness training and Psychological Thriving. However, when Grit and Meaning in life were considered as mediating variables, the direct effect became positive and significant, indicating that Grit and Meaning in life played a full serial mediating role in the effect of the form of mindfulness training on Psychological Thriving. This result reveals the mechanism by which the form of mindfulness training shapes park visitors’ Psychological Thriving by influencing their Grit and Meaning in life, while the initial direct effect might have been obscured by the mediating effects. This finding offers a new perspective for understanding how mindfulness training influences Psychological Thriving (56). Although Experiment 2 yielded these findings, it did not discuss whether a moderating effect exists in the relationship between the form of mindfulness training and Psychological Thriving. Therefore, in Experiment 3, we introduced Body Appreciation as a moderating variable to examine the moderated mediation effect of Body Appreciation in the relationship between the form of mindfulness training and Psychological Thriving.




6 Experiment 3: moderated mediation test

Experiment 3 was an in-person experiment designed to test our focal hypothesis: the effect of the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) on Psychological Thriving, thereby re-examining the main effect. We also tested whether Body Appreciation moderated the effect of the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) on Psychological Thriving.


6.1 Method

We recruited 230 participants through random sampling at a wetland park in City A. Among them, 12 were excluded for failing an attention check. Participants were then randomly assigned to one of two mindfulness training conditions: digital mindfulness training or traditional mindfulness training. The digital mindfulness training group comprised 106 participants, and the traditional mindfulness training group comprised 112 participants.

Procedure: Digital mindfulness training group: “Now, you will experience a mindfulness training session guided by an AI agent via a mobile phone. Please put on the headphones and click the start button on the screen. The AI agent will guide you through a series of mindfulness exercises via voice, including awareness of breath, bodily sensations, and the urban wetland park environment. Please sit comfortably, close your eyes, and follow the AI agent’s guidance to complete the entire training process. We will ensure that you are in a quiet and undisturbed environment for this.”

Traditional mindfulness training group: “Now, a trained volunteer from our team will lead you through a mindfulness training session in person. Please sit comfortably and close your eyes. Our volunteer will use gentle language to guide you through a series of mindfulness exercises, including awareness of breath, bodily sensations, and the (imagined) urban wetland park environment. Please relax your mind and body, and follow the volunteer’s guidance to complete the entire training process. We will ensure that you are in a quiet and undisturbed environment for this.”

Subsequently, participants were required to answer questions measuring Grit (53), questions measuring Meaning in life, e.g., “I have a good understanding of the meaning of my life.” (54) (1 = strongly disagree, 7 = strongly agree), and also questions measuring Psychological Thriving (35). To better enable the subjects to experience the stimulus information of the experiment, when filling out the questionnaire, the subjects will see the stimulus diagram as shown in Figure 5.

[image: Mobile app interface shows a woman wearing headphones with eyes closed, one hand on her chest and one on her abdomen, suggesting a breathing exercise. Text in English reads “Atmosphere”; Chinese text and buttons relate to mindful breathing training.]

FIGURE 5
 Stimulus material for Experiment 3.




6.2 Results

Main effect test. In Experiment 3 (N = 218), we found support for H1, demonstrating that digital mindfulness training more effectively enhanced Psychological Thriving compared to traditional training. Moderated mediation analysis indicated that Grit and Meaning in life are potential mediators of this effect. Crucially, body appreciation moderated the effect of training form on Grit, suggesting that the strength of the indirect effect of training form on Psychological Thriving via Grit varies depending on an individual’s level of body appreciation.

Moderated mediation analysis. To test the moderating effect, we estimated the moderated mediation model using the PROCESS macro [Model 83; (55) with 5,000 bootstrap samples]. The form of mindfulness training was the independent variable, Grit and Meaning in life were the mediating variables, Psychological Thriving was the dependent variable, and Body Appreciation was the moderating variable. Data results indicated that the effect of the form of mindfulness training on Grit was significant [β = 0.2826, 95% CI = (0.1278, 0.4374)], and the effect of the form of mindfulness training on Meaning in life was significant [β = 1.0283, 95% CI = (0.8127, 1.2439)]. The effect of the form of mindfulness training on Psychological Thriving was significant [β = 0.8949, 95% CI = (0.5892, 1.2006)]. The effect of Grit on Psychological Thriving was significant [β = 0.3464, 95% CI = (0.0697, 0.6231)]. The moderating effect of Body Appreciation on the relationship between the form of mindfulness training and Grit was significant [β = 1.1374, 95% CI = (0.0146, 0.3844)]. These findings support Hypothesis H10 and H11. To better present the empirical results of this study, the results graph of this study is shown in Figure 6.

[image: Path diagram displaying relationships among Mindfulness, Grit, Meaning in Life, Body Appreciation, and Psychological Thriving. Arrows indicate direct effects with standardized coefficients, triple asterisks signify p < 0.001, double asterisks indicate p < 0.01.]

FIGURE 6
 Results of Experiment 3. **p < 0.01. ***p < 0.001.




6.3 Conclusion

Experiment 3 supported H1, demonstrating that digital mindfulness training more effectively enhanced Psychological Thriving compared to traditional training. Moderated mediation analysis indicated that Grit and Meaning in life are potential mediators of this effect. Crucially, body appreciation moderated the effect of training form on Grit, suggesting that the strength of the indirect effect of training form on Psychological Thriving via Grit varies depending on an individual’s level of body appreciation.




7 General discussion


7.1 Research summary

This study, through three experiments, systematically investigated the effect of the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) on individual Psychological Thriving, along with its underlying mechanisms and boundary conditions. All proposed hypotheses were empirically supported (58). The results of Experiment 1 indicated that the form of mindfulness training (digital mindfulness training vs. traditional mindfulness training) could significantly influence individual Psychological Thriving (H1). Building on this, Experiment 2 provided strong empirical support for our proposed mechanism by confirming hypotheses H2 through H9. The findings established the viability of each causal path (H2-H6) and supported the roles of grit and meaning in life as both parallel (H7, H8) and serial mediators (H9) in the effect of digital mindfulness on psychological thriving. Finally, the results of Experiment 3 confirmed the moderating role of Body Appreciation in the relationship between the form of mindfulness training and Psychological Thriving (H10, H11), indicating that the effect of the form of mindfulness training on Psychological Thriving is moderated by an individual’s level of Body Appreciation. Collectively, these findings deepen the understanding of different mindfulness intervention pathways and their psychological effects.



7.2 Theoretical contributions

This study makes several contributions to the fields of mindfulness and positive psychology. First, this study significantly broadened the research horizon on the relationship between mindfulness and Psychological Thriving, particularly in comparing the efficacy of digital mindfulness training versus traditional mindfulness training in enhancing Psychological Thriving among urban wetland park visitors. While previous research has confirmed the positive role of mindfulness in enhancing individual well-being (59), few studies have directly compared the differential impacts of mindfulness training delivered via different media in natural tourism settings, especially within urban wetland parks—a context where the ecosystem service functions are increasingly recognized. Most studies have either focused on clinical applications (60) or explored traditional mindfulness in general life contexts (61), while empirical investigation into digital mindfulness for enhancing tourists’ immediate experiences and positive psychological capital is still in its nascent stages (62). By providing evidence that digital mindfulness training (compared to traditional mindfulness training) may be more effective in enhancing visitor Psychological Thriving in specific natural environments, this study not only enriches the positive psychology literature on factors promoting Psychological Thriving but also offers new empirical support for tourism studies on optimizing visitor experiences and well-being through lightweight, accessible interventions, thereby advancing the knowledge base at the intersection of “positive tourism psychology” and “digital health tourism” (14).

Second, by uncovering the serial mediating role of Grit and Meaning in life in the relationship between the form of mindfulness training and Psychological Thriving, this study provides a more refined pathway depiction for understanding the internal mechanisms through which mindfulness influences tourists’ positive psychological states. Although previous research has separately explored the dyadic relationships between mindfulness and Grit (63), Grit and Meaning in life (64), and Meaning in life and Psychological Thriving (65), empirical studies integrating these three into a complete serial mediation model—originating from specific mindfulness interventions (digital mindfulness training vs. traditional mindfulness training), proceeding through Grit and Meaning in life, and ultimately leading to Psychological Thriving—are scarce, particularly in tourism contexts (66). This study found that mindfulness training (especially in its digital form) may first enhance individuals’ qualities of focus and persistence (i.e., Grit), this enhancement in Grit, in turn, helps individuals better discover and perceive personal goals and values during their park experience (i.e., Meaning in life), ultimately fostering a comprehensive improvement in Psychological Thriving (67). This finding deepens the understanding of the mechanisms of mindfulness, moving beyond simple direct effect explorations. It provides a theoretical basis for how to cultivate tourists’ internal psychological resources in tourism experience design to achieve deeper levels of well-being, contributing significant empirical evidence for the construction of a “psychological capital in tourism experience” theory (68).

Finally, this study introduced and validated the role of Body Appreciation as a moderating variable, profoundly revealing the individualized differences and boundary conditions of the effect of the form of mindfulness training on Psychological Thriving. Body Appreciation, as a positive body image (69), although confirmed to be closely related to psychological health (70), its role as a moderator of mindfulness intervention effects, particularly in tourism research connecting bodily perception and psychological well-being in natural environments, has not yet been fully elucidated. The uniqueness of this study lies not only in identifying an important individual difference variable but, more importantly, in revealing how Body Appreciation differentially shapes the impact pathways of digital mindfulness training and traditional mindfulness training on Psychological Thriving (71). Specifically, tourists with high Body Appreciation may more easily benefit from mindfulness exercises that emphasize bodily awareness and environmental interaction, and digital media, owing to its guidance convenience and individualized nature, might more readily create positive synergistic effects with such tourists. This finding transcends discussions of simple main effects or single mediation effects, elevating the interaction among “person-environment-intervention” to a new theoretical level, introducing an embodied cognition perspective to mindfulness tourism research (72). It suggests that in natural environments like urban wetland parks, tourists’ bodily experiences and their acceptance of their bodies are key antecedents for maximizing benefits from specific forms of mindfulness interventions. This not only provides refined theoretical guidance for “personalized tourism interventions” but also opens new avenues for research in environmental psychology exploring the interaction effects of body image and the natural environment, greatly enriching the understanding of the complexity of tourism well-being promotion mechanisms (73).



7.3 Practical implications

The findings of this study offer several practical implications of significant value for enhancing the well-being of urban wetland park visitors, particularly for park managers, tourism product developers, and urban planners (37). First, for managers and operators of urban wetland parks, this study clearly highlights the integration of digital mindfulness training as an effective strategy for enhancing visitors’ Psychological Thriving experiences. Given the potential advantages that digital mindfulness may exhibit in specific contexts, park managers should actively consider developing or introducing digital mindfulness applications or mini-programs that align with the park’s unique features (41). For example, this could involve setting up digital mindfulness audio guides within the park that lead visitors through experiences matched to specific attractions (such as bird-watching areas or tranquil water bodies), or designing short, location-triggered mindfulness exercises. This low-cost, easily disseminable approach can not only enrich visitors’ tour experiences and enhance their psychological well-being but also boost the park’s appeal and brand value as an urban “green healing space” (74).

Second, the serial mediating role of Grit and Meaning in life revealed in this study provides concrete directions for tourism experience designers and digital content developers to optimize the effects of mindfulness interventions. When designing digital mindfulness products, they should not merely focus on basic relaxation guidance but should also cleverly integrate elements that cultivate visitors’ Grit and inspire reflections on their Meaning in life (e.g., by guiding visitors to reflect on the connection between humans and nature, the value of life, and their personal role in ecological conservation) (75). This means that digital mindfulness content can be designed to be more narrative and interactive, guiding visitors to engage in deeper self-exploration and value cognition while appreciating the wetland scenery, thereby more effectively promoting their Psychological Thriving.

Finally, this study’s findings on the moderating role of Body Appreciation offer a nuanced entry point for implementing personalized and precise strategies to enhance visitor well-being, holding profound implications for tourism destination marketing and public health promotion. Recognizing that visitors with different levels of Body Appreciation may respond differently to forms of mindfulness training, managers and developers should explore offering differentiated mindfulness experience options (76). For instance, for visitors with high levels of Body Appreciation, digital mindfulness exercises that emphasize bodily perception and deep interaction with the natural environment (such as walking meditation or body scans integrated with surrounding environmental elements) could be recommended or designed. Conversely, for visitors whose Body Appreciation could be improved, introductory mindfulness guidance focusing more on universal acceptance and non-judgmental observation could be provided, encouraging their participation through the privacy and convenience of digital media (77). Such refined interventions based on individual characteristics can not only maximize the positive effects of mindfulness training but also demonstrate the urban wetland park’s care for the psychological needs of diverse visitor groups, fostering the development of “inclusive wellness tourism” and assisting cities in creating public green spaces with greater humanistic care and psychological support functions (56).



7.4 Limitations and future directions

Although this study has yielded some valuable findings, several limitations persist and point toward future research directions. First, the study’s sample was drawn from visitors to a specific urban wetland park in City A, which may limit the generalizability of the findings. Specifically, as a national-level ecological reserve, this particular park may attract a visitor demographic with a pre-existing high level of environmental awareness and a strong preference for nature, compared to visitors of more common urban parks (78). Furthermore, City A is a major, economically developed metropolis in China. Its residents may possess higher levels of education and disposable income, and their recreational needs and acceptance of digital technologies (such as mindfulness apps) might differ significantly from populations in smaller cities or rural areas (79). Consequently, caution is warranted when generalizing the findings to other types of parks (e.g., community parks, mountain parks), different visitor groups, or distinct cultural contexts (e.g., Western cultures with different human-nature relationship perspectives). Second, the measurement of core variables such as Psychological Thriving relied mainly on cross-sectional data and self-reports; future research could employ longitudinal designs and multi-source data (such as physiological indicators) to more comprehensively capture the persistence and objectivity of the effects (80). Furthermore, the effectiveness of digital mindfulness training might be partly influenced by a novelty effect, and this study did not deeply investigate the differential impacts of specific design features of various digital mindfulness applications (apps) (such as user interface or interactivity strength) on the outcomes (81). Therefore, future research should aim to replicate and extend the present study’s findings in broader samples and more diverse tourism contexts, explore the long-term impacts of different digital mindfulness content, forms, and interaction designs, and further examine the role of other potential individual differences or contextual factors (such as visitors’ environmental identity or the park’s ecological quality) (82). This would help to construct a more comprehensive theoretical model and practical pathways for enhancing visitor well-being.
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Objective: This study examined the effectiveness of a short video app–guided Loving-Kindness Meditation (LKM) intervention in enhancing interpersonal mindfulness, empathy, interdisciplinary collaboration, affective states, and workplace well-being among working professionals.
Methods: A randomized controlled trial (RCT) was conducted with 100 full-time employees (aged 25–60), randomly assigned to an intervention group (n = 50) or a control group (n = 50). The intervention group completed daily 3-min LKM sessions for 4 weeks via a secure short video app, while the control group received no intervention. Validated psychological scales were administered at baseline and post-intervention, including the Interpersonal Mindfulness Scale (IMS), Empathy Scale (ES), Interdisciplinary Collaboration Scale (ICS), Positive and Negative Affect Schedule–Short Form (PANAS-SF), and Workplace Well-being Scale (WWS). A 2 × 2 mixed ANOVA was used to assess group × time interaction effects.
Results: Significant group × time interaction effects emerged for all six outcomes. Compared with controls, the intervention group showed greater increases in interpersonal mindfulness (F = 7.789, p = 0.006, η2 = 0.038), empathy (F = 9.831, p = 0.002, η2 = 0.048), collaboration (F = 4.832, p = 0.038, η2 = 0.022), and positive affect (F = 8.580, p = 0.004, η2 = 0.042), along with reduced negative affect (F = 10.169, p = 0.002, η2 = 0.049) and improved workplace well-being (F = 5.660, p = 0.018, η2 = 0.028).
Conclusion: These findings demonstrate that short video–based LKM is a feasible and effective digital intervention for cultivating prosocial qualities, emotional regulation, and psychological well-being in workplace settings. The study supports integrating compassion-based practices into organizational wellness initiatives to promote employee functioning and workplace harmony.
Clinical trial registration: https://www.chictr.org.cn/bin/project/edit?pid=285511, ChiCTR2500108223.
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1 Introduction

In contemporary organizational environments, employees face escalating emotional, cognitive, and interpersonal demands. The fast-paced, digitalized nature of work—characterized by information overload, continuous multitasking, and blurred boundaries between professional and personal life—has contributed to growing levels of stress, emotional fatigue, and social disconnection, as demonstrated in recent occupational health studies by Sonnentag and Fritz (1). These challenges underscore an urgent need for psychological interventions that simultaneously strengthen emotional regulation, empathy, and interpersonal collaboration, thereby supporting both productivity and mental well-being in the workplace.

In recent years, mindfulness-based interventions have gained wide recognition for their effectiveness in cultivating self-awareness, attentional control, and emotion regulation in occupational contexts, as discussed by Hülsheger et al. (2) and Lomas et al. (3). Among these approaches, Loving-Kindness Meditation (LKM) represents a compassion-centered practice that extends feelings of goodwill toward oneself and others. Empirical research has shown that LKM enhances positive emotions, empathy, and prosocial behaviors by fostering warm affective states and reducing negative emotionality, as found in the work of Fredrickson et al. (4) and Kok et al. (5). Such mechanisms are particularly meaningful in workplaces, where empathy, compassion, and emotional balance play critical roles in teamwork, leadership, and conflict resolution, as noted by Donald et al. (6).

Mindfulness itself is commonly defined as a state of non-judgmental awareness that arises from deliberately paying attention to present-moment experiences, a concept introduced by Kabat-Zinn (7). The practice integrates two fundamental components: self-regulated attention, which sustains awareness of current experience, and an attitude of openness and acceptance toward that experience, as conceptualized by Bishop et al. (8). A substantial body of evidence indicates that mindfulness enhances emotional regulation, attentional stability, and resilience across a wide range of clinical and organizational contexts, according to Good et al. (9) and Goyal et al. (10).

Within this broader theoretical framework, LKM can be understood as a compassion-oriented extension of mindfulness. Whereas traditional mindfulness emphasizes awareness and acceptance, LKM actively cultivates benevolent emotions toward oneself, close others, and even difficult individuals, as highlighted in studies by Hofmann et al. (11) and Weng et al. (12). The affective warmth elicited through this practice aligns with the Broaden-and-Build Theory of Positive Emotions, proposed by Fredrickson (13), which posits that positive emotional states expand individuals’ thought–action repertoires and accumulate enduring psychological resources. In workplace contexts, such broadened states can enhance interpersonal mindfulness, prosocial motivation, and collaboration, as supported by the empirical findings of Donald et al. (6).

Despite its well-documented psychological benefits, the integration of LKM into organizational environments remains limited. Traditional meditation programs often require long sessions and in-person facilitation, which pose accessibility challenges for employees facing demanding schedules, as noted by Bartlett et al. (14). As modern work becomes increasingly digital and fragmented, there is a pressing need for scalable, technology-supported interventions that retain the efficacy of compassion-based practices while adapting to contemporary work rhythms.

Addressing this gap, the present study introduces a short video app–guided LKM intervention aimed at promoting compassion-based emotional regulation and social connectedness among working professionals. Unlike existing mobile mindfulness applications such as Headspace or Calm, which rely primarily on lengthy audio-based sessions requiring sustained attention, short video platforms employ micro-learning structures—brief, visually enriched, and emotionally engaging clips—that integrate naturally into users’ everyday media habits. This format not only lowers cognitive and temporal barriers to participation but also leverages algorithmic personalization and interactive feedback to sustain engagement over time.

Conceptually, this study bridges digital compassion training with media engagement theory, proposing that short video–guided LKM can activate comparable contemplative mechanisms while enhancing accessibility, adherence, and ecological validity in real-world professional settings. Practically, it contributes to workplace mental health research by offering a low-burden, scalable intervention model tailored to the realities of contemporary professionals who may lack the time or opportunity to participate in traditional mindfulness programs.



2 Literature review


2.1 LKM and interpersonal mindfulness

Loving-Kindness Meditation (LKM) is a contemplative practice rooted in cultivating unconditional kindness and compassion toward oneself and others. Unlike focused attention meditation, which centers on present-moment awareness, LKM emphasizes the intentional generation of prosocial emotional states and their extension outward across relational boundaries. This orientation has direct implications for interpersonal mindfulness, which involves awareness and non-reactivity in social contexts. Pratscher et al. (15) found that individuals who engage in LKM show greater attentiveness to their internal emotional states during interactions and report increased emotional regulation, empathy, and active listening. LKM may enhance interpersonal mindfulness by strengthening the practitioner’s capacity to notice emotional cues, suspend judgment, and respond with conscious compassion.



2.2 LKM and empathy

Empathy encompasses both affective resonance and cognitive perspective-taking—abilities essential to effective communication and conflict resolution in organizational contexts. LKM has consistently demonstrated efficacy in increasing empathy by dissolving emotional barriers and enhancing one’s sense of shared humanity (11). Functional neuroimaging studies have shown that LKM activates areas of the brain associated with social cognition, such as the temporoparietal junction and medial prefrontal cortex (16). Moreover, LKM practices that guide participants to extend compassionate thoughts to others—ranging from loved ones to difficult individuals—train the mind to adopt multiple social perspectives, thereby increasing empathic accuracy and concern. This makes LKM especially relevant in diverse, interpersonal workplace settings where empathy is a core interpersonal skill.



2.3 LKM and collaboration

Effective collaboration depends not only on cognitive coordination but also on emotional openness, trust, and mutual respect. LKM supports these dimensions by reducing defensiveness, increasing affiliative motivation, and promoting inclusive attitudes (12). Compassion-focused practices like LKM have been associated with increased cooperation in economic games, greater willingness to help others, and more constructive group engagement (17). In workplace teams, where success often hinges on the ability to navigate diverse perspectives and resolve conflict, the emotional softening and openness fostered by LKM may translate into greater collaborative effectiveness and decreased interpersonal friction.



2.4 LKM and affect

Affective balance—defined by high levels of positive affect and low levels of negative affect—is a well-established outcome of LKM. The Broaden-and-Build Theory (13) suggests that positive emotions broaden individuals’ thought-action repertoires, enhancing resilience and flexibility. LKM actively cultivates emotions such as joy, gratitude, serenity, and love, which over time can build durable personal and social resources (4). Meta-analytic reviews have shown that LKM significantly reduces symptoms of depression, anxiety, and anger while enhancing subjective well-being (18). Compared to other forms of meditation, LKM is particularly effective in increasing emotional warmth and reducing harsh self-judgment and social negativity, thereby improving the overall emotional climate in workplace settings.



2.5 LKM and workplace well-being

Workplace well-being refers to employees’ holistic experience of emotional, psychological, and relational satisfaction in the context of work. It includes not only momentary mood states but also longer-term experiences of meaning, fulfillment, and connectedness (19). LKM can contribute to this by reducing internal stress, improving interpersonal harmony, and reframing one’s relationship to work through the lens of compassion and purpose. Practicing LKM has been associated with lower levels of burnout, higher job satisfaction, and stronger organizational citizenship behaviors (20). Its emphasis on kindness toward both self and others may buffer against workplace cynicism and increase employees’ emotional commitment to their roles.

Taken together, the reviewed literature demonstrates that LKM exerts multifaceted effects across emotional, cognitive, and interpersonal domains in occupational settings. These outcomes—enhanced interpersonal mindfulness, empathy, collaboration, affect regulation, and workplace well-being—share a common psychological mechanism: the cultivation of prosocial emotions that broaden awareness and strengthen relational resources. According to the Broaden-and-Build Theory of Positive Emotions (13) and Interpersonal Mindfulness Theory (15), compassion-based practices expand individuals’ attentional and cognitive repertoires, enabling them to respond to social interactions with greater empathy, flexibility, and awareness. In organizational contexts, such broadened emotional and cognitive states promote constructive communication, cooperative engagement, and sustained well-being. Building on this integrated framework, the present study proposes and empirically tests the following hypotheses.



2.6 Hypotheses


H1: Short video app–guided loving-kindness meditation will improve interpersonal mindfulness among working professionals.
H2: Short video app–guided loving-kindness meditation will enhance empathy, including both affective and cognitive dimensions.
H3: Short video app–guided loving-kindness meditation will increase employees’ willingness and ability to engage in interdisciplinary collaboration.
H4: Short video app–guided Loving-Kindness Meditation will improve affective balance by increasing positive affect and reducing negative affect in the workplace.
H5: Short video app–guided loving-kindness meditation will improve workplace well-being among full-time employees.





3 Methods


3.1 Study design

This study adopted a randomized controlled trial (RCT) design to evaluate the effects of a short video app–guided Loving-Kindness Meditation (LKM) intervention on working professionals’ interpersonal mindfulness, empathy, collaboration, affect, and workplace well-being. The intervention lasted for 4 weeks and included two assessment time points: baseline (T1) and post-intervention (T2). Participants in the intervention group received daily LKM content through a secure mobile short video app, while the control group received no intervention during the same period. All participants completed standardized questionnaires at both time points, and changes in the outcome variables were statistically analyzed using repeated measures.



3.2 Participants

Participants were full-time working professionals recruited from various industries across China through online platforms, corporate outreach, and professional networking channels. Inclusion criteria required participants to (1) be aged between 25 and 60, (2) hold a full-time job with regular digital media usage, and (3) report daily engagement with short video platforms such as Douyin or TikTok. Participants with prior experience in formal meditation, ongoing psychological treatment, or a history of psychiatric disorders were excluded to control for external influences on the intervention effect.

A total of 110 individuals completed the baseline assessment and met all inclusion criteria. After screening and informed consent procedures, 100 participants were randomly assigned to either the LKM intervention group (n = 50) or the control group (n = 50) using stratified randomization based on age and gender. The final sample had a mean age of 38.4 years (SD = 7.2), with the majority aged between 30 and 45. Gender distribution was 58% female (n = 58) and 42% male (n = 42), representing a diverse cross-section of white-collar professionals.

All participants reported daily use of short-form video apps, owned smartphones, and had no prior experience with LKM. The demographic characteristics of the sample are summarized in Table 1.


TABLE 1 Demographic characteristics of participants.


	Variable
	Intervention group (n = 50)
	Control group (n = 50)

 

 	Age (years) 	M = 38.6, SD = 7.1 	M = 38.2, SD = 7.3


 	Gender 	Male = 21, Female = 29 	Male = 21, Female = 29


 	Occupation 	Full-time professionals 	Full-time professionals


 	Daily use of short video apps 	100% 	100%


 	Smartphone ownership 	100% 	100%


 	Prior meditation experience 	None 	None


 	Psychiatric history 	None 	None




 



3.3 Intervention description

Participants in the intervention group engaged in a structured four-week Loving-Kindness Meditation (LKM) program, delivered via a secure, password-protected mobile short video app compatible with both iOS and Android devices. Each participant received a unique login ID to ensure individualized tracking and data security. The short video contents were co-developed by two certified mindfulness instructors and one clinical psychologist from the Mindfulness Meditation Center at Ming Chi University of Technology, Taiwan. All video materials were expert-reviewed and pilot-tested to ensure consistency in language, pacing, and emotional tone.

The short video app–guided LKM program comprised four modules, each delivered through concise 1–2 min video segments. The modules included (1) self-compassion, (2) compassion for others, (3) expanding kindness toward difficult individuals, and (4) integration and reflection. Each video combined guided meditation with visual and auditory stimuli to foster affective engagement. Participants were encouraged to watch one video per day and engage in a brief reflection on their emotional state after each session.

Each session lasted approximately 3 min and featured professionally recorded guided instructions, integrating compassion-focused phrases, gentle breathing guidance, and soothing background music. The videos were visually minimalist, showing a neutral color palette, soft ambient lighting, and slow-motion nature visuals to reinforce calm and focus. The narrator adopted a warm, gender-neutral, and non-directive tone to encourage participants’ emotional receptivity and internal visualization.

The program was designed as a progressive curriculum, gradually expanding the scope of compassion targets across 4 weeks:

Week 1: Cultivating compassion toward oneself, using phrases such as “May I be safe, may I be happy.”

Week 2: Extending compassion toward close colleagues and team members within the participant’s work environment.

Week 3: Directing compassion toward neutral individuals in the broader organization or professional community.

Week 4: Offering compassion to difficult individuals or those with whom the participant had experienced tension or conflict.

Each video followed a three-part structure:


	1. Opening (≈30 s): a short introduction contextualizing the day’s compassion focus;

	2. Core meditation (≈2 min): guided repetition of compassion phrases combined with mindful breathing and imagery;

	3. Closing reflection (≈30 s): a gentle visualization prompt encouraging awareness of emotional and interpersonal changes.



To support adherence, the app sent automated daily reminders at a self-selected time. These non-intrusive notifications encouraged participants to maintain a consistent meditation habit. The app also automatically recorded engagement data, including completion rate, session duration, and login frequency—providing an objective measure of adherence. Weekly summary emails reinforced the week’s compassion theme, offered brief psychological explanations, and encouraged continued integration of meditation into daily routines.

In terms of adherence and fidelity, participants demonstrated a high rate of engagement with the short video–guided LKM program, completing on average 93.5% (SD = 4.7%) of the assigned sessions. Fidelity to the intervention protocol was ensured through two mechanisms: (1) expert validation of all video scripts and voice recordings prior to release, ensuring conceptual and procedural alignment with LKM principles; and (2) automated in-app tracking that prevented fast-forwarding or skipping, thereby guaranteeing full exposure to each session. Weekly self-reports were cross-checked with system logs to confirm data accuracy and participant engagement quality.

At the conclusion of the four-week intervention, participants completed post-intervention questionnaires and provided short written reflections describing emotional changes and interpersonal experiences. These qualitative reflections, combined with quantitative outcome measures, provided a multidimensional understanding of the intervention’s psychological effects. Participants were randomly assigned to either the intervention or control group using a computer-generated randomization sequence in SPSS Version 26.0. Group assignments were placed in sealed opaque envelopes by an independent researcher not involved in participant recruitment or assessment, ensuring allocation concealment. Participant flow through each stage of the trial—including enrollment, randomization, intervention, and analysis—is presented in Figure 1.

[image: Flowchart diagram of a randomized controlled trial with one hundred ten assessed for eligibility, split into fifty-five each for an experimental and control group. After exclusions, fifty participants per group were analyzed at study end.]

FIGURE 1
 Procedure flow chart.


Participants assigned to the control group received no intervention during the study period and continued their normal work and lifestyle routines. To ensure ethical parity, control group participants were granted full access to all LKM video materials after the study ended.



3.4 Measures


3.4.1 Interpersonal mindfulness

Interpersonal mindfulness was measured using the Interpersonal Mindfulness Scale (IMS) developed by Pratscher et al. (15). The IMS consists of 21 items that assess individuals’ awareness and attentional focus during social interactions, capturing three key dimensions: awareness of emotional reactions, attentiveness to thoughts, and awareness of bodily sensations. Participants rated each item on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores indicating greater mindfulness in interpersonal contexts. Sample items include “I am aware of my emotional reactions when interacting with others” and “I pay attention to my thoughts when engaging with others.” The IMS has demonstrated robust psychometric properties and is grounded in contemporary mindfulness theory applied to interpersonal communication.



3.4.2 Empathy

Empathy was measured using an adapted Empathy Scale (ES) (21) derived from design-thinking and human-centered practice contexts. The scale comprises 4 items that assess participants’ affective immersion and cognitive perspective-taking when solving problems, emphasizing understanding and situational engagement with stakeholders (e.g., users or individuals affected by the issue). Each item was rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores indicating greater empathy in problem-solving contexts. Sample items include “I put myself in the position of the person concerned to understand their difficulties and needs” and “I adopt the perspective of the person concerned when thinking about a problem.” This scale is particularly suited to evaluating empathy-related thinking and action in workplace project implementation.



3.4.3 Interdisciplinary collaboration

Interdisciplinary Collaboration Scale (ICS) was assessed using a 4-item scale (22) adapted from practice-oriented contexts, focusing on participants’ attitudes and abilities in cross-disciplinary teamwork during problem-solving and project execution. The scale evaluates four core dimensions: openness to cooperation, willingness to engage across fields, effective communication, and receptiveness to diverse perspectives. Each item was rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores reflecting stronger collaborative tendencies. Sample items include “I believe teamwork is more effective than working alone in solving problems” and “I can communicate effectively with people from different professional backgrounds.” This instrument is particularly suited for workplace environments requiring integration of diverse knowledge and skills.



3.4.4 Affect

Affect was measured using the short-form version of the Positive and Negative Affect Schedule (PANAS-SF) developed by Watson et al. (23). The PANAS-SF is a widely used instrument in psychological and health research for assessing transient emotional states. To enhance feasibility and reduce participant burden, this study adopted the 10-item short form, which includes 5 items each for positive affect (e.g., alert, inspired, determined, attentive, active) and negative affect (e.g., upset, hostile, ashamed, nervous, afraid). Participants rated the extent to which they were experiencing each emotion at the present moment on a 5-point Likert scale ranging from 1 (very slightly or not at all) to 5 (extremely). Higher scores in each subscale indicated greater intensity of positive or negative affective states.



3.4.5 Workplace well-being

Workplace Well-being Scale (WWS) was assessed using a 6-item scale adapted from previous empirical studies on employee psychological functioning in organizational settings (24). The scale measures core dimensions of work-related well-being, including job satisfaction, engagement, sense of accomplishment, and perceived meaning at work. Each item was rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores indicating a greater sense of well-being at work. Participants responded based on their current subjective experience in the workplace. This measure served as a key indicator for evaluating whether the digital intervention effectively enhanced employees’ positive psychological states within their occupational environment.

To ensure internal consistency within the present sample, Cronbach’s α coefficients were computed for each scale. The Interpersonal Mindfulness Scale (IMS) demonstrated excellent reliability (α = 0.92). The Empathy Scale (ES) showed good internal consistency (α = 0.86), and the Interdisciplinary Collaboration Scale (ICS) yielded a similarly high reliability (α = 0.88). For affective measures, the Positive Affect (PA) and Negative Affect (NA) subscales of the PANAS-SF exhibited strong reliability (α = 0.90 and α = 0.87, respectively). Finally, the Workplace Well-being Scale (WWS) achieved excellent internal consistency (α = 0.91). These values confirm that all instruments demonstrated satisfactory psychometric reliability in this occupational sample.

For clarity and consistency, the following abbreviations are used throughout the manuscript: IMS refers to the Interpersonal Mindfulness Scale, which measures mindful awareness and presence during interpersonal interactions; ES denotes the Empathy Scale, assessing both affective and cognitive dimensions of empathy; ICS stands for the Interdisciplinary Collaboration Scale, evaluating employees’ willingness and ability to collaborate across professional domains; WWS represents the Workplace Well-being Scale, capturing employees’ perceived satisfaction, engagement, and emotional balance at work; PA indicates Positive Affect, representing pleasant and activating emotional states; and NA indicates Negative Affect, reflecting distressing or deactivating emotional states. All abbreviations are defined at first mention and used consistently in the text, tables, and figures thereafter.

All instruments originated from validated English-language scales published in peer-reviewed journals. Since participants were Chinese-speaking managers, we employed a rigorous two-way translation process to ensure conceptual and linguistic accuracy. A bilingual Ph. D. researcher first translated the scales into Chinese. An English-speaking master’s student independently translated them back into English. This back-translation process followed Brislin’s (25) guidelines to maintain semantic equivalence.

Three bilingual experts in health psychology and communication reviewed both language versions for clarity and cultural relevance. We resolved discrepancies through discussion. Before the main study, we conducted a pilot test with 30 Chinese mid-level managers to assess item clarity and cultural appropriateness. Based on participant feedback, we made minor revisions to enhance readability.




3.5 Procedure

After completing baseline assessments (T1), participants were randomly assigned to either the intervention or control group using a computer-generated randomization list. Participants in the intervention group accessed daily Loving-Kindness Meditation (LKM) videos through the secure mobile application for 4 consecutive weeks, while control group participants continued with their usual routines without receiving any intervention during the study period. All participants completed follow-up measures at the end of week four (T2) to assess post-intervention outcomes. The flow of recruitment, randomization, and assessment procedures is depicted in Figure 1.



3.6 Statistical analysis

Data were analyzed using 2 × 2 mixed ANOVA with Group (LKM vs. Control) as the between-subjects factor and Time (Pretest vs. Posttest) as the within-subjects factor for each outcome variable. Bonferroni corrections were applied to adjust for multiple comparisons. Effect sizes were reported using partial eta squared (η2) following Cohen’s (26) guidelines, where 0.01, 0.06, and 0.14 correspond to small, medium, and large effects, respectively. Statistical significance was set at p < 0.05 (two-tailed). All analyses were conducted using SPSS Version 26.0 (27).




4 Results

In this study, a two-arm randomized controlled trial design of 2 (Group: LKM, Control) × 2 (Time: Pre, Post) was adopted, and 2 × 2 mixed ANOVA (2.4) was used to examine the different effects of experimental intervention on IMS, ES, PA, NA, ICS and WWS scores of subjects in the two groups.

Results of Multivariate Tests showed that there was a significant main effect on the Group: F (6, 191) = 6.395, p < 0.001, η2 = 0.167; a significant main effect on Time: F(6, 191) = 5.172, p < 0.001, η2 = 0.140; and a significant interaction effect between Group and Time: F(6, 191) = 5.384, p < 0.001, η2 = 0.145. Table 2 presents the descriptive statistics of all outcome variables across groups and timepoints.


TABLE 2 Descriptive statistics.


	Group
	Measures
	Mean (SD)



	Pre
	Post

 

 	LKM (n = 50) 	IMS 	59.60 (14.303) 	70.98 (15.663)


 	ES 	11.06 (2.839) 	13.54 (2.950)


 	PA 	14.42 (4.280) 	17.48 (3.721)


 	NA 	15.62 (4.261) 	14.44 (3.170)


 	ICS 	11.480 (2.801) 	13.34 (3.068)


 	WWS 	16.58 (3.391) 	17.87 (4.234)


 	Control (n = 50) 	IMS 	59.30 (14.701) 	59.16 (14.285)


 	ES 	10.84 (2.411) 	10.84 (2.951)


 	PA 	14.02 (3.000) 	14.06 (3.467)


 	NA 	15.74 (2.709) 	15.94 (3.467)


 	ICS 	11.38 (2.440) 	11.52 (3.247)


 	WWS 	16.58 (3.240) 	16.62 (3.434)





IMS, Interpersonal Mindfulness Scale; ES, Empathy Scale; PA, Positive Affect; NA, Negative Affect; ICS, Interdisciplinary Collaboration Scale; WWS, Workplace Well-being Scale.
 

The results of Table 3 reveal there significant interaction effects between Group and Time in the fourmeasures (IMS, ES, PA, NA, ICS, and WWS). Figure 2 shows these interaction effects are in more detail.


TABLE 3 Tests of between-subjects effects.


	Measures
	Effect
	F
	p
	η2

 

 	IMS 	Group** 	8.621 	0.004 	0.042


 	Time** 	7.415 	0.007 	0.036


 	Group × Time** 	7.789 	0.006 	0.038


 	ES 	Group*** 	13.630 	<0.001 	0.065


 	Time** 	9.831 	0.002 	0.048


 	Group × Time** 	9.831 	0.002 	0.048


 	PA 	Group*** 	13.727 	<0.001 	0.065


 	Time** 	9.040 	0.003 	0.044


 	Group × Time** 	8.580 	0.004 	0.042


 	NA 	Group*** 	12.115 	<0.001 	0.058


 	Time** 	7.684 	0.006 	0.038


 	Group × Time** 	10.169 	0.002 	0.049


 	ICS 	Group* 	5.461 	0.020 	0.027


 	Time** 	9.831 	0.002 	0.048


 	Group × Time* 	4.832 	0.038 	0.022


 	WWS 	Group* 	5.660 	0.018 	0.028


 	Time* 	6.028 	0.015 	0.030


 	Group × Time* 	5.660 	0.018 	0.028





IMS, Interpersonal Mindfulness Scale; ES, Empathy Scale; PA, Positive Affect; NA, Negative Affect; ICS, Interdisciplinary Collaboration Scale; WWS, Workplace Well-being Scale. Group: Between-subjects; Time: Within-subjects; Group × Time: Interaction. *p < 0.05; **p < 0.01; ***p < 0.001.
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FIGURE 2
 Significant interaction effects between Group and Time. IMS, Interpersonal Mindfulness Scale; ES, Empathy Scale; PA, Positive Affect; NA, Negative Affect; ICS, Interdisciplinary Collaboration Scale; WWS, Workplace Well-being Scale.


Among the measured variables, IMS and ES showed the largest statistically significant increases (η2 = 0.038 and 0.048, respectively), followed by PA (η2 = 0.042) and WWS (η2 = 0.028). NA showed a statistically significant reduction (η2 = 0.049), while ICS also demonstrated a statistically significant increase (η2 = 0.022). Collectively, these results suggest that the short video app–guided Loving-Kindness Meditation (LKM) intervention produced significant improvements across emotional, interpersonal, and occupational dimensions.

All post hoc comparisons remained statistically significant after Bonferroni correction, confirming the robustness of these findings. Descriptive statistics for all outcome variables are summarized in Table 2, and the Group × Time interaction effects are visualized in Figure 2. A concise summary of the hypothesis testing outcomes, including corresponding F-values, p-values, and effect sizes, is provided in Table 4.


TABLE 4 Summary of hypothesis testing outcomes.


	Hypothesis
	Variable
	F (1, 96)
	p
	η2
	Statistical conclusion

 

 	H1 	IMS 	7.789 	0.006 	0.038 	Supported


 	H2 	ES 	9.831 	0.002 	0.048 	Supported


 	H3 	ICS 	4.832 	0.038 	0.022 	Supported


 	H4 	PA 	8.58 	0.004 	0.042 	Supported


 	NA 	10.169 	0.002 	0.049 	Supported


 	H5 	WWS 	5.66 	0.018 	0.028 	Supported




 



5 Discussion

This study demonstrated that a four-week short video–guided Loving-Kindness Meditation (LKM) intervention produced statistically significant improvements in interpersonal mindfulness, empathy, interdisciplinary collaboration, affective balance, and workplace well-being among full-time employees. These findings extend previous mindfulness research by showing that compassion-based meditation, when delivered through short-form digital media, can enhance both emotional and social functioning in contemporary occupational settings. Beyond confirming prior evidence that LKM increases prosocial emotions and decreases negative affect (4, 5, 11), the present results illustrate that even brief, digitally mediated interventions can yield measurable psychological benefits without the logistical burden of traditional in-person programs.

The observed improvements across interpersonal and affective domains can be theoretically understood through the Broaden-and-Build Theory of Positive Emotions (13). LKM systematically cultivates emotions such as warmth, gratitude, and compassion, which broaden individuals’ attentional and cognitive repertoires, promoting more flexible emotion regulation and prosocial orientation (6). Over repeated exposure, this affective expansion fosters enduring psychological resources—empathy, patience, and social trust—that translate into improved collaboration and overall well-being. Prior work has shown that compassion training enhances perspective taking and reduces self-centered bias (28), mechanisms that likely underpin the empathy and teamwork improvements observed in this study. Importantly, participants’ gains in interpersonal mindfulness suggest that compassionate attention enhances awareness of others’ emotional cues while reducing reactivity and defensiveness in daily interactions, consistent with previous findings that compassion-based mindfulness fosters both self-regulation and empathic resonance (29, 30).

From an organizational psychology perspective, the results provide evidence that compassion-based emotional training can influence social and motivational dynamics in the workplace. Employees who engaged in the LKM intervention reported improved interpersonal functioning and affective stability—two predictors of collaborative performance and job satisfaction (2, 31). By encouraging benevolent intentionality (“May you be safe and happy”), LKM may reshape employees’ appraisal of social interactions from threat-based to affiliative frames, increasing psychological safety and openness to cooperation (32). The corresponding reduction in negative affect further supports this mechanism, as emotionally balanced individuals are more resilient to interpersonal stressors and more capable of maintaining constructive engagement (33). Together, these findings suggest that digital LKM interventions can act as preventive strategies for emotional exhaustion and workplace conflict, enhancing collective harmony and well-being.

A notable innovation of this study lies in the use of short video–based delivery for compassion training. Unlike conventional mobile mindfulness applications (e.g., Headspace, Calm) that rely on long audio-guided sessions requiring sustained concentration (34, 35), short video platforms present visually engaging, time-limited segments that better align with users’ everyday digital habits. The cognitive advantage of this format does not stem from the video modality per se but from its brevity, multimodal structure, and emotionally salient presentation, which jointly reduce extraneous cognitive load and enhance attentional capture. According to the Cognitive Theory of Multimedia Learning (36) and Cognitive Load Theory (37), concise multisensory stimuli can distribute information processing across visual and auditory channels, thereby lowering working-memory demands and improving retention. Empirical studies in digital learning similarly show that short, emotionally engaging clips can enhance sustained attention and task adherence in mobile-based interventions (38, 39). This micro-learning structure thus makes short video–guided meditation cognitively accessible and habitually engaging for users.


5.1 Theoretical contributions

This study contributes to the theoretical integration of mindfulness and organizational well-being research by empirically validating a compassion-based digital intervention model. First, it supports a multi-mechanism framework in which affective intention (cultivating goodwill), cognitive decentering (reducing self-focus), and relational awareness (attunement to others) jointly mediate the impact of mindfulness on emotional and social outcomes. Second, by demonstrating that micro-dose compassion interventions can yield significant effects, it broadens the conceptual boundary of contemplative science beyond traditional lengthy meditation practices (29). Finally, the study bridges contemplative theory with media psychology, suggesting that engagement design—particularly brevity, interactivity, and personalization—can serve as meaningful vectors for prosocial emotion cultivation in the digital age.



5.2 Practical implications

Practically, this study underscores the feasibility of integrating short video–guided Loving-Kindness Meditation (LKM) into organizational wellness and human resource development programs. For example, organizations can embed brief LKM sessions into digital onboarding systems to cultivate empathy and emotional adaptability among new employees (6, 40) or incorporate them into leadership training modules to enhance interpersonal awareness and compassion-based decision-making (9, 41). In hybrid or remote work settings, short video–guided LKM can be delivered through corporate intranet platforms, micro-learning portals, or mobile HR applications, allowing employees to participate flexibly without disrupting workflow (14, 42).

Beyond improving individual well-being, such interventions may help build a culture of compassion and collaboration, supporting prosocial communication and reducing interpersonal tension in high-stress workplaces (20, 43). However, successful integration requires managerial endorsement, organizational readiness, and sustained communication to prevent novelty decay (44). Technical challenges—such as data privacy, content quality control, and measuring engagement fidelity—must also be addressed to ensure long-term success (45).

To overcome some of these barriers, organizations can draw insights from the growing field of digital compassion interventions. Previous compassion-based programs have mainly relied on mobile or web applications using structured audio sessions, reflective exercises, or synchronous group formats (46). While effective, these models often demand significant time commitment and continuous attention, limiting scalability in fast-paced workplaces (47). In contrast, short video–guided LKM adopts a micro-learning design embedded in familiar social-media-style clips, providing emotionally engaging and time-efficient experiences that align with employees’ daily media habits (48). This design lowers cognitive and temporal entry barriers, enhances ecological validity, and enables seamless integration into existing digital ecosystems (13).

Overall, integrating short video–based compassion interventions into organizational health strategies represents a promising yet complex endeavor—one that requires not only technological innovation but also institutional commitment, ongoing evaluation, and a supportive organizational culture to ensure sustainability.



5.3 Limitations

Several limitations should be noted. First, the sample size, while sufficient for preliminary testing, limits generalizability across industries and organizational roles, particularly given the variability of workplace cultures and job demands (49). Second, self-report measures may be subject to response bias, social desirability, and common method variance, and they do not directly capture actual behavioral change (50). Third, the duration of the intervention was relatively short, and the long-term maintenance or decay of effects remains unknown, particularly in real-world organizational environments where stressors are ongoing (51). Fourth, the present study employed a no-intervention control group, which may have introduced expectancy and attention biases. Fifth, this study focused on a general employee sample, which limits the generalizability of findings to specific professional groups such as healthcare workers or educators. Finally, although participants were randomly assigned, they were not blinded to condition, which may have introduced expectancy or placebo-like effects that influenced self-reports (52).



5.4 Future directions

Future research should explore the longitudinal impact of LKM in professional contexts, including follow-up assessments to examine sustained behavioral and emotional change over time (10). Incorporating objective indicators, such as physiological stress biomarkers (e.g., heart rate variability, cortisol levels), behavioral collaboration metrics, or third-party evaluations, would strengthen the robustness of the findings and reduce reliance on self-reported outcomes (51). Comparative studies between LKM and other mindfulness interventions, such as Mindfulness-Based Stress Reduction (MBSR) and Mindfulness-Based Cognitive Therapy (MBCT), may help clarify the unique contribution of compassion-focused mechanisms in enhancing workplace well-being (11). Future research should include an active control condition (e.g., neutral videos or guided relaxation) to ensure equivalent engagement across groups. Future research should examine whether short video–guided compassion-based interventions yield comparable benefits across high-stress occupational groups such as healthcare professionals and teachers. While these findings are promising, they should be interpreted cautiously given the study’s short duration and specific occupational sample. Future studies should verify their stability and generalizability across different work settings. Finally, investigating moderator variables, including baseline empathy levels, emotional regulation tendencies, or organizational culture characteristics, could inform the design of tailored interventions that maximize impact across different employee subgroups (13).




6 Conclusion

In summary, this study demonstrates that a short video–guided Loving-Kindness Meditation (LKM) intervention can serve as a practical and scalable tool for enhancing employees’ interpersonal mindfulness, empathy, collaboration, affect regulation, and workplace well-being. By integrating compassion-based training into an easily accessible mobile format, organizations can provide brief yet effective mental health support without disrupting regular work routines. Such interventions may be particularly valuable in high-stress or communication-intensive occupations, where emotional resilience and prosocial engagement are essential to performance and morale. Nevertheless, future studies should examine the long-term sustainability, optimal delivery frequency, and organizational feasibility of short video–based meditation programs to better understand their role in comprehensive workplace wellness strategies.
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Background: Depression is a major global health challenge, and traditional cognitive behavioral therapy (CBT) is constrained by therapist shortages and economic barriers. CBT-based mobile applications offer a scalable and accessible alternative, yet a comprehensive overview of their global research landscape remains limited.
Objective: To map global research trends, clinical progress, and emerging frontiers in CBT-based mobile applications for depression using bibliometric methods.
Methods: Relevant studies were systematically retrieved from the Web of Science Core Collection, PubMed, and PsycINFO from inception to June 25, 2025. CiteSpace 6.4 R1, Microsoft Excel 2019, and Python were used for visualization and data analysis, including temporal publication trends, co-authorship, co-citation, keyword analyses, and citation burst detection.
Results: The WoSCC analysis identified 350 articles published between 2013 and 2025, showing a marked growth trajectory with leading contributions from the United States and major academic centers. Dominant themes included smartphone interventions, blended treatments, CBT for insomnia, and adolescent depression, while citation bursts indicated recent shifts toward prevention, technology integration, and standardized outcome measures. The PubMed analysis included 72 clinical trial articles, highlighting randomized controlled trials as the predominant design and revealing growing interest in integrating interpersonal therapy and mindfulness within broader, interdisciplinary treatment frameworks. The PsycINFO analysis comprised 20 articles and provided a complementary behavioral science perspective, emphasizing mobile phone–delivered CBT for major depression, digital interventions targeting comorbid social anxiety, culturally adapted applications for Chinese cultural groups, and emerging work linking mobile health and virtual reality.
Conclusions: Research on CBT-based mobile applications for depression is rapidly advancing toward more personalized, adaptive, and preventive digital interventions grounded in robust clinical and behavioral evidence. Strengthening global, interdisciplinary collaboration and leveraging innovative technologies will be critical for translating these tools into effective, scalable services. Over the next 5–10 years, key research streams are likely to include the integration of Artificial Intelligence (AI) and large language models (LLMs) into mobile CBT platforms and the convergence of app-based interventions with sensor-based digital phenotyping, wearable devices, and immersive technologies to enhance real-time monitoring, user engagement, and long-term outcomes, with the potential to narrow treatment gaps across diverse populations.
Systematic review registration: https://osf.io/, Identifier: https://doi.org/10.17605/OSF.IO/YCSR8.
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1 Introduction

Depression is one of the most prevalent psychiatric disorders worldwide, characterized by persistent low mood or loss of interest or pleasure in activities (1–3). It imposes a substantial global public health burden. According to data from the Global Burden of Disease Study 2021 (GBD 2021), an estimated 332.41 million individuals worldwide were affected by depression in 2021 (4). Consequently, developing effective, accessible, and scalable treatments for depression has become critically important.

Cognitive Behavioral Therapy (CBT) has been widely acknowledged as a highly effective psychological intervention for depression (5), consistently demonstrating robust efficacy across diverse patient populations. Despite substantial empirical support for CBT, its widespread implementation faces numerous practical challenges, including a severe shortage of qualified therapists, significant economic burden, and high treatment drop-out rates (6, 7). Recent advancements in psychological interventions have expanded CBT by integrating mindfulness and acceptance-based approaches, resulting in the emergence of Mindfulness-Based Cognitive Therapy (MBCT) (8) and Acceptance and Commitment Therapy (ACT) (9).

In parallel, the rapid development of mobile technology has offered promising solutions to address these practical limitations. Particularly, mobile mental health applications grounded in CBT principles have garnered significant attention due to their potential advantages, including cost-effectiveness, extensive reach, anonymity, and flexibility of use. In this study, the term intervention refers specifically to the therapeutic use of these mobile technologies as structured vehicles for delivering CBT based strategies to individuals with depression, so that digital platforms and cognitive behavioral methods operate as an integrated treatment package rather than as separate elements. For instance, when CBT techniques such as behavioral activation, cognitive restructuring, and skills training are embedded within smartphone applications or other mobile interfaces and used to guide patients' day-to-day actions and reflections, the combined system constitutes the intervention under investigation. Within this framework, intervention is therefore inseparable from both mobile delivery and CBT content, and denotes the concrete, technology enabled therapeutic processes that link evidence based psychological mechanisms to real-world clinical practice.

Although numerous studies have evaluated the efficacy and effectiveness of CBT-based mobile applications for managing depression, systematic analyses summarizing global research trends, research hotspots, and collaborative networks within this domain remain scarce. Bibliometric analysis is an effective approach to quantitatively assess and visually represent trends, collaboration patterns, and research hotspots within a specific academic field (10). CiteSpace, a widely utilized bibliometric analysis software tool (11), allows researchers to visualize research progress, identify emerging topics, and thereby facilitate comprehensive insights into a given research area.

This study therefore employs bibliometric analysis using CiteSpace to systematically map the global research trends and knowledge structures of CBT-based mobile applications for depression. To construct a truly comprehensive and multilayered map of this rapidly evolving domain, our research adopts an integrated three-database strategy. We first utilize the Web of Science Core Collection, the established standard for scientometric research, to build a macro-level knowledge map that provides a panoramic view of the intellectual landscape and reveals the foundational theories, broad research themes, and overall collaboration patterns that define the field. To specifically chart the course of clinical translation, where scientific insights are put into practice, we complement this with a micro-level analysis of a curated dataset of clinical trials from PubMed that traces how app-based CBT is evaluated in randomized designs and real-world patient populations. In addition, we incorporate PsycINFO as a specialized behavioral science and mental health database in order to capture core psychological and transdiagnostic work on mobile CBT that may not be comprehensively indexed in WoSCC or PubMed, including studies focused on comorbid social anxiety, cultural adaptations, and behavioral activation-driven interventions. Taken together, these three sources allow us to link macro-level publication structures with clinical endpoints and behaviorally grounded, culturally sensitive research, thereby offering a more nuanced and clinically relevant map of how CBT-based mobile interventions for depression are developing worldwide.

Crucially, rather than merging these distinct datasets—a process that would dilute and obscure the unique signals within intervention-based research—we analyze them in parallel. This deliberate methodological separation is a key strength of our study. It enables a comparative examination of the general scientometric corpus drawn from the Web of Science Core Collection, the behavioral and psychological corpus drawn from PsycINFO, and the specialized clinical trial corpus drawn from PubMed, and it provides a clear basis for how we use bibliometric evidence to characterize trends, innovations, and future directions in this field. In this context, trends refer to temporal and structural patterns in publication volume, collaboration networks, and thematic emphases that emerge across coauthorship, co-citation, and keyword maps, revealing how attention to particular populations, mechanisms, and technologies has evolved over time. Innovations denote emergent topics, methodological shifts, and technological or clinical developments that depart from previously dominant configurations, as indicated by newly formed or rapidly strengthening nodes, clusters, and citation bursts in these networks. The future is defined not as a distant or speculative horizon but as the short- to medium-term research priorities and implementation pathways most strongly implied by these recent trends and innovations, especially where signals from the scientometric and behavioral corpora converge with the trajectory of ongoing and planned clinical trials. By tracing how shifts in the broader academic and psychological literature are mirrored in the design, target populations, and outcome measures of CBT-based mobile applications for depression, this parallel analysis allows us to move beyond a static description of the literature and articulate a dynamic account of where the field is headed, identifying both synergies and potential gaps between foundational research and its practical application. In doing so, the study aims to provide clearer and more actionable insights for researchers, clinicians, and policymakers about how current trajectories in mobile CBT research are likely to shape the near future of digital mental health care.



2 WoSCC-based data and methods


2.1 WoSCC data source and search strategy

This study employed a multi-database bibliometric approach to comprehensively map the research landscape of CBT-based mobile applications for depression. The first phase involved a broad analysis of the Web of Science Core Collection to establish the overall intellectual structure of the field. The second phase involved a focused analysis of a curated dataset of clinical trials from PubMed to examine trends specifically within intervention-based research. A third phase consisted of a supplementary analysis of a behaviorally focused corpus retrieved from PsycINFO, a specialized database in psychology and mental health, in order to capture additional perspectives on CBT-based mobile interventions that may not be fully represented in Web of Science Core Collection or PubMed.

Relevant literature for the first phase of our analysis was retrieved from the Web of Science Core Collection, a comprehensive and authoritative global scientific database widely used for scientometric studies. The literature search covered the period from the inception of the database to June 25, 2025. To ensure comprehensive coverage, the search strategy included relevant terms, synonyms, alternative expressions, and truncation techniques. The complete, executable search query was: TS = ((“smartphone*” OR “mobile app*” OR “mobile application*” OR “smartphone application*” OR “mobile phone app*” OR “mental health app*”) AND (depress* OR “major depressive disorder” OR MDD) AND (“cognitive behavioral therapy” OR “cognitive behavior therapy” OR CBT OR chatbot OR “conversational agent”)). The detailed search strategy is summarized in Table 1.

TABLE 1 Retrieval strategy for WoSCC.




	Set
	Search query





	#1
	TS = (“smartphone*” OR “mobile app*” OR “mobile application*” OR “smartphone application*” OR “mobile phone app*” OR “mental health app*”)



	#2
	TS = (depress* OR “major depressive disorder” OR MDD)



	#3
	TS = (“cognitive behavioral therapy” OR “cognitive behavior therapy” OR CBT OR chatbot OR “conversational agent”)



	#4
	#1 AND #2 AND #3








2.2 Study selection and eligibility in WoSCC

This analysis of the WoSCC included peer-reviewed original research articles. Reviews, conference papers, meeting abstracts, book chapters, editorial materials, letters to the editor, retracted articles, duplicate publications, and non-English language articles were excluded from this analysis. The rationale for excluding non-English language articles was to maintain the linguistic homogeneity of the corpus, a methodological requirement for ensuring the accuracy of text-based analyses, such as keyword co-occurrence and thematic clustering, performed by the bibliometric software. Figure 1 shows the PRISMA 2020 flow diagram that summarizes identification, screening, eligibility, and inclusion of records retrieved from the WoSCC.


[image: Flowchart diagram shows the process of article identification, screening, and inclusion for a bibliometric analysis of cognitive behavioral therapy-based mobile applications for depression, beginning with 465 studies and ending with data split by publications, countries, journals, authors, and keywords using digital tools.]
FIGURE 1
 PRISMA 2020 flow diagram of study identification and selection in the WoSCC search.




2.3 CiteSpace parameters and visualization for WoSCC

We utilized CiteSpace 6.4 R1 to analyze the bibliographic data exported from WoSCC. Data files containing full bibliographic records and cited references were exported as plain text files labeled “download_XXX.txt.” The software was employed to construct visual knowledge maps through several analytical procedures, including temporal slicing, thresholding, and pruning (12, 13). CiteSpace identifies dominant research patterns, emerging topics, and research frontiers by applying core algorithms such as burst detection, betweenness centrality calculation, and heterogeneous network analysis (14). In the resulting visualizations, nodes represent items such as authors, institutions, countries, or keywords. Node size reflects frequency or citation count, while node color indicates the year of publication or citation occurrence. Nodes encircled by a purple ring indicate high betweenness centrality, signifying pivotal points or significant hotspots within the research domain.




3 Scientometric results based on WoSCC


3.1 Distribution of WoSCC articles by publications and citations

A total of 465 articles were retrieved from WoSCC; after rigorous screening, 350 articles (75.3%) remained for analysis. Among these, the earliest publication dated from 2013, resulting in a 12-year observation period for the WoSCC-based scientometric analysis. Figure 2 illustrates the annual numbers of publications and citations from 2013 to 2025. Annual publications increased gradually from 3 in 2013 to double digits by 2016, followed by a relatively steady climb through 2019. A pronounced surge then appeared between 2020 (44 articles) and 2024 (66 articles), reflecting heightened research interest. The 2025 count currently stands at 34 publications, a figure that represents only data collected up to June.


[image: Bar and line graph showing annual publications and citations from 2013 to 2025. Publications increase steadily, peaking in 2024, while citations rise sharply, peaking in 2024 before declining in 2025.]
FIGURE 2
 The number of publications and citations each year from 2013 to 2025.


Citation patterns show a similar upward trajectory: annual citations rose from 9 in 2013 to 2045 in 2024, with especially rapid growth between 2020 (781 citations) and 2024 (2045 citations). This trend underscores the field's increasing scholarly influence.



3.2 Research cooperation network in WoSCC
 
3.2.1 WoSCC co-authorship network

The co-authorship network was visualized using CiteSpace with one-year time slices and the g-index criterion (k = 25) (15, 16). The tree-ring history visualization method was applied, where each node represents an author, and the rings indicate the author's cumulative publication record over time. Collaboration between authors is depicted through connecting lines, with the color of each line representing the first year of their collaboration.

Figure 3A shows the main connected component of the author collaboration network, which comprises 426 nodes (authors) and 875 collaborative links, with a low network density (0.0097). The most productive authors within this network are Horikoshi Masaru with 11 publications, Garcia-Palacios Azucena with 8 publications, and Furukawa Toshi A with 7 publications. The visualization clearly illustrates distinct research groups with limited inter-group collaborations, indicating that cross-institutional or interdisciplinary cooperation in this field remains relatively uncommon and could benefit from enhancement.


[image: Panel A shows a scatter plot with labeled data points representing terms or entities, colored on a blue-to-red gradient. Panel B presents a network diagram with clusters labeled by research topics, each group distinguished by different colors.]
FIGURE 3
 (A) The author collaboration network, showing co-authored relationships with connecting lines. (B) The clustered co-authorship network based on title keywords, illustrating 15 thematic clusters numbered from #0 to #14, with lower numbers indicating larger clusters.


Figure 3B presents the clustered co-authorship network based on title keywords. This clustering analysis was conducted using CiteSpace's log-likelihood ratio method to identify thematic groups (17). The quality of the resulting clusters was assessed using two widely recognized metrics: modularity (Q-value) and mean silhouette (S-value). Modularity (Q) measures the extent to which a network is divisible into clearly defined clusters, with a Q-value >0.3 typically indicating significant clustering structure (18). The mean silhouette (S) value reflects the consistency or homogeneity of the clusters, with values above 0.7 suggesting high cluster quality (19, 20). In this study, the clustering results yielded a Q-value of 0.9224 and an S-value of 0.9849, indicating a highly robust and meaningful clustering structure.

The resulting analysis identified 15 thematic clusters numbered from #0 to #14, where lower numbers represent larger clusters. The primary themes include multicenter clinical trials, major depressive disorder, online and smartphone-based psychological interventions, cognitive-behavioral approaches delivered via mobile phones, chronic pain management, and sleep disturbances. These themes underline the current focus of author groups on mobile technology-driven mental health interventions, clinical trials, and digitally facilitated treatment protocols.



3.2.2 WoSCC co-country collaboration network

Figure 4A shows the national collaboration network in this field. The network includes 49 countries (nodes) and 161 collaborative links, with a density of 0.1369. The United States (151 publications), England (67 publications), and Germany (52 publications) are the most prolific contributors.


[image: Panel A shows a network graph with nodes sized by importance, highlighting the USA as the largest node, followed by other labeled countries such as China, England, and Australia. Panel B displays a denser network graph, with labeled nodes representing universities and organizations such as Harvard, Stanford, and the University of California System, connected by multicolored links. A color key in the lower left indicates a gradient used in the diagrams.]
FIGURE 4
 (A) The map illustrates the network of country cooperation in this field, where the connecting lines signify the interactions between countries. (B) Map of the institute cooperation network in this field, with connecting lines representing institution interactions.


Betweenness centrality—a metric reflecting how often a country lies on the shortest path between other countries—exceeds 0.10 for several key players, underscoring their role as bridges in the international research landscape (21, 22). The United States leads markedly with a centrality of 0.55, highlighting its pivotal position in global partnerships. Switzerland (0.20), England (0.19), and Australia (0.17) also demonstrate high centrality values, indicating their significant roles in connecting disparate research clusters.



3.2.3 WoSCC co-institution collaboration network

Figure 4B presents the institutional cooperation network, which comprises 237 nodes and 623 collaborative links, yielding a network density of 0.0223. The most prolific institutions in terms of publication count were Harvard University (33 publications), the University of California System (26 publications), and the University of London (21 publications). The University of California System (0.16), the Institute of Statistical Mathematics, Japan (0.16), and Harvard University (0.13) exhibited high betweenness centrality, underscoring their pivotal roles in bridging institutional research efforts across the globe.




3.3 Co-citation analysis in WoSCC
 
3.3.1 WoSCC author co-citation network

Figure 5A illustrates the author co-citation network. Kroenke K leads the field with 123 co-citations, followed by Cuijpers P (90), Spitzer RL (80), Torous J (79), and Kessler RC (70). High betweenness centrality nodes—Andersson G (0.17), Beck AT (0.16), Andrews G (0.16), Cohen J (0.12), Kroenke K (0.10), Carlbring P (0.10), and Bangor A (0.10)—serve as critical connectors, linking disparate author clusters and facilitating the flow of key ideas across the network.


[image: Network visualization showing two panels. Panel A displays a large, dense network with nodes of varying sizes and a color gradient legend; Panel B features a smaller, less dense network with several prominent labeled nodes.]
FIGURE 5
 (A) Author co-citation network, depicting authors most frequently cited together and the central nodes that link research clusters. (B) Journal co-citation network, illustrating the journals most often cited in combination and their roles in structuring the domain's literature.




3.3.2 WoSCC journal co-citation network

Figure 5B shows the journal co-citation network. The Journal of Medical Internet Research is the most frequently co-cited (280 citations), followed by the Journal of Affective Disorders (214) and Psychological Medicine (184). Acta Psychiatrica Scandinavica (centrality = 0.12), Clinical Psychology & Psychotherapy (0.11), and American Psychologist (0.10) rank highest in betweenness centrality, underscoring their pivotal roles in bridging subfields and shaping the discipline's intellectual structure.



3.3.3 WoSCC reference co-citation clusters and citation bursts

Figure 6A illustrates the reference co-citation network, visually representing the interrelationships among highly cited references within this field. The most frequently co-cited references included the study by Torous et al. (23), cited 27 times, which systematically reviewed dropout rates in randomized controlled trials of smartphone apps for depressive symptoms, highlighting the significant challenge of maintaining user engagement in app-based mental health interventions. The second most cited study by Linardon et al. (24), cited 25 times, provided a comprehensive meta-analysis demonstrating that app-supported smartphone interventions can effectively reduce depressive and anxiety symptoms, emphasizing the promise of mobile apps in bridging mental healthcare gaps. Firth et al. (25), cited 22 times, conducted the first meta-analysis evaluating the efficacy of smartphone-based mental health interventions for depressive symptoms, concluding that smartphone applications significantly reduced depressive symptoms compared to control conditions. References with the highest betweenness centrality included Bakker et al. (26), with a centrality of 0.28, whose work evaluated mental health apps based on CBT principles and underscored their effectiveness in managing depression and anxiety symptoms through evidence-based interventions and usability testing. The second central reference was the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-5-TR, 2022; centrality = 0.20) (27), which introduced significant updates in diagnostic criteria and new diagnostic entities, reflecting the latest clinical and research insights in mental disorders, including mood disorders and grief-related conditions. Watts et al. (28), with a centrality of 0.13, conducted an RCT comparing CBT delivered via mobile phones vs. computers, finding both modes significantly improved depressive symptoms and suggesting mobile phone-based CBT as a flexible, accessible alternative for depression treatment.


[image: Panel A contains a network map with clusters of colored nodes connected by lines, labeled with names including Koyama, Andrew, Hasumi, and Okabe, and a color legend indicating citation burst years. Panel B displays a ranked list of top twenty references with the strongest citation bursts, showing authors, publication years, burst strength values, and corresponding citation burst timelines visualized as colored bars.]
FIGURE 6
 (A) Network visualization of reference co-citation analysis, highlighting the interconnectedness of influential studies within this field. (B) Top 30 references with strongest citation bursts, reflecting periods of increased research attention.


Figure 6B presents the top 30 references with the strongest citation bursts between 2013 and 2025, indicating periods of heightened research attention and shifting focus within this domain.

Reference co-citation clustering demonstrated strong modularity (Q = 0.7975) and high silhouette scores (S = 0.8932), indicating clearly delineated and meaningful clusters. Specifically, a Q-value near 0.8 indicates robust clustering modularity, reflecting strong internal cohesion and clear boundaries among clusters, while an S-value above 0.7 confirms high homogeneity within each cluster. Figure 7 presents the clustering landscape, revealing 18 distinct clusters (#0–#17, with lower numbers representing larger clusters). These clusters primarily covered themes such as stress and anxiety management, ecological momentary assessment methods, sleep intervention strategies, mobile-based interventions, randomized controlled trials, adolescent depression, and mobile-delivered CBT, highlighting a dynamic evolution of research hotspots from 2013 to 2025.


[image: Stream graph visualizes research topic trends from 2008 to 2024, with each colored stream representing a topic such as stress anxiety, mobile applications, or digital data, illustrating publication frequency changes over time.]
FIGURE 7
 Clustering landscape of reference co-citation network based on title keywords, illustrating the evolution of research hotspots and thematic trends from 2013 to 2025.





3.4 Keyword analysis in WoSCC
 
3.4.1 WoSCC keyword co-occurrence and clusters

Keyword co-occurrence analysis was conducted using annual time slices (k = 25), identifying 353 nodes and 1,289 links, with a network density of 0.0207. Table 2 presents the top ten keywords ranked by frequency alongside their occurrence counts, and the top ten keywords ranked by betweenness centrality alongside their centrality scores. The log-likelihood ratio clustering algorithm revealed 13 thematic clusters that capture focal areas such as mobile applications, CBT, smartphone-based interventions, digital health strategies, and the integration of artificial intelligence into mental health interventions.

TABLE 2 Top ten keywords by frequency and betweenness centrality.




	Rank
	Frequency
	Keywords
	Centrality
	Keywords





	1
	183
	Cognitive behavioral therapy
	0.14
	Disorders



	2
	135
	Depression
	0.13
	Psychotherapy



	3
	112
	Meta-analysis
	0.13
	Adolescents



	4
	82
	Anxiety
	0.10
	Depression



	5
	78
	Mental health
	0.10
	Anxiety



	6
	61
	Efficacy
	0.10
	Care



	7
	55
	Symptoms
	0.10
	Anxiety disorders



	8
	48
	Randomized controlled trial
	0.10
	Internet



	9
	48
	Validation
	0.09
	Health



	10
	44
	Validity
	0.09
	Intervention






Figure 8 shows the landscape of keyword co-occurrence clusters, illustrating the evolving focus of research from 2013 to 2025. The visualized landscape reveals how research priorities have shifted over time, with a continued emphasis on mobile mental health interventions and a growing interest in new technologies like artificial intelligence.


[image: Area chart displaying trends of thirteen research topics from 2014 to 2023 with individual colored bands, each labeled from mobile applications to artificial intelligence, highlighting peak interest periods for each topic over time.]
FIGURE 8
 Thematic keyword clusters illustrating the research evolution from 2013–2025, where lower numbers denote larger clusters.




3.4.2 WoSCC keywords with citation bursts

Keywords experiencing citation bursts indicate significant emerging topics within a specific field. Figure 9 analyzes the top 10 keywords with the strongest citation bursts from 2013 to 2025, reflecting significant shifts and trends in research. The keyword “technology,” with a burst strength of 4.2 from 2019 to 2021, highlights the growing interest in integrating technology with CBT for depression treatment. Similarly, “anxiety disorders” (burst strength 3.68, 2014–2017) and “mobile apps” (2.53, 2018–2021) underscore the increasing research focus on digital interventions addressing anxiety and leveraging mobile platforms for mental health. Other prominent bursts, such as “trial” (3.49, 2020–2022) and “psychological treatments” (3.4, 2018–2020), point to the growing empirical focus on evaluating the effectiveness of digital mental health treatments. These bursts reflect the evolving research priorities in digital mental health interventions. Other keywords experiencing citation bursts include “prevention” (burst strength 2.33, 2018–2019), “program” (2.31, 2021–2023), “cognitive-behavioral therapy” (2.29, 2019–2021), “phq 9” (2.15, 2023–2025), and “version” (2.15, 2023–2025). The rise of “prevention” reflects an increasing emphasis on proactive mental health care and early intervention strategies. “Program” points to the growing focus on structured, evidence-based intervention programs for managing depression. “Cognitive-behavioral therapy,” a cornerstone of many mobile applications, continues to gain importance in digital mental health treatments. The recent surge in “phq 9,” a well-known tool for assessing depression, reflects growing efforts to measure and track the effectiveness of digital mental health solutions. Finally, “version” refers to the evolving nature of mobile applications, particularly the updates and improvements being made to enhance their therapeutic effectiveness.


[image: Table listing the top ten keywords with the strongest citation bursts, including technology, anxiety disorders, trial, psychological treatments, mobile apps, prevention, program, cognitive-behavioral therapy, phq 9, and version, with corresponding years, burst strengths, and a horizontal bar chart showing the duration of citation bursts between two thousand thirteen and two thousand twenty-five.]
FIGURE 9
 The top 10 burst keywords from 2013 to 2025.






4 Clinical progress trends based on pubmed


4.1 Methods and search strategy

PubMed is a widely recognized biomedical literature database managed by the U.S. National Library of Medicine (NLM) (29). It specializes in biomedicine and life sciences literature, offering extensive coverage and high-quality indexing of clinical studies, making it particularly suitable for analyzing clinical trends and advancements. Its robust search functionalities, including MeSH terms and advanced search fields, facilitate precise retrieval of relevant clinical trial articles. Understanding clinical progress trends through clinical trials is crucial, as these studies provide essential evidence for the safety, efficacy, and clinical applicability of interventions. Clinical trials play a pivotal role in translating theoretical research findings into practical therapeutic applications, thereby enhancing patient outcomes and guiding evidence-based clinical practice (30).

Following the comprehensive analysis of data from the WoSCC, an analysis of clinical trials was conducted to further explore clinical trends in cognitive behavioral therapy-based mobile applications for treating depression. We developed a tailored search strategy according to PubMed's specific retrieval rules. The complete, executable search query was: ((“Cell Phone”[Mesh] OR smartphone*[tiab] OR “smartphone application”[tiab] OR “smartphone applications”[tiab] OR “mobile application”[tiab] OR “mobile applications”[tiab] OR “mobile app”[tiab] OR “mobile apps”[tiab] OR “mobile phone app”[tiab] OR “mobile phone apps”[tiab] OR “mental health app”[tiab] OR “mental health apps”[tiab]) AND (“Depression”[Mesh] OR “Depressive Disorder, Major”[Mesh] OR depress*[tiab] OR “major depressive disorder”[tiab] OR MDD[tiab]) AND (“Cognitive Behavioral Therapy”[Mesh] OR “Cognitive Behavioral Therapy”[tiab] OR CBT[tiab] OR chatbot*[tiab] OR “conversational agent”[tiab] OR “conversational agents”[tiab])). This search strategy was organized into three primary conceptual components: the first component encompassed terms related to smart devices and mobile applications; the second component covered the target disease, depression; and the third component included terms for cognitive behavioral therapy. The final search query combined these three components using the ‘AND' operator to ensure comprehensive coverage of the target literature. Table 3 presents the detailed PubMed search strategy utilized for this analysis. This strategy was executed from database inception up to June 25, 2025, initially yielding 456 articles. By limiting the results to articles categorized explicitly as “Clinical Trial,” the search was narrowed to 144 relevant publications. To avoid duplication, a comparison between these 144 articles and the previously retrieved 350 articles from WoSCC was performed using Python scripting, resulting in the removal of 72 duplicates. Consequently, 72 unique articles were included in the final analysis. Figure 10 shows the corresponding PRISMA 2020 flow diagram for the PubMed clinical-trial subset used to validate the bibliometric findings. This process underscores the methodological rationale for the multi-database strategy by highlighting the distinct, complementary roles of each database. While the WoSCC is the established standard for scientometric analysis and essential for mapping macro-level knowledge structures based on citation networks, its primary focus is not exhaustive for all specialized clinical intervention literature. Conversely, PubMed serves as the authoritative repository for biomedical and life sciences literature, offering superior, specialized indexing for clinical studies through mechanisms like MeSH terms and the “Clinical Trial” publication type filter. The inherent discrepancy in their indexing focus is precisely what necessitates this complementary approach. The identification of 72 unique clinical trial articles from PubMed—which were not captured in the 350-article WoSCC dataset —provides concrete evidence of this gap. Therefore, the parallel analysis of the PubMed subset facilitates a focused, micro-level examination of clinical translation trends that the WoSCC-based macro-analysis alone would incompletely represent, thereby providing a more comprehensive map of the field from foundational research to practical application.

TABLE 3 Retrieval strategy for pubmed.




	Set
	Search query





	#1
	“Cell Phone”[Mesh] OR smartphone*[tiab] OR “smartphone application”[tiab] OR “smartphone applications”[tiab] OR “mobile application”[tiab] OR “mobile applications”[tiab] OR “mobile app”[tiab] OR “mobile apps”[tiab] OR “mobile phone app”[tiab] OR “mobile phone apps”[tiab] OR “mental health app”[tiab] OR “mental health apps”[tiab]



	#2
	“Depression”[Mesh] OR “Depressive Disorder, Major”[Mesh] OR depress*[tiab] OR “major depressive disorder”[tiab] OR MDD[tiab]



	#3
	“Cognitive Behavioral Therapy”[Mesh] OR “Cognitive Behavioral Therapy”[tiab] OR CBT[tiab] OR chatbot*[tiab] OR “conversational agent”[tiab] OR “conversational agents”[tiab]



	#4
	#1 AND #2 AND #3







[image: Flowchart illustrating the selection process for studies in a bibliometric analysis of cognitive behavioral therapy-based mobile applications for depression, including identification, screening via deduplication, and inclusion using various software tools and keyword, article, and author analysis.]
FIGURE 10
 PRISMA 2020 flow diagram of study identification and selection in the PubMed clinical-trial subset.




4.2 Co-authorship

Figure 11 visualizes the main connected component of the author collaboration network based on PubMed data. The most prolific authors were Furukawa, Toshi A, Greeson, Jeffrey M, Gremore, Tina, Levin, Michael E, and Cox, Christopher E, each contributing three publications. Notably, the visualization highlights a noticeable paucity of interdisciplinary and inter-institutional collaborations in clinical trials within this field. Strengthening cooperation across different institutions and disciplines could significantly enrich the scope and robustness of clinical studies. Enhanced collaborative efforts can facilitate resource sharing, improve methodological rigor, broaden participant recruitment, and ultimately produce more generalizable and impactful clinical outcomes.


[image: Network graph visualizing author collaborations with labeled nodes representing individual researchers, edges indicating collaborations, and node colors corresponding to publication counts as shown in the left-side color legend.]
FIGURE 11
 Author co-authorship network based on PubMed clinical trials.




4.3 Keyword analysis

Figure 12A presents the keyword co-occurrence network based on PubMed data. The most frequently occurring keywords were randomized controlled trial (11 occurrences), cognitive behavioral therapy (8 occurrences), mobile phone (7 occurrences), mental health (7 occurrences), and mobile app (6 occurrences). Keywords exhibiting high betweenness centrality included mobile health (0.45), randomized controlled trial (0.31), and mobile app (0.24). The prominence of these keywords underscores the critical role that randomized controlled trials play in assessing the efficacy of CBT-based mobile applications. RCT are recognized as the gold standard in clinical research due to their ability to minimize bias and produce high-quality evidence, thereby significantly contributing to the development and validation of clinical practices in digital mental health (31).


[image: Panel A presents a network visualization with nodes of varying colors and sizes connected by lines, labeled with terms such as “cognitive behavioral therapy” and “depressive symptoms.” A color bar legend indicates a metric range. Panel B features five clusters, each encircling groups of labeled nodes representing different therapeutic or clinical trial categories.]
FIGURE 12
 (A) Keyword co-occurrence network based on PubMed clinical trials. (B) The clustered keyword network based on PubMed clinical trials, illustrating six thematic clusters numbered from #0 to #5, with lower numbers indicating larger clusters.


Figure 12B illustrates keyword clusters derived from the analysis, including randomized controlled trial, factorial experimental trial, cognitive behavioral therapy, mental health, randomized clinical trial, and interpersonal therapy. These clusters represent key research trends and areas of clinical focus within this field. Specifically, the dominance of “randomized controlled trial” and related terms highlights ongoing efforts to rigorously evaluate digital therapeutic interventions. Additionally, clusters such as “interpersonal therapy” indicate expanding clinical interests beyond traditional CBT, suggesting an emerging trend toward integrating multiple therapeutic modalities into mobile mental health applications. Collectively, these keyword clusters reflect a growing research emphasis on methodological rigor, diverse therapeutic approaches, and the clinical validation of mobile interventions for depression treatment.




5 Behavioral and psychological research trends based on PsycINFO


5.1 Methods and search strategy

PsycINFO is the premier abstracting and indexing database produced by the American Psychological Association and is widely regarded as the most comprehensive resource for peer-reviewed literature in behavioral science and mental health (32). To complement the macro-level analysis based on WoSCC and the clinically oriented search conducted in PubMed, PsycINFO was interrogated through the APA PsycNet platform to capture research on cognitive behavioral therapy–based mobile applications for depression originating from core psychology and behavioral science journals.

Guided by the APA Thesaurus of Psychological Index Terms, we first operationalized the three central constructs of this review—mobile delivery modality, depressive disorders, and cognitive behavioral therapy (33). We then applied a keyword-based strategy that treated the descriptors “mobile phones”, “depression”, and “cognitive behavioral therapy” as terms in the Any Field option, enabling PsycINFO to retrieve records in which these concepts appeared in titles, abstracts, author keywords, or indexing fields and thereby maximizing coverage while minimizing the risk of omitting relevant literature. The search encompassed all records indexed up to June 25, 2025. Inclusion criteria were limited to publicly published literature available in English. All records retrieved by this strategy that met the inclusion criteria were exported and imported into CiteSpace for co-authorship and keyword analyses. The final PsycINFO dataset comprised 20 articles, which served as the basis for the supplementary bibliometric analysis of behavioral and psychological research trends in this section. By incorporating PsycINFO, which indexes a wide range of specialized psychology and behavioral science journals that are not comprehensively represented in WoSCC or PubMed, this study strengthens its methodological rigor and provides a more nuanced view of how CBT-based mobile interventions for depression have been examined within core behavioral and mental health disciplines, thereby enriching the interpretation of the global patterns identified in the WoSCC and PubMed datasets.



5.2 Co-authorship

Figure 13 shows the co-authorship network of CBT-based mobile application studies for depression retrieved from the PsycINFO database. Within this relatively small but conceptually focused corpus, Kennard Betsy, Carlbring Per, Kobak Kenneth A, and Mundt James C each contributed two publications and thus emerge as the most prolific authors. The visualization highlights a prominent cluster centered on Carlbring Per that links multiple collaborators across different years, suggesting a sustained and evolving research program in which a stable core team has repeatedly examined digital CBT interventions for depression from a behavioral science perspective. Surrounding this core are several smaller, tightly knit clusters, many of which are represented by warmer colors on the timeline scale and therefore indicate research groups that have entered the field more recently. Rather than a single, densely interconnected network, the PsycINFO map portrays a structure characterized by a leading behavioral research hub accompanied by emerging teams in diverse settings, implying that CBT-based mobile applications for depression are increasingly becoming an established topic within psychology and behavioral health while still leaving room for broader cross-group collaboration.


[image: Network visualization displaying clusters of names connected by lines, with larger text for "Carlbrg, Per" indicating prominence. Nodes and connections are color-coded by year, as shown in a legend ranging from red for 2003 to dark blue for 2022.]
FIGURE 13
 Co-authorship network of CBT-based mobile application studies for depression in the PsycINFO database.




5.3 Keyword analysis

Figure 14A presents the keyword co-occurrence network for CBT-based mobile application studies on depression in the PsycINFO dataset. The most frequent keywords are mobile phones with 18 occurrences, cognitive behavior therapy with 14 occurrences, major depression with 10 occurrences, digital intervention with 4 occurrences, and mobile applications with 4 occurrences. Keywords with the highest betweenness centrality include cognitive behavior therapy with a value of 0.88, mobile phones with 0.32, social phobia with 0.32, major depression with 0.27, and mobile applications with 0.25. Taken together, these high-frequency and high-centrality terms confirm that the PsycINFO corpus focuses on mobile phone-delivered CBT interventions targeting major depressive disorder, while at the same time highlighting the conceptual framing of these tools as digital interventions rather than merely device-based solutions. The emergence of digital intervention as a relatively new but strategically positioned keyword underscores the growing recognition of CBT-based mobile tools as a distinct branch within the broader field of digital mental health. The prominence of social phobia as a bridging term further suggests that mobile CBT interventions developed for depression are often embedded within transdiagnostic or comorbidity-focused programs, which reflects the clinical reality that depressive and anxiety symptoms frequently co-occur and can be addressed through shared cognitive behavioral mechanisms.
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FIGURE 14
 (A) Keyword co-occurrence network based on CBT-based mobile application studies for depression in the PsycINFO database. (B) The clustered keyword network based on these studies, illustrating the corresponding thematic clusters.


Figure 14B visualizes the clustering structure of PsycINFO keywords, which can be broadly summarized by six thematic clusters labeled mobile applications, virtual reality, mobile health, Chinese cultural groups, drug therapy, and Internet. The mobile applications and mobile health clusters indicate that the PsycINFO literature anchors CBT-based interventions within the larger mHealth ecosystem, where smartphone apps and mobile services function as core delivery platforms for psychological treatment. The recurrence of virtual reality as a distinct cluster, consistent with the WoSCC keyword analysis, points to a convergent research trend in which immersive and interactive technologies are increasingly integrated with CBT-based mobile interventions in order to enhance exposure, engagement, and skill acquisition. The Chinese cultural groups cluster is particularly noteworthy, as it suggests a growing body of work that adapts and evaluates digital CBT tools among Chinese populations and emphasizes the importance of cultural context, language, and health system characteristics in shaping the uptake and effectiveness of mobile interventions. The presence of drug therapy and Internet clusters indicates that CBT-based mobile applications are often studied alongside pharmacological treatment and web-based platforms, reinforcing the view that digital CBT functions as part of a multimodal care framework that spans face-to-face, online, and mobile modalities.




6 Discussion

The primary findings of this bibliometric analysis revealed several important insights into global research trends concerning CBT-based mobile applications for depression. The annual number of publications demonstrated a steadily increasing trend, reaching a peak of 66 articles in 2024. Despite this growth, the number of publications remained below 100 per year, signifying that this research area is still emerging and possesses considerable potential for future expansion. The first significant publication by Watts et al. (28), published in February 2013 in BMC Psychiatry, laid foundational work through a randomized controlled trial comparing traditional computer-based CBT with mobile application-based CBT. This pioneering study demonstrated the feasibility and effectiveness of mobile applications in delivering CBT for depression, highlighting their potential advantages in accessibility and convenience over traditional formats. Opportunities exist to further advance this field by integrating enhanced modalities such as MBCT and ACT into mobile applications, thereby enhancing treatment accessibility and effectiveness (34, 35). Strengthening international and interdisciplinary collaborations could also significantly boost research output and innovation.

In examining national and institutional contributions, the United States emerged as the leading country in terms of both publication volume and centrality, underscoring its role as a pivotal player in the global research landscape. The high centrality suggests that the United States not only contributes substantially but also effectively facilitates international collaboration, likely driven by its robust research infrastructure and established academic networks. European countries, notably England, Germany, and Switzerland, also prominently featured, indicating strong European involvement and cooperation. Australia was also identified as a nation with significant contributions and high betweenness centrality, underscoring its vital role in facilitating cooperation among various countries. However, the visualized cooperation network highlighted a significant gap in collaboration involving Asian nations, as well as Southern Hemisphere countries excluding Australia, suggesting an urgent need for fostering international collaborations with these regions to diversify research perspectives and enhance global research integration.

Institutionally, Harvard University, the University of California System, and the University of London were the most prolific contributors. The prominence of these institutions, along with Stanford University, reinforces the dominance of American and European research organizations in this domain. This reflects limited representation from developing countries, emphasizing the importance of inclusive collaborations between leading and emerging research institutions globally. Promoting partnerships between core research institutions and peripheral entities could facilitate a more inclusive and influential global research community.

Author collaboration analysis identified three influential researchers: Horikoshi Masaru, Garcia-Palacios Azucena, and Furukawa Toshi A. Visual analysis of the co-authorship network illustrated extensive cooperation between Horikoshi Masaru and Furukawa Toshi A, as well as substantial connectivity involving Garcia-Palacios Azucena. Despite these notable collaborations, the visualized network reveals that overall author collaboration remained largely fragmented and limited, with many isolated research clusters. This fragmentation underscores the necessity of enhancing collaboration among authors, institutions, and countries. Single-disciplinary approaches are insufficient for addressing the complex challenges associated with mood disorders, and robust multidisciplinary cooperation is essential to advance understanding and intervention strategies in this critical research area.

The keyword clustering analysis identified several key themes that represent the focal areas and interdisciplinary trends within CBT-based mobile application research. The largest cluster, “mobile application,” highlights the critical role of smartphone-based interventions in broadening access to CBT. Studies within this cluster consistently demonstrate that mobile health applications grounded in CBT principles effectively manage depression symptoms, offering advantages such as cost-effectiveness (36), anonymity (37), and user flexibility (38). Empirical evidence supports their therapeutic value, showing significant reductions in depression and anxiety compared to traditional (39). The prominence of this cluster illustrates a shift toward integrating psychological expertise with technological innovation to optimize mobile mental health services. The cluster “internet gaming disorder” reveals an emerging interdisciplinary focus, extending CBT applications beyond mood disorders to address behavioral addictions linked to digital technologies. Researchers have adapted CBT principles within mobile platforms to treat problematic internet gaming, recognizing its associations with anxiety, depression, and maladaptive behaviors. Studies have demonstrated the effectiveness of CBT-based interventions for internet gaming disorder (40), highlighting the efficacy of combining CBT with mobile applications. This suggests that CBT is not only effective for managing anxiety and depression but can also offer solutions for other complex clinical issues. Exploring the integration of CBT with digital technologies for a broader range of emotional and behavioral disorders appears to be a significant emerging research trend. This trend signifies an expansion of digital CBT research into new domains, blending expertise from addiction medicine, adolescent psychology, and digital health. Similarly, the cluster “virtual reality” underscores innovative efforts to enhance CBT through immersive technologies. Virtual reality (VR) allows for realistic exposure scenarios and interactive environments, significantly enhancing user engagement and therapy efficacy (41). Studies indicate VR-assisted CBT interventions can achieve comparable or superior outcomes to standard therapy, particularly in anxiety-related conditions (42). This cluster's formation highlights increasing collaboration among mental health professionals, engineers, and human-computer interaction experts, marking a promising convergence of CBT with advanced digital therapeutics.

The evolution of keyword bursts further reflects the shifting research priorities in digital CBT interventions. Initially, early research primarily focused on disorders themselves, notably “anxiety disorders,” reflecting the initial intent to validate digital interventions for established clinical conditions. Gradually, the research emphasis shifted from specific disorders to exploring and validating digital therapeutic modalities themselves, illustrated by keyword bursts such as “technology,” “mobile apps,” and “trial.” This transition demonstrates researchers' growing interest in systematically evaluating the feasibility, efficacy, and practical integration of digital interventions into mental healthcare. More recently, keywords such as “prevention,” “program,” and “version” have emerged prominently, indicating an emphasis on structured intervention approaches, preventive mental healthcare strategies, and iterative refinement of digital applications based on user feedback. The frequent occurrence of “PHQ-9” further exemplifies rigorous outcome assessment becoming a standard expectation, enhancing confidence in the clinical efficacy and acceptability of CBT-based mobile interventions. Collectively, these keyword trends depict an ongoing maturation of research, transitioning from initial validation of digital interventions toward optimization and systematic integration into established healthcare practices. This trajectory emphasizes continuous technological innovation, rigorous empirical evaluation, and responsiveness to user-centered design principles. The interdisciplinary nature and increasing empirical support for digital CBT applications position them prominently within future mental healthcare frameworks.

Citation-burst analysis reveals the moments when certain studies suddenly attracted intense attention, thereby pinpointing emerging hotspots and paradigm-shifting contributions within the broader field of CBT-based mobile mental health interventions. Among the thirty references exhibiting the strongest bursts, most address the development, efficacy, and engagement challenges of smartphone-delivered CBT for depression and anxiety, collectively mapping the trajectory from early feasibility studies to large-scale meta-analyses and user-experience evaluations. Firth et al. (43) demonstrate that smartphone interventions yield significant reductions in depressive symptoms compared to control conditions. Torous et al. (23) show that attrition in depression-app trials can approach half of all participants, underscoring the need to bolster user engagement. Donker et al. (44) reveal that only a handful of commercially available mental health apps adhere to evidence-based principles, calling for more rigorous validation. Watts et al. (28) report that CBT delivered via mobile app produces clinical improvements on par with computer-based programs, affirming its flexibility and accessibility. A second analysis by Firth et al. (25) confirms moderate effect sizes for app-based depressive symptom reduction and cautions against untested commercial offerings. Bakker et al. (26) outline concrete, evidence-based design recommendations for future mental health apps, emphasizing the integration of core CBT techniques. Karyotaki et al. (45) establish that Internet-delivered CBT produces robust symptom relief in large samples, illustrating scalability. An earlier review by Karyotaki et al. (46) similarly affirms the efficacy of unguided online CBT for depression. Huguet et al. (47) find that most depression apps lack fundamental CBT or behavioral activation components and suffer from poor usability and privacy safeguards. Mohr et al. (48) illustrate that a suite of focused, skills-based apps can achieve both significant symptom reductions and sustained user engagement. Together, these landmark works chart a clear evolution: from demonstrating the basic feasibility of mobile CBT to rigorously quantifying its efficacy, diagnosing engagement bottlenecks, and prescribing evidence-driven design standards. Going forward, future research should prioritize adaptive interventions, user engagement, and interdisciplinary collaboration to fully realize the promise of CBT-based mobile applications for global mental health.

Incorporating the clinical trial analysis from PubMed has provided essential insights into emerging trends within CBT-based mobile applications for treating depression. The current clinical landscape highlights a notable expansion of therapeutic strategies beyond traditional CBT, integrating novel modalities such as interpersonal therapy and mindfulness practices. The adoption of these therapies reflects a growing recognition of their complementary benefits—interpersonal therapy effectively addresses social and relational aspects contributing to depression (49, 50), whereas mindfulness techniques offer valuable tools for managing stress and enhancing emotional regulation (51). The emergence of these interdisciplinary therapeutic approaches signifies a critical shift toward holistic patient-centered care. Such integrative methodologies have demonstrated clear advantages, including improved patient engagement, greater flexibility, and potentially enhanced clinical outcomes due to their comprehensive approach to mental health management. Strengthening interdisciplinary and inter-institutional collaborations is another key factor facilitating this transformation. Enhanced collaboration enables pooling of diverse expertise, resources, and methodologies, thereby enriching research quality, increasing the generalizability of clinical trials, and accelerating innovation. Such collaborations, especially when extending internationally, can significantly amplify the impact and efficacy of clinical interventions.

The emphasis on rigorous research methodologies, particularly RCT and factorial experimental trials, underscores the commitment of the research community to uphold scientific robustness and reliability. RCT, recognized as the gold standard in clinical research, minimize biases and provide highly credible evidence, critical for validating mobile mental health interventions. Reviewing the selected clinical trials further emphasizes these points. Dixit et al. (52) demonstrated the effectiveness of digital interventions integrating multiple therapies, like CBT, interpersonal therapy, behavioral activation therapy, and dialectical behavior therapy, for postpartum depression, showing significantly greater improvement compared to controls. Similarly, Schuffelen et al. (53) found that digital CBT for insomnia substantially alleviated depressive symptoms in patients with comorbid insomnia and depression, highlighting the potential transdiagnostic applications of mobile interventions. Rothman et al.'s (54) study on digital therapeutics (CT-152) provided evidence for the effectiveness of digital CBT adjunctive to pharmacological treatment, further reinforcing the viability and complementary potential of digital mental health interventions.

Additionally, Weintraub et al. (55) highlighted the significant improvements in psychosocial functioning and depressive symptoms in adolescents with severe mood and psychotic spectrum disorders through app-enhanced CBT, advocating the benefits of integrating mobile technology to boost therapeutic adherence and engagement. Chen et al. (56) demonstrated that digital CBT for insomnia effectively prevented the onset of major depressive disorder among youths, reinforcing the preventive potential of mobile mental health interventions. Lastly, Watkins et al. (57) confirmed the effectiveness of CBT-based self-help apps in reducing depression symptoms among young adults, underscoring their scalability and public health value. Overall, these clinical trials collectively illustrate a clear trajectory toward integrative, robust, and collaborative clinical research in mobile mental health interventions. Embracing this trajectory through continued interdisciplinary collaboration and rigorous methodological standards promises further advancements in digital therapeutics, ultimately enhancing accessibility, effectiveness, and patient outcomes in mental health care (58).

The PsycINFO analysis further refines the clinical implications of our bibliometric findings by highlighting how CBT based mobile interventions for depression are embedded within broader transdiagnostic frameworks. The prominence of social phobia as a high centrality keyword indicates that many digital CBT programs for depression are designed to address overlapping symptom clusters of social anxiety and mood disturbance rather than isolated diagnostic categories. Canton et al. (59) shows that cognitive behavior therapy provides the most enduring and clinically meaningful benefits for generalized social phobia, often outperforming pharmacotherapy in the maintenance of treatment gains and showing additional advantages when combined with assertive clinical management, which underlines the value of sustained behavioral and cognitive skill practice in real world social contexts. When the PsycINFO co-occurrence structure is viewed alongside this evidence, social phobia emerges not as a peripheral topic but as a clinically important bridge that links CBT based mobile tools for depression with the wider literature on social anxiety, comorbidity, and transdiagnostic mechanisms of change.

Equally noteworthy is the appearance of Chinese cultural groups as a distinct keyword cluster, which suggests that a growing share of CBT based mobile interventions for depression is being developed for, or empirically tested in, Chinese populations. Ng and Wong show that cognitive behavioral therapy yields overall medium effect sizes on anxiety, depression, caregiving stress, and addictive behaviors among Chinese clients, with culturally adapted interventions achieving stronger short-term effects than unadapted protocols and with both short term and longer-term benefits remaining in the medium range (60). These results support the view that CBT is broadly compatible with Chinese cultural values when it is delivered in a structured, directive, and problem solves format, and they underscore the importance of cultural tailoring at the level of language, examples, family roles, and help seeking norms. In our PsycINFO corpus, the clustering of Chinese cultural groups together with digital intervention related terms indicates that mobile CBT applications are already being localized for Chinese users, which has direct implications for the global scalability and equity of evidence based digital mental health services.

Given the persistent concerns surrounding the long-term maintenance of CBT effects and the central role of behavioral intervention, we integrated evidence from recent randomized trials and meta-analytic syntheses that explicitly examine relapse prevention and behavioral activation. Uphoff et al. (61) shows that behavioral activation is at least as effective as standard cognitive behavioral therapies and medication across a wide range of adult depression trials and may be more cost efficient, reinforcing the notion that focused behavioral strategies can match more complex cognitive packages in acute symptom reduction. Fava et al. (62) shows that adding cognitive behavioral treatment of residual symptoms, supplemented by lifestyle modification and well-being therapy, markedly reduces 2 years relapse rates in patients with recurrent depression after antidepressants are tapered, compared with clinical management alone, emphasizing the importance of targeting residual symptomatology rather than relying solely on maintenance pharmacotherapy. Soleimani et al. (63) shows that group based behavioral activation yields greater improvement in depressive symptoms than group cognitive therapy in university students with subsyndromal anxiety and depression while maintaining comparable gains in anxiety, stress, and functioning, which highlights the efficiency of behavioral activation as a transdiagnostic prevention strategy. Jacobson et al. (64) shows that the behavioral activation component on its own produce outcomes equivalent to the full cognitive behavioral treatment for depression, suggesting that activation and engagement with rewarding environmental contingencies are the primary therapeutic engines of change. Hollon et al. (65) shows that cognitive therapy confers an enduring protective effect against relapse that is at least as strong as continuation antidepressant medication in patients with moderate to severe depression, and that patients who discontinue medication relapse more frequently than those who complete a course of cognitive therapy and then stop treatment. Zhou et al. (66) shows that in a network meta-analysis of psychological relapse prevention strategies, cognitive behavioral therapy offers the longest, although not continuous, protection against recurrence, while behavioral activation and interpersonal psychotherapy demonstrate delayed but significant advantages over placebo and all structured psychological interventions outperform supportive counseling across most follow up points. Taken together, this body of evidence converges with our PsycINFO findings by indicating that the durability of depression treatment depends heavily on sustained behavioral engagement, systematic activation, and the management of residual symptoms, and it suggests that CBT based mobile applications grounded in behavioral activation principles, adapted for specific cultural groups, and sensitive to comorbid social anxiety may be particularly well suited to support long term recovery trajectories in everyday life settings.

Beyond CBT, which remains a first-line psychological treatment for depression, our findings align with a broader literature showing that mindfulness-based approaches have gained wide recognition for their effectiveness in treating mood and anxiety disorders. Mindfulness is commonly defined as the deliberate, present-moment awareness of internal and external experiences with a non-judgmental and accepting attitude, and has given rise to structured interventions such as Mindfulness-Based Stress Reduction (MBSR) and Mindfulness-Based Cognitive Therapy (MBCT) (67–69). Alkan et al. (70) shows that mindfulness-based interventions including MBCT and related third-wave cognitive-behavioral approaches produce significant reductions in depressive symptoms across a wide range of psychiatric diagnoses, supporting mindfulness as a robust, transdiagnostic target for mood improvement. Montero-Marin et al. (71) shows that in recurrent depression, MBCT combined with antidepressant tapering support not only prevents relapse but also exerts its effects through improvements in mindfulness skills, with particularly pronounced benefits among individuals with higher baseline severity. At the comparative level, Li et al. (72) shows that there is no meaningful difference between mindfulness-based interventions and CBT in reducing anxiety, depressive symptoms, and sleep problems, indicating that mindfulness-based programs can function as viable alternatives to CBT in routine care. Additional clinical trials further underscore the utility of mindfulness in depression-related contexts: Norouzi et al. (73) shows that combining MBSR with physical activity augments standard pharmacotherapy for major depressive disorder by yielding greater improvements in depressive symptoms, anxiety, perceived stress, and sleep quality, while Zhu et al. (74) shows that adjunctive MBCT for adolescents with major depressive disorder significantly reduces suicidal ideation, depressive symptomatology, and circulating interleukin-6 levels, suggesting both psychological and inflammatory pathways of benefit. Together, these data position mindfulness-based interventions as both mechanistically meaningful and clinically effective counterparts or complements to CBT in depression care.

With the rapid expansion of digital health, mindfulness-based interventions are increasingly delivered through internet platforms and mobile applications, extending their reach and scalability in ways that are highly relevant to CBT-based mobile interventions for depression (75, 76). Wang et al. (77) shows that electronic health–delivered MBCT (eMBCT) produces small but significant and sustained reductions in anxiety and depression across twelve randomized controlled trials, with greater baseline symptom severity predicting larger gains, thereby supporting eMBCT as a feasible and effective modality for adult populations. Hurwitz et al. (78) shows that a mindfulness-enhanced internet-based CBT program implemented in routine care yields medium-to-large effect size reductions in depression and psychological distress, demonstrating that integrating mindfulness content into iCBT can improve outcomes at scale despite modest completion rates. At the level of mobile health, Liu et al. (79) shows that a mindfulness- and social support–based mobile application for postpartum women significantly increases perceived social support and parenting self-efficacy while reducing postpartum depressive symptoms, and Al-Refae et al. (80) shows that a self-compassion and mindfulness-based cognitive smartphone intervention leads to moderate reductions in depressive symptoms alongside gains in self-compassion and emotion regulation. Wu et al. (81) shows that online MBSR for psychiatric healthcare workers reduces depression and anxiety symptoms, with decreases in emotional suppression mediating these effects, highlighting a specific change process that may be leveraged in other digitally delivered mindfulness programs. Collectively, these findings indicate that mindfulness-based interventions, whether delivered in person or via internet and mobile platforms, occupy a distinctive position within the broader ecosystem of digital therapeutics for depression. They not only offer outcomes that are broadly comparable to CBT but also bring unique strengths in targeting transdiagnostic processes such as emotion regulation, self-compassion, and acceptance, while digital formats enhance accessibility, support stepped-care models in primary and community settings, and may improve adherence by embedding practice into the flow of everyday life.

In the past 12 years research into mobile CBT for depression has evolved into a rich and dynamic field where digital interventions have demonstrated meaningful clinical benefits while prompting deeper attention to user engagement and personalization (82). Innovations in app design have moved beyond standalone programs to blended care models and immersive experiences, with emerging work harnessing virtual reality and adaptive algorithms to tailor support to individual needs (83, 84). A growing emphasis on preventive applications and youth-focused initiatives underscores a shift toward early intervention and broader mental health promotion (85). Sustaining this momentum will depend on rigorous evaluation of real-world effectiveness, equitable access across diverse populations, and continued synergy among clinicians, technologists, and implementation scientists to translate digital CBT into scalable, lasting solutions.

In sum, the contribution of this study lies in linking a comprehensive, WoSCC-based scientometric map with a targeted analysis of randomized clinical trials identified via PubMed and a complementary behavioral science–oriented corpus derived from PsycINFO, thereby connecting publication structures to clinical endpoints and to transdiagnostic, culturally grounded perspectives on how app-based CBT for depression is conceptualized and implemented. Together, these three databases clarify that mobile CBT is moving toward adjunctive use alongside medication and psychotherapy, mechanistic targets such as sleep and emotion regulation, prevention in at-risk groups, regulatory-grade evaluation in formal trials, and culturally adapted digital interventions that address comorbid social anxiety and the needs of specific populations such as Chinese cultural groups. By integrating coauthorship and keyword networks from WoSCC and PsycINFO with trial evidence from PubMed, the analysis offers a coherent and multidimensional picture of where the field is consolidating and where scalable impact is most likely. Some constraints remain: CiteSpace mapping does not replace a full systematic review, cross-database harmonization is not perfect, citation indicators lag behind publication, and the exclusive focus on English-language publications introduces an inevitable language bias; consequently, impactful research published in local languages may have been omitted, potentially underrepresenting regional research trends. These caveats do not alter the directional signals observed here but highlight the value of periodic updates that draw on additional bibliographic sources and trial registries, expand non-English coverage, and include sensitivity checks to enhance reproducibility.



7 Conclusions

This bibliometric analysis systematically evaluated the global research trends and clinical progress in CBT-based mobile applications for depression treatment, incorporating literature from the Web of Science Core Collection, clinical trials from PubMed, and a complementary behavioral science–oriented corpus from PsycINFO. Results indicate rapid growth and increasing interdisciplinary collaboration, particularly within prominent institutions in the United States and Europe. The rising emphasis on randomized controlled trials underscores a commitment to methodological rigor and scientific validation within this research domain. Emerging clinical trends reflect a significant expansion beyond traditional CBT approaches, integrating complementary therapies such as interpersonal therapy and mindfulness practices. Accumulating randomized trials and meta-analytic evidence indicate that structured mindfulness-based interventions, including MBSR and MBCT, achieve reductions in depressive symptoms that are broadly comparable to CBT, contribute to relapse prevention in recurrent depression, and can also lessen suicidal ideation and stress-related biological markers in high-risk populations. These holistic methodologies offer substantial benefits, including enhanced patient engagement and emotional regulation. In parallel, internet-delivered and mobile application–based mindfulness programs, as well as mindfulness-enhanced digital CBT protocols, have demonstrated small to moderate but clinically meaningful improvements in depressive and anxiety symptoms across diverse groups, while extending access to care, embedding practice in daily life, and generating real-time data that can inform further refinement of intervention content and delivery. The adoption of advanced technological solutions, including adaptive algorithms, virtual reality, and blended care models, further highlights the evolving nature of mobile mental health interventions. Future research directions should focus on strengthening global interdisciplinary and inter-institutional collaborations to ensure diverse perspectives and enhance the generalizability of findings. Continued development and rigorous evaluation of personalized, adaptive digital interventions and preventive strategies are crucial. Emphasis should also be placed on improving user engagement, refining intervention designs, and exploring innovative technologies to optimize treatment efficacy and accessibility for diverse populations. Looking ahead to the next five to ten years, one particularly promising research stream is the integration of Artificial Intelligence (AI) and large language models (LLMs) into mobile CBT-based interventions for depression. Embedding AI-driven conversational agents and decision-support systems within mobile applications can enable more precise tailoring of therapeutic content, continuous analysis of user feedback, and dynamic adjustment of intervention components based on real-time symptom trajectories and engagement patterns. Such systems have the potential to enhance treatment adherence by providing on-demand psychoeducation, emotional support, and guided skills practice in users' everyday environments, while also generating high-resolution data that can be used to refine intervention mechanisms and optimize long-term outcomes. In addition, AI-enhanced mobile CBT interventions may extend beyond clinical populations to support prevention and early intervention in the general public by identifying at-risk individuals, delivering just-in-time adaptive support, and integrating with stepped-care models across primary care and community settings. Other emerging research streams are likely to include the convergence of mobile CBT with sensor-based digital phenotyping, wearable devices, and extended reality technologies to create more context-aware, immersive, and ecologically valid therapeutic experiences, as well as the development of culturally adaptive, multilingual platforms that can narrow global mental health disparities. Such comprehensive efforts promise significant advancements in digital therapeutics, ultimately improving mental health outcomes worldwide.
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In an era of ubiquitous digital communication, online social anxiety has become an increasingly salient issue in the context of digital wellbeing. While procrastination is a known risk factor for psychological distress, the cognitive pathways linking it to online anxiety—and the protective factors that might mitigate these associations—remain poorly understood. Drawing on Conservation of Resources (COR) theory, this study examines a theorized “depletion–overload–anxiety” pathway by testing whether cognitive overload mediates the association between procrastination and online social anxiety, and whether mindfulness buffers this process. A cross-sectional survey of 580 adults measured procrastination in online social contexts, cognitive overload, online social anxiety, and trait mindfulness. The results showed a significant positive association between procrastination and online social anxiety, which was partially mediated by cognitive overload. Mindfulness functioned as a protective resource, moderating both the link between procrastination and cognitive overload and the direct association with anxiety; specifically, higher mindfulness attenuated the adverse associations of procrastination with both overload and anxiety. These findings suggest that procrastination may be related to elevated online social anxiety partly through increased cognitive overload, whereas mindfulness may buffer this association by supporting more adaptive attentional regulation. By framing procrastination-related strain in digital communication as a digital wellbeing issue, the study speaks to public digital health efforts aimed at reducing technology-related stress and improving psychological functioning in everyday online interact
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Introduction: A lack of self-compassion has been found to be associated with stress and a variety of psychological disorders. Interventions aimed at fostering self-compassion have been proposed as a promising approach to promoting public mental health. In the context of universal prevention, low-threshold interventions are needed. Against the background of substantial heterogeneity in effectiveness of self-compassion interventions at enhancing mental-health outcomes, the newly-developed guided digital intervention “Namah” and a pre-existing, broadly-available printed workbook as a bibliotherapeutic approach were investigated.



Methods: In a randomized-controlled-trial (N = 200), we compared Namah and the above-mentioned workbook, both aiming to reduce stress by strengthening self-compassion in a universal prevention setting. Within- and between-group differences in perceived stress, the primary outcome, and further secondary outcomes were investigated eight weeks and six months after randomization via intention-to-treat analysis (ITT). Reporting follows CONSORT-guidelines. The study was registered in the German Clinical Trial Register (https://drks.de/search/en/trial/DRKS00027552), the approved primary registry of the (WHO) for Germany.



Results: Exploratory analysis for both self-compassion interventions revealed significant and meaningful reductions in stress (d = 0.68–0.79), symptoms of depression (d = 0.30–0.48) and self-criticism (d = 0.40–0.55), as well as increased self-compassion (d = 0.54–0.63) within each group. However, during between-group analyses, ITT ANCOVA revealed no significant differences either at eight weeks post-intervention (d = 0.13) or at 6-month follow up (d = 0.14) for perceived stress or any secondary outcome. Various sensitivity analyses corroborated these findings.



Discussion: Two distinct low-threshold approaches to fostering self-compassion seem beneficial for reducing stress and symptoms of depression. Although superiority of the guided digital intervention was expected, results suggested that both the digital and printed bibliotherapeutic formats are valuable candidates for mental health promotion in the general population, given the interventions are clearly structured, behaviorally oriented and provide at least a minimal regular human contact.



Clinical Trial Registration: https://drks.de/search/en/trial/DRKS00027552, identifier DRKS00027552.
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1 Introduction

The World Health Organization (1) stated that chronic stress has emerged as one of the most significant health threats of the 21st century. Data from the World Health Survey found a linear increase in the 12-month prevalence of depressive disorder with higher perceived stress scores (2), an average prevalence of 6.2% of depression in low- and middle-income countries and a similar 12-month prevalence of major depressive disorder of 8.2% in a high-income country like Germany (3). The life-time prevalence varies considerably between countries and was found to be highest in European countries, at an average of 11.3%. In terms of burden, depressive disorders accounted for the highest proportion (37.3%) of disability-adjusted life years due to mental disorders (4) and were ranked 11th among all causes of disability adjusted life-years in 2023 (5). Regarding potentially modifiable risk factors that provide targets for prevention, it is important to note that reducing stress in just one life domain, particularly in the context of perceived stress resulting from the work-life domain, could alone prevent 17.9% of depressive disorders globally (6).

Prolonged stress also predisposes one to physical health problems that include increased inflammation and cardiovascular heart disease (7). At the same time, there has been an increase in stress-related sickness and absenteeism in recent years (8, 9). Taken together, chronic stress and stress-related pathology are of concern not only with regard to individual suffering but also for society. Although several approaches exist to tackling stress [e.g., (10)], broadening the repertoire of effective interventions seems prudent to address the high societal burden of stress, its various causes, and individual preferences in the interventions used—particularly in an increasingly diverse population. One promising route seems to address self-compassion, the manner of relating to ourselves in general and especially in times of stress or suffering, as one of the most impactful resilience factors (11), to avoid spiraling downward towards chronic stress. This also ties in with Cuijpers' (12) call for indirect, less stigmatizing or non-pathologizing interventions to improve public mental health. Approaches that also focus on engaging with positive aspects and building personal resources as resilience factors may be perceived as more appealing than those aimed primarily at reducing deficits like low levels of problem-solving skills, limited coping capacity, or difficulty in managing challenges in general.

With the rise of new developments to promote mental health, including positive psychological approaches, self-compassion has been emphasized as a personal resource that helps to combat maladaptive coping with stress (13). Conversely, high tendencies toward self-criticism have been linked to psychological distress (14) and a variety of mental disorders including depression (15), social anxiety (16), borderline disorder (17), posttraumatic stress disorder (18) and eating disorders (19). As such, high levels of self-criticism may play a role as a potential transdiagnostic factor.

An overly self-critical attitude can be described as a process of negative self-evaluation causing stress and preventing adaptive coping strategies (13, 20, 21). Self-compassion is believed to act as a buffer against the detrimental effects of elevated levels of self-criticism (22, 23). In their meta-analysis of 20 randomized controlled trials (RCTs), Wakelin and colleagues (21) found support for the efficacy of self-compassion interventions at reducing self-criticism in both clinical and nonclinical samples. There is increasing interest in self-compassion as a strategy to address self-criticism and the stress associated with it (21). In this context, self-compassion refers to the way we relate to ourselves in times of suffering, failure, or inadequacy (24, 25).

Neff (24, 26) conceptualized self-compassion as a multifaceted construct that encompasses three dimensions and six opposing components, each representing a specific way in which individuals relate to themselves.

The first dimension of self-compassion refers to the opposing components of self-kindness and self-judgment. It concerns the emotional stance people take toward themselves, especially in times of stress or suffering. Individuals high in self-compassion respond with warmth, understanding, and self-kindness, whereas those low in self-compassion tend to react with self-judgment, harsh criticism, or feelings of frustration about their perceived shortcomings.

The second dimension addresses common humanity as opposed to isolation and is about the cognitive interpretation of one's fallibility. The common humanity perspective involves recognizing that imperfection, mistakes, and setbacks are part of the broader common human experience. In contrast, low self-compassion is characterized by isolation, where individuals feel that their struggles are unique, setting them apart from others and reinforcing a sense of separateness.

The third dimension pertains to attentional regulation, e.g., in the face of failure and ranges from mindfulness to overidentification. Here, self-compassion involves adopting a mindful, balanced awareness of one's imperfection—acknowledging weaknesses without suppression or exaggeration. Its opposite is overidentification, where individuals become entangled in their negative emotions, ruminating on them to an extent that amplifies their distress.

Taken together, this illustrates that self-compassion can be understood as a continuum, consisting of three dimensions with opposing poles: self-kindness vs. self-judgment, common humanity vs. isolation, and mindfulness vs. overidentification. According to Neff (24, 26) higher self-compassion reflects a coherent pattern of emotional warmth, connectedness, and mindful awareness, whereas lower self-compassion represents a constellation of self-critical, isolating, and negative biased tendencies. The widespread use of Neff's measure of self-compassion (27) has caused her conceptualization to become highly influential.

Beyond reducing self-criticism, meta-analytic evidence also supports the efficacy of self-compassion interventions in reducing stress (27, 28). Evaluating RCTs that included both digital and analog interventions aimed at strengthening self-compassion, Ferrari et al. (27) reported an effect (g = 0.67) on stress across different comparison groups which is in accordance with the findings of Han and Kim (28), both post-intervention (SMD = 0.43) and at follow-up (SMD = 0.23).

Whereas lacking self-compassion is stated to be a vulnerability factor for depression (29) meta-analytically derived results concerning the efficacy of strengthening self-compassion for reducing depressive symptoms are not homogeneous so far (28, 30). Wilson and colleagues (30) conclude a comparable effectiveness to other interventions. The authors have not found moderating effects of symptom severity including study populations with a range of clinical and subclinical mental health problems meta-analytically. Contrasting this, Mistretta et al. (31) meta-analytically revealed in studies using samples of patients with chronic pain a reduction of depressive symptoms (SMD = 0.29) by self-compassion interventions compared to control. This is consistent with results from the meta-analysis of Millard et al. (32), who showed an effect of d = 0.24–0.25 on depressive symptoms in a clinical sample by self-compassion interventions compared to both: waiting lists and other interventions.

Digital formats have the potential to make self-compassion interventions especially accessible and, as such, more widely available. They offer further advantages like in terms of scalability, personalization, and flexibility regarding where the training is carried out, at what time, and at what pace the exercises are done, thereby making a valuable contribution to mental health promotion. On subgroup analysis, Han and Kim (28) identified 23 RCTs evaluating digital self-compassion interventions, and found support for their potential to reduce stress and symptoms of depression. To the same direction point meta-analytic findings of Linardon (33) that underscore the potential of mindfulness- and compassion-focused mobile interventions on distress.

However, low-threshold formats are not limited to digital interventions, as bibliotherapy has already been identified as a potentially effective approach in early meta-analyses (34, 35). Also, more recent RCTs have revealed bibliotherapeutic formats to be effective at reducing depressive symptoms (36) and anxiety (37). Moreover, in a randomized waitlist-controlled trial, Sommers-Spijkerman et al. (38) showed initial evidence supporting the beneficial effects of a compassion-focused self-help book with e-mail guidance on well-being. Although both the digital and bibliotherapeutic formats have several characteristics in common—like, working on one's own schedule and having flexible times and locations—bibliotherapy may appeal to those who are fatigued by an overly-digitalized life. In recent years, the range and variety of available self-help books seem to have become increasingly diverse and widespread, indicating broad interest in them among the general public. Recently, utilizing existing and widely-available self-help materials has been advocated as a comparator to mimic real-world conditions in trials (39, 40). Against this background, to the best of our knowledge, no RCT has yet been published that has compared the effectiveness of a bibliotherapeutic self-compassion approach against that of a digital self-compassion intervention as two potential low-threshold formats to reducing stress in the general population.

The overall objective of the current RCT was to investigate the effectiveness of a newly-developed digital self-compassion intervention (Namah) compared to bibliotherapy in the form of an established self-compassion workbook as two formats of low-threshold interventions. The study focuses on the effects on perceived stress, as conceptualized by Cohen et al. (41), who proposed that stress reflects the degree to which individuals find their lives unpredictable, uncontrollable and overloaded. Their conceptualization captures the global experience of stress, independent of its specific causes, and is therefore well suited to the present intervention, in which individuals should learn to apply self-compassion to all life domains. First, the study examines whether the interventions differed in their effectiveness in reducing perceived stress eight weeks after randomization as the primary outcome and six months after randomization. Secondary outcomes included depressive symptoms and different associated risk factors including self-criticism and negative emotions as well as resources like self-compassion, mindfulness, positive emotions, satisfaction with life and well-being both eight weeks and six months after randomization.



2 Materials and methods


2.1 Design

With the aim to compare two low-threshold interventions based on different formats to strengthen self-compassion, a two-armed RCT was conducted. Online surveys were completed in both groups three times: at baseline (pre-intervention), eight weeks (post-intervention) and six months (6-MFU) after randomization. Randomization took place immediately after the baseline assessment.

The trial was approved by the Ethics Committee at Leuphana University of Luneburg, Germany: EB-Antrag_2021-04_SelbstkritikC4C and registered at DRKS on April 01st, 2022 (https://drks.de/search/de/trial/DRKS00027552), the approved primary registry of the World Health Organization (WHO) for Germany.

Results are reported following CONSORT guidelines (42).



2.2 Deviations from protocol

Initially, the inclusion criteria exclusively covered health care workers. However, since the intervention showed relevance beyond the original target group and to accelerate recruitment, its availability was extended to the general population as registered via an amendment on October 21st, 2022 during the recruitment phase. Therefore, all outcomes related to occupational health are summarized in the Supplementary Material 1.



2.3 Sample size calculation

Based on previously-published evidence on the effectiveness of similarly-designed digital interventions reducing stress (39, 43) and on transdiagnostic risk factors like repetitive negative thinking (44), we assumed superiority of the digital intervention Namah over the bibliotherapeutic approach. To estimate an adequate sample size, a priori power analysis was performed using G*Power (version 3.1). The difference between groups in PSS-10 scores was considered to be practically meaningful if it exceeded 2 points (45). Following considerable deliberation, the research team reached a consensus on 2.5 points as the minimal practically-important difference between groups at post-intervention. Assuming a standard deviation of 6.3 points [representative German standardization sample (46);] resulted in a tested effect of d = 0.4. For a two-sided test with 80% power and a significance level of 5%, the targeted sample size was calculated to be N = 200. Data from all randomized participants were analyzed, following the intention-to-treat (ITT) principle.



2.4 Participants and procedure

Participants were recruited from the general population between April 2022 and May 2024 via social media, acquisition in various companies in Germany, newsletters and flyers. The first participant was enrolled on April 22nd, 2022. Individuals expressing interest in participating were required to register via the study website (https://geton-training.de/) by providing an email address. After that, they received an email with detailed information about the study and eligibility criteria were queried. For this purpose, participants were required to complete a one-page form indicating whether they met various criteria and to return it to the research team via email. With the aim of mimicking universal prevention, inclusion criteria were limited to being 18 years old or older and providing informed consent, with no symptomatic inclusion criteria applied. Exclusion criteria included a diagnosis of psychosis or dissociative symptoms, current psychotherapy or being on a waiting list for such, simultaneous participation in some other health training program designed to reduce stress or promote self-compassion, initiation or change in medication intake due to stress, anxiety or depression within the last four weeks, and the absence of regular internet access. Upon completion of the registration process, individuals who met the eligibility criteria were asked to complete the baseline survey (pre-intervention), using the LimeSurvey scientific online survey tool (https://ps-limesurvey.leuphana.de/). Following completion of the questionnaire, participants were randomly assigned to one of the two study arms using a computer-generated randomization list. A 1:1 randomization ratio was employed, with a block size of 10. To conceal the allocation sequence, the personnel responsible for randomization had no contact with participants and were not involved in conducting the study. While blinding participants to their group allocation was infeasible, they were not informed about the presumed superiority of the digital Namah intervention. Participants were provided immediate access to the intervention to which they had been randomly assigned. All participants allocated to training with the workbook were furthermore provided with access to the Namah intervention after the 6-MFU assessment. Unrestricted access to care-as-usual was possible for both groups throughout the entire study.



2.5 Outcome measures

Primary and secondary outcomes were assessed online using validated questionnaires in German. With the aim of capturing the current state of each outcome, we referred to a time frame of the past two weeks in the questionnaire introduction, except for stress and depressive symptoms, for which we adopted the standardized time frame of one week. Data were collected at three time points: baseline (pre-intervention), eight weeks (post-intervention), and again at six months after randomization (6-MFU). The baseline assessment also included collection of socio-demographic variables. At post-intervention, variables pertaining to participants' satisfaction and uptake of co-interventions were assessed.


2.5.1 Primary outcome measure

The primary outcome was the total score on the Perceived Stress Scale [PSS-10; (41)], which consists of 10 items with scores ranging from 0 to 40 and reliability α = .84−.86 (41).



2.5.2 Secondary outcomes measures


2.5.2.1 Psychopathology

The Epidemiological Studies Depression Scale [CES-D; (47)] containing 15 items and a score range of 0–45 was used to assess depressive symptoms. A total score of ≥18 suggests clinical levels of depressive symptoms (48). The scale demonstrates excellent reliability with a Cronbach's alpha of .95 (47).



2.5.2.2 Risk-factors and resources

To assess self-criticism, we used two subscales (self-criticizing and self-reassuring) of the Forms of Self-Criticizing/-Attacking and Self-Reassuring Scale [FSCRS; (49)]; α = .90) according to recommendations of Halamová et al. (50). 17 items were included (sum range: 0–36 for the self-criticizing subscale, 0–32 for the self-reassuring subscale). In order to reduce the burden on participants, the self-hate subscale was not employed.

To measure positive and negative emotions, the Modified Differential Emotions Scale [mDES; (51)]; α = .79−.89), with 20 items and two subscales (positive emotions, negative emotions), was used (sum range: 0–40 per subscale).

The Self-Compassion Scale [SCS; (26, 52); short form (53); with α ≥ 0.86 of the short form], which has 12 items and six subscales (self-kindness, common humanity, mindfulness, self-judgement, isolation, over-identification) was used to assess self-compassion (total sum range: 12–60).

The 15 items of the Mindful Attention Awareness Scale [MAAS; (54); α = .83] were used to estimate participants' level of mindfulness (sum range: 15–90).



2.5.2.3 Well-being

Not feeling stressed or burdened does not necessarily mean feeling comfortable or experiencing well-being [e.g., (55–57)]. Therefore, as further secondary outcomes, we deemed fruitful not only to examine interventions' effects on deficit-oriented endpoints, but also take the positive end of this dimension into consideration.

The 18-items Psychological Wellbeing Scale Short Version [PWBS; (58); α = .86−.93] structured into six subscales (autonomy, mastery, personal growth, positive relations, purpose in life, self-acceptance) was employed to measure different aspects of psychological well-being (sum range: 3–18 per subscale).

Subjective well-being was assessed using the corresponding subscale of the WHO-5 Well-Being Index (59), consisting of five items and a sum range of 5–30 [α = .83−.91; (60, 61)].

Life satisfaction was measured utilizing the Satisfaction with Life Scale [SWLS; (62); α = .87], with its five items and sum range of 5–35.



2.5.2.4 Client satisfaction

The Client Satisfaction Questionnaire (63)—adapted to digital interventions [CSQ-I; (64); α = .93] with eight items and a sum range of 8–32—was used to investigate participants' satisfaction with the training program to which they had been assigned, with scores >23 indicating meaningful satisfaction.





2.6 Interventions

Both intervention types are described according to the template for intervention description and replication [TIDieR; (65)].

The Namah group participated in a seven-week digital training program comprising seven sessions of 60–90 min each. Participants were advised to complete one session per week (as an overview see Table 1) and obtained access to the digital training program via a digital platform (https://coach.geton-training.de/), allowing them to take part individually anytime and anywhere they preferred. Additionally, a mobile application provided access to audio files for exercises offered in the digital training program that are suitable for daily practice, especially guided meditations. Instructions for accessing and using the mobile application were provided in the first training module. Trained eCoaches, holding a Master's degree in Psychology and supervised by a clinical psychologist, provided written feedback to participants via the platform after they completed each training module. Every module was unlocked sequentially after participants completed and received feedback for the previous module. To ensure the standardization of feedback, all eCoaches followed a written manual. The number of sessions completed by participants was monitored through the platform's tracking system, providing adherence data. Up to three reminder messages were sent by the eCoaches at five-day intervals via the platform if participants were inactive for more than one week. The participants were provided with free and unlimited access to the intervention components.



TABLE 1 Overview: Namah intervention content.



	Session topics
	Objectives





	Becoming aware of one's own self-criticism
	To become acquainted with the training program and the concept of self-compassion, and become aware when criticizing oneself



	Developing a friendly approach to oneself
	To draw attention to both the functionality and dysfunctionality of self-criticism, and encourage participants to adopt a self-compassionate perspective



	Perceiving self mindfully
	To learn how a mindful attitude towards oneself helps to strengthen self-compassion



	Building a helpful mindset
	To learn how to identify self-critical thoughts and convert them into constructive thoughts



	Learning to deal with difficult emotions
	To cope with difficult emotions and reflect on their appropriateness



	Developing self-supportive behavior
	To determine what one feels good about



	Being a friend to oneself in the future
	To transfer what has been learned so far into the future and build on it



	Optional modules available throughout the Namah training program



	Personal objectives
	To set realistic objectives



	Perfectionism
	To learn to deal with perfectionist tendencies



	Other people's expectations
	To learn how to deal with external expectations



	Individual strength
	To learn to recognize and use one's own strengths



	Personal values in life
	To discover one's own values and act in accordance with them







The intervention has psychoeducational elements and a variety of exercises. Between the weekly sessions, participants were invited to integrate and practice what they had learned in their everyday lives. As part of the weekly training sessions, participants were instructed in a number of different topics, including the development of a mindful approach to themselves, which involves reducing excessive identification with one's own mistakes and weaknesses. The concept of accepting mistakes as a natural part of the human experience was introduced, as was the importance of discarding perfectionist demands placed upon oneself. Another key topic was the process of relating to oneself in a manner similar to relating to a friend, rather than through the lens of self-judgement. Testimonials from personas were developed to encourage participants and provide examples of how to cope with backlashes or possible obstacles and how to integrate the learned content in everyday life. The training program also included videos, audios, and gamification components and was delivered in an adaptive and interactive manner. Further details are provided in Supplementary Material 4 as a comprehensive explanation of the training components. Supplementary Table 5 in the supplementary materials additionally provides an overview of which exercises were supposed to strengthen each component; self-kindness, mindfulness and common humanity. After its development, the training program was piloted with 11 people and revised based on their feedback. The intervention was neither tailored nor modified during the study period.

After reviewing various bibliotherapeutic formats with the aim of strengthening self-compassion, a book was chosen that is widely available and goes beyond solely psychoeducational elements. As such, it is primarily a workbook that focuses on exercises, since practice was also the central element in the Namah training program. Participants randomized to the workbook training group practiced for seven weeks using the 143-page self-compassion workbook “Der kleine Selbstcoach: Sei gut zu dir selbst” [The Little Self-Coach: Be Kind to Yourself] (66). Aims included discovering and reflecting on different needs, shifting attention from one's deficits to individual strengths, mindfully recognizing oneself, prioritizing self-care activities and translating self-judgment into needs and feelings (see Table 2 as an overview). For more details, please refer to Supplementary Material 6, where the components are described in greater depth. Alongside brief psychoeducational components, a variety of exercises were included and participants were instructed to work through over roughly 60–90 min each week, as well as to apply newly-learned content in everyday life throughout the following week. The comprehensive workbook was vividly and colorful laid out and clearly structured. Once weekly, participants also were sent questions per mail concerning their current level of well-being and how mindfully and compassionately they were treating themselves, equivalent to weekly questions that the Namah group was provided with. At the end of each training program, participants had the option of receiving individualized feedback on their progress based upon their responses to the weekly questions.



TABLE 2 Overview: workbook content.



	Section topics
	Objectives





	Four steps towards self-empathy
	To pay attention to oneself and one's own needs



	Reflecting on different personality traits and needs
	To acquire knowledge regarding the intricacies of one's own identity and acknowledge of the existence of diverse facets within one's personality



	Discovering and recognizing one's needs
	To acknowledge the importance of one's personal needs



	Freeing oneself from unwanted habits
	To recognize the need underlying each unwanted habit



	Celebrating success and inner strength
	To shift attention away from deficits toward strengths



	Consolidating the five pillars of self-compassion
	

	To recognize oneself mindfully

	To take responsibility for one's own needs

	To prioritize self-care activities

	To cultivate human dialogue

	To translate self-judgement into needs and feelings












2.7 Statistical analyses

Descriptive statistics for the primary and secondary outcomes are reported, with data collected pre- and post-intervention, as well as at six-month follow-up (6-MFU).

Missing data (29.55% at post-intervention and 43.96% at 6-month follow-up for the primary outcome) were addressed by implementing multiple imputations. 20 complete datasets were generated with plausible values for missing observations, which were then analyzed separately. Results are presented as pooled and adjusted mean values and standard deviations following Rubin's Rule to produce overall estimates and account for the uncertainty due to missing data (67). All statistical analyses were performed in accordance with the intention-to-treat (ITT) approach using R Studio (Version 2022.07.2 Build 576). In all cases, a two-tailed significance level of p ≤ .05 was employed.

In accordance with the recommendations of O'Connell et al. (68), between-group differences eight weeks after randomization (post-intervention) and at 6-MFU were derived using analysis of covariance (ANCOVA), with the baseline value of the outcome of interest as a covariate. This is a robust method to account for potential baseline differences, as demonstrated in methodological research by Wang et al. (69), Egbewale et al. (70), and Schminder et al. (71). Furthermore, Cohen's d values and corresponding 95%-confidence intervals (95%-CI) were calculated for between-group differences in the primary and secondary outcomes post-intervention. Due to baseline differences in depressive symptom severity between the groups, the baseline CES-D score was used as a covariate in the primary ANCOVA.

As both groups received interventions, effects within each group also were analyzed by paired sample t-tests and by calculating within-group Cohen's d values using the difference in means at each respective assessment time point and the respective pooled standard deviations.

For sensitivity analyses, various methods were employed to ascertain the robustness of the results obtained via ITT analyses. First, both study completer and intervention completer analyses were conducted with study completers defined as participants who responded to the assessment of perceived stress at post-intervention, while the intervention completer sample only included those who had completed at least six of the seven sessions. Second, linear mixed modeling was performed for the primary outcome as an alternative method to handling missing data (68). Third, to further stabilize the results, questions regarding experiences with other mental health training programs and similar co-interventions were assessed post-intervention and analyzed as covariates. Forth, due to observed baseline differences in depressive symptom severity between groups, the baseline CES-D score was included as a covariate in the primary ANCOVA.

To define response rates, we applied the reliable change index proposed by Jacobson and Truax (72), using equal change scores for both reliable improvement and deterioration of perceived stress and depressive symptoms, resulting in delta values of +/− 4.41 points on the PSS-10 and +/− 4.53 points on the CES-D.




3 Results


3.1 Participants

A total of 478 individuals applied for participation, among whom 200 were deemed eligible and completed the baseline assessment. Of these 200, 101 were randomized to the study arm practicing with the workbook whereas 99 were allocated to the study arm training with the Namah program. One participant in the Namah group declared their intention to withdraw and requested data deletion; therefore, ITT analyses were conducted with N = 199. Figure 1 illustrates the trial's study flow.


[image: Flowchart diagram showing participant allocation in a study: 478 applied, 276 excluded for reasons like missing consent or participation criteria, 200 assessed and randomized. Ninety-nine were assigned to Namah training, with 1 withdrawn; attrition rates and session completion numbers are listed. One hundred one were assigned to workbook training. Data collection rates were higher in the workbook group at post-intervention and follow-up. Nearly all randomized participants were included in the final analysis.]
FIGURE 1
Study flow of the randomized-controlled-trial (RCT). 6-MFU = 6-month-follow-up. ITT, intention-to-treat.




3.2 Baseline characteristics

Baseline characteristics are summarized in Table 3. On average, participants were 42 years old (SD = 13) and 81.9% were female. Most participants had a university degree (71.4%). Relationship status was almost evenly distributed between being single (42.2%) and married/cohabiting (50.8%) whereas another 7.0% reported to be divorced or separated. Roughly three in four (73.4%) reported some past experience with mindfulness-based interventions. No practically-meaningful between-group differences were observed in demographic characteristics. Overall, 47.0% met the screening criterion for depression, scoring ≥18 points on the CES-D at baseline, though this was not equally balanced between the groups (Namah group: 37.4%; workbook group: 56.8%). Marginal means and standard deviations for all outcomes and assessment points are listed in Table 4.



TABLE 3 Demographic sample characteristics.



	Baseline characteristic
	Total(N = 199)
	Namah group(n = 98)
	Workbook group(n = 101)



	n
	%
	n
	%
	n
	%





	Age (M/SD)
	41.7
	13.3
	41.6
	13.4
	41.8
	13.3



	Sex



	Men
	34
	17.1
	20
	20.4
	14
	13.9



	Women
	163
	81.9
	78
	79.6
	85
	84.2



	Other
	2
	1.0
	0
	0
	2
	2.0



	Relationship



	Single
	84
	42.2
	44
	44.9
	40
	39.6



	Married or cohabiting
	101
	50.8
	45
	45.9
	56
	55.4



	Divorced or separated
	14
	7.0
	9
	9.2
	5
	5.0



	Education



	No school graduation
	1
	0.5
	1
	1.0
	0
	0



	Secondary school certificate
	13
	6.5
	5
	5.1
	8
	7.9



	A-level
	43
	21.6
	14
	14.3
	29
	28.7



	University degree
	142
	71.4
	78
	79.6
	64
	63.4



	Depression



	Screened positive
	94
	47.0
	37
	37.4
	57
	56.4



	Screened negative
	106
	53.0
	62
	62.6
	44
	43.6



	Previous or actual diagnosis of depression or anxiety disorder



	Yes
	43
	21.6
	19
	19.4
	24
	23.8



	No
	156
	78.4
	79
	80.6
	77
	76.2



	Experiences with other mental health training programs



	Before study entrya



	Yes
	67
	33.7
	31
	31.6
	36
	35.6



	No
	132
	66.3
	67
	68.4
	65
	64.4



	While participatinga, b



	Yes
	35
	26.1
	10
	18.9
	25
	30.9



	No
	99
	23.9
	43
	81.1
	56
	69.1



	Experience with mindfulness-based interventions



	Yes
	146
	73.4
	74
	75.5
	72
	71.3



	No
	53
	26.6
	24
	24.5
	29
	28.7



	Regular mindfulness practice



	Yes
	78
	39.2
	41
	41.8
	37
	36.6



	No
	121
	60.8
	57
	58.2
	64
	63.4




	aWithin the last 4 weeks.


	bn = 134.









TABLE 4 Means and standard deviations for primary and secondary outcomes.



	Outcome
	T1
	T2
	6-MFU



	Namah
	Work-book
	Namah
	Work-book
	Namah
	Work-book



	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD





	Primary



	Perceived stress
	20.53
	5.03
	22.11
	5.46
	16.83
	5.81
	17.72
	6.65
	15.28
	6.12
	16.96
	7.00



	Secondary



	Depression
	15.53
	7.00
	17.80
	7.43
	11.81
	7.76
	13.28
	8.30
	10.37
	7.23
	13.81
	8.73



	Risk factors



	Inadequate selfa
	22.81
	6.82
	23.76
	7.45
	19.25
	7.42
	18.88
	8.24
	15.56
	10.63
	17.56
	7.63



	Negative emotions
	13.23
	5.40
	14.23
	6.00
	10.87
	5.30
	10.75
	5.97
	10.96
	5.78
	10.41
	6.62



	Resources



	Self-compassion
	32.40
	7.99
	30.73
	8.05
	39.65
	8.99
	37.81
	9.44
	39.97
	13.82
	39.15
	9.63



	Reassured selfa
	14.83
	5.83
	13.66
	6.15
	18.56
	6.70
	16.91
	6.70
	20.06
	8.47
	18.18
	6.84



	Mindfulness
	51.76
	11.74
	52.43
	12.15
	56.01
	11.69
	56.60
	12.11
	58.93
	14.28
	58.13
	11.9



	Positive Emotions
	20.36
	6.44
	17.89
	6.32
	22.03
	7.07
	21.79
	7.44
	24.13
	9.01
	22.63
	7.89



	Well-being



	Autonomyb
	10.89
	2.95
	10.99
	3.06
	12.10
	2.41
	12.07
	2.95
	13.22
	3.25
	12.59
	2.8



	Masteryb
	11.51
	2.88
	10.87
	2.83
	12.84
	3.10
	12.33
	2.95
	13.08
	3.55
	12.45
	2.96



	Purposeb
	11.15
	2.09
	11.27
	2.36
	10.93
	2.64
	11.18
	2.50
	10.43
	1.88
	11.42
	2.29



	Personal growthb
	14.83
	2.39
	14.78
	2.22
	15.05
	2.07
	15.04
	2.88
	14.85
	2.32
	14.75
	2.8



	Self-acceptanceb
	12.95
	2.88
	12.42
	3.06
	13.48
	2.76
	13.03
	3.01
	13.60
	3.40
	13.44
	2.61



	Positive relationsb
	12.73
	3.59
	12.79
	3.20
	13.31
	3.11
	13.18
	2.90
	13.33
	3.50
	13.22
	3.11



	Subjective well-being
	10.64
	4.16
	9.30
	4.11
	11.81
	4.68
	11.97
	4.64
	13.93
	5.77
	12.10
	5.61



	Satisfaction with life
	21.97
	6.17
	21.16
	6.58
	23.40
	6.23
	22.39
	6.59
	24.57
	7.95
	23.74
	6.34




	aSubscale of forms of self-criticizing/attacking and self-reassuring scale.


	bSubscale of psychological well-being scale.


	N = 199.









3.3 Missing data

Baseline data were assessed for all participants. To account for missing data, multiple imputations using 20 datasets were performed (73). Primary outcome data was missing for 29.55% post-intervention and 43.96% at 6-MFU. Following Rubin's Rule (67), Table 4 shows marginal means and standard deviations at all assessment points.



3.4 Primary outcome

Table 5 summarizes the results at post-intervention of the respective ANCOVAs. For the primary analysis, eight weeks after randomization, perceived stress scores between the Namah and workbook group did not differ significantly [F1,186.2 = 0.60; p = 0.44; d = 0.13 (95%-CI = −0.14, 0.41)]. Likewise, no significant differences in perceived stress were observed between the training formats at 6-month follow-up [F1,188.7 = 1.76; p = 0.19; d = 0.14 (95%-CI = −0.17, 0.45)].



TABLE 5 Results of ANCOVAs for primary and secondary outcomes at T2 and T3.



	Outcome
	Differences betweenstudy conditions (T2)
	Differences betweenstudy conditions (T3)



	ANCOVA (F186.2)
	Cohen's d[95% CI]a
	ANCOVA (F188.7)
	Cohen's d[95% CI]a





	Primary



	Perceived stress
	0.60
	0.13ns [−0.14, 0.41]
	1.76
	0.14ns [−0.17, 0.45]



	Secondary



	Depression
	0.75
	0.13ns [−0.15, 0.41]
	1.91
	0.23ns [−0.05, 0.58]



	Risk factors



	Inadequate selfb
	0.29
	0.04ns [−0.32, 0.24]
	1.21
	0.18ns [−0.26, 0.63]



	Negative emotions
	0.26
	0.03ns [−0.31, 0.25]
	0.56
	0.13ns [−0.14, 0.39]



	Resources



	Self-compassion
	0.72
	0.13ns [−0.14, 0.41]
	0.28
	0.02ns [−0.49, 0.52]



	Reassured selfb
	0.76
	0.14ns [−0.14, 0.42]
	1.69
	0.17ns [−0.19, 0.53]



	Mindfulness
	1.38
	0.05ns [−0.23, 0.33]
	0.65
	0.14ns [−0.56, 0.83]



	Positive emotions
	0.25
	0.02ns [−0.30, 0.25]
	0.79
	0.03ns [−0.39, 0.46]



	Well-being



	Autonomyc
	0.30
	0.03ns [−0.25, 0.31]
	1.24
	0.09ns [−0.05, 0.23]



	Masteryc
	1.23
	0.18ns [−0.10, 0.46]
	1.59
	0.04ns [−0.16, 0.23]



	Purposec
	0.50
	0.09ns [−0.18, 0.36]
	3.30
	0.12ns [−0.19, 0.22]



	Personal growthc
	0.16
	0.004ns [−0.27, 0.28]
	0.48
	0.01ns [−0.10, 0.12]



	Self-acceptancec
	1.20
	0.14ns [−0.13, 0.42]
	1.04
	0.01ns [−0.17, 0.20]



	Positive relationsc
	0.29
	0.02ns [−0.25, 0.30]
	0.44
	0.02ns [−0.17, 0.20]



	Subjective well-being
	0.19
	0.01ns [−0.27, 0.29]
	3.04
	0.15ns [−0.11, 0.41]



	Satisfaction with life
	1.45
	0.14ns [−0.13, 0.42]
	0.75
	0.04ns [−0.25, 0.33]




	aCohen's d was calculated by using pooled standard deviation.


	bSubscale forms of self-criticizing/attacking and self-reassuring scale.


	cSubscale psychological well-being scale.


	N = 199.


	nsp > .05.







Statistically-significant reductions in perceived stress between pre- and post-intervention were identified within both groups [Namah grouppre−post: t1,118.7 = 3.74; p ≤ .001; d = 0.68 (95%-CI = 0.39, 0.97); workbook grouppre−post: t1,118.7 = 4.79; p ≤ .001; d = 0.79 (95%-CI = 0.50, 1.08)]. This represents a percentage of stress reduction of 18.02% in the Namah and of 19.86% in the workbook group on average. Within-group analyses comparing pre-intervention and 6-MFU also revealed statistically-significant reductions in both groups [Namah grouppre−6−MFU: t1,74.4 = 3.95; p ≤ .001; d = 0.62 (95%-CI = 0.34, 0.91); workbook grouppre−6−MFU: t1,74.4 = 4.00; p ≤ .001; d = 0.57 (95%-CI = 0.28, 0.85)]. The percentages of stress reduction observed in the Namah and workbook groups, relative to baseline, were 25.57% and 23.29%, respectively (see Supplementary Materials 2, 3).



3.5 Secondary outcomes

All between-group differences in secondary outcomes, both post-intervention and at 6-MFU, were non-significant (Table 5).

Concordantly, there was a reduction in symptoms of depression in both groups from baseline to post-intervention [Namah d = 0.30 (95%-CI = 0.02, 0.58); workbook d = 0.48 (95%-CI = 0.20, 0.76)] that was maintained after six months [Namah d = 0.33 (95%-CI = 0.05, 0.61); workbook d = 0.25 (95%-CI = −0.03, 0.53)]. This corresponds to reductions in symptom severity of 24% in the Namah and 25% in the workbook group, that were maintained at six months (Namah = 33%; workbook = 22%). Likewise, short-term and longer-term positive developments were observed in both groups for fostering self-compassion and a reassured self, and for decreasing inadequate self, representing outcomes directly related to the content of the self-compassion interventions. However, we did not observe any changes in the more general and positive indicators of mental health, including life satisfaction, or in facets of psychological well-being, like personal growth, the one exception being subjective well-being after six months, for which both groups reported positive developments (see Supplementary Materials 2, 3).



3.6 Sensitivity analysis

As baseline differences in depressive symptom severity were observed between groups, the baseline CES-D score was included as a covariate in the primary ANCOVA, but this addition did not yield any statistically-significant effect (F1,161.91 = 0.61; p = 0.43). Results for the primary outcome obtained with the study completer sample [post-intervention: F1,137 = 0.13, p = 0.72, d = 0.12 (95%-CI = −0.22, 0.46); 6-MFU: F1,112 = 1.42, p = 0.24, d = 0.32 (95%-CI = −0.07, 0.71)] were in accordance with those in the ITT sample, showing no statistically significant between-group effect. Analyses employing the intervention completer sample were similar [post-intervention: F1,97 = 0.10, p = 0.77, d = 0.17 (95%-CI = −0.44, 0.78); 6-MFU: F1,113 = 1.63, p = 0.21, d = 0.35 (95%-CI = −0.11, 0.82)]. Further sensitivity analysis using a mixed model revealed no statistically-significant interaction between time and intervention (post-intervention: β = 0.54, SE = 1.05, p = 0.61; 6-MFU: β = −0.31, SE = 1.17, p = 0.79).


3.6.1 Co-interventions

During the study period, 30.9% of participants practicing with the workbook reported having also used other similar mental health training programs, vs. 18.9% of participants training with the Namah program. In addition, 36.6% vs. 41.8% in the workbook and Namah groups claimed regularly practicing mindfulness-based interventions, respectively. Neither appeared to have any significant effect on the results as covariates.



3.6.2 Adherence

Adherence to the Namah intervention was assessed based on session completion data automatically logged by the digital platform. On average, participants in the Namah group completed three sessions by the post-assessment and four sessions by 6-MFU. 14.29% attended at least six out of the seven sessions by eight weeks and 30.61% by 6-MFU. There was no indication of any dose-response relationship between the number of completed modules and level of stress post-intervention, (r = −.04; p = .79). For the workbook group no adherence data were collected. However, significantly more participants in the Namah group reported still practicing the training exercises in their everyday life (t = 2.12; p = .04) or having changed their habits (t = 2.50; p = .02) than participants in the workbook group at 6-MFU after the intervention period.




3.7 Reliable improvement and deterioration rates

Concerning the primary outcome of perceived stress, 53.06% in the Namah group and 59.41% in the workbook group reported reliable improvement between pre- and post-intervention. Corresponding deterioration rates ranged from 10.89% in the workbook group to 15.31% in the Namah group. By 6-MFU, 59.18% in the Namah and 67.33% in the workbook group reported reliable improvement. Whereas deterioration was experienced by 8.16% in the Namah and 12.87% in the workbook group at 6-MFU.

Similar patterns arose regarding the secondary outcome depression with 40.82% of participants in the Namah group and 53.47% in the workbook group reporting reliable improvement post-intervention. Whereas at 6-MFU, 54.08% of participants in the Namah group and 51.49% in the workbook group reported reliable improvement. Deterioration occurred post-intervention for 13.27% of participants in the Namah group and 14.85% participants trained with the workbook. At 6-MFU, deterioration was reported by 11.22% participants of Namah and 18.81% of the workbook group.



3.8 Client satisfaction

Overall, 67.4% of participants (n = 134) answered the client satisfaction questionnaire. Participants in the Namah training program were significantly more satisfied with the intervention (total score: M = 28.08, SD = 4.71) than who trained with the workbook (total score: M = 22.07; SD = 6.27; t = 6.32, p < .001). In the Namah group, 96.2% of participants claimed being either partly or entirely satisfied with the intervention, while 94.3% reported they would recommend the intervention to a friend. In comparison, 70.4% in the workbook group reported being partly or entirely satisfied and 65.4% claimed they would recommend it to a friend (Table 6).



TABLE 6 Descriptive results for the CSQ-8 scale.



	CSQ-8 Itema
	Namah Intervention
	Workbook



	Agreementb
	Agreementb



	M
	SD
	n
	%
	M
	SD
	n
	%





	Quality of the training
	3.68
	0.58
	50
	94.34
	3.01
	0.77
	66
	81.48



	Received the training I wanted
	3.47
	0.70
	49
	92.45
	2.63
	0.93
	46
	56.79



	Training met my needs
	3.43
	0.69
	49
	92.45
	2.64
	0.93
	51
	62.96



	Would recommend the training to a friend
	3.68
	0.64
	50
	94.34
	2.74
	1.01
	53
	65.43



	Received the amount of help I wanted
	3.45
	0.75
	49
	92.45
	2.63
	0.87
	48
	59.26



	Training helped me to deal more effectively with my problems
	3.28
	0.79
	46
	86.79
	2.79
	0.85
	58
	71.60



	Generally satisfied with the training
	3.58
	0.63
	51
	96.23
	2.84
	0.90
	57
	70.37



	Would use the training again
	3.49
	0.80
	47
	88.68
	2.79
	1.05
	53
	65.43



	Total score
	28.08
	4.71
	
	
	22.07
	6.27
	
	




	aNot at all (1), Rather not (2), Yes in parts (3), Yes totally true (4).


	bResponded with ≥3; nNamah = 53. nworkbook = 81.










4 Discussion

The present study investigated the effectiveness of a digital and a bibliotherapeutic self-compassion intervention at reducing stress in the general population. Both low-threshold interventions had a significant and meaningful effect on stress-reduction from pre- to post-intervention, which was maintained through six months. More than half the participants in both self-compassion intervention groups reported a reliable improvement in perceived stress. Of note, however, on head-to-head comparison, no significant differences were observed between the guided digital intervention Namah and an existing, broadly-available self-help workbook. For secondary outcomes that include depressive symptoms and various risk-factors, as well as resources, findings showed a similar pattern of significant within-group but absent between-group effects. However, participants in the guided Namah group reported higher levels of satisfaction with the intervention and were more likely to integrate the learned self-compassion exercises into their everyday lives after the intervention period.

A major, yet unexpected result was that both self-compassion interventions were equally effective at reducing stress and symptoms of depression, and at fostering self-compassion. Compared with benchmarks (95, 96) using anchor methods (97) to define a clinically-important reduction in depression severity, changes between 22% and 33% indicate practically important effects in participants with mild to moderate symptomatology at baseline. Within-group effects in both groups ranged from d = 0.30 to d = 0.48 for depression, and thereby exceeded the benchmark for solely time-dependent changes in depressive symptoms that were found to be d = 0.12 in the meta-analyses published by Tong et al. (74), relative to untreated controls, in RCTs of samples with mild symptom severity. Unfortunately, such benchmarks are not yet available for perceived stress, our primary outcome. However, Sommers-Spijkerman et al. (38) reported for a compassion workbook augmented with email guidance a reduction in perceived stress within the intervention group of about 20%, which also was found in the present study. Regarding rates for reliable improvement in perceived stress post-intervention, the percentage of improvement in the present study (Namah = 53.06%; workbook = 59.41%) were similar to previously-reported rates for a guided digital stress-management intervention (61.40%) when compared to 25.0% in the waitlist control group (75). Regarding effects on stress and depression, Nixon et al. (76) found that effects on depression are mediated by effects on stress, suggesting that stress is not only an etiological risk-factor, but also a mechanism of change.

Although results from a prior meta-analysis (10) suggest that guided interventions are associated with stronger effects on stress than unguided interventions, we did not observe any significant differences between the two intervention groups. This pattern of results was confirmed in several sensitivity analyses. Nevertheless, at a descriptive level, six months after randomization Namah group participants reported less stress and symptoms of depression than the workbook group, but these differences in the expected direction were not statistically-significant, small in size and therefore it is more conservative to conclude that no differences exist. Regarding digital self-compassion interventions, a recent meta-analysis by Han and Kim (28) showed no superiority when compared to other interventions to reduce stress, which is in line with the present results.

Few studies have compared digital interventions and bibliotherapy directly. Smith et al. (36) found that guided internet-delivered cognitive behavior therapy yielded similar effects as self-help bibliotherapy, both being effective at reducing symptoms of depression. Similarly, Hedman and colleagues (37) found within-group effects on various mental health outcomes for both guided and unguided digital interventions and self-help bibliotherapy, but no between-group effects. Furthermore, preliminary results have suggested that a self-compassion workbook is as effective at reducing trauma related distress as a stress inoculation workbook (77). The stronger-than-expected effectiveness of the bibliotherapeutic intervention might be explained by the step-by-step mode of deliverance. Smith et al. (36) advised participants to work through one chapter per week and Hedman et al. (37) had weekly contact via email for assessments, both with a timeframe of about 12 weeks. Similarly, participants in the current study's workbook group were contacted seven times, corresponding to the number of sessions in the Namah group, for providing weekly questions about their well-being and self-care. This regular contact may have acted as a form of supportive accompaniment and potentially contributed to the observed effects. Overall, effective bibliotherapy to promote self-compassion might require more than just providing self-help materials. A clearly-communicated timeframe during which participants work with the materials, a weekly rhythm, the inclusion of practical exercises beyond mere information, and a minimum level of personal contact appear to be beneficial conditions as demonstrated by the feasible and effective approach of Sommers-Spijkerman et al. (38) in the context of public mental health.

Self-compassion interventions are sometimes labeled “positive” [e.g., (78)], which can lead to the implicit assumption that all their effects are positive and beneficial for participants. Another important observation in the present trial is the substantial rate of participants reporting reliable deterioration in both groups, slightly over 10%. Recently, similar findings were reported for another positive intervention, namely a gratitude training program (44). While the personal support in the present study seemed not to enhance the programs' effectiveness, it can still be considered a safety measure for those experiencing worsening [cf., (34)].

Regarding personal support, another aspect to consider is the greater satisfaction of participants training with the guided self-compassion compared to the self-help intervention, which is consistent with results showing greater acceptance of guided interventions in the general population (79). Personal support has also been found to increase adherence to interventions aiming to reduce stress (80).

Finally, we found both interventions to be effective at promoting self-compassion, but not for more general and positive indicators of mental health. There are various explanations for this. First, meta-analytic findings have revealed positive effects of self-compassion interventions on various facets of self-compassion (27), indicating that self-compassion can be cultivated. Second, our findings suggest that both interventions managed to reach their core goals by promoting self-kindness, recognizing the imperfection of humans and contributing to more balanced perspectives [cf., (53)]. Moreover, participants perceived themselves to be less inadequate; for example, becoming less disappointed in and more able to reassure themselves [e.g., by forgiving themselves (49)]. Pre-intervention scores for inadequate-self and reassured-self were close to levels in clinical samples (49). Post-intervention scores reached roughly the levels of the non-clinical population, indicating meaningful effects. Third, no consistent effects on life satisfaction or psychological well-being were found. Among the many outcomes investigated by Ferrari et al. (27), they identified the smallest effects for life satisfaction. One possible explanation may be found in the intensity of the intervention relative to its breadth and range. Longer and more intensive interventions may be needed to see positive spillover effects from more specific characteristics, such as stress and self-compassion, to more general measures that take someone's entire life situation into account.


4.1 Strengths and limitations

To the best of our knowledge, this is the first trial comparing two low-threshold self-compassion interventions in the general population. The choice of an existing, broadly-available workbook ensured that the control intervention is of practical importance [cf., (81)]. While most studies on self-compassion interventions employed symptomatic inclusion criteria, referring to an indicated prevention setting (28) or were conducted in clinical samples (32), we reduced inclusion and exclusion criteria to a minimum to mimic evaluation under real-life conditions from the perspective of universal prevention, thereby enhancing generalizability. The study addresses several issues that were identified by Ferrari et al. (27) as limitations in interventional self-compassion research: the study was registered prior to its initiation; the follow-up period of six months allows conclusions beyond the immediate post-intervention effects; and results are reported according to CONSORT guidelines. Methodically, a variety of sensitivity analyses, including mixed modelling (68), study and intervention completer analyses, and considering baseline differences and co-interventions by applying ANCOVA (69–71) all led to the same conclusions, strengthening confidence in the results. Finally, the study adds to the rapidly-growing, yet heterogeneous body of evidence supporting the feasibility and efficacy of digital self-compassion interventions (28).

Although the present findings are promising overall, it remains important to carefully consider several limitations. First, based on previous findings on the effectiveness of similarly-designed digital mental health interventions [e.g., (82)], the current trial was designed as a superiority study and non-significant differences are not proof of either equivalence or non-inferiority (83) of self-help bibliotherapy compared to the guided digital intervention.

Second, including a third experimental group that did not receive any intervention would have strengthened the internal validity regarding conclusions about the effectiveness of the two interventions. This said, since published meta-analytic evidence supports the efficacy of self-compassion interventions compared to no intervention, the ethical question arises as to whether withholding effective interventions is justified or whether this conflicts with the principles of beneficence and non-maleficence [cf., (84, 85)].

Third, participants in the workbook group were more frequently engaged in other mental health interventions during the study period compared to those in the Namah group. Although the differences using co-interventions during the trial period did not appear to have a significant effect as covariates, this has several implications. It seems crucial to assess reasons for and frequency of uptake of co-interventions.

Fourth, as typical in mental health intervention studies (86), around 80% of participants in the current study were higher-educated, middle-aged and female; therefore, caution is warranted when generalizing the findings to less-educated and male populations. As indicated by the present trial's uptake rates, self-compassion interventions appear to appeal most to well-educated women. One explanation might be found in meta-analytic conclusions that women are less self-compassionate (87) and probably more self-critical, thus, potentially making the self-compassion interventions more appealing to them. Therefore, women may be more willing to participate in a self-compassion program. For men, participation in such a training program might be less attractive, which may be indicated by results from Gilbert et al. (88) who found that men tend to show greater fears and resistances to compassion which may reduce their likelihood of engaging in such interventions.

Fifth, given that 56.04% of participants provided data at six-month follow-up, these results should be interpreted with caution, despite using multiple imputations, as recommended by Graham et al. (73), to adjust for missing data and corroborating results through various forms of sensitivity analysis, including mixed modelling.

Sixth, it should be acknowledged that there are multiple approaches to (self-)compassion training. For example, Compassion Focused Therapy (CFT), as proposed by Gilbert (98), may be regarded as broader, as it considers three types of compassion: compassion for others, compassion received from others, and self-compassion. While each of the three can be a focal point in CFT, the Namah intervention focuses on self-compassion. Furthermore, Gilbert's interventional approach includes challenging the fear of self-compassion and the fear of compassion from others, while Namah does not consider the idea that individuals may experience fear of compassion. Finally, working on self-criticism is equally vital in both CFT and Namah, shame is additionally addressed in CFT as a major transdiagnostic factor.

Finally, it remains to be stated that with only 14% of intervention completer, adherence rates for Namah were comparably low (80). Reasons for the low level of adherence may relate to the intervention's design and/or technical issues, especially for the mobile component. Although the Namah intervention was pilot tested before the study began without any reported problems or inconveniences, improvements to the design (e.g., session length) might have reduced the dropout rate. Another reason for the low adherence may be the possibility that individuals can benefit from the intervention without completing the protocol (89). Lutz et al. (90) has found that a substantial proportion of participants improve early, even after registering and screening for study participation. In the present study, no dose-response relationship was observed. This means that, on average, participants who completed more sessions did not show greater improvement than those who completed fewer sessions. Similar results were also reported by Krieger et al. (82). However, qualitative research is needed to understand the reasons for early termination and to identify ways to improve the intervention. It should also be noted that adherence data were available solely for the digital training group, limiting the evaluation of a potential dose–response relationship to participants of the Namah intervention.



4.2 Future directions

First, the present study demonstrated that self-compassion interventions could be an effective component and enrich the range of interventions as part of an overall strategy for mental health promotion in the general population [cf., (38)]. Since other, longer-established interventions exist that also produce substantial effects on stress or depressive symptomatology—like stress management training programs (10), mindfulness-based interventions (91), and depression prevention interventions (92)—research is needed to determine if increasing the diversity of interventional approaches will lead to greater overall reach with evidence-based interventions in an increasingly-diverse population.

Second, while there was great interest in bibliotherapy in the past (34, 35), this effective approach appears to have fallen out of fashion with the rise of digital interventions. Results of the present study—along with those reported by Smith et al. (36) and Hedman et al. (37)—suggest, however, that the value of printed material (e.g., books) might currently be underestimated. Moreover, digital technology could be used as a facilitator for traditional bibliotherapy, for example, by providing weekly questions for reflection, monitoring progress, sending reminders or reinforcing massages, and facilitating contact with mental health experts in cases of deterioration.

Third, to date, a variety of self-compassion interventions have been developed and positively evaluated, comparing them to non-intervention controls (28). For progress in our understanding, and thereby optimize and identify the most effective self-compassion interventions, it is vital that promising, existing effective interventions be used as comparators in future studies, as noted in Krieger et al. (82). This is also requested in research ethics guidelines (85).

Finally, after establishing the efficacy and effectiveness of self-compassion interventions, a warranted next step will be to examine the underlying key mechanisms through which they exert their effects (27). Holmes et al. (93) proposed that understanding mechanisms is a pathway to refining interventions by focusing on their essential components. As proposed by Cha et al. (94), a number of behavioral, motivational, and physiological processes may serve as candidate mechanisms.



4.3 Conclusion

Despite the limitations and further research avenues that remain, the present study suggests that both digital and traditional bibliotherapeutic self-compassion interventions may be effective at promoting more compassionate attitudes towards oneself in the general population. Reduced levels of stress were found after both self-compassion interventions, that is of importance as stress is a major risk factor for a variety of physical and mental disorders, including depression. Likewise, reduced symptoms of depression were observed for both interventions. The availability of an eCoach seems to be associated with higher intervention satisfaction, but may also serve as a safety measure in cases of deterioration. Over the past decade, bibliotherapy's effectiveness appears to have been underestimated, but it may hold considerable potential in the context of universal prevention—particularly when delivered in a structured manner, supported by personal contact, and potentially enhanced through digital applications that facilitate these success factors.
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Introduction

This study explored the changes in mental health and body-awareness in patients with severe persistent somatic symptoms (PSS) treated with multidisciplinary Dynamic Interpersonal Therapy.





Methods

In this longitudinal study 56 patients with severe somatic-symptom disorder (DSM-5) were included. Analyses were conducted on available outcome data from 32–38 patients. All were treated with a multidisciplinary DIT program for 6 months in a specialized care facility. Patients were followed up during treatment with the questionnaires Mental Health Continuum Short Form (MHC-SF) and Multidimensional Assessment of Interoceptive Awareness (MAIA) at baseline, 3 months and 6 months. Change was analysed with repeated measures ANOVA. The association between change in MAIA and change in MHC-SF was explored with linear regression analysis.





Results

Both mental health (MHC-SF total score 28 to 33, p<0.001) and interoceptive awareness (MAIA score 88 to 92 p=0.045) increased after treatment. The improvement was mostly seen in the psychological and social wellbeing subscales of the MHC-SF and the self-regulation and body listening subscales of the MAIA. A higher pre- to post-treatment change on the MAIA was associated with a higher change on the MHC-SF (R2 = 0.352, B = 1.464, p < 0.001).





Conclusions

This study shows that patients with PSS 1 have lower mental health scores relative to general population norm, 2) seem to have reduced capacity for interoceptive awareness 3) improve in both areas after completing DIT for PSS and 4) shows that improvement in interoceptive awareness was associated with improvement in mental health. Interoception based interventions in DIT-PSS might be a starting point for adequate treatment of PSS.
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1 Introduction

With a an estimated 4% prevalence rate in the general population, somatic symptom disorder (SSD) is one of the most common mental disorders as described in the DSM-5 (1–3). Prevalence rates are likely higher in primary and secondary health care settings; however, recent and methodologically comparable epidemiological studies using contemporary SSD criteria are currently lacking. Patients with SSD suffer from bodily symptoms that persist for at least 6 months which disrupt their daily life and are accompanied by excessive or disproportionate thoughts, feelings, or behaviours related to the symptoms (1). SSD often comes accompanied with severe suffering, lowered mental health and comorbid diagnoses such as major depressive disorder, anxiety disorders and personality disorders (2, 4–6). Persistent somatic complaints may also be classified under other diagnostic frameworks, including somatoform disorders (ICD-10), bodily distress disorder (ICD-11), and single functional somatic syndromes such as irritable bowel syndrome, fibromyalgia, functional neurological disorder, and chronic fatigue syndrome.) (7).

Across these classifications, symptoms are often only partially explained by identifiable biomedical pathology. Contemporary models therefore conceptualize these complaints as the result of an interplay between biological vulnerability, altered neurophysiological processing, psychological factors, and social context (8). Central mechanisms such as altered interoceptive processing, heightened symptom-focused attention, and impaired integration of bodily sensations into coherent mental representations are increasingly recognized as key factors underlying symptom persistence (2, 8–14). The overarching term of Persistent Somatic Symptoms (PSS) is used to describe all of the distressing somatic complaints, irrespective of their aetiology, that are present on most days for at least several months, and in which biological, psychological and social factors play a role in maintaining these somatic complaints (11).

Treatment options for PSS range from patient and family management, pharmacological interventions, such as antidepressants, to extensive psychological or somatic treatment (15–17). The choice of treatment is dependent on the severity, nature and duration since the onset of the symptoms (3). Psychotherapy, such as cognitive behavioral therapy is found to be effective in patients with PSS and is advised in current guidelines (18, 19). When first line psychological or physical therapies fail, intensified treatment in specialized multidisciplinary facilities is advised (3, 17). Yet, more evidence into the effectiveness and working mechanism of psychotherapies, integrated treatment modalities or physical therapies is needed (18).

Body- and movement-oriented therapies, such as psychosomatic physical therapy and psychomotor therapy, are often applied simultaneously with other more verbally oriented psychological interventions. This combined treatment often takes place in specialized treatment facilities. Body- and movement-oriented therapies aim to enhance interoceptive awareness (20). Interoception refers to the processing of internal bodily stimuli by the nervous system which in turn drives our behavior, cognitions and emotions. Dysfunctional interoceptive awareness is increasingly recognized as an important component in mental health disorders (9). It has been observed that interoceptive awareness is low in patients with SSD (10, 13). By intervening on this specific underlying problem, people might regain more interoceptive awareness and this might in turn heighten mental health. However, the relationship between interoceptive awareness and mental health changes due to clinical interventions is as yet unknown and therefore the main focus of this study.

At the Canisius Wilhelmina Hospital (CWZ) in Nijmegen, the Netherlands, a multidisciplinary treatment according to the principles of Dynamic Interpersonal Therapy (DIT), adjusted for PSS, is offered to severely impaired patients with SSD (14, 21). Practically all of these patients showed limited to no effect on earlier stand-alone treatments, such as Cognitive Behavior Therapy (CBT) or physical therapy. They are enrolled in a twice weekly, six months long, day-treatment in which group DIT psychotherapy, psychosomatic physical therapy, psychomotor therapy, art therapy, and behavioral therapy are integrated (22).

DIT was selected as the core psychotherapeutic framework for this study because of its focus on affect regulation, interpersonal patterns, and mentalization, all of which are considered central to the maintenance of PSS (14). Within psychodynamic models, bodily symptoms are conceptualized as expressions of non-mentalized affect and difficulties in integrating bodily sensations into meaningful psychological representations. For patients with PSS, DIT was specifically adapted to include a stronger emphasis on bodily experience and interoceptive awareness, and was embedded in a multidisciplinary treatment program combining verbal psychotherapeutic interventions with body- and movement-oriented therapies (21). This integration aims to facilitate bodily mentalization and to support patients in linking bodily sensations to emotional and interpersonal experiences within a safe therapeutic context (22).

We hypothesize that patients with PSS 1) show substantially lower mental health scores compared with general population norms, 2) demonstrate relatively limited interoceptive awareness, 3) show improvement in both areas after completing the program and 4) show a positive association between changes in interoceptive awareness and changes in mental health.




2 Materials and methods



2.1 Study population and design

Patients that received treatment for PSS and were classified as suffering from somatic-symptom disorder according to the DSM 5 between June 2018 and June 2019 at the Canisius Wilhelmina Hospital (CWZ) in Nijmegen, the Netherlands, were asked to participate in this study. Patients referred to the specialized treatment centre typically had a history of persistent and severely impairing somatic symptoms and had often previously received first-line treatments, such as cognitive behavioural therapy or physical therapy, without sufficient or sustained improvement. The multidisciplinary DIT-based program described below constituted the study intervention. In this period 63 patients received treatment at our facility and all were asked to participate. This study had a prospective observational cohort design.




2.2 Treatment procedure

Patients (≥ 18 years) with often long-standing, severely impairing, persistent medical symptoms were referred for treatment by general practitioners, medical specialists or registered mental healthcare providers. All patients were assessed by a psychiatrist, clinical psychologist or psychotherapist. In this assessment psychiatric examination took place as well as an indication setting for treatment when SSD was diagnosed. When there was a history of psychosis, a psychotic personality structure, severe drug abuse, an IQ below 80, a primary eating disorder with a BMI < 17.5 or when the medical symptoms were inadequately examined by prior healthcare professionals, patients were not found suited for treatment at our facility and other treatments or further examination was advised.




2.3 Intervention

The treatment offered is Dynamic Interpersonal Therapy (DIT), adjusted for patients with PSS (14). DIT focusses on improving the capacity to (bodily) mentalize and changing stressful interpersonal patterns by combining interventions originating from psychodynamic psychotherapy theorems. In our treatment facility it is offered as a multidisciplinary group treatment consisting of DIT psychotherapy, psychosomatic physical therapy, psychomotor therapy, art therapy and behavioural therapy. The complete intended treatment takes six months, twice a week. The group consists of a maximum of eight patients. After three months half of the group ends therapy and new patients start, making it a semi-open group design. For more details we refer to the treatment protocol as described by Selders et al. and more recently by Maatkamp et al. (14, 22).




2.4 Measures

The outcome measures were structurally collected on paper by SB at the start of treatment (baseline), at 3 months and at the end of treatment at 6 months.



2.4.1 Mental health continuum – short form

The primary outcome of this study was mental health, measured through the MHC-SF, which is a validated questionnaire in the Netherlands (23). The MHC-SF consists of 14 questions about a range of mental health issues. All questions refer to the past month. Questions are scored on a 6-point Likert scale. There a three subscales: emotional wellbeing (questions 1 to 3), social wellbeing (4 to 8) and psychological wellbeing (9 to 14). A higher score indicates a better mental health with a maximum score of 70. There are no cut-off scores available, however the mean score in a general population in the Netherlands was 45 (24).




2.4.2 Multidimensional assessment of interoceptive awareness

The MAIA measures general, non-situational awareness of the body (25) and was the secondary outcome. The questionnaire consists of 32 statements. The respondent is asked to indicate on a 6-point scale (0 = not applicable; 5 = fully applicable) to what extent the statement applies. There are eight subscales: Noticing (4 items), Not-distracting (3 items), Not-worrying (3 items), Attention regulation (7 items), Emotional awareness (5 items), Self-regulation (4 items), Listening to the body (3 items), and Trust of the body (3 items) (Mehling et al., 2012). The total score ranges from 0 to 160, A higher score means a better awareness of the body, yet there are no cut-off scores available The MAIA has been investigated for validity, reliability and psychometric characteristics (26).





2.5 Statistical analysis

Data was analysed using IBM software SPSS version 27. Demographic statistics were performed on all participants. We performed repeated measures ANOVA to compare pre-, during and post-treatment measurements. We calculated the estimated effect size using Cohen’s d. With linear regression analysis we examined whether the percentage of change in mental health was influenced by the percentage of change in interoceptive awareness with age and sex as covariates.




2.6 Ethics

This study was reviewed by the medical-ethical committee [(Commissie Mensgebonden Onderzoek (CMO)] region Arnhem-Nijmegen under file-number 2018-4096. The committee concluded that the study does not involve procedures or behaviours that fall under the scope of the Medical Research Involving Human Subjects Act (WMO). Therefore, formal approval by a recognized Medical Ethics Review Committee was not required. In addition, the local ethics committee and the Board of Directors of the CWZ reviewed and approved the study for execution. All participants provided written informed consent prior to participation. The study was conducted in accordance with the Declaration of Helsinki and the principles of Good Clinical Practice (GCP).





3 Results

Of the 63 patients that were approached, 56 decided to participate and gave informed consent. 17 participants were male (30%) and the mean age was 45.5 [SD 12.4]. 38 participants had some measures available at the end of the study period, only 35 had complete pre-, during and post measures and completed the treatment. These patients were included in the analyses.



3.1 Mental health

The mean total scores of the MHC-SF pre-, during and post-treatment are significantly different (F = 7.5, p = 0.001). The overall mental health is scored significantly higher after treatment than before treatment, indicating an increase of overall mental health throughout the course of treatment with a medium effect size (Cohen’s d = 0.67). See Table 1.


Table 1 | Mental health outcomes.
	Measures
	N
	Baseline
	3 months
	6 months
	p-value*
	Cohen’s d**



	Mental health
(MHC-SF total)
	35
	28.4 [11.5]
	29.5 [13.7]
	33.2 [13.7]
	0.001
	0.67


	Emotional wellbeing
(MHC-SF 1-3)
	36
	6.4 [3.7]
	6.4 [3.4]
	7.1 [3.5]
	0.058
	-


	Social wellbeing
(MHC-SF 4-8)
	37
	8.6 [4.2]
	8.7 [5]
	10.2 [4.5]
	0.011
	0.52


	Psychological wellbeing
(MHC-SF 9-14)
	38
	12.5 [5.8]
	13.6 [6.4]
	15.8 [6.9]
	0.002
	0.58





data are means [SD]. *calculated by repeated measures ANOVA. **effect-size for pre- to post-treatment effect based on paired sample t-test, only for significant pre–post differences.





3.1.1 Emotional wellbeing

The mean sum score on emotional wellbeing is not significantly different between the three time points (F = 3, p = 0.058). There seems to be no significant change in emotional wellbeing throughout the course of treatment.




3.1.2 Social wellbeing

The mean sum score on social wellbeing is significantly different between the three time points (F = 4.9, p = 0.011), indicating an increase in social wellbeing throughout the course of treatment.




3.1.3 Psychological wellbeing

The mean sum score on psychological wellbeing is significantly different between the three time points (F = 7.9, p = 0.002). Again, the post-treatment score is higher than the pre-treatment score, indicating an increase in psychological wellbeing throughout the course of treatment.





3.2 Interoceptive awareness

The positive change in interoceptive awareness as measured through the total score of the MAIA from pre-, during and post-treatment shows statistical significance (F = 3.3, p = 0.045) (see Table 2). The subscales ‘‘noticing’’, ‘‘not-worrying’’, ‘‘attention regulation’’, ‘‘emotional awareness’’ and ‘‘trusting’’ show no significant change. The subscales ‘‘self-regulation’’ and ‘‘body listening’’ however do show significant change with higher scores post-treatment and ‘‘not-distracting’’ with lower post-treatment scores.


Table 2 | Interoceptive awareness outcomes.
	Measures
	N
	Baseline
	3 months
	6 months
	p-value*



	Interoceptive awareness
(MAIA total)
	32
	87.8 [16]
	84.5 [19]
	91.7 [17]
	0.045**


	Noticing
	37
	3.4 [0.79]
	3.2 [0.98]
	3.3 [0.72]
	0.239


	Not-distracting
	34
	3.7 [0.84]
	3.7 [0.78]
	3.3 [0.82]
	0.014**


	Not-worrying
	34
	2.7 [0.95]
	2.5 [1.0]
	2.5 [0.84]
	0.176


	Attention regulation
	33
	2.3[0.78]
	2.3 [0.84]
	2.5 [0.83]
	0.240


	Emotional awareness
	34
	3.4 [1.1]]
	3.2 [0.97]
	3.5 [0.77]
	0.183


	Self-regulation
	32
	2.1 [0.89]
	2.0 [0.91]
	2.5 [1.01]
	0.032**


	Body Listening
	33
	1.9 [1.30]
	2.2 [1.10]
	2.6 [0.91]
	0.003**


	Trusting
	33
	2.3 [1.23]
	2.0 [1.20]
	2.4 [1.16]
	0.134





data are means [SD]. *calculated by repeated measures ANOVA. ** significant change. Effect sizes were not calculated for MAIA subscales, given the exploratory nature of the analyses and the use of repeated measures ANOVA across three time points.






3.3 Association of change in interoceptive awareness with change in mental health

The mean percentage of change on the MHC-SF pre to post treatment is 12% [SD = 45]. There is an positive association between change in interoceptive awareness as measured by the MAIA and change in mental health. Linear regression analysis showed that a higher percentage of change on the MAIA was significantly associated with a higher change on the MHC-SF with an explained variance of 35% (R2 = 0.352, B = 1.464, p < 0.001) when corrected for age and sex.





4 Discussion

This naturalistic study shows that patients with PSS might 1) have lower mental health scores relative to general population norm, 2) seem to have reduced capacity for interoceptive awareness, 3) improve in both areas after completing DIT for PSS and 4) shows that improvement in interoceptive awareness were associated with improvement in mental health. The first three results are in line with existing literature about PSS patient characteristics and the effectiveness of DIT for PSS (10, 21). They are also in accordance with the findings of a recent systematic review showing that interoception based interventions are efficacious for improving interoceptive awareness across multiple mental health disorders and specifically in PSS disorders (27). This in turn supports the described common therapeutic strategies utilized in the treatment of PSS, which often include interventions aimed at improving interoceptive awareness (12). Our study expands the current knowledge showing the potential effect of DIT-PSS on interoceptive awareness and its positive association with change in mental health. This is, as far as we know, the first naturalistic study to investigate the theory of improvement of interoceptive awareness as a possible starting point in the treatment for PSS in clinical practice, using a psychodynamic approach such as DIT-PSS.

We found an effect of DIT-PPS on the MAIA subscales ‘‘self-regulation’’, ‘‘body listening’’ and ‘‘not-distracting’’. Klocek et al. also found that ‘‘self-regulation’’ and ‘‘body listening’’ improved and contributed indirectly to well-being for patients treated with psychodynamic psychotherapy for different disorders (28). De Jong et al. found that Mindfulness Based Cognitive Therapy resulted in positive changes on ‘‘self-regulation’’ and ‘‘not-distracting’’ for patients with chronic pain and depression (29). As was also the case in these studies, we did not find changes on the other MAIA subscales. It might be that these changes are not yet present directly after treatment and take more time. This is subject for further research with at least a longer follow-up after treatment. Although quantitative changes were modest, it is important to note that changes in mental health and interoceptive functioning may be difficult to fully capture with questionnaires alone. In earlier qualitative work within the same treatment program, patients described shifts in bodily awareness, emotional understanding, and interpersonal functioning that unfolded gradually over time (22). These qualitative findings may help contextualize the present results and suggest that the observed quantitative changes reflect only part of a broader therapeutic process. From this perspective, therapeutic change may involve both increased tolerance of bodily sensations within a safe therapeutic context and a gradual transformation in the mental representation and meaning of bodily processes, as has also been discussed in qualitative psychoanalytic work (30). However, these processes cannot be disentangled within the present study design.



4.1 Limitations & strengths

However promising our results may be, they should be interpreted with some caution. First, our study has a non-randomized, uncontrolled design. The absence of a control group reflects the exploratory and naturalistic aim of this study, which was to examine associations between interoceptive awareness and mental health within routine clinical practice rather than to establish treatment efficacy. Thus, it is unknown whether the results are due to the therapy program alone. Yet we treat a subgroup of patients with severe PSS that have not responded to first-line treatments which makes it unlikely that they would improve without multidisciplinary treatment (31, 32). Second, we have a small sample of 56 patients of which only 38 remained at the end of treatment. This is a drop-out rate of 32%, which is comparable to the 20-60% drop-out rates for psychotherapy mentioned in literature, yet higher than the drop-out for psychodynamic group therapy (20.6%) reported in literature (33, 34). This may have influenced our results, since the drop-outs might be those patients not benefiting from DIT or those not keen on participating in this study any longer due to experienced high levels of burden. In addition, although statistically significant, the absolute changes in mental health and interoceptive awareness were modest. This may reflect the severity and chronicity of the studied SSD population, in whom large short-term changes on broad, dimensional outcome measures are uncommon. Third, the treatment program of DIT for PSS has a multidisciplinary approach with different treatment modalities, making it impossible to study the effect of each modality separately. We therefore can only interpret our results as a possible effect of the complete treatment protocol of DIT for PSS. It might therefore also be the case that a positive change in mental health might lead to improved interoceptive awareness, but literature is lacking. For future research it could therefore be needed to study the contributing factors of individual interventions, for example by a randomized group comparison of DIT psychotherapy alone and DIT psychotherapy with interoception based interventions (e.g. physical therapy, mindfulness, psychomotor therapy).

The strength of this study lies in the clinical and naturalistic design, making it one of the first studies to investigate the relationship of interoceptive awareness and mental health in multimodal psychodynamic psychotherapy for PSS (DIT-PSS). For future research the effect of interoception based interventions should be explored further in both quantitative and qualitative designs. Specifically qualitative studies might shed light on the underlying working mechanisms of interventions targeting interoceptive awareness as well as on the experience of physical symptoms and mental health. In turn this may enhance the current practice of treatment of PSS.





5 Conclusion

This clinical study suggests that improvement in interoceptive awareness might lead to more beneficial outcome in mental health. Therefore, more research into interception based interventions might be a starting point to find more adequate treatment options of severe and difficult to treat PSS. Further clinical quantitative as well as qualitative studies into the understanding of this association might enhance treatment for PSS.
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Introduction: In India, untreated depression among women contributes significantly to morbidity and mortality, underscoring an urgent need for accessible and ethically grounded mental health interventions. Mobile health (mHealth) tools offer scalable solutions; however, their implementation in low- and middle-income country (LMIC) settings raises important bioethical considerations.



Methods: This study was conducted at the conclusion of a pilot randomized controlled trial evaluating the MITHRA app (Multiuser Interactive Health Response Application), designed for depression screening and treatment among women participating in self-help groups (SHGs) in rural Karnataka, India. Two focus-group discussions were conducted with intervention participants to explore ethical dimensions of app use, including technological proficiency, privacy, informed consent, connectivity, accessibility, and gender-specific interactions. Transcripts were analyzed using thematic coding to identify recurring patterns.



Results: Participants preferred a hybrid care model combining mobile app use with human interaction. Technological proficiency varied, and participants demonstrated uncertainty regarding mental health app functionality and limited understanding of privacy policies. In the collectivist cultural context of rural India, autonomy and informed consent were often expressed relationally, shaped by family and community dynamics rather than individual decision-making alone.



Discussion: These findings highlight the need to tailor digital mental health interventions to user preferences and local sociocultural contexts. Ethical implementation in rural LMIC settings requires enhanced transparency around data use, culturally aligned consent processes, and integration of ethical, technological, and relational considerations to improve accessibility, trust, and acceptability.
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Introduction

Mobile health (mHealth) technologies offer scalable, accessible solutions to mental health care in low-resource settings. By addressing barriers like stigma, limited infrastructure, and the scarcity of mental health professionals, mHealth tools can bridge significant gaps in care. In India, mobile health (mHealth) interventions began gaining traction in the mid-2010s, especially through government and NGO efforts in maternal, child, and reproductive health (1, 2). For example, a 2018 systematic review covering studies published from January 1997 to June 2017 by Bassi et al., catalogued over 200 mHealth and telemedicine initiatives by that time, many focusing on preventive care and health education, but only a small number specifically addressed mental health in rural zones (1). More recent work shows incremental growth in mental health app availability and awareness among Indian users, though challenges remain around privacy, evidence base, interface design, and accessibility for low-literacy populations (2, 3).

Despite these advances, the implementation of mHealth innovations raise ethical concerns, particularly around informed consent, data privacy, and equitable access, especially in low- and middle-income countries (LMICs) with digital divides, i.e., gaps in access to technology and digital literacy (4–6). These concerns are particularly critical when implementing technologies among vulnerable populations, such as rural women, who face compounded challenges of limited agency, digital illiteracy, and systemic inequities.

In rural India, mobile health solutions often align better with collectivist models of technology use, such as shared or community-accessible devices, rather than the individual ownership model prevalent in high-income settings (4). The Multiuser Interactive Health Response Application (MITHRA) exemplifies both the promise and challenges of mHealth interventions. Designed to support women in rural India who suffer from low to moderate depression, the app tailor's mental health interventions based on participants' depression severity as measured by Patient Health Questionnaire (PHQ-9) scores. It was developed using participatory design methods and aims to address the cultural and technological needs of the target population (7, 8). Regionally, among women in southern Karnataka, a community-based survey reported common mental disorders in 5.7%, including depressive disorders in 4.6%, underscoring the need for accessible detection and care pathways that mHealth could help address (9). This study addresses that gap by examining MITHRA's implementation through a bioethical lens. We define bioethical considerations as including Informed consent; Privacy and data protection; Participant autonomy; Equitable access and Cultural alignment.

By exploring how women in rural India perceive these issues, we ask: What are the ethical considerations in using mobile mental health apps to detect and treat depression in underserved populations? To address this question, we present an empirical case illustration from South Asia using qualitative focus-group data collected from participants in the MITHRA pilot randomized controlled trial conducted in rural Karnataka, India. Rather than offering a purely conceptual ethical analysis, this paper grounds bioethical principles in real-world implementation experiences, examining how autonomy, privacy, and equity are understood and negotiated within a collectivist context characterized by shared device use, variable digital literacy, and relational decision-making. This focus on cultural alignment is essential to ensure that digital interventions are not only scalable, but also ethically sound, trustworthy, and responsive to local norms and lived realities.

This paper does not propose a new ethical framework. Instead, it applies established bioethical principles to empirical findings from a real-world mHealth deployment in rural India to identify practical ethical risks and implementation strategies. In doing so, we offer actionable considerations for developers, clinicians, and health systems seeking to implement digital mental health tools in low-resource settings.



Materials and methods

This study was conducted under the ethical oversight of the Institutional Review Board at the University of Washington and the Institutional Ethics Committee at St. John's Medical College.

This supplemental project is part of a larger study titled “Multiuser App for the Detection and Treatment of Depression in Women's Self-Help Groups: A Pilot Randomized Controlled Trial.” This two-year regional mixed methods study aimed to evaluate the feasibility, acceptability, and preliminary effectiveness of the MITHRA app; a mobile health app specifically developed to address depression among women in rural India (9). The pilot RCT, conducted in Anekal taluk, Karnataka, randomized Self-Help Groups (SHGs) across 10 community-based organizations to either app-based treatment or enhanced usual care, enrolling 85 women aged 20–60. Of these, 49 participants were in the intervention arm, with over half actively engaging and completing the assigned modules on the MITHRA app.


Ethical considerations

To ensure accessibility for participants with limited literacy, all components of the MITHRA app were designed with audio-visual content and icon-based navigation. Trained facilitators introduced participants to the app through live demonstrations and verbal instructions during SHG meetings, ensuring that even those who could not read were able to understand and engage with the intervention. The app was developed entirely in Kannada, the native language of participants in Anekal taluk, and all in-app content including audio, videos, and text was translated for dialect and cultural relevance. Instructions were also reinforced during focus group sessions and via community health workers to support comprehension and sustained use.

Participants who were part of the intervention arm of MITHRA RCT were chosen for this sub study. Informed consent was signed by all these participants and for those who were illiterate, the consent form was verbally explained aloud in Kannada, the local language used for verbal comprehension in the presence of an impartial witness, and thumbprint was obtained on the consent form ensuring that the participants understood the study, its risks, benefits, and their right to decline participation or withdraw at any time without penalty. Confidentiality was maintained by de-identifying transcripts and storing data in encrypted password-protected systems.

Given the collectivist cultural context of rural India, where health decisions are often relational, it was understood that participants may have consulted family members such as spouses or elders prior to enrolling in the study, even if this was not directly documented. This reflects a broader cultural model of relational autonomy, in which decision-making is shaped by family dynamics, mutual obligation, and shared responsibility rather than individual independence alone (10, 11). Community health workers and SHG leaders played a central role in facilitating trust and social acceptance of the intervention, aligning with relational ethics frameworks that emphasize social ties and moral accountability within the community (12–14).



Focus group discussions

To further investigate the ethical dimensions of using mHealth technologies, the study team conducted two focus group discussions (FGDs) in August 2023, drawing participants from the intervention arm of the RCT. Two women's self-help groups, denoted as SHG1 and SHG2, served as the primary locations for participant recruitment in this sub-study. Sixteen women, with a mean age of 36.6 years (SD = 5.7, range 28–48), were recruited, with eight participants per focus group. Participants were clustered based on their PHQ-9 scores, which ranged from 0 to 13, with a mean score of 4.0 (SD = 3.7). The groups included women with no depression (PHQ-9 < 5), mild depression (PHQ-9 scores 5–10), and moderate depression (PHQ-9 scores 10–15) who had completed the MITHRA intervention. Participants from SHG1 averaged 7.9 years of education, while those from SHG2 averaged 4.9 years. The most common occupation among participants was unskilled manual labor, and the predominant family structure was nuclear. SHG1 participants had an average of 3.5 adult family members and 1.2 children per household, with an average monthly family income of ₹24,000. In comparison, SHG2 participants had slightly more adult family members (4.0) and 1.0 children per household, with a lower average monthly family income of ₹20,000. This diverse sampling allowed the exploration of multiple perspectives.

We conducted two 90-minute focus groups, using semi-structured interviews to explore participants' experiences and perceptions of the MITHRA app. The interview guide included open-ended questions that explored participants preferences for digital vs. in-person mental health support, accessibility challenges, understanding privacy and data sharing, and perceptions of consent. Additional topics included technological familiarity, scheduling conflicts, gender-based access issues, and stigma. Questions were developed based on the Unified Theory of Acceptance and Use of Technology (UTAUT), which guided domains on performance and effort expectancy, social influence, and facilitating conditions (15). Ethical probes were structured by the Four Principles of Biomedical Ethics, autonomy, beneficence, non-maleficence, and justice (16).

During the focus groups, the research team occasionally needed to clarify certain questions to ensure participants understood and could actively engage in discussions. This approach helped improve the quality of the dialogue but may have influenced participants' responses by shaping their interpretations, particularly on bioethical issues. Although participants did not explicitly describe concepts like privacy or autonomy, their responses often reflected collective patterns of decision-making, such as consulting family members or discussing shared phone use, indicating that ethical engagement occurred within relational and community-based frameworks and is in alignment with earlier literature on women's autonomy and agency (14).

The data were analyzed through thematic analysis by two independent coders who reviewed all transcripts together. One coder was a member of the data collection team, providing contextual insights, while the other was a research coordinator offering an external perspective. As both coders worked collaboratively on all transcripts, inter-rater reliability was not calculated. We conducted a thematic analysis that followed a primarily deductive approach grounded in prewritten themes derived directly from the questionnaire and interview guide. These predetermined themes and subthemes structured the analysis from the outset, ensuring alignment between the data collection instrument and analytic framework. As transcripts were reviewed, additional codes were generated inductively when participants introduced ideas that extended or nuanced the original categories. Both coders collaboratively refined the codebook to incorporate these emergent codes while maintaining consistency with the predetermined framework. This approach allowed the analysis to remain systematic and anchored to the study's research questions while still flexible enough to capture unanticipated insights from participants. Table 1 presents the final set of themes, subthemes, and corresponding codes developed through this process.



TABLE 1 Themes, subthemes, and definitions from focus groups.



	Theme
	Sub themes
	Associated quotes





	Mobile Device Utility: Views on the practical uses of mobile devices in daily life, such as communication, transactions, accessing health info, and task management.
	Personal Use Purpose—Specific reasons individuals use smartphones outside of communication.
	P: “Not only that, but you can search that in google if you put one product, 10 products are displayed and we can select from that, oh it will good for me”



	Connectivity and Accessibility: Technological and environmental conditions shaping participants' ability to access and engage with the app.
	Daily Access: The extent to which users can access their mobile phones.
	P: “Husband has the phone, after he comes back from the work if he gives will use it”



	P: “I used it 4–5 times”



	Mental Health App Usage Frequency: How often users engage with Mental Health apps.
	P: “I used it 4–5 times”



	Scheduling Concerns: Challenges related to planning times for app usage.
	RC: “What is the reason you don't have enough time to use the app?.”



	P: “Because will go to work know sir”



	Data Cost Concerns: Issues related to mobile data costs when using apps.
	P: “Currency will be a problem, if you install it in your mobile phone currency will be a problem.”



	Technological Competence: The level of digital literacy and comfort influencing participants' engagement with the app.
	MH App Understanding: Understanding of what a mobile mental health app is.
	P: “We feel that MITHRA APP is like our friend, few things which couldn't be shared outside we could share it here, some information which we were unaware, could get through MITHRA APP.”



	P: “From MITHRA APP we learnt how to get rid from depression. How to maintain hygiene (wash hands and eat) when we get angry we get suicidal thoughts, so MITHRA APP helped us to come out of it.”



	Perceived Benefits: The advantages seen by users and their communities from MH apps.
	P: “From MITHRA APP we learnt how we should be good with your friends, how should you talk to others, how you should solve your family problems”



	Knowledge of App Updates: Knowledge about app updates and how to carry them out.
	RC: “Have any clue of what the update means?”



	“Sir to understand that we should be educated that but we are not that educated”



	App Functionality: Knowledge of the features and operations of the app, ensuring optimal utilization of its functionalities.
	P: “I did not know how to play it so I took help from others and watched it”



	App Usage: Understanding how to use the app, understanding its primary objective.
	P: “MITHRA APP Talks about mental problems”



	Stigma and Privacy: Social stigma and confidentiality that shape participants' willingness to engage with digital mental health tools.
	Device Sharing a & Privacy: Patterns of sharing devices and concerns about privacy.
	RC: “We installed our APP in your phone, will you use it, it doesn't matter if your husband see it, do you watch with them?”



	P: “Yes we will”



	Perceptions on Data Access: Feelings about others accessing personal app data.
	RC: “You know where the information will be passed? and what will happen?”



	P: “I don't know sir, you have to tell me sir”



	Community Interactions through the app: Willingness and preferences in interacting with fellow users or participants.
	P: “So we don't know many things and we get to know about from them and whatever they don't know they get to know from us”



	Comfort level: Comparing the comfort level of discussing personal issues with a professional vs. an app.
	P: “It is better to have a face-to-face interview with the doctor”



	Gender Interactions: The influence of gender roles, family dynamics, and social expectations on participants' access to and use of the digital intervention.
	Primary Device User: Identifying who mainly uses the mobile device in households.
	RC: “Who mainly uses the phone”



	P: “My husband sir”



	Partner Awareness and Attitude: Feelings and concerns related to partners knowing about app usage.
	RC: “So Now in APP you have to participate in several activities, is that fine your husband watches those activities.”



	P: “No problem”



	Gendered Sharing: Comfort levels in sharing app-related activities with different family members.
	RC: “Can you share your MITHRA experience or mobile phone usage experience with your family members?”



	P: “Yes will share”



	Partner Support: The degree of support from partners in the context of app usage and participation.
	RC: “You are afraid that the husband will object?”



	P: “No, no”



	RC: “You are worried that your husband will take your phone and use it”



	P: “I'll show this to my husband. Not scared”







To ensure comprehensive and transparent reporting, this study adheres to the Standards for Reporting Qualitative Research (SRQR) (17) and aligns with the COREQ (Consolidated Criteria for Reporting Qualitative Research) checklist. Key elements including researcher roles, setting, participant selection, and data analysis.

Ethical approval for this study was obtained from the Institutional Review Board at the University of Washington (STUDY00010415) and the Institutional Ethics Committee at St. John's Medical College (IEC Study Ref. No. 184/2020). The study was conducted in accordance with ethical guidelines for research involving human participants. There were no adverse events, and no participants reported suicidal ideation or required a referral to the Primary Health Center per protocol.




Results key themes and findings


Mobile device utility

Participants often discussed the broad utility of mobile devices in their everyday lives, focusing on their phones' general benefits and diverse functions. Mobile Device Utility emerged as a central theme centered on using mobile phones for practical, everyday tasks. For instance, one participant explained, “During emergency if somebody needs money, we can send money through PhonePe (digital payment platform primarily used in India) or Google Pay.” This highlights the vital role mobile phones play in financial transactions, particularly in rural areas where access to physical banking services may be limited. Beyond financial transactions, participants also used their phones for various other tasks, such as shopping, entertainment, and accessing general information, showcasing the adaptability and necessity of mobile devices in these communities.

Participants also shared insights into their Personal Use of smartphones outside of communication. This theme reflects the various ways participants use their mobile phones beyond basic phone calls or messaging. Many participants cited health-related reasons as key motivations for using their phones. One participant mentioned, “It can be used to get information from doctors about health-related issues through mobile.” This suggests that mobile phones serve as a tool for health management, giving users access to medical advice, health information, and updates from healthcare providers. These responses highlight the multifunctionality of smartphones in the participants' lives and their potential to serve as a gateway to mental health services.


Connectivity and accessibility

The Mental Health App Usage Frequency sub-theme explored how often participants engaged with the MITHRA app. Usage patterns varied, with some participants using the app regularly, while others interacted with it less frequently. One participant shared, “I used it 4–5 times. Used for 4–5 days.” This response reflects a level of engagement that varied across participants. Some participants were able to integrate the app into their weekly routines, while others struggled to use it consistently. Daily access to a mobile phone shaped these patterns, as some users had predictable opportunities to use a device while others had more limited or shared access. Scheduling concerns—such as finding uninterrupted time or aligning use with other responsibilities—also influenced consistency, with engagement tending to cluster in windows that fit daily routines.



Technological competence

Participants generally grasped what the MITHRA app was for recognizing problems, coping strategies, and everyday health routines reflecting the MH App Understanding sub-theme; this sense of purpose appeared to boost confidence with basic operations, though it indicated comfort and motivation more than advanced skills. In practice, consistent with App Usage, most users could log in and watch videos after initial setup, but many relied on daughters, peers, or facilitators to start playback or troubleshoot, and only a small subset reported fully independent use; transferring skills to personal phones (e.g., downloading apps) was uncommon, indicating that most participants used only core app functions. Understanding of app “updates” was notably weak under Knowledge of App Updates. While a few associated updates with faster performance, most were unsure what an update prompt meant until it was explained.



Stigma and privacy

Most participants did not fear others discovering their use of the app and, in several households, welcomed spouses or family to watch alongside; however, everyday privacy was constrained by device control and access logistics (e.g., phones held by husbands, turn-taking), indicating that who controls the phone often determines who controls privacy. The sub-theme of Comfort Level focused on participants' varying degrees of ease in discussing personal issues, especially mental health concerns, through a mobile app as opposed to traditional in-person interactions with a healthcare professional. Many participants expressed a preference for face-to-face interactions, perceiving them as more personal, trustworthy, and effective for sensitive topics. As one participant put it, “It is better to have a face-to-face interview with the doctor.” This preference for direct interaction suggests that while participants may be open to using mobile devices for certain health-related tasks, they still find greater comfort in having personal, face-to-face conversations when it comes to discussing mental health. Additionally, the involvement of a research coordinator was mentioned by some of the participants, the research coordinator provided critical support by explaining app features, addressing participants' questions, and facilitating their understanding of the app's content.



Gendered interactions

Across these sub-themes, participants described household patterns that shaped when and how they accessed mobile phones. Under Primary Device User, smartphones were often managed by husbands (and sometimes children); so many participants used a shared device when it was available commonly in the evening while a subset reported personal phones. In Gendered Sharing, turn-taking and routine household responsibilities influenced access windows and session length, with some noting limited uninterrupted time even on non-workdays. Partner Support was frequently described as neutral to positive: most reported no objection from husbands and, in several cases, encouragement to use or share the app content. In Partner Awareness & Attitude, partners were often aware and at times co-viewed materials; participants generally did not anticipate discomfort if spouses saw the app, and some framed shared viewing as helpful for mutual understanding.





Discussion


Privacy, confidentiality, and informed consent in shared-device contexts

Building on the empirical findings, we interpret participants' experiences through a bioethical lens, with particular attention to privacy, autonomy, and informed consent. The ethical framework underpinning the MITHRA app was designed to address privacy and informed consent, utilizing biometric logins and personalized access measures to secure user data. This aligns with global recommendations for ethical mHealth design emphasizing user autonomy, data protection, and transparency (5, 6). However, in collectivist contexts like rural India, privacy and autonomy are often practiced and understood differently. Decision-making tends to be relational, shaped by family dynamics, community norms, and the realities of shared device use (10, 11). Rather than being rooted in individual independence, women's health decisions are frequently negotiated within social networks, reflecting a collectivist ethic that has been well documented in LMIC settings (11, 14).

Despite these efforts, some participants expressed confusion about the app's privacy policies, which suggests that additional education and transparent communication may be necessary to ensure users fully understand and trust the app's data security measures. While privacy concerns were not a predominant theme, this may reflect different cultural interpretations of privacy rather than the absence of concern. In a setting where digital tools are shared and decisions are often made collectively; personalized security features may not always be seen as relevant or meaningful. This could contribute to the uncertainty some participants expressed. This observation underscores the importance of proactively addressing potential areas of uncertainty to enhance user confidence and engagement (6).

Many users did not fully understand how their data was being used or protected, pointing to a need for clear, accessible explanations as part of the onboarding process. Educational efforts must go beyond technical instructions to ensure users are aware of their rights and understand the importance of privacy, enhancing their confidence in the app. These findings are consistent with prior LMIC mHealth work indicating that comprehension, not merely the presence of consent materials drives trust and sustained engagement (1, 2).



Technological competence, access, and the ethics of digital inclusion

The focus groups revealed that the MITHRA app needs to integrate face-to-face sessions with MH professionals and more comprehensive onboarding to effectively meet the needs of its users. The findings highlight how variable technological competence and shared device use shape engagement with mHealth tools. This foundation of mobile phone usage implies that participants were familiar with technology in general, although using phones for mental health purposes was less common and presented a distinct set of challenges. The practice of device sharing within households further complicates technological competence, as shared access may limit opportunities for individual users to develop familiarity and confidence with the app (4). This inconsistency highlights the necessity for enhanced onboarding processes that not only introduce users to the app but also offer ongoing guidance and support to build confidence in using this technology. Given that mobile phone use in many households is shared and shaped by social hierarchies, onboarding and support efforts must account for family roles and dynamics that influence access and control over devices. Additionally, incorporating human interaction, such as periodic check-ins with mental health professionals or community health workers, could bridge the gap for users who feel more comfortable with in-person support.



Preferences for human support in blended care models

Participants expressed a range of comfort levels when discussing personal mental health issues, with many preferring face-to-face interactions over app-based communication. This preference suggests that digital mental health solutions should not function as standalone interventions but as part of a blended care model that includes direct human support. The involvement of a particular research coordinator was frequently cited as valuable in providing explanations and became an apparent link between digital and in-person care for some participants. Participants appreciated the research coordinator's guidance and often relied on her to help interpret app content, reinforcing the idea that a hybrid approach combining digital tools with human assistance is crucial for optimizing mental health care delivery in low-resource settings (7, 18). This finding underscores the importance of designing mHealth interventions that include or complement in-person care, especially in settings where cultural norms favor interpersonal communication.

Consistent with prior digital MH literature, brief scheduled touchpoints improve comprehension and adherence, for particularly sensitive content that users prefer to discuss in person (19). Operationalizing this blended model through early check-ins and an in-app “talk to someone” option can translate preference into practice (19).



Operationalizing ethical safeguards in low-resource settings

Figure 1 synthesizes how contextual conditions shape lived user experiences, generate ethical risks, and inform operational safeguards in digital mental health implementation. Drawing on empirical findings from the MITHRA pilot in rural India, the figure illustrates how the four core bioethical principles (autonomy, beneficence, non-maleficence, and justice) function as an interpretive lens linking real-world use conditions to practical implementation strategies, with privacy and confidentiality treated as cross-cutting ethical domains shaping their application. Not all categories apply equally or directly to every finding; rather, the model visualizes how common bioethical constructs are used to interpret context-specific implementation challenges and translate them into actionable safeguards. The model does not propose a new ethical framework.


[image: Conceptual model diagram outlines ethical digital mental health implementation in low-resource settings, featuring five labeled blue boxes: Contextual Conditions, Lived User Experiences, Ethical Risks, Bioethical Principles, and Operational Safeguards, each listing relevant challenges or principles, connected by dotted arrows to show progression.]
FIGURE 1
Conceptual model of ethical digital mental health implementation in low-resource settings.


Moreover, the focus group findings suggest that without adequate onboarding and human support, there is a risk that technological barriers could exacerbate existing disparities in access to mental health care. A robust onboarding process, combined with ongoing human interaction, can help address these barriers, ensuring that digital health solutions are accessible, user-friendly, and tailored to meet the diverse needs of all users. By embedding these components, mental health apps like MITHRA can better support their users, improve engagement, and ultimately contribute to more effective and equitable mental health care in rural and under-resourced communities. Additionally, limited technological competence, particularly in communities where device sharing is common, further emphasizes the need for tailored solutions that address both technological and socio-cultural dynamics (5, 20, 21).

To operationalize these ethical considerations in practice, implementation strategies should translate bioethical principles into concrete safeguards that are feasible in low-literacy and shared-device environments. Consent should be treated as an ongoing process rather than a one-time event. This can include using verbal or audio-visual consent supports, incorporating brief “teach-back” checks to confirm understanding, and periodically reinforcing privacy and data-use concepts during onboarding and early engagement. This approach aligns with recent LMIC digital mental health implementation work, which emphasizes usability, cultural adaptation, and comprehension as key drivers of engagement (22).

Second, community engagement and facilitator-supported delivery can strengthen ethical implementation by leveraging trusted intermediaries (e.g., community health workers, women's group leaders, or clinic-based facilitators) to support onboarding, troubleshoot app use, and build trust through existing social and care relationships used in LMIC settings, including task-shared delivery through frontline workers (23).

Taken together, these findings illustrate how ethical concerns related to privacy, autonomy, and equity are not discrete but intersect through shared device use, gendered access, and variable digital literacy. Addressing these challenges requires implementation strategies that integrate ethical safeguards across technological, social, and clinical domains.


Strengths and limitations

One notable aspect of this study, which can be seen as both a strength and a limitation, was our deliberate decision not to explicitly define bioethics to participants in the context of the MITHRA app. Instead, we asked questions related to bioethical issues to gauge participants' natural understanding and perceptions. This approach yielded rich, authentic responses that offered valuable insights into participants' views on bioethics. However, it also limited our ability to assess participants' familiarity with these concepts comprehensively.

This study should be interpreted as a context-specific case illustration rather than representative of all “low-resource settings.” LMIC environments vary substantially in cultural expectations around privacy and autonomy, health-system infrastructure and referral pathways, legal and regulatory protections for digital data, and patterns of device access and digital literacy. Accordingly, the ethical challenges and mitigation strategies described here are most directly applicable to rural South Indian contexts similar to the MITHRA implementation and should be adapted in partnership with local stakeholders when applied elsewhere. During the focus groups, it became evident that some participants were confused by certain questions. The research team intervened to clarify the questions, which helped participants engage more effectively. However, this assistance also posed a limitation, as it may have influenced the participants' understanding and potentially affected the authenticity of their responses regarding their awareness of bioethical issues. Although the app was developed to reflect collective and relational understandings of decision-making, our analytic framework prioritized standardization and generalizability for broader LMIC mental health promotion, which required applying a Western bioethical paradigm. As such, this methodological tension between design and interpretation is acknowledged as a conceptual limitation of the study.

Additionally, another limitation of the study was that one of the coders was also a member of the data collection team for both the bioethics study and the larger MITHRA RCT. This dual involvement may have introduced bias, as their familiarity with the participants and prior data collection activities could have influenced their interpretation of the focus group transcripts.





Conclusion

This study provides crucial insights that are essential for the ethical and effective implementation of the MITHRA app and other digital mental health interventions. Key considerations found through this research include technological competence, the importance of in-person support, user-friendly application interfaces, and robust informed consent processes. These elements are not just necessary for compliance but are fundamental to ensuring that the app meets the needs of its users in culturally sensitive and appropriate ways.

This study sheds light on the complexities of bioethical considerations in low-income settings, challenging preconceived notions about what is suitable for end users of mental health apps. The findings suggest that more attention needs to be paid to training users and developing tools that protect user privacy, while also assessing and enhancing technological competence, and allowing for hybrid mhealth and in person interventions. Such efforts are critical for fostering engagement, which in turn is vital for the success of interventions like MITHRA.

Future empirical research would benefit from going beyond traditional user participatory research by integrating bioethical considerations earlier in the app development process. When addressing bioethics, the focus should shift from merely understanding participants' ability to navigate and use technology to ensuring that they fully comprehend the nuances of the technology itself. This includes understanding where their data is stored, how their privacy is maintained, and whether they feel more comfortable with in-person care vs. digital interventions. In resource-limited settings, particularly where illiteracy is prevalent, these considerations become even more crucial. Researchers must not only engage participants but also serve as direct sources of support, guiding them through the complexities of the technology and ensuring that they grasp the implications of its use. This deeper level of engagement, combined with a proactive approach to bioethical considerations, ensures that participants are fully informed and comfortable with both the technology and the care it provides. By adopting a deliberative, ethically driven process from the outset, mHealth interventions can be more inclusive, equitable, and impactful, ultimately addressing the unique challenges posed by low-resource settings.
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