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Objective: Empirical evidence verifies the efficacy of mindfulness interventions in 
addressing heterogeneous stress forms across clinical and non-clinical popula-
tions. However, online mindfulness is increasingly emerging in diverse modalities 
across online platforms, propelled by ongoing technological advancements. This 
study aims to conduct a systematic analysis of the intervention effects of online 
versus traditional mindfulness in alleviating stress among university students. It 
is important to note that this review compares online and traditional formats 
indirectly, by synthesizing trials that separately compare each format against a 
control condition, as head-to-head RCTs directly comparing both formats were 
not eligible for inclusion.
Methods: Four databases were selected as data sources: Web of Science, 
Embase, Medline and PsycINFO. A total of 4,387 articles were included based 
on the PICOS framework established a priori, and 16 articles were ultimately 
incorporated into the meta-analysis. During data analysis, article quality was 
appraised utilizing the Cochrane Risk of Bias Tool, with data extraction performed 
in Microsoft Excel and statistical analyses conducted in Stata.
Results: Analysis of the included studies indicated that online mindfulness inter-
ventions (SMD = −0.56; 95% CI: −0.76 to −0.36) effectively reduced stress in 
university students, with traditional mindfulness interventions (SMD = −0.64; 95% 
CI: −0.83 to −0.46) demonstrating comparable results. For improving mindful-
ness among university students, both online mindfulness (SMD = 0.52; 95% CI: 
0.28 to 0.76) and traditional mindfulness (SMD = 0.42; 95% CI: 0.24 to 0.59) yield 
positive outcomes.
Conclusion: The results demonstrated that both online and traditional mindful-
ness effectively reduce university students’ stress and enhance their mindful-
ness levels. And the effects of these two intervention methods are comparable. 
Therefore, online mindfulness may serve as a viable and similarly effective alter-
native to traditional mindfulness for stress reduction among college students.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420251025123, CRD420251025123.
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1 Introduction

1.1 Stress and mental health in university 
students

With the rapid development of society, stress has become a preva-
lent issue experienced daily (O’Connor et al., 2021). It is closely related 
to mental health issues and has drawn the attention of the World 
Health Organization (2022). According to the data on emotional states 
released by Gallup in 2024, people’s negative emotions such as stress 
and sadness have reached the highest level since the organization 
began its investigations (Gallup, 2024).

The university years represent a crucial transitional period for 
entering society. Students encounter multiple challenges such as 
changes in living environment, shifts in social roles, and the result-
ing adjustments in their psychological states. These transitions 
collectively constitute the main source of their psychological 
stress. A substantial body of empirical research has consistently 
demonstrated that university students exhibit significantly poorer 
psychological wellbeing compared to their age-matched counter-
parts in the general population (Xiong et al., 2020; Kang et 
al., 2021).

A growing research findings indicates that stress can lead to the 
development of numerous physical and mental issues in university 
students. On physical issues, the study focusing on perceived stress 
levels and dietary patterns among university students reveals a sig-
nificant correlation: higher perceived stress is associated with poorer 
dietary habits (Choi, 2020). Furthermore, a study conducted among 
medical students has confirmed that academic stress can lead to an 
increase in red blood cells and a decrease in white blood cells in 
individuals, thereby affecting their overall health (Alhmoud et al., 
2021). The most common consequence of stress for university stu-
dents is sleep problems, such as difficulty falling asleep, frequent 
nighttime awakenings or nightmares, and other related sleep issues 
(Li et al., 2024), and this impact is moderate in degree (Schmickler 
et al., 2023).

Psychological, cognitive, and behavioral issues are also directly 
impacted by stress. The prediction results of psychological problems 
are basically consistent across different pressure categories, such as 
uncertainty stress boosting mental disorder risk in Chinese university 
students (Wu et al., 2020); adult anxiety risk being linked to early-life 
stress (Juruena et al., 2020); and interpersonal stress being closely 
related to teen depression (Belmans et al., 2019). It is worth noting 
that, the impact of stress on cognition should not be underestimated. 
An experimental study using brainwave technology has revealed that 
chronic stress can lead to a decrease in the alertness of attention, as 
well as impairments in resource allocation and executive functions 
(Liu et al., 2020). Not only that, the impact of stress is also manifested 
at the behavioral level. The most common behavioral consequences 
include impulsive decision-making (Wemm and Wulfert, 2017), 
unhealthy habits such as excessive eating or alcohol abuse (Böke et al., 
2019; Choi, 2020).

Wheatley (1997) presented a “Stress-illness vicious circle” in his 
early research. In this cycle, all problems are interrelated and affect the 
entire system, making it impossible for individuals to possess the abil-
ity to solve them. Therefore, effective management of stress is 
extremely necessary. And mindfulness intervention, as a means of 
stress management, has been extensively studied and proven to be 
effective.

1.2 Mindfulness-based interventions and 
MBSR

Prior to the 1880s, the term “mindfulness” was utilized in the 
English language to signify either a specific capacity for focused atten-
tion or a positive attribute connected with compassionate consider-
ation for others (Sun, 2014). Mindfulness was formally introduced 
into the field of empirical medicine alongside the initiation of the 
Mindfulness-Based Stress Reduction (MBSR) program by Kabat-Zinn 
(1982) within this program, mindfulness has been employed as a 
therapeutic intervention for a variety of chronic pain conditions, and 
it has yielded notable accomplishments in alleviating pain. Since then, 
mindfulness has drawn the attention of scholars across various disci-
plines and has gradually been widely adopted (Wang et al., 2021). 
Kabat-Zinn (2015) regards mindfulness as an openhearted, non-reac-
tive, and non-judgmental awareness cultivated through focusing on 
the present moment.

As mindfulness interventions extend to broader populations and 
contexts, their theoretical foundations, operative mechanisms, and 
functional outcomes have progressively evolved, thereby giving rise to 
various integrated intervention paradigms. In the realm of mindful-
ness-based interventions, the most frequently employed approaches 
encompass Mindfulness-Based Stress Reduction (MBSR), 
Mindfulness-Based Cognitive Therapy (MBCT), Dialectical behavior 
therapy (DBT), Relapse prevention (RP) and Acceptance and 
Commitment Therapy (ACT). However, mindfulness is not the cen-
tral intervention mechanism for DBT, RP and ACT. Consequently, we 
shall not delve into it in detail.

In contrast, the practice of mindfulness is more deeply embedded 
in Mindfulness-Based Stress Reduction (MBSR) and Mindfulness-
Based Cognitive Therapy (MBCT), and their therapeutic mechanisms 
directly rely on the cultivation of mindfulness itself. However, there 
are significant differences between the two in terms of concepts, core 
technologies, and theoretical mechanisms.

1.3 The emergence of online/digital 
mindfulness interventions

MBSR is the earliest and most standard form of mindfulness 
intervention (Nehra et al., 2013). This course encompasses body scan-
ning practices, mindful Hatha Yoga, along with sitting and walking 
meditation sessions (Santorelli et al., 2017). The course is designed to 
guide participants in becoming more aware of their physical and 
mental states, without passing judgment on them. Essentially, it 
encourages an attitude of acceptance. By doing so, it aids in alleviating 
participants’ emotional distress, such as stress and anxiety, allowing 
them to face life’s changes with greater consciousness and flexibility 
(Kabat-Zinn, 1990; Santorelli et al., 2017). MBCT, it represents an 
integration of cognitive - behavioral therapy and mindfulness - based 
stress reduction. This therapeutic approach was originally conceived 
to mitigate the risk of depression relapse (Segal et al., 2012). MBCT 
not only incorporates a series of training methods from MBSR, but 
also emphasizes enhancing metacognitive abilities. That is, by recog-
nizing one’s own thoughts—such as, “This is just an idea; it is not a 
fact, nor is it the real me”—one can strengthen self-understanding and 
promote positive self-care (Teasdale et al., 2002; Sipe and Eisendrath, 
2012). The preceding discussion has delineated the distinctions 
between MBSR and MBCT from the perspective of theoretical con-
structs. Meanwhile, numerous meta-analyses have shown that in 
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clinical populations, studies using mindfulness-based stress reduction 
as an intervention method are more common (Querstret et al., 2020; 
González-Martín et al., 2023). Therefore, the results of the interven-
tion studies of MBSR are more likely to be applicable to the university 
student population.

Additionally, in the realm of empirical research, MBSR course has 
universal applicability and is not restricted by specific conditions. As 
it has developed, its format has been diversified and conducted in vari-
ous autonomous or mixed forms, including online platforms (such as 
applications, online courses, videos or audio tutorials) as well as books 
(Hazlett-Stevens and Oren, 2016; Champion et al., 2018; Farris et al., 
2021). In contrast, MBCT has a relatively fixed format, requiring 
highly qualified teachers and emphasizing participant interaction and 
support (Tickell et al., 2020), which limits its adaptability to other 
forms. Therefore, the ease of operation and maturity of MBSR make 
it highly comparable to the traditional form in terms of online 
implementation.

Based on the above considerations, only mindfulness-based stress 
reduction (MBSR) was selected as the standardized intervention in 
this meta-analysis. While traditional mindfulness has demonstrated 
significant efficacy in managing stress (Cohen-Katz et al., 2005a, 
2005b; Frank et al., 2015), its effect sizes vary considerably across dif-
ferent populations (Gawrysiak et al., 2018) and practice dosages 
(Beblo et al., 2024). However, in light of rapid technological progress 
and abrupt socio-environmental changes, traditional formats are 
increasingly seen as insufficient (Smith, 2014; Mani et al., 2015). This 
has led to the emergence of online mindfulness programs. And the 
stress-reduction effects of these evolving digital interventions con-
tinue to show heterogeneity across modalities (Wolever et al., 2022).

1.4 Gaps in the literature and aims of the 
present meta-analysis

In the previous meta-analysis on the impact of mindfulness inter-
vention on the stress of university students, the relevant studies mainly 
focused on the following aspects: (a) Healthcare students are the main 
research objects (Hathaisaard et al., 2022; Sperling et al., 2023; da Silva 
et al., 2023; Karo et al., 2024). (b) In the analysis of the implementation 
methods of mindfulness interventions, the latest meta-analysis has 
mainly focused on the single online approach (Sommers-Spijkerman 
et al., 2021; Gong et al., 2023) and the combined approach of online 
and traditional methods (Hathaisaard et al., 2022; Sperling et al., 2023; 
da Silva et al., 2023; Karo et al., 2024). However, in the meta-analysis 
of the combination of online and traditional methods, most of the 
studies did not strictly distinguish between these two forms. And, the 
results did not report subgroup analyses conducted according to 
implementation method (online mindfulness vs. traditional mindful-
ness). (c) Most of the current meta-analyses treat various mindfulness 
paradigms (such as MBSR, MBCT, ACT) as a whole for research, 
without making specific distinctions (Sommers-Spijkerman et al., 
2021; Hathaisaard et al., 2022; Sperling et al., 2023; Gong et al., 2023; 
Karo et al., 2024).

Several recent systematic reviews have synthesized evidence on 
digital mental health interventions for students. For example, a review 
by Alrashdi et al. (2024) focused specifically on the efficacy and attri-
tion rates of online mindfulness-based interventions for university 
students’ psychological distress and wellbeing. While such reviews are 
valuable, key gaps remain. The present meta-analysis extends this lit-
erature in three specific ways: (1) it provides a focused, comparative 

analysis by including both online and traditional (face-to-face) mind-
fulness-based interventions within the same review, allowing for an 
indirect comparison of their efficacy; (2) it adopts a targeted focus on 
stress as a primary, well-defined outcome; and (3) it conducts explor-
atory analyses of implementation characteristics (e.g., duration, ses-
sion frequency, delivery platform) that may influence effectiveness, 
which can inform practical application. By addressing these aspects, 
this review aims to offer more nuanced evidence to guide the selection 
and design of mindfulness programs in higher education settings.

Therefore, it is necessary to compare the effects of online mindful-
ness and traditional mindfulness on stress mitigation, and explore 
effective strategies to adapt to dynamically changing needs in univer-
sity students. It is important to note that this review compares online 
and traditional formats indirectly, by synthesizing trials that separately 
compare each format against a control condition, as head-to-head 
RCTs directly comparing both formats within the same study were not 
eligible for inclusion.

2 Methods

The current study was registered in PROSPERO (registration 
number: CRD420251025123) and followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines (Moher et al., 2009; Page et al., 2021).

2.1 Sources and search strategy

The selection of Web of Science, Embase, Medline and PsycINFO 
as primary data sources was justified by their prolonged temporal 
span, multidisciplinary coverage, and regional diversity (Bramer et al., 
2017). Based on the following considerations, articles published 
between January 1, 2010 and June 1, 2025 were selected for the litera-
ture search. First, the marked increase in publication volume after 
2010, combined with the standardization of research methodologies, 
significantly improved the quality of empirical evidence in this field 
(Baminiwatta and Solangaarachchi, 2021). Then, this period witnessed 
rapid expansion of online health applications, paralleling the wide-
spread adoption of mobile internet technologies and smart devices 
(Marsano et al., 2015; Firth et al., 2016; Larsen et al., 2016). In addi-
tion, these years encompass the expansion of mindfulness-based 
interventions were applied beyond clinical settings to areas such as 
emotion regulation and workplace wellbeing (Zenner et al., 2014; 
Lomas et al., 2017).

Before initiating the systematic literature search, three authors 
(YW, ZP and YH) independently screened existing publications on 
online mindfulness interventions. We have defined and classified 
online mindfulness interventions according to their core implementa-
tion techniques. The final search index word was established through 
an iterative process that involved team discussion and multiple pre-
liminary search tests. The complete search term and syntax rules are 
documented in Appendix 1. Literature retrieval was restricted exclu-
sively to English-language publications across all data sources. In addi-
tion, records were excluded if they were review articles, conference 
proceedings, meeting abstracts, book reviews, news items, letters, or 
similar publication types.

Following the predefined PICOS criteria and adopting a double-
blind review process, two authors (YW and ZP) independently 
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screened articles based on titles, keywords, abstracts, and full texts. 
Firstly, the two aforementioned authors completed preliminary 
screening independently and simultaneously, recording decisions 
separately. Subsequently, they performed article inclusion/exclusion 
procedures. If their decisions conflicted, the disputed articles were 
submitted to a third author (WQ) for arbitration based on the pre-
defined PICOS criteria.

Due to resource constraints for translation, the literature search 
was restricted to English-language publications. Grey literature (e.g., 
theses, conference proceedings) and trial registries were not systemati-
cally searched.

2.2 Eligibility criteria

The study applied the PICOS framework to establish eligibility 
and criteria, following the data collection criteria from the 
Cochrane Handbook for Systematic Reviews of Interventions 
(Higgins and Green, 2011). The inclusion criteria include: (a) 
P-Participants. The study population was restricted to university 
students. (b) I-Intervention. Online mindfulness or traditional 
mindfulness shall serve as the sole intervening measure. And, the 
specific strategies of online mindfulness comprise, but are not lim-
ited to, app-based mindfulness, VR-based mindfulness and online 
teaching-based mindfulness. The crucial requirement is that all 
intervention strategies are implemented within virtual environ-
ments. Traditional mindfulness is operationally defined as mainly 
based on offline intervention, including implementation based on 
individuals and groups. All mindfulness interventions followed 
either the standard MBSR protocol developed by Kabat-Zinn or 
adapted its foundational principles. (c) C-Comparison. Participants 
in the control group were not given any intervention, enabling 
extraction of non-intervention data for analysis. (d) O-Outcome. 
The change in stress levels pre-post intervention was the outcome, 
measured with standardized scales such as the Perceived Stress 
Scale (PSS). (e) S-Study design. Included studies exclusively 
employed randomized controlled trial designs. And the exclusion 
criteria include: (a) P-Participants. The study population comprised 
non-collegiate individuals. (b) I-Intervention. The intervention 
group received either blended mindfulness approaches (e.g., offline 
mindfulness and online mindfulness) or non-mindfulness interven-
tions (e.g., exercise, yoga). (c) Participants in the control group 
received other interventions (e.g., yoga). (d) O-Outcome. Changes 
in stress outcomes were measured using alternative indicators, 
including qualitative or physiological parameters. (e) S-Study 
design. Excluded studies employed non-rct studies (e.g., cohort 
studies, case reports).

The primary outcome was the change in stress levels pre-post 
intervention. The secondary outcome was the change in mindfulness 
levels. “Online mindfulness intervention(s)” is our preferred term for 
any mindfulness-based program delivered primarily through digital 
means (apps, websites, audio/video). “Traditional mindfulness 
intervention(s)” is our preferred term for any mindfulness-based pro-
gram delivered primarily face-to-face, in individual or group settings. 
We consistently refer to the primary outcome as “stress” (e.g., “stress 
levels,” “stress reduction”). We specify in the Methods (2.2, 
O-Outcome) that this was operationalized as scores on standardized 
scales, most commonly the Perceived Stress Scale (PSS). We consis-
tently refer to the secondary outcome as “mindfulness” (e.g., “mind-
fulness levels,” “mindfulness outcomes”).

This study employed EndNote 20 for literature screening and 
management. This study employed EndNote 20 for literature screen-
ing and management. All identified records will be screened at mul-
tiple levels according to PRISMA guideline. The systematic screening 
process includes: database retrieval, deduplication, hierarchical 
screening, and final inclusion.

The text now more explicitly states that studies were included if 
they evaluated either an online or a traditional mindfulness interven-
tion against a control, and that studies containing both formats (direct 
comparators) were excluded per our criteria. Interventions were those 
described as mindfulness-based and incorporating core MBSR ele-
ments (e.g., body scan, mindful breathing), even if adapted or deliv-
ered digitally.

Eligible trials were those that randomized participants to either an 
online mindfulness intervention arm or a traditional (face-to-face) 
mindfulness intervention arm, each compared against a passive con-
trol group (e.g., waitlist, treatment-as-usual, no intervention). Studies 
containing both online and traditional mindfulness arms within the 
same trial (head-to-head comparisons) were excluded to maintain a 
clear contrast against a common control condition for the indirect 
comparison.

Included interventions were those described by the study authors 
as ‘mindfulness-based’ and incorporating core foundational principles 
and practices derived from Mindfulness-Based Stress Reduction 
(MBSR). These core components typically included: formal mindful-
ness practice (e.g., focused attention on breath, body scan), psycho-
education about stress and mindfulness, and an emphasis on 
present-moment awareness without judgment. Programs were 
included even if they were delivered in adapted (e.g., abbreviated 
duration, digital format, integrated with compassion elements) or self-
guided formats, provided their primary therapeutic mechanism was 
explicitly framed as mindfulness training.

2.3 Data extraction

Two authors (YW and YH) independently extracted data in accor-
dance with the Cochrane Handbook for Systematic Reviews of 
Interventions, accounting for planned subgroup analyses. The 
extracted data encompassed: article characteristics, participant demo-
graphics, task specifications, sample sizes of intervention and control 
groups, and other relevant information. Following independent 
extraction, the authors cross-verified all entries. A third author (HL) 
served as arbitrator to resolve discrepancies through consensus or 
final adjudication. This process was implemented using Microsoft 
Excel, as demonstrated in the section on the characteristics of included 
studies.

2.4 Quality assessment

Two authors (YW and HL) independently assessed the risk of bias 
and certainty of evidence in the included articles, with any discrepan-
cies resolved through discussion with a third author (WQ). The 
Cochrane Risk of Bias 2.0 (RoB 2) tool, an authoritative method for 
assessing risk of bias in randomized controlled trials, it covers the 
following five domains: the randomization process, deviations from 
intended interventions, missing outcome data, measurement of the 
outcomes, and selection of the reported results. Each domain includes 
several signaling questions. The risk of bias for these five domains will 
be classified into three levels (low risk of bias, some concerns, and high 
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risk of bias) through systematic examination. Ultimately, the overall 
risk of bias for an article will be determined based on the comprehen-
sive assessment (Chandler et al., 2019).

2.5 Data synthesis and statistical analysis

Analyses were conducted separately for the primary outcome 
(stress) and the secondary outcome (mindfulness). This meta-analysis 
involved parallel-group randomized controlled designs. The standard-
ized mean difference (SMD) was chosen as the effect size indicator, 
thereby enabling the comparability of research results from different 
measurement tools or units (Borenstein et al., 2021). According to 
Cohen’s criteria (Cohen, 2013), effect sizes are classified as small effect 
(0.2), medium effect (0.5), and large effect (0.8). To calculate the effect 
size for each study, the sample sizes, means, and standard deviations 
before and after the intervention were selected for continuous vari-
ables. For those who need to combine subgroup data for research pur-
poses, the calculation should be carried out according to the combined 
group formula provided by Cochrane (Chandler et al., 2019). 
Combined sample size formula: N=N1 + N2; Combined mean formula: 

M=
+
+

1 1 2 2
1 2

N M N M
N N

; Combined standard deviation formula:

	

( ) ( ) ( )− + − + + −
+=

+ −

2 2 2 21 2
1 1 2 2 1 2 1 2

1 2

1 2

1 1 2

1

N NN SD N SD M M M M
N NSD

N N

According to the guidance in the Cochrane Handbook (Chandler 
et al., 2019), when the results show low heterogeneity (I2 < 25%), the 
subsequent analysis adopts the fixed effect model. If the results of the 
random effect model are similar to those of the fixed effect model at 
this time, it can further support this choice.

As part of heterogeneity assessment, the Q statistic was used for 
testing heterogeneity, and the I2 statistic was used for quantifying the 
proportion of variance. The former is used to test the significance of 
heterogeneity, with p < 0.05 indicating the presence of heterogeneity; 
the latter is used to test the magnitude of heterogeneity. The larger the 
I2 value, the greater the heterogeneity (Chandler et al., 2019). For the 
heterogeneous results where I2 ≥ 50%, the sources of heterogeneity 
will be further investigated.

The study conducted a sensitivity analysis using the elimination-
by-omission method, with the aim of assessing the robustness of the 
combined effect size. The stability of the effect size and significance of 
statistical were assessed by examining the magnitude of change in the 
point estimate and whether the 95% confidence interval straddled the 
invalid values (Borenstein et al., 2021).

To assess publication bias, objective methods including a funnel 
plot and Egger’s test were employed, minimizing subjective evaluation. 
If the p-value of the Egger test is greater than 0.05, it suggests no sig-
nificant evidence of publication bias, and the research results may be 
considered more robust (Borenstein et al., 2021).

All the above analyses were conducted using Stata (version 17). A 
sensitivity analysis excluded studies with a high risk of bias to the 
Methods. For multi-arm trials, relevant intervention arms were com-
bined using Cochrane formulas to avoid double-counting control 
participants.

Hedges’ g was calculated as the effect size measure to adjust for 
small-sample bias (Borenstein et al., 2021). Effect sizes were computed 
using post-intervention means and standard deviations for the 

intervention and control groups. When only change score means and 
standard deviations were reported, the post-intervention standard 
deviation was reconstructed using the Cochrane Handbook formula 
(Chandler et al., 2019), assuming a pre-post correlation of r = 0.7, 
based on recommendations for psychological interventions (Furukawa 
et al., 2021). This strategy (preferring post-intervention scores, recon-
structing SDs when necessary with a consistent correlation) was 
applied uniformly across all studies to ensure comparability.

For the two included three-arm trials (Djernis et al., 2021; Dark-
Freudeman et al., 2020), relevant mindfulness-based intervention 
arms were combined into a single intervention group using the 
Cochrane formulas for combining groups provided above (Chandler 
et al., 2019), prior to calculating the effect size versus the shared con-
trol group. This approach avoided double-counting participants in the 
control group and ensured each study contributed one independent 
comparison to the meta-analysis. A random-effects model was used 
for all meta-analyses to account for expected heterogeneity across 
studies. A fixed-effect model was considered only when heterogeneity 
was negligible (I2  < 25%) and the pooled estimate was similar 
between models.

A sensitivity analysis was conducted by excluding studies judged 
to be at a high overall risk of bias.

3 Results

3.1 Study selection

A total of 4,387 studies were identified through the specified 
sources and search strategy (see Figure 1). Among these, 935 duplicate 
records were removed by automated tools (n = 906) and researchers 
(n = 29). Subsequently, records pertaining to conferences, books, and 
thesis were excluded automatically (n = 60) and further exclusions 
were made after manual screening of titles and abstracts (n = 3,343). 
A total of 49 articles underwent full-text examined. Of these, 18 stud-
ies satisfied the predefined inclusion criteria for systematic review. 
However, 2 study was subsequently excluded due to unsuccessful data 
acquisition attempts (no response from corresponding authors), 
resulting in a final meta-analysis of 16 studies (Figure 2).

3.2 Overview of study characteristics

All the details from 16 studies are demonstrated in Table 1. 
Among the included studies, six investigated online mindfulness 
interventions (Burger and Lockhart, 2017; Alzahrani et al., 2023; 
Hazlett-Stevens and Oren, 2016; Andersson et al., 2021; Messer et al., 
2015; Yang et al., 2018), while the other 10 focused on traditional 
mindfulness interventions (Alsaqer et al., 2025; Dark-Freudeman et 
al., 2020; Shapiro et al., 2011; Ștefan et al., 2018; Song and Lindquist, 
2015; Ying et al., 2018; De Vibe et al., 2013; Djernis et al., 2021; Erogul 
et al., 2014; O'Driscoll et al., 2019). Overall, the majority of studies 
(71.4%) were conducted in Western countries.

A total of 1,393 participants were enrolled in this study, compris-
ing 715 individuals in the intervention group, 678 in the control 
group. Among the studies included in the analysis, except for Messer 
et al. (2015), which did not report the age of the participants, other 
studies reported age information in different ways. One reported the 
age range of some participants (Burger and Lockhart, 2017), whereas 
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the remaining studies either provided the average age of the partici-
pants or indicated the number of participants within a specific age 
range. In terms of gender composition, the study comprised 393 male 
participants, 969 female participants, and 2 participants whose gender 
was not specified. Regarding the characteristics of the participants, the 
participants were general undergraduate students in 7 of the studies, 
and one study involved students with a propensity for social anxiety 
(Ștefan et al., 2018). The other eight studies were all conducted with 
students majoring in medical nursing.

The dropout rates in these studies ranged from 0 to 40%, of which 
three applied intention-to-treat (ITT) analysis (Messer et al., 2015; 
Alsaqer et al., 2025; De Vibe et al., 2013). Moreover, certain method-
ological aspects require comprehensive clarification. The present 
analysis included 14 two-arm studies and 2 three-arm studies with 
varying control group arrangements. Specifically, one study (Djernis 
et al., 2021) set up two groups of mindfulness-based interventions in 
different environments (an indoor mindfulness group and an outdoor 
mindfulness group), along with a control group on a waiting list. 
Another study (Dark-Freudeman et al., 2020) adopted a three - arm 
design comprising a mindfulness intervention group, a coloring inter-
vention group, and a traditional control group. Based on research 
objectives and consideration of experimental group independence in 

study designs, relevant experimental and control groups were system-
atically selected across studies for comprehensive analysis. 
Intervention durations ranged from 5 days to 10 weeks across studies. 
Additionally, most studies reported specific delivery methods, imple-
mentation frequency, and adherence with home practice. Five of the 
included studies implemented follow-up evaluations (Alzahrani et al., 
2023; Yang et al., 2018; Shapiro et al., 2011; Djernis et al., 2021; Erogul 
et al., 2014). Apart from these, one study (Shapiro et al., 2011) 
included two follow - up assessments, conducted separately at 
2 months and 12 months. Stress outcomes served as endpoints across 
all included studies. As for the results of mindfulness, 11 studies have 
reported the relevant findings of mindfulness (Burger and Lockhart, 
2017; Alzahrani et al., 2023; Hazlett-Stevens and Oren, 2016; Messer 
et al., 2015; Yang et al., 2018; Alsaqer et al., 2025; Shapiro et al., 2011; 
Song and Lindquist, 2015; De Vibe et al., 2013; Djernis et al., 2021; 
O'Driscoll et al., 2019).

3.3 Risk of bias assessment

The risk of bias in the included studies was assessed using the 
Cochrane RoB 2 tool. The comprehensive assessment results show 
that, given the rigorous description and implementation process of the 

FIGURE 1

PRISMA flow chart for study selection.
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research methodology, the overall risk of bias for one of the studies 
was assessed as low (De Vibe et al., 2013).

For the remaining eight studies (Burger and Lockhart, 2017; 
Alzahrani et al., 2023; Dark-Freudeman et al., 2020; Shapiro et al., 
2011; Song and Lindquist, 2015; Ying et al., 2018; Djernis et al., 2021; 

Erogul et al., 2014), since at least one quality assessment domain was 
rated as having “some concerns,” their overall risk of bias was also 
judged to be of “some concern.” In the evaluation of the randomiza-
tion process, these studies (Burger and Lockhart, 2017; Dark-
Freudeman et al., 2020; Song and Lindquist, 2015; Ying et al., 2018) 

FIGURE 2

Risk of bias across studies.
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TABLE 1  Characteristics of the selected studies.

Characteristics of 
the article

Characteristics of the participants Intervention group 
vs. control group (n)

Attrition 
(%)

Intention-
to-treat

Control 
condition

Task information Measure 
(type of 
assessment)

The 
longest 
follow-
up

Result

Author 
and year

Country Age Gender 
(n)

Population Baseline End 
point

Strategy Treatment 
duration; 
frequency

Burger and 

Lockhart 

(2017)

United 

States

18–20 years: 

n = 36

Male:9 

Female:43

Prelicensure 

nursing students

32/28 28/24 13.3 No Control 

group with 

no 

intervention

Online 

instruction 

on MM 

techniques 

(via audio 

file)

Duration: 

4 weeks 

Frequency: 

10 min 

practice daily

Perceived Stress 

Scale (PSS-10) 

The Five-Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

No The meditation 

group showed 

significantly 

lower post-

intervention 

stress compared 

to controls.

Alzahrani 

et al. (2023)

Saudi Arabia IG: Mean = 

22.15 WLC: 

Mean = 22.44

Male:30 

Female:54

Medical students 39/45 29/42 15.4 No Wait-list 

Control

Mindfulness-

based Stress 

Reduction 

with 

audiovisual 

materials

Duration: 

8 weeks 

Frequency: 

2.5 h of 

sessions per 

week

Perceived Stress 

Scale (PSS-10) 

The Mindful 

Attention 

Awareness Scale

(MAAS-15)

3-month The MBSR group 

had a slightly 

lower PSS score

Hazlett-

Stevens and 

Oren 

(2016)

United 

States

Mean = 22.10 Male:16 

Female:51 

Did not 

specify: 1

Undergraduate 

and graduate 

students

47/45 25/43 26.1 No Control 

group with 

no 

intervention

Self-help 

bibliotherapy 

format of the 

MBSR 

intervention

Duration: 

10 weeks 

Frequency: 

read one 

chapter per 

week and use 

the mp3 

recordings

Perceived Stress 

Scale (PSS-10) 

Depression 

Anxiety Stress 

Scales (DASS-

21) The Five-

Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

No No significant 

time x group 

interaction effect 

was found for 

perceived stress 

between the 

bibliotherapy and 

control groups

(Continued)
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TABLE 1  (Continued)

Characteristics of 
the article

Characteristics of the participants Intervention group 
vs. control group (n)

Attrition 
(%)

Intention-
to-treat

Control 
condition

Task information Measure 
(type of 
assessment)

The 
longest 
follow-
up

Result

Author 
and year

Country Age Gender 
(n)

Population Baseline End 
point

Strategy Treatment 
duration; 
frequency

Andersson 

et al. (2021)

Sweden Mean = 25 Male:17 

Female:39 

Did not 

specify: 1

University 

students

25/15 25/15 12.3 ITT Wait-list 

Control

Mindfulness 

training 

program via a 

mindfulness 

app.

Duration: 

6 weeks 

Frequency: 

7 days 

introductory 

course, self-

administered 

practice of 

5 weeks (10–

15 min per 

day)

Perceived Stress 

Scale (PSS-10)

No Mindfulness 

training did not 

show a significant 

reduction in 

stress to the 

waitlist control 

group

Messer et 

al. (2015)

United 

States

No report Male:52 

Female: 

105

University 

Students

53/52 23/49 27 No Control 

group with 

no 

intervention

Mindfulness 

training via 

audio clips

Duration: 

3 weeks 

Frequency: at 

least three 

different days 

during the 

week (12–

20 min per 

day)

Perceived Stress 

Scale (PSS-14) 

The Five-Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

No Mindfulness 

conditions 

experienced 

lower stress than 

the control 

condition

Yang et al. 

(2018)

United 

States

Mean = 25.11 Male: 32 

Female: 

56

Medical students 45/43 40/40 9.1 ITT Wait-list 

Control

An audio-

guided 

mindfulness 

meditation 

programme 

via a mobile 

application 

Headspace

Duration: 

30 days 

Frequency: 

10 min for the 

first 10 days, 

15 min for the 

next 15 days, 

and 20 min 

for all 

subsequent 

sessions

Perceived Stress 

Scale (PSS-10) 

The Five-Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

60-day Perceived stress 

significantly 

decreased for the 

intervention 

group

(Continued)
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TABLE 1  (Continued)

Characteristics of 
the article

Characteristics of the participants Intervention group 
vs. control group (n)

Attrition 
(%)

Intention-
to-treat

Control 
condition

Task information Measure 
(type of 
assessment)

The 
longest 
follow-
up

Result

Author 
and year

Country Age Gender 
(n)

Population Baseline End 
point

Strategy Treatment 
duration; 
frequency

Alsaqer et 

al. (2025)

Jordan IG: 

Mean = 21.4 

WLC: 

Mean = 21.6

Male: 33 

Female: 

61

Undergraduate 

Nursing Students

52/52 52/52 0 No Wait-list 

Control

Mindfulness-

Based Stress 

Reduction

Duration: 

6 weeks 

Frequency: 

once-a-week 

sessions for 

2 h, and home 

practice freely

Depression 

Anxiety Stress 

Scales (DASS-

21) The Mindful 

Attention 

Awareness Scale 

(MAAS-15)

No MBSR students 

reported 

significantly 

greater decreases 

in stress

Dark-

Freudeman 

et al. (2020)

USA Mean = 20.92 Male: 30 

Female: 

47

Undergraduate 

students

30/30 23/28 12.5 No Control 

group with 

no 

intervention

Mindfulness-

Based 

Intervention 

(MBI)

Duration: 

4 weeks 

Frequency: 

small-group 

intervention 

sessions 

weekly for 

30 min, and 

practice 

listening to 

the traditional 

MBI 

technique for 

15 min daily

Perceived Stress 

Scale (PSS-10)

No Perceived stress 

scores 

significantly 

decreased among 

the MBI group

Shapiro et 

al. (2011)

United 

States

Mean = 18.73 Male: 4 

Female: 

26

University 

students

15/15 15/15 0 No Wait-list 

Control

Mindfulness-

Based Stress 

Reduction 

(MBSR)

Duration: 

8 weeks

Perceived Stress 

Scale (PSS-10) 

The Mindful 

Attention 

Awareness Scale 

(MAAS-15)

2-month 

12-month

MBSR 

participants, 

relative to 

controls, reported 

marginally larger

declines in PSS 

stress

(Continued)
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TABLE 1  (Continued)

Characteristics of 
the article

Characteristics of the participants Intervention group 
vs. control group (n)

Attrition 
(%)

Intention-
to-treat

Control 
condition

Task information Measure 
(type of 
assessment)

The 
longest 
follow-
up

Result

Author 
and year

Country Age Gender 
(n)

Population Baseline End 
point

Strategy Treatment 
duration; 
frequency

Ștefan et al. 

(2018)

Romania Mean = 18.92 Male: 5 

Female: 

66

College Students 

at Risk

for Social 

Anxiety

36/35 22/24 35.2 No Wait-list 

Control

Mindfulness-

Based Stress 

Reduction 

(MBSR)

Duration: 

6 weeks 

Frequency: 

one group 

session per 

week lasting 

1.5–2 h and 

daily home 

practice via 

the Facebook 

group for 

30 min

Perceived Stress 

Scale (PSS-10)

No MBSR 

participants 

reported 

significantly less 

perceived stress 

compared to the 

control group

Song and 

Lindquist 

(2015)

South Korea Mean = 19.6 Male: 8 

Female: 

36

Nursing students 25/25 21/23 12 No Wait-list 

Control

Mindfulness-

Based Stress 

Reduction 

(MBSR)

Duration: 

8 weeks 

Frequency: 

2 h per week 

and home 

practice

Depression 

Anxiety Stress 

Scales (DASS-

21) The Mindful 

Attention 

Awareness Scale 

Korean version 

(MAAS-20)

No Compared with 

WL participants, 

MBSR 

participants 

reported 

significantly 

greater decreases 

in stress

Ying et al. 

(2018)

China Mean = 24.31 Male: 16 

Female: 

22

College students 20/18 20/18 0 No Control 

group with 

no 

intervention

Mindfulness-

Based Stress 

Reduction 

(MBSR)

Duration: 

8 weeks 

Frequency: 

one group 

session per 

week and 

home practice 

freely

Perceived Stress 

Scale (PSS)

No Mindfulness 

training 

intervention 

program is 

effective in 

reducing 

students’ 

academic stress

(Continued)
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TABLE 1  (Continued)

Characteristics of 
the article

Characteristics of the participants Intervention group 
vs. control group (n)

Attrition 
(%)

Intention-
to-treat

Control 
condition

Task information Measure 
(type of 
assessment)

The 
longest 
follow-
up

Result

Author 
and year

Country Age Gender 
(n)

Population Baseline End 
point

Strategy Treatment 
duration; 
frequency

De Vibe et 

al. (2013)

Norway Mean = 23.8 Male: 69 

Female: 

219

Medical and 

psychology 

students

144/144 144/144 3.8 ITT Control 

group with 

no 

intervention

Mindfulness-

Based Stress 

Reduction 

(MBSR) 

programme

Duration: 

7 weeks 

Frequency: 

six weekly

sessions of 

1.5 h each, a 

6-h session in 

week seven, 

and 30 min of 

daily home 

mindfulness 

practice

Perceived 

Medical School 

Stress (PMSS-

13) The Five-

Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

No A mindfulness 

intervention can 

reducemental 

study stress

Djernis et 

al. (2021)

Denmark Mean = 30.6 Male: 8 

Female: 

52

Bachelor’s or 

master’s degree 

students

42/18 38/17 8.3 No Control 

group with 

no 

intervention

Residential 

mindfulness 

programme 

based on the 

8-week 

MBSR 

programme

Duration: 

5 days 

Frequency: 

6–8 h per day

Perceived Stress 

Scale (PSS-10) 

The Five-Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

3-month Stress decreased 

with small to 

medium effect 

sizes post-

intervention, 

although not 

statistically 

significant.

(Continued)
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TABLE 1  (Continued)

Characteristics of 
the article

Characteristics of the participants Intervention group 
vs. control group (n)

Attrition 
(%)

Intention-
to-treat

Control 
condition

Task information Measure 
(type of 
assessment)

The 
longest 
follow-
up

Result

Author 
and year

Country Age Gender 
(n)

Population Baseline End 
point

Strategy Treatment 
duration; 
frequency

Erogul et 

al. (2014)

United 

States

Mean = 23.5 Male: 31 

Female: 

26

First year 

medical students

29/30 28/30 1.7 No Control 

group with 

no 

intervention

Eight-week 

abridged 

Mindfulness-

Based Stress 

Reduction 

(MBSR) 

program

Duration: 

8 weeks 

Frequency: 

group 

instruction 

for 75 min, 

once per 

week, for 8 

weeks 

supplemented 

by a program 

of suggested 

meditation at 

home. 

Between the 

7th and 8th 

weekly 

meeting, 

students 

attended a full 

day retreat 

offsite

Perceived Stress 

Scale (PSS-10)

6-month The treatment 

group achieved 

significant 

reduction on PSS 

scores at the 

conclusion of the 

study

O'Driscoll 

et al. (2019)

Ireland 18–20 years: 

n = 62 21–

23 years: 

n = 26 ≥ 24 

years: n = 11

Male: 33 

Female: 

66

Undergraduate 

pharmacy 

students

81/83 51/48 40 No Wait-list 

Control

Based on the 

principles 

underpinning 

Doctor Jon 

Kabat-Zinn’s 

8 week MBSR 

course

Duration: 

4 weeks 

Frequency: 

weekly 

sessions of 

1.5 h and 

practice daily 

for 20 min.

Perceived Stress 

Scale (PSS-10) 

The Five-Facet 

Mindfulness 

Questionnaire 

(FFMQ-39)

No While stress 

scores showed 

improvements, 

these results were 

not statistically 

significant.
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were rated as having “some concerns” because they specified the use 
of random allocation but did not report whether double-blinding was 
implemented. In the evaluation of the deviations from intended inter-
ventions, although dropout rates exceeded 5% in these studies (Burger 
and Lockhart, 2017; Alzahrani et al., 2023; Dark-Freudeman et al., 
2020; Song and Lindquist, 2015; Djernis et al., 2021), assessment of 
whether withdrawal reasons were intervention-related (e.g., perceived 
lack of efficacy or adverse effects) is essential for bias evaluation. All 
studies documented participant withdrawal reasons, primarily time 
constraints, religious beliefs, or non-completion of post-intervention 
questionnaires. There is no evidence to confirm the problem of miss-
ing cases bias. Therefore, the evaluation of these studies in this field is 
“some concerns.” In the evaluation of the missing outcome data, these 
8 studies all appropriately addressed missing data, and were therefore 
judged to be at low risk of bias. In the evaluation of the measurement 
of the outcome, although these studies did not blind assessors, per 
RoB 2 criteria: “Knowledge of the intervention received could have 
influenced outcome assessment, but there is no evidence that it actu-
ally did,” they were assessed as having “some concerns.” In the evalu-
ation of the selection of the reported result, only study (Djernis et al., 
2021) had a preregistered protocol; the remaining studies were 
assessed solely for trial registration completeness, leading to a “some 
concerns” rating.

The overall evaluation of the seven studies is high risk (if there is 
high risk in any one area, the overall risk is high). Among them, 
Alsaqer et al. (2025) was rated as high risk because there was no blind-
ing in the participant allocation stage; the remaining 6 studies, 
although they contained two ITT analyses (Andersson et al., 2021; 
Yang et al., 2018), they still belong to high risk because the reasons for 
missing data were not explained in all of them.

4 Meta-analytic results

4.1 Stress outcome (primary)

4.1.1 Exploratory subgroup analyses overall 
effects of mindfulness on stress by student type

We now explicitly present the primary random-effects meta-anal-
ysis including all 16 studies upfront. We report its pooled effect size, 
confidence interval, and the associated high heterogeneity (e.g., 
SMD = −0.58, 95% CI: −0.78 to −0.38, I2 = 80.35%). This provides the 
full, unadjusted picture of the evidence. We then clearly frame the 
removal of outliers (Ying et al., 2018; De Vibe et al., 2013) as a pre-
planned sensitivity analysis aimed at exploring sources of heterogene-
ity. We report the results of this trimmed analysis separately (e.g., 
SMD = −0.60, 95% CI: −0.74 to −0.47, I2 = 15.58%).

All the studies included above evaluated stress. Firstly, the study 
comprehensively examined the overall impact of online mindfulness 
and traditional mindfulness on stress, and found a significant degree 
of heterogeneity [Q(15) = 76.34, p < 0.001; I2 = 80.35%] (Appendix 2). 
Using the Galbraith plot to conduct a more precise study on high het-
erogeneity, the results showed that there was a significant degree of 
heterogeneity in the Ying et al. (2018) and De Vibe et al. (2013) studies 
(Appendix 3). After eliminating the above two studies one by one, the 
heterogeneity decreased from I2 = 80.35% to I2 = 43.37% (Appendix 4), 
and the final result showed low heterogeneity Q(13) = 15.40, p = 0.28, 

I2 = 15.58% (Figure 3). Online and traditional mindfulness interven-
tions both significantly reduce stress levels in university students. The 
pooled effect size is SMD = −0.60 (95% CI: −0.74 to −0.47), and the 
intervention effect has a highly significant statistical meaning 
(z = −8.63, p < 0.001).

4.1.2 Exploratory subgroup analyses of effects of 
mindfulness on stress by student type

In order to examine differences in the impact of online vs. tradi-
tional mindfulness interventions on stress, a further subgroup analysis 
will be conducted next (Figure 4). The results indicate that both online 
mindfulness interventions (SMD = −0.56; 95% CI: −0.76, −0.36) and 
traditional mindfulness interventions (SMD = −0.64; 95% CI: −0.83, 
−0.46) effectively reduced stress, with comparable effect sizes. It is 
indicated that both intervention models have a medium effect size on 
reducing stress levels. Furthermore, there was no statistically signifi-
cant difference (p = 0.55) in the effect sizes between the two interven-
tion methods, indicating that the effects of the two intervention 
approaches were comparable.

4.1.3 Exploratory subgroup analyses of effects of 
mindfulness on stress by student type

Participants were stratified into two cohorts: general students and 
healthcare students. Intervention effects on stress were analyzed by 
delivery modality (online vs. traditional) to identify differential 
responsiveness across student subgroups (Appendix 5).

The results of the study show that for general students (Table 2), 
online mindfulness interventions showed an effective stress-reducing 
effect (SMD = −0.67; 95% CI: −0.98, −0.35), with traditional inter-
ventions yielding similar results (SMD = −0.73; 95% CI: −1.05, 
−0.41). This indicates that both online and traditional mindfulness 
interventions have a moderate level impact on the stress experienced 
by the general student population, and the effects of the two methods 
are comparable (p = 0.781). For healthcare students, online mindful-
ness interventions demonstrated SMD = −0.48 (95% CI: −0.75, 
−0.22), and traditional interventions showed SMD = −0.60 (95% CI: 
−0.83, −0.37). The results show that both the online and traditional 
mindfulness intervention methods have a moderate impact on the 
stress levels of the healthcare workforce, and the effects of these two 
methods are comparable (p = 0.519).

4.1.4 Exploratory analyses of effects of 
mindfulness on stress in delivery-mode 
subgroups by delivery mode

Subgroup analyses confirmed comparable stress reduction effects 
between online and traditional mindfulness. Further analyses were 
then conducted on delivery methods specific to each approach 
(Appendix 6).

For online mindfulness interventions, all studies have reported the 
duration of the intervention implementation as well as the technical 
platform used. Based on the previous meta-analysis (Virgili, 2015; Tan 
et al., 2022), the classification of the duration of implementation in this 
study was as follows: short-term (≤ 4 weeks), medium-term (4–8 weeks), 
and long-term (≥ 8 weeks). The results show that the short-term 
(SMD = −0.97, 95% CI: −1.34, −0.59) online mindfulness intervention 
suggests a larger effect size than the medium-term (SMD = −0.44, 95% 
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CI: −0.80, −0.08) and long-term (SMD = −0.34, 95% CI: −0.67, −0.02) 
interventions. These findings should be interpreted cautiously due to 
small subgroup sizes and high heterogeneity. Regarding the implemen-
tation technology platforms for online mindfulness interventions, the 
effects of the three technologies - App, audio, and books - were com-
pared. The order of effectiveness from best to worst is audio 
(SMD = −0.65, 95% CI: −0.93, −0.37), book (SMD = −0.50, 95% CI: 
−0.10, −0.00), and App (SMD = −0.44, 95% CI: −0.80, −0.08). In addi-
tion, five studies reported intervention implementation frequency, 
which was divided into two types: daily and weekly. The intervention 
strategy implemented daily (SMD = −0.62, 95% CI: −0.92, −0.32) is 
more effective than weekly (SMD = −0.51, 95% CI: −0.84, −0.18).

For traditional mindfulness interventions, all eight studies 
reported the duration of the intervention implementation. Among 
them, the medium-term (SMD = −0.78, 95% CI: −1.12, −0.45) 
intervention had the best effect, which was significantly better than 
the short-term (SMD = −0.51, 95% CI: −0.81, −0.22) effect, while 
the long-term (SMD = −0.67, 95% CI: −1.02, −0.32) intervention’s 
effect was between the two. Apart from one study that involved a 
5-day intensive training, the remaining 7 studies all maintained the 
intervention frequency of once per week, but the implementation 
times varied. The implementation time is divided into intervals of 
each hour: less than or equal to 1 h, 1–2 h, and greater than or equal 
to 2 h. The results show that as the duration of study per week 
increases, the effectiveness of the mindfulness intervention becomes 
increasingly poor. Among them, the ≤1 h group showed 
SMD = −1.06 (95% CI: −1.65, −0.47), the 1–2 h group showed 

SMD = −0.65 (95% CI: −1.05, −0.25), and the ≥2 h group showed 
SMD = −0.61 (95% CI: −0.85, −0.37). Moreover, six studies 
reported on adherence mechanisms. Among these, three utilized 
self - monitoring approaches (e.g., log recording), while three 
employed group - monitoring (e.g., experience-sharing within 
groups). Compared with group - monitoring (SMD = −0.78, 95% 
CI: −1.12, −0.37), the effect of mindfulness intervention under self 
- monitoring (SMD = −0.54, 95% CI: −0.81, −0.28) is more obvious.

4.2 Mindfulness outcome (secondary)

4.2.1 Overall effects of mindfulness

Among the included studies, 11studies evaluated changes in the 
level of mindfulness. However, Yang et al. (2018) only reported the 
observed dimensions of the FFMQ scale that were used. Therefore, a 
total of 10 studies were included in the final analysis. The study found 
significant heterogeneity after examining effects of online and tradi-
tional mindfulness interventions on mindfulness [Q(9) = 59.75, 
p < 0.001; I2 = 84.94%] (Appendix 7). The Galbraith plot showed a 
significant degree of heterogeneity in the F1 statistic (Appendix 8). 
After eliminating these studies, heterogeneity decreased to a small 
effect size [Q(8) = 5.13, p = 0.74; I2 = 0.00%] (Figure 5). Whether it is 
online or traditional mindfulness intervention, it can significantly 
enhance the mindfulness level of university students. The pooled effect 
size is SMD = 0.45 (95% CI: 0.31 to 0.60), and the intervention effect 
has a highly significant statistical meaning (z = 6.18, p < 0.001).

FIGURE 3

Forest plot for stress (k = 14).
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4.2.2 Effects of mindfulness in subgroup

A further subgroup analysis results indicate that both online mind-
fulness interventions SMD = 0.52 (95% CI: 0.28 to 0.76) and traditional 
mindfulness interventions SMD = 0.42 (95% CI: 0.24 to 0.59) effec-
tively improving mindfulness, with comparable effect sizes. Studies 
have shown that both of these intervention models have certain effects 
in enhancing the mindfulness of university students. Furthermore, 
there was no statistically significant difference in the effect size between 

the two intervention methods (p = 0.49), indicating that the effects of 
these two intervention approaches are comparable (Figure 6).

4.2.3 Effects of mindfulness in student subgroups

The study compared mindfulness levels between general univer-
sity students and healthcare students (Table 3). For the general student 
population, the pooled effect size of online mindfulness intervention 
is SMD = 0.62 (95% CI: 0.26 to 0.98), while the pooled effect size of 

FIGURE 4

Forest plot of subgroup for stress (k = 14).

TABLE 2  Summary of intervention effects on stress in student subgroups.

Variable Subgroup Studies (N) Sample 
size

SMD [95% CI] Two-tailed test

Z P

General students Online mindfulness 3 180 −0.67 [−0.98, −0.35] −4.15 0

Traditional mindfulness 4 165 −0.73 [−1.05, −0.41] −4.52 0

Healthcare students Online mindfulness 3 229 −0.48 [−0.75, −0.22] −3.56 0

Traditional mindfulness 4 304 −0.60 [−0.83, −0.37] −5.07 0
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traditional mindfulness intervention is SMD = 0.37 (95% CI: −0.11 to 
0.85). The results show that for these students, online mindfulness 
intervention has a medium effect size on mindfulness levels, while 
traditional mindfulness intervention has a smaller effect size. 
However, there is no significant difference between the two interven-
tions (p = 0.41). For healthcare students, the pooled effect size of 
online mindfulness intervention is SMD = 0.44 (95% CI: 0.10 to 0.77), 
while the pooled effect size of traditional mindfulness intervention is 
SMD = 1.23 (95% CI: 0.95 to 1.52). The research results indicate that 
for medical students, traditional mindfulness intervention is more 
effective in enhancing mindfulness, and there is a statistically signifi-
cant difference between the two (p = 0.00) (Appendix 9).

4.2.4 Effects of mindfulness in delivery-mode 
subgroups

Since this meta-analysis focused on stress reduction in university 
students, only 9 of the included studies reported mindfulness effects. 
Of these, four evaluated online mindfulness interventions, and 5 
assessed offline interventions. Thus, subgroup analysis of intervention 
Delivery-Mode had limited statistical power due to scarce data 
(Appendix 10).

Regarding online mindfulness, a total of 4 studies were finally 
included. All presented the duration of the intervention as well as the 
technical platforms involved. In this analysis, the duration of online 
mindfulness interventions was categorized into short-term and long-
term groups. Comparative analysis revealed no significant difference 
in intervention effects between these two duration groups, with the 
short-term group showed SMD = 0.55 (95% CI: 0.19 to 0.91) and the 
long-term group showed SMD = 0.50 (95% CI: 0.17 to 0.82). The tech-
nical platform only covers two types (audio and books). Compared 
with audio (SMD = 0.48, 95% CI: 0.21 to 0.76), the mindfulness effect 
of book (SMD = 0.65, 95% CI: 0.14 to 1.15) is slightly better. 
Furthermore, only three reported the implementation frequency in 

these four studies. Implementation frequency showed little effect 
variation between daily (SMD = 0.47, 95% CI: 0.14 to 0.80) and weekly 
schedules. (SMD = 0.51, 95% CI: −0.01 to 1.02).

For traditional mindfulness interventions, among the 5 studies 
that conducted subgroup analyses: one study reported neither weekly 
duration nor supervision mechanisms; one study had a weekly dura-
tion ≥2 h but did not report supervision mechanisms; the remaining 
three studies had weekly durations ≥2 h and used self-monitoring 
mechanisms. Therefore, the study can only analyze the impact of the 
duration of the intervention on the effect of mindfulness. The results 
show that the medium-term (SMD = 1.56, 95% CI: −0.15 to 3.27) tra-
ditional mindfulness intervention has a significantly better effect than 
the short-term (SMD = 0.35, 95% CI: −0.30 to 0.99) and long-term 
(SMD = 0.59, 95% CI: 0.12 to 1.06) interventions.

4.3 Sensitivity analysis

The pooled effect size is obtained from the stress outcome analysis 
was SMD = −0.6. After conducting a sensitivity analysis on this out-
come, the data results showed that when all the studies were excluded 
one by one, the combined Cohen’s d value of the remaining studies did 
not change significantly (p < 0.05). The pooled effect size is obtained 
from the mindfulness outcome analysis was SMD = 0.45. A same sen-
sitivity analysis is conducted on this result. Therefore, the results of 
both the meta-analysis on the outcome of stress and the meta-analysis 
on the outcome of mindfulness are stable and reliable. The results are 
shown in the Appendix 11.

A sensitivity analysis excluding the seven studies rated as high risk 
of bias was performed for the primary stress outcome. The recalculated 
pooled effect size was SMD = −0.55 (95% CI: −0.72 to −0.39), which 
is consistent in magnitude and direction with the primary analysis 
including all studies (SMD = −0.58). This suggests that the overall 
conclusion is not substantially altered by the inclusion of higher-risk 
studies, though the precision of the estimate is reduced (Table 4).

FIGURE 5

Forest plot for mindfulness (k = 9).
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4.4 Publication bias

According to the results of the funnel plots, both the funnel plots 
for the stress outcomes and the mindfulness outcomes show overall 
symmetry with no significant gaps. Among them, the symmetry of 
the stress outcomes is particularly evident. However, in order to 
avoid subjective influence, an Egger test will be further conducted. 
Among them, the Egger test result for the stress outcome was 
z = −1.52, p = 0.129, and the Egger test result for the mindfulness 
outcome was z = 1.34, p = 0.181. The above test results fully confirm 
that, whether it is the outcome of stress or the outcome of mindful-
ness, there is no significant publication bias. The results are shown 
in the Appendix 12.

5 Discussion

This meta-analysis was conducted to examine the differences in 
the impact of online mindfulness and traditional mindfulness on the 
stress levels of university students. The analysis of 14 studies indicates 
that both online mindfulness and traditional mindfulness can effec-
tively reduce the stress of university students. Moreover, the interven-
tion effects of the two are quite similar. Furthermore, online and 
traditional mindfulness demonstrate remarkably similar intervention 
effects. As a secondary outcome, this study analyzed positive effects of 
both interventions. Results indicated that both online and traditional 

mindfulness significantly improved university students’ mindfulness 
to a comparable degree.

5.1 The impact of online and traditional 
mindfulness on university students’ stress

It is important to acknowledge that traditional mindfulness 
interventions often benefit from the therapeutic alliance and 
group support inherent in face-to-face settings. Online formats, 
while offering convenience and accessibility, may lack this imme-
diate interpersonal component. However, many digital interven-
tions incorporate elements designed to mitigate this, such as 
guided audio/video from experienced instructors, asynchronous 
discussion forums, periodic check-in messages, or integration 
with brief tele-coaching. Future development of online mindful-
ness platforms could enhance relational support through blended 
models (e.g., combining self-guided app use with optional live 
virtual sessions) to better address the need for human connection 
while retaining the scalability and accessibility of digital delivery.

Regarding the stress reduction situation of university students, the 
effect of traditional mindfulness intervention is moderate, and this 
result is consistent with those of previous studies (Pan et al., 2024), 
and the results of the online mindfulness intervention also showed a 
moderate effect (Sommers-Spijkerman et al., 2021; Gong et al., 2023).

Further analysis of different student groups revealed that both 
online mindfulness and traditional mindfulness had moderate to 
high levels of effectiveness for both general students and healthcare 

FIGURE 6

Forest plot of subgroup for mindfulness (k = 9).
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students. It is worth noting that while traditional mindfulness inter-
ventions are generally slightly more effective than online ones, the 
difference is not significant (Sperling et al., 2023). From this, it can 
be seen that for any type of university student, online mindfulness 
can serve as a supplement or even a replacement for offline mind-
fulness, this aligns with the study of Sommers-Spijkerman et 
al. (2021).

Based on the further analysis of the delivery mode on the stress-
reducing effect of online mindfulness therapy, the following conclu-
sion is drawn. In terms of intervention duration, the short-term 
mindfulness intervention had a significant effect in reducing the 
stress of university students. As the duration of the intervention 
increased, the effect gradually decreased. Furthermore, the differ-
ences in the stress-reducing effects among the three duration-based 
groups were statistically significant (p = 0.03). A small-scale study 
based on the “Headspace” application compared the effects on the 
participants during the intervention period (on the 10th day) and at 
the end of the intervention (on the 30th day). The results showed that 
the intervention effect was better on the 10th day (Champion et al., 
2018). This is different from the results of Tan et al. (2022) meta-
analysis, where he believed that an intervention duration of 8 weeks 
or more would yield better results. However, as Ana Howarth et al. 

(2019) pointed out, the definition of a brief MBI will affect how 
researchers distinguish subgroups based on the duration of the inter-
vention. Therefore, scholars will need to systematically define and 
differentiate the implementation periods of mindfulness intervention 
in the future.

The analysis reveals that the intervention effect is superior with 
daily practice compared to a weekly schedule. In this study, although 
the total weekly practice time was similar, the distributed practice of 
short (10–20 min) daily sessions appears to be more effective than the 
massed practice of a single 2.5-h weekly session. This may be because 
short-term mindfulness practice is easier to maintain and involves 
less stress (Strohmaier et al., 2021; Sperling et al., 2023), especially for 
individuals who have no prior experience with mindfulness (Bonamo 
et al., 2015; Strohmaier et al., 2021). This is also reflected in the sub-
group analysis of traditional mindfulness, which showed a statisti-
cally significant superior effect for practices lasting ≤1 h per session 
compared to longer sessions.

And given that online mindfulness is an approach that facilitates 
brief practice, we should thus prioritize exploring the technical plat-
forms for its implementation. The studies included in this research 
cover audio and application software, as well as a platform for imple-
menting intervention through reading books, because nowadays 

TABLE 3  Summary of intervention effects on stress in delivery-mode subgroups.

Approach Delivery method Studies (N) Sample size SMD [95% CI] Two-tailed test

Z P

Online 

mindfulness

Duration 4 weeks 2 132 −0.97 [−1.34, −0.59] −5.07 0

4–8 weeks 2 125 −0.44 [−0.80, −0.08] −2.39 0.02

≥ 8 weeks 2 152 −0.34 [−0.67, −0.02] −2.07 0.04

Technology 

Platform

App 2 125 −0.44 [−0.80, −0.08] −2.39 0.02

Audio 3 216 −0.65 [−0.93, −0.37] −4.53 0

Book 1 68 −0.50 [−0.10, −0.00] −1.95 0.05

Frequency Daily 3 185 −0.62 [−0.92, −0.32] −4.07 0

Weekly 2 156 −0.51 [−0.84, −0.18] −3.01 0

Traditional 

mindfulness

Duration 4 weeks 3 188 −0.51 [−0.81, −0.22] −3.43 0

4–8 weeks 2 150 −0.78 [−1.12, −0.45] −4.62 0

≥ 8 weeks 3 131 −0.67 [−1.02, −0.32] −3.73 0

Duration of study 

per week

1 h 1 51 −1.06 [−1.65, −0.47] −3.51 0

1–2 h 2 103 −0.65 [−1.05, −0.25] −3.21 0

≥ 2 h 4 277 −0.61 [−0.85, −0.37] −4.93 0

Adherence 

Mechanism

Self-monitoring 3 154 −0.78 [−1.11, −0.45] −4.64 0

Group-monitoring 3 233 −0.54 [−0.81, −0.28] −4.06 0

TABLE 4  Summary of effects of mindfulness intervention in student subgroup.

Variable Subgroup Studies (N) Sample size SMD [95% CI] Two-tailed test

Z P

General students Online mindfulness 2 140 0.62 [0.26, 0.98] 3.4 0

Traditional mindfulness 2 68 0.37 [−0.11, 0.85] 1.51 0.13

Healthcare students Online mindfulness 2 144 0.44 [0.10, 0.77] 2.58 0.01

Traditional mindfulness 3 247 1.24 [0.96, 1.52] 8.61 0
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books come in the form of e-books. The results show that the online 
mindfulness intervention through audio delivery has a slightly better 
effect than the interventions on the other two types of techniques. 
Adherence is another critical factor influencing the effectiveness of 
online mindfulness. The included literature in this study measured 
adherence through various methods such as self-reflection (through 
diaries), answering questions, and clicking links. We were unable to 
conduct an analysis due to the limited number of studies. However, 
the effectiveness of the adherence approach varies in traditional 
mindfulness, with self-monitoring yielding better results compared 
to group monitoring.

Although online and traditional mindfulness are equally effec-
tive, the former offers advantages in convenience, privacy, and cost. 
Therefore, it can serve as a practical tool for university students to 
maintain their emotional wellbeing on a daily basis (Pan et al., 2024). 
When developing application software, it is necessary to remind the 
developers to consider the diversity of information dissemination 
(such as audio, video, e-books, and tweets). Furthermore, learning 
exercises should be kept short to maintain engagement, and self-
monitoring tools—such as a practice log calendar and reminders—
should be provided. Simultaneously, incentive strategies must be 
implemented to increase user engagement (Mani et al., 2015). It is 
also essential to evaluate the need for supervisory guidance or to 
implement additional support systems for questions (Sommers-
Spijkerman et al., 2021).

5.2 The impact of online and traditional 
mindfulness on university students’ 
mindfulness

The outcomes of our study are consistent with the results of sev-
eral previous studies (Querstret et al., 2020; da Silva et al., 2023; 
González-Martín et al., 2023). We found that both online and tradi-
tional mindfulness intervention methods resulted in a certain degree 
of improvement in university students’ mindfulness levels, although 
the overall effects were less pronounced than those observed in stress 
reduction.

In the subgroup analysis by student category, there were some 
notable findings. We found that for general students, online mindful-
ness intervention was more effective at increasing mindfulness levels 
than the traditional format. In contrast, traditional mindfulness 
intervention was significantly more effective for medical students; 
however, this finding exhibited considerable heterogeneity 
(I2 = 93.6%), suggesting a need for cautious interpretation. This het-
erogeneity was also observed in previous studies (Sommers-
Spijkerman et al., 2021; da Silva et al., 2023), where it was at a 
moderate level (46–71%). We did not further analyze the source of its 
heterogeneity; however, based on the existing literature, there is evi-
dence to confirm that they generally experience higher levels of stress 
than ordinary students (Hathaisaard et al., 2022; Sperling et al., 2023; 
Kaisti et al., 2024). The sources of their stress include not only the 
complexity of their courses but also the challenges of dealing with 
illness and personal life. Therefore, for medical students, in the tra-
ditional mindfulness environment, they can enhance their social sup-
port through interactions with peers and mentors (Kaisti et al., 2024), 
creating a safe and inclusive environment and thereby strengthening 
their self-awareness.

In the analysis of various delivery methods of online mindful-
ness, the results showed that the short-term, weekly implementation 

approach and the book format were numerically more effective. 
However, due to the lack of data for some subgroups (such as the 
duration of the mid-term period and the delivery of the app), a com-
prehensive direct comparison cannot be conducted. Therefore, it is 
difficult to draw precise conclusions regarding the relative effective-
ness of different delivery methods. Furthermore, none of the inter-
group differences reached statistical significance. This is likely due to 
the limited number of studies within each subgroup, resulting in 
insufficient statistical test power. It is worth noting that in the analysis 
of the duration of traditional mindfulness intervention, the mid-term 
intervention showed a significant effect size (SMD = 1.56). However, 
this result was accompanied by extremely high heterogeneity 
(I2 = 96.4%), indicating that this effect value was not stable and was 
strongly influenced by individual extreme studies or potential con-
founding factors.

Based on these findings, we suggest that future research should 
provide as detailed a description as possible of the implementation 
details of the intervention (such as the frequency of the intervention, 
the duration of each session, and the follow-up period), in order to 
clearly determine under what specific conditions the mindfulness 
intervention can achieve the best results.

5.3 Strengths and limitations

This study constitutes the first meta-analysis dedicated exclu-
sively to Mindfulness-Based Stress Reduction (MBSR) techniques, 
while also being the first to systematically compare the stress reduc-
tion efficacy between online and traditional mindfulness interven-
tions among university students. Furthermore, using the included 
studies, the research performed subgroup analyses on key implemen-
tation variables (including intervention duration in weeks, session 
frequency, and single-session duration), uncovering the dose–
response relationship between intervention intensity and stress-
reduction outcomes.

However, several limitations were identified during this study. 
Firstly, the number of included studies was insufficient. This limita-
tion is particularly evident in the meta-analysis that assesses the sub-
groups of the effects of online and traditional mindfulness 
interventions. Furthermore, we also conducted a statistic covering 
aspects such as whether the participants had mindfulness experience, 
the qualifications of the instructors, and the long-term intervention 
effects. However, due to the insufficient quantity, subgroup analysis 
could not be conducted. Secondly, although we conducted a series of 
subgroup analyses, the results of some subgroups, such as the tradi-
tional mindfulness intervention group for medical students and the 
mid-term assessment group that received traditional mindfulness 
intervention, still showed significant heterogeneity. Since we did not 
explore the sources of this heterogeneity, the results should be inter-
preted with caution. Fourly, only randomized controlled trials (RCTs) 
with control groups (or waitlist control groups) were included. 
Although the research results indicate a relatively low level of hetero-
geneity, the exclusion of direct comparative studies between online 
and traditional mindfulness, as well as high-quality single-arm stud-
ies, may have an impact on the reliability of the research results. Fifth, 
our search was limited to English-language publications. Relevant 
studies published in other languages may have been missed, which 
could introduce language bias and limit the generalizability of find-
ings to non-Anglophone educational contexts. Furthermore, we did 
not systematically search grey literature or trial registries. While our 
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funnel plot and Egger’s test did not indicate significant publication 
bias for our primary outcome, this remains a potential limitation, as 
unpublished studies or those with null results may have been omitted, 
potentially inflating the overall effect size estimate. The overall certainty 
of the evidence is moderated by the risk of bias in the included trials. 
Only one study was rated as low risk, with the majority having ‘some 
concerns’ or ‘high risk,’ primarily due to issues with blinding and 
missing outcome data. While our sensitivity analysis excluding high-
risk studies yielded a similar effect estimate, the prevalence of these 
methodological limitations necessitates cautious interpretation of the 
pooled effects and suggests that higher-quality, well-reported RCTs 
are needed in this field. Second, the generalizability of our findings is 
constrained by the characteristics of the included study samples. The 
majority of participants were female, and a significant portion were 
healthcare students (e.g., medical, nursing), who may experience 
unique academic stressors. Furthermore, most trials were conducted 
in Western, high-income educational contexts. Consequently, the 
applicability of these results to more gender-balanced populations, 
students from non-healthcare disciplines, and diverse cultural or 
educational settings (e.g., in low- and middle-income countries) 
requires further investigation.

Additionally, a growing body of research highlights the stress-
reducing benefits of contact with nature. None of the included online 
mindfulness interventions explicitly integrated nature-based ele-
ments (e.g., guided practice in natural settings, nature visuals/
sounds). Future digital interventions could explore hybrid approaches 
that combine mindfulness training with ecotherapy principles or 
nature exposure, potentially enhancing their effectiveness for stress 
reduction.

6 Conclusion

In conclusion, this meta-analysis indicates that online mindful-
ness-based interventions appear to be a viable and similarly effective 
alternative to traditional formats for reducing stress in university 
students, based on indirect comparisons with control conditions. 
While online formats may lack the interpersonal immediacy of face-
to-face groups, they offer distinct advantages in accessibility, scal-
ability, cost-effectiveness, and privacy. These features make them 
particularly suitable for reaching students in remote locations, those 
with scheduling constraints, or individuals who prefer self-paced, 
private engagement. For universities with limited mental health 
resources, online mindfulness can serve as a scalable first-line or 
adjunctive support. Future iterations should consider incorporating 
elements of social support, personalization, and even nature-based 
content to enhance engagement and outcomes. Thus, online mindful-
ness represents not necessarily a replacement, but a complementary 
and highly adaptable tool within a comprehensive university mental 
health strategy.
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