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Abstract

Introduction

Psychotherapies, such as mindfulness-based interventions (MBIs), are currently needed to
tackle mental health problems. Online MBIs have become promising since face-to-face
interventions are limited during the COVID-19 pandemic due to lockdown and social dis-
tancing. This systematic review and meta-analysis aimed to investigate the effect of online
MBIs in improving mental health, mainly depression, anxiety, and stress.

Materials and methods

A systematic literature search was conducted according to the PRISMA 2020 guidelines on
several databases for eligible studies up to October 17, 2021. Study quality was assessed
using the Cochrane’s Risk of Bias 2 tool. Effect sizes were presented as standardized mean
difference (Hedges’ g) between the online MBls and control groups at post-test and follow-
up using a random-effects model.

Results

Eight randomized controlled trials involving 868 participants were included in this meta-anal-
ysis. The pooled adherence rate to online MBls was 94% (95% CI = 91% to 98%). The find-
ings revealed that online MBIs had a statistically significant small to moderate effect in
reducing depression (g =-0.32; 95% Cl = -0.49 to -0.14; P = 0%), a small effect on anxiety
(9=-0.25; 95% Cl = -0.43 t0 -0.06; P = 27%), and a moderate effect on stress (g = -0.62;
95% Cl =-1.09 to -0.16; P = 83%). In addition, significant small effects at follow-up were
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observed for depression (g =-0.26; 95% Cl = -0.48 to -0.04; F = 0%) and anxiety (g =-0.28;
95% Cl =-0.48 t0 -0.08; P = 0%), but not for stress.

Conclusion

Online MBIs have beneficial effects on mental health, particularly depression, anxiety, and
stress, during the COVID-19 pandemic. Given the limitations of the current study, future tri-
als that specifically consider potential effect influencing factors, longer follow-up evaluation,
and methodological quality are warranted.

Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic has globally affected the community’s
mental health and heightened its prevalence, particularly for depression, anxiety, and stress
[1-3]. This influence on mental health may be caused by the social restrictions, lockdowns,
limitations in economic and educational activities, loss of livelihood, and shifting priorities of
governments in order to control COVID-19 outbreaks. Additionally, social life has shifted into
the online world as a part of adaptation during the pandemic [4]. Social media and online col-
laboration tools have become crucial for maintaining interaction and activities [5]. Unfortu-
nately, the problematic use of these digital tools may further cause a negative impact on mental
health and emotional well-being [6]. A recent worldwide meta-analysis showed that 27.6%,
32.6%, and 30.3% of the population suffered from depression, anxiety, and stress-related
insomnia, respectively, during the COVID-19 pandemic [7]. The prevalence of depression and
anxiety was higher in Asia than in Europe (35.3% vs. 32.4% and 32.9% vs. 23.8%, respectively),
while the prevalence of stress in Europe was higher than in Asia (31.9% vs. 27.9%) [8]. Con-
cerns regarding these mental health issues have grown since the start of the crisis. Hence, men-
tal health interventions are urgently needed to tackle these problems [2].

A previous review has demonstrated evidence on the effectiveness of mindfulness-based
intervention (MBI) programs in reducing some psychological symptoms, including depres-
sion, anxiety, stress, insomnia, addiction, psychosis, and post-traumatic stress disorder [9].
The MBI is known as one of several psychological intervention methods specifically designed
for mental health. It works by improving the participants’ ability to observe their inner
thoughts or feelings oriented to their acceptance of life experiences [10]. Furthermore, MBI
was also beneficial to teach the participants to address their thoughts and emotions in a non-
judgmental way [11]. Mindfulness practice was first incorporated into Western medicine for
chronic pain treatment in 1982 by Jon Kabat-Zinn and was derived from Buddhist meditation
traditions [12]. Since then, MBI practices in mental health management, specifically in alleviat-
ing one’s emotional states, have been introduced in several modified methods, i.e., Mindful-
ness-Based Stress Reduction (MBSR), Mindfulness-Based Cognitive Therapy (MBCT),
Dialectical Behaviour Therapy (DBT), and Acceptance and Commitment Therapy (ACT) [10].
Of those, the two most commonly adopted MBI programs are the MBSR and MBCT, which
consist of eight weekly mindfulness sessions and a one-day retreat [9]. Both MBSR and MBCT
have demonstrated an effective reduction in the three most common mental health problems,
which are depression, stress, anxiety, and some physical health outcomes related to chronic
diseases [10, 13].

During the COVID-19 pandemic, the face-to-face intervention method becomes limited
due to quarantine, lockdown, and social distancing [13]. Many online platforms have been
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used to deliver health interventions, including programs in the field of mental health [10, 13].
Several advantages of online mental health interventions as compared to offline or traditional
face-to-face methods have been addressed: (1) easily accessible; (2) more suitable for people in
any environment without significantly interfering with their work pace; (3) some may not nec-
essarily require the direct involvement of a knowledgeable therapist; and (4) participants may
access the treatment program information at any time outside the schedule and further facili-
tate more retention [14]. Moreover, online MBIs may be considered even more cost-effective
than face-to-face MBIs [9, 14]. Many smartphone applications additionally offer some mind-
fulness-based practices [12]. Thus, these features allow further access to online MBI programs.
Online delivery methods in mental health interventions are also helpful for clinicians and psy-
chologists to reach better mental health care for the general population, since nowadays people
tend to be more comfortable with internet-based interventions [15]. Various studies have been
published on the effectiveness of online MBIs; however, no meta-analyses have evaluated it,
particularly in the setting of the COVID-19 pandemic. Therefore, in this exploratory meta-
analysis, we aim to estimate the effect of online MBIs in improving mental health outcomes,
mainly depression, anxiety, and stress. This review focuses on the two most used MBI methods
(i.e., MBCT and MBSR) in randomized clinical trials (RCTs) conducted amid the COVID-19
pandemic.

Materials and methods

This systematic review and meta-analysis were conducted in conformity with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [16].
The detailed protocol of the current study has been previously registered and published on the
International Prospective Register of Systematic Reviews (PROSPERO) (https://www.crd.
york.ac.uk/prospero/) with the registration number CRD42021287616 [17].

Search strategy

A computerized systematic literature data searching of relevant studies was conducted in
PubMed, Scopus, Web of Science, ProQuest, Cumulative Index to Nursing and Allied Health
Literature (CINAHL) via EBSCO, the Cochrane Central Register of Controlled Trials (CEN-
TRAL), and the World Health Organization (WHO) COVID-19 Research Databases for stud-
ies published up to October 17, 2021. We additionally searched for grey literatures, specifically
preprints, using MedRxiv and BioRxiv as the source databases. In systematic reviews and
meta-analyses, grey literatures may help reduce the impact of publication bias, increase the
comprehensiveness of the search, and provide a balanced view of the available evidence and
more accurate effect sizes [18, 19]. It is also recognized that research sharing on the study of
COVID-19 using preprints has increased rapidly during the pandemic [20]. At the same time,
we performed a manual hand-search on Google Scholar and the reference lists of the included
studies to maximize the search results. The following main keywords were initially established:
"mindfulness”, "online", "COVID-19", and "randomized controlled trial". We subsequently
added several Medical Subject Headings (MeSH), thesaurus, and other free-text terms to con-
struct database-specific search terms. The full search strings for each database are provided in
S1 Table in S1 File. No language and publication date restrictions were set in all searches.

Selection of studies

All search results were pooled and managed collectively using Google Sheets (https://docs.
google.com/spreadsheets/) (Google LLC, Mountain View, CA, USA). After removing the
duplicates, the articles were filtered by reviewing their title. Potentially relevant articles were
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then screened based on the abstract. All articles included in the next screening step were
sought for retrieval. Afterwards, studies with available and published full-texts were retrieved
and thoroughly assessed according to the pre-specified eligibility criteria. The reasonings of
exclusion for all articles on each screening step were declared as appropriate in the spread-
sheet. The initial literature searches and overall study selection process were performed inde-
pendently by two investigators (BS and VV). Any disagreements were resolved in a consensus
involving a third independent investigator (AP).

Eligibility criteria

We adopted the Population, Intervention, Comparison, Outcome, and Study Design (PICOS)
framework [21] (S2 Table in S1 File) as a guide in formulating and establishing the eligibility
criteria of the current study. To be included in the systematic review and meta-analysis, studies
had to meet the following criteria: (1) the study population consisted of subjects aged 18 years
or older; (2) employed MBIs (MBSR or MBCT); (3) delivered the intervention entirely using
online method via internet-based platforms or applications; (4) used either an active (received
other type of intervention) or inactive (no intervention) control group; (5) used validated
instruments to assess mental health outcome measures of depression, anxiety, and stress; (6)
used a randomized controlled design; and (7) the study course (from recruitment phase to the
end of intervention) was fully conducted during the period of the COVID-19 pandemic (the
start of the COVID-19 pandemic was defined according to the WHO announcement on
March 11, 2020 [22]). We accepted studies published in any language.

Studies were excluded if: (1) the full-text was irretrievable; (2) the intervention also involved
other forms of psychotherapy unrelated to mindfulness practice, making it difficult to judge
the absolute effect of MBI; or (3) the study did not report mean and standard deviation values
to calculate the meta-analytic effect size and the authors did not respond after they were con-
tacted for data request or were not willing to provide the data.

Data extraction and quality assessment

Two investigators (BS and VV) independently performed data extraction from each study,
using a pre-specified form tabulated within the spreadsheet. These were checked by the third
investigator (AP). Disagreements were resolved through a discussion. The following relevant
data were extracted: the first author, year of publication, study location (country and region),
type of study population, sample size per study arm, gender (% of females), age, adherence rate
to MBI type of MBI (MBSR or MBCT), type of control group (active or inactive), delivery
method (e.g., videoconferencing, website, or mobile application), guidance (with or without),
number of sessions, length of intervention, time of measurements (post-intervention or fol-
low-up), type of analysis (intention to treat [ITT] or per-protocol [PP]), and type of instru-
ments used to assess outcome measures (depression, anxiety, or stress) along with the mean
and standard deviation values per time of measurements. We defined adherence rate as the
percentage of participants that completed all online MBI sessions compared to the baseline
allocated participants in the intervention group. Studies that were not reported in the English
language were translated using available online translators prior to data extraction. In case spe-
cific data were unavailable for extraction or not clearly reported in the paper, we contacted the
author of the corresponding study. Finally, three authors were contacted, two of whom suc-
cessfully responded and provided the data on request.

Two reviewers (BS and VV) then independently conducted a methodological quality assess-
ment to evaluate the risk of bias of each eligible study using the Cochrane Collaboration’s Risk
of Bias 2 (RoB 2) tool [23]. Discordance of judgments were resolved simultaneously through a
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group discussion involving a third reviewer (AP). The RoB 2 is a revised tool consisting of five
bias domains explicitly designed to consider the risk of bias of randomized trials arising from:
(1) the randomization process; (2) deviations from intended interventions; (3) missing out-
come data; (4) the measurement of the outcome; and (5) the selection of the reported result.
The risk of bias on each domain was rated as low risk, high risk, or some concerns (unclear)
according to the algorithms that incorporated several domain-specific signalling questions.
The levels of judgments from all domains were later deduced into an overall risk of bias for
each study. Studies were judged with a low overall risk of bias if all domains presented with
low risk. If at least one domain was rated as unclear, studies were judged as having some con-
cerns. Studies were judged to be at high risk of bias if at least one domain showed a high risk
or there were some concerns in multiple domains that could considerably lower the confi-
dence of the study’s result.

Statistical analysis

Main analysis. All analyses were conducted using Review Manager version 5.4 (The
Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark) and STATA ver-
sion 16.0 (Stata Corporation, College Station, TX, USA). We performed separate quantitative
analyses to determine the effect of MBIs on three different mental health outcomes: depression,
anxiety, and stress. In the case where a study used more than one instrument to measure depres-
sion, anxiety, and stress, we used the most valid instrument so that each study outcome had a sin-
gle effect size. Comparison of means and standard deviations (SDs) between intervention and
control groups measurements at post-test were analyzed as the primary outcomes of this study.
We additionally performed secondary analyses for outcomes comparing between-groups means
and SDs of depression, anxiety, and stress at follow-up measurements. The ITT analyses were pre-
ferred over PP if studies reported both types of analysis. Furthermore, to understand the overall
adherence rate of participants to online MBIs, we conducted a meta-analysis of proportions using
the double arcsine transformation method [24]. For all outcomes, we performed meta-analyses
with and without outliers. A study was considered an outlier if its 95% confidence interval (CI)
was located outside of the 95% CI of the pooled effect by visually examining it on the forest plot
[25]. Forest plots were constructed only for the meta-analyses with outliers.

In this study, we did not perform analyses using change-from-baseline (pre-to-post and
pre-to-follow-up differences) between-groups scores since this practice is not recommended
by Cochrane [26]. Although this method could remove the component of between-subject var-
iability from the analysis, it involves an additional calculation, in which it is considered more
inefficient. Furthermore, due to the nature of randomized trials, as the type of studies included
in this meta-analysis, we could assume in theory that comparison of final measurement (at
post-test and follow-up) has approximately the same effect as the comparison of changes from
baseline [27].

We applied the standardized mean difference (SMD) as the summary statistics of the pri-
mary and secondary outcomes since the included studies used different psychometric instru-
ments to assess depression, anxiety, and stress. The SMD represents the difference in means
between the intervention and control groups divided by the combined SD. We used Hedges’ g
as the standard metric of the effect size in all analyses. The Hedges’ g is a type of effect size for
SMD, which includes an additional adjustment for small sample studies. The pooled effect of
intervention using Hedges’ g is interpreted as similar to Cohen’s d, where 0.2 represents small,
0.5 represents moderate, and 0.8 represents large effect sizes [28].

Heterogeneity between studies was examined with the Cochran’s Q statistic and quantified
using the Higgins I” statistic, where I* values of 0%, 25%, 50%, and 75% indicated negligible,
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low, moderate, and high heterogeneity, respectively [29]. Given that there was a considerable
variability and diversity between studies interventions and characteristics of the study popula-
tion, we primarily applied the random-effects model for all analyses. A p-value of < 0.05 was
used to indicate statistical significance in all analyses.

Analysis of publication bias. Publication bias was assessed visually using the inverted
funnel plot and quantitatively using the Egger’s regression test [30] to detect small study effects
and other potential reporting biases. Small-study effects are described as the tendency of
smaller studies to result in a more significant intervention effect than the large ones. Conse-
quently, these studies would be more likely to be published. In addition, publication bias could
exist due to the tendency of authors and journals to publish studies with significant results
[31]. These phenomena will result in the asymmetrical distribution in the funnel plot analysis
and a significant Egger’s test result.

Sensitivity, subgroup, and meta-regression analyses. We prioritized performing sensi-
tivity, subgroup, and meta-regression analyses only for meta-analyses that evaluated the pri-
mary outcomes (including outliers). Sensitivity analyses were carried out by excluding each
study from the analysis one at a time (leave-one-out method). Subgroup and meta-regression
analyses were performed to evaluate the differences in effect sizes between subgroups and the
effect of certain covariates on the pooled outcome. We conducted subgroup analyses based on:
(1) study location (Asia vs. non-Asia); (2) characteristics of the study population (general vs.
non-general population); (3) type of MBI (MBSR vs. MBCT); (4) type of control group (active
vs. inactive); (5) delivery method (videoconferencing vs. non-videoconferencing); and (6)
guidance (with vs. without). Subgroup analyses were performed only if each subgroup in the
analyses contained at least two studies. Restricted maximum likelihood random-effects meta-
regression were carried out for: (1) mean of age; (2) % of females; (3) number of sessions; and
(4) length of intervention in weeks. Meta-regression analyses that presented significant results
were visualized through bubble plots.

Results

Overview of study selection

A PRISMA flow diagram of the overall study selection process is illustrated in Fig 1. The initial
electronic database searches yielded 946 hits. A total of 252 duplicates were then removed.
After reviewing 694 records, 554 and 31 were excluded based on the titles and abstracts,
respectively. A total of 60 reports identified as study registers, conference abstracts, or with no
access to full-texts were not retrieved. Afterwards, we thoroughly assessed the remaining 49
full-texts for eligibility and 42 were further excluded due to the irrelevancy of their population
characteristics, type and method of interventions, reported and evaluated outcomes, study
design, or samples recruitment period. In addition to database searching, we identified 11
extra records from websites and reference lists searching. Of those, two reports were not
retrieved. After judging the eligibility of the remaining reports, eight were excluded. Accord-
ingly, the overall screening process led to the inclusion of 8 RCTs [32-39] in this systematic
review and meta-analysis.

Characteristics and outcomes of included studies

The characteristics of the included studies are summarized in Table 1. The 8 RCT's yielded a
total of 868 adult participants (mean age: 22 to 36 years), from which 451 received the MBIs,
and 417 were control samples. The study sample sizes were variable ranging from 51 to 183.
All studies were conducted during the COVID-19 pandemic. Females accounted for more
than half of the study population in all studies. Half of the studies (n = 4) were located in Asia,
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Fig 1. PRISMA flow diagram of the study selection process. CENTRAL, Cochrane Central Register of Controlled Trials; CINAHL, Cumulative Index to
Nursing and Allied Health Literature; COVID-19, Coronavirus Disease 2019; WHO, World Health Organization.

https://doi.org/10.1371/journal.pone.0274177.9001

and the rest were in America (n = 3) and Europe (n = 1). The studies included diverse type of
population: general (unspecified) population (n = 2), university students (n = 3), healthcare
workers (n = 1), social workers (n = 1), and obstetrics and gynecology outpatients (n = 1). Two
studies examined MBSR, five MBCT, and one employed a combination of MBSR and MBCT
intervention. In three studies, the duration of MBSR and MBCT interventions were conducted
according to the original protocol in eight weekly sessions, while the other studies used a mod-
ified protocol. The MBIs were varied from 1 to 10 sessions, with the length of intervention
ranging from 1 to 8 weeks. The interventions were most commonly delivered through a video-
conference (n = 4). Other methods included a website (n = 1) and a mobile application (n = 3).
The interventions in four studies were guided by either a specialist in MBIs or a trained thera-
pist. An inactive control condition was used in five RCTs, all of which were waitlist groups.
The three remaining RCT's used an active control, in which participants received access to
mental health education (n = 1), social support-based condition (n = 1), or were asked to
answer manipulated questions (n = 1).

Among the 8 RCTs, half reported outcomes using ITT analyses. The follow-up times after
intervention in four studies were varied, ranging from 2 weeks to 2 months. All studies used
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Fig 2. Results of quality assessment of included studies using the Risk of Bias 2 tool. (A)
graph. (B) Detailed quality assessment summary.

https://doi.org/10.1371/journal.pone.0274177.9002

omain-specific quality assessment

validated instruments to measure depression, anxiety, and stress. Outcome measures of
depression were available in 5 studies, anxiety in 6, and stress in 5 studies. 3 Table in S1 File
provides the outcome values reported in each included study.
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Fig 3. Forest plot of meta-analysis of proportions for adherence rate to online MBIs.

https://doi.org/10.1371/journal.pone.0274177.9003

Study quality assessment

The result of the domain-specific quality assessment is provided in Fig 2A, while the detailed
risk of bias evaluation of each study is summarized in Fig 2B. According to the Cochrane’s
RoB 2 tool, two studies were rated as low risk in all domains, thus having a low overall risk of
bias. Five RCT's were rated as having some concerns, from which one study had unclear risk in
1 domain, while two studies in 2, and two studies in 3 domains. One RCT, i.e., Alvarado-Gar-
cia et al. [32], was rated as high risk since it was judged to have some concerns for multiple
domains that might lower confidence of the study’s result. If viewed from each domain indi-
vidually, two studies reported incomplete information regarding the randomization process,
and thus were rated as unclear risk of bias. There were some concerns of deviations from the
intended interventions in three studies due to the lack of information on blinding procedures.
All RCTs were rated as low of risk in the domain of bias due to missing outcome data. Some
concerns were observed during the measurement of outcome in five studies since there was a
potential influence by the knowledge of intervention status. Four studies had an unclear risk of
bias in the selective reporting domain due to the unavailability of the pre-published trial proto-
col, and hence we could not judge the reliability of the reported results.

Adherence rate

When adherence was defined as the completion of all sessions, the rates from 8 RCTs were var-
ied, ranging from 86% to 100%. The overall adherence rate to online MBIs obtained from
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Fig 4. Forest plots of meta-analyses of online MBIs effect on mental health outcomes at post-intervention. (A) Depression. (B) Anxiety. (C) Stress.

https://doi.org/10.1371/journal.pone.0274177.g004

meta-analysis was 94% (95% CI = 91% to 98%) with high heterogeneity (I* = 70.6%). No study
outliers were detected. The forest plot of pooled adherence rate analysis is presented in Fig 3.

Primary outcomes (effects at post-intervention)

Effects on depression. A total of 246 online MBIs and 245 control participants from 5
studies were included in the meta-analysis for depression outcome (Fig 4A). Online MBIs dur-
ing the COVID-19 pandemic showed a significant, small to moderate effect in reducing
depression at post-intervention (g = -0.32; 95% CI = -0.49 to -0.14; p < 0.001). The level of het-
erogeneity was negligible (I = 0%). No outliers were detected based on the forest plot. Sensi-
tivity analysis using the leave-one-out method revealed that no study had a substantial
influence on the significance of the overall effect size.

Effects on anxiety. Six RCT's with a total of 328 participants receiving online MBIs and
324 controls were analyzed to determine the pooled effect on anxiety (Fig 4B). A significant,
small reduction in anxiety was observed at post-intervention (g = -0.25; 95% CI = -0.43 to
-0.06; p = 0.008). The level of heterogeneity was low (I* = 27%). Examination of the forest plot
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Table 2. Summary of subgroup analyses of online MBIs effect on mental health outcomes at post-intervention (including outliers).

Outcome Covariate Subgroup Number of Studies Effect Size Heterogeneity | p-value of Difference between Subgroups
Measure Hedges’g | 95% CI Z |p-value | P | p-value
Depression Study region Asia 2 -0.28 -0.59,0.03 | 1.75 | 0.08 0% 0.91 0.76
Non-Asia 3 -0.34 -0.55, 3.01 | 0.003 0% 0.57
-0.12
Delivery Videoconferencing 2 -0.35 -0.62, 2.52 | 0.01 0% 0.86 0.75
method -0.08
Non-videoconferencing 3 -0.29 -0.53, 2.40 0.02 0% 0.57
-0.05
Guidance With 3 -0.32 -0.54,0.10 | 2.86 | 0.004 0% 0.92 0.95
Without 2 -0.31 -0.63,0.01 | 1.87 | 0.06 7% 0.30
Anxiety Study region Asia 3 -0.08 -0.30,0.14 | 0.72 | 0.47 0% 0.73 0.03*
Non-Asia 3 -0.42 -0.64, 3.77 < 0% 0.47
-0.20 0.001
Control type Active 2 -0.04 -0.28,0.19 | 0.37 | 0.71 0% 0.82 0.02*
Inactive 4 -0.40 -0.61, 3.87 < 0% 0.64
-0.20 0.001
Delivery Videoconferencing 2 -0.46 -0.74, 3.34 < 0% 0.48 0.06
method -0.19 0.001
Non-videoconferencing 4 -0.15 -0.34,0.04 | 1.55 0.12 0% 0.42
Guidance With 3 -0.28 -0.62,0.05 | 1.64 | 0.10 53% | 0.12 0.69
Without 3 -0.20 -0.43,0.03 | 1.72 | 0.09 5% 0.35
Stress Study region Asia 3 -0.25 -0.47, 224 0.02 0% 0.49 0.08
-0.03
Non-Asia 2 -1.20 -2.24, 225 | 0.02 88% 0.00
-0.16
Population type | General population 2 -0.91 -2.52,0.69 | 1.12 | 026 | 96% < 0.61
0.001
Non-general 3 -0.50 -0.74, 3.98 < 0% 0.48
population -0.25 0.001
MBI type MBSR 2 -1.05 -2.39,0.28 | 1.54| 0.12 93% < 0.34
0.001
MBCT 3 -0.37 -0.75,0.00 | 1.94 | 0.05 60% | 0.08
Control type Active 2 -0.24 -0.51,0.03 | 1.72 | 0.09 22% | 0.26 0.09
Inactive 3 -0.92 -1.66, 2.43 0.02 84% | 0.002
-0.18
Delivery Videoconferencing 3 -0.81 -1.64,0.01 | 1.93 | 0.05 | 87% < 0.40
method 0.001
Non-videoconferencing 2 -0.39 -0.95,0.17 | 1.35 0.18 80% 0.03
Guidance With 3 -0.81 -1.64,0.01 | 1.93 0.05 87% < 0.40
0.001
Without 2 -0.39 -0.95,0.17 | 1.35| 0.18 80% | 0.03

*p <0.05
CI, confidence interval; MBCT, Mindfulness-Based Cognitive Therapy; MBI, mindfulness-based intervention; MBSR, Mindfulness-Based Stress Reduction.

https://doi.org/10.1371/journal.pone.0274177.1002

showed no potential study outliers. After removing one study by Simonsson et al. [37] in sensi-
tivity analysis, the pooled effect was reduced to insignificance.

Effects on stress. For stress outcome, we successfully included five studies involving 248
online MBIs and 241 control subjects (Fig 4C). The overall effect on stress after online MBIs
was significant with g = -0.62 (95% CI = -1.09 to -0.16; p = 0.009). This effect was considered
moderate. A high level of heterogeneity was observed (I* = 83%). After examining the forest
plot, we identified one potential outlier (Alvarado-Garcia et al. [32]). Removal of the outlier
resulted in a reduction of the pooled effect to g=-0.37 (95% CI = -0.62 to -0.11), but this effect
remained significant (p = 0.005). Additionally, the heterogeneity shifted to a moderate level (I”
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Table 3. Summary of meta-regression analyses of online MBIs effect on mental health outcomes at post-interven-
tion (including outliers).

Outcome Measure Covariate Number of Studies V4 p-value
Depression Mean age 5 -0.29 0.77
% female 5 -0.20 0.84
Number of sessions 5 0.49 0.63
Length of intervention 5 -0.59 0.55
Anxiety Mean age 6 -0.37 0.71
% female 6 -0.06 0.95
Number of sessions 6 -1.21 0.23
Length of intervention 6 -2.09 0.04*
Stress Mean age 4 -2.23 0.03*
% female 4 -1.36 0.17
Number of sessions 5 -1.38 0.17
Length of intervention 5 -1.38 0.17

*p <0.05

https://doi.org/10.1371/journal.pone.0274177.t1003

=40%). A subsequent leave-one-out sensitivity analysis suggested that the significance of the
overall effect was robust and not affected by any single study.

Subgroup analysis. Subgroup analyses for all post-intervention outcomes (including out-
liers) are presented in Table 2. For anxiety outcome, we found significantly larger effect sizes
for studies conducted outside of Asia than in Asia (p = 0.03) and studies that used an inactive
control than an active control condition (p = 0.02). No significant differences between sub-
groups were found for depression and stress. Subgroup analyses for depression, anxiety, and
stress outcomes based on several covariates were not conducted due to the lack of studies
included in each subgroup.

Meta-regression analysis. Meta-regression analysis showed that length of intervention
(S1A Fig in S1 File) had a significant positive moderating effect on anxiety (Z = -2.09;

p = 0.04), meaning that online MBIs with longer intervention would result in greater anxiety
reduction. Furthermore, a significant positive influence of mean age on stress outcome was
observed (Z = -2.23; p = 0.03), by which we found that online MBIs were more effective in
reducing stress in older populations (S1B Fig in S1 File). All other covariates did not have a
significant influence on each outcome. The results of meta-regression analyses (including out-
liers) are summarized in Table 3.

Publication bias. For depression (S2A Fig in S1 File) and anxiety (S2B Fig in S1 File),
funnel plots showed a rather symmetrical distribution of studies, indicating no potential of
publication bias. These findings were confirmed by insignificant Egger’s test results for depres-
sion (Z = 0.53; p = 0.59) and anxiety (Z = 0.10; p = 0.92). However, a skewed distribution
towards a higher effect size was observed in the funnel plot for stress (S2C Fig in S1 File). The
result of Egger’s test for stress also revealed the potential of publication bias (Z = -2.06;

p = 0.04). Surprisingly, the removal of outlier resulted in a more symmetrical distribution of
the funnel plot (S2D Fig in S1 File) and an insignificant Egger’s test (Z = -0.57; p = 0.57), sug-
gesting that small study effects might arise from one study (Alvarado-Garcia et al. [32]).

Secondary outcomes (effects at follow-up)

At follow-up (Fig 5A), pooled effect of online MBIs in reducing depression was maintained
with a small significant result (n = 3; g = -0.26; 95% CI = -0.48 to -0.04; p = 0.02). Analysis on
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Fig 5. Forest plots of meta-analyses of online MBIs effect on mental health outcomes at follow-up. (A) Depression. (B) Anxiety. (C) Stress.

https://doi.org/10.1371/journal.pone.0274177.9005

anxiety outcome at follow-up (Fig 5B) also showed a maintained significant, small reduction
effect (n=4; g =-0.28; 95% CI = -0.48 to -0.08; p = 0.007). The level of heterogeneity for
depression and anxiety analyses was negligible (I’ = 0%). For stress (Fig 5C), no significant
effect at follow-up was found (n = 2; g = -0.00; 95% CI = -0.66 to 0.65; p = 0.99). The heteroge-
neity was at a high level (I* = 66%). The forest plots revealed no study outliers in all outcomes.
No potential publication bias was observed in depression and stress outcomes as indicated by
the funnel plots (S3A and S3C Fig in S1 File) and the results of the Egger’s tests (depression: Z

-0.26, p = 0.80; stress: Z = -0.86, p = 0.39). The funnel plot for anxiety outcome was some-

what asymmetric (S3B Fig in S1 File). Nonetheless, the Egger’s test result showed no potential
publication bias (Z = 1.00; p = 0.32).

Discussion

Main findings

The results of our meta-analysis showed that online MBIs were effective in reducing depres-
sion, anxiety, and stress during the COVID-19 pandemic. We found small to moderate reduc-
tions in post-intervention depression, anxiety, and stress. Our results are comparable to the
previous MBIs studies for clinical and general healthy populations [40, 41]. We also reported
significant effects of online MBIs on depression and anxiety at follow-up, suggesting the
medium-term effects of online MBIs in improving mental health problems. These findings
may be caused by the fact that mindfulness is associated with acceptance skills, which
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facilitated further mental health resilience [42]. A previous review article by Guendelman et al.
[43] also suggested that there were structural and functional changes in the neurons after
8-week mindfulness-based therapies. Evidence has shown an increase in the functional activity
of the prefrontal cortex, cingulate cortex, insula, and hippocampus in either healthy or non-
healthy participants after receiving MBIs. In addition, the amygdala showed decreased func-
tional activity and an improvement of its connectivity with the prefrontal cortex, leading to
better one’s emotional regulation [44]. These changes may be responsible for the strength resil-
ience in patients after MBIs, making these interventions beneficial during the COVID-19
pandemic.

Our study did not exhibit a significant reduction effect on stress at follow-up. This insignifi-
cant finding was possibly due to the small number of studies included in the analysis. More-
over, there was a difference in the length of the intervention between the two included studies
[33, 36]. The study by Hosseinzadeh Asl et al. [33] used a 4-week online MBI, while Pheh and
his colleagues [36] used an ultra-brief online MBI protocol consisting of only one session. The
effectiveness of ultra-brief MBI is still debatable. A preceding study showed a long-lasting
positive effect of ultra-brief MBIs [45], while another showed the opposite [46]. Pheh et al. [36]
themselves argued that online ultra-brief mindfulness intervention might not be substantial
enough to provide long-term changes. Additionally, as described by Mansell et al. [47], ultra-
brief mindfulness practices can only dilute stress. The discovery of new perspectives from lon-
ger practices is needed to restore better and develop maintained well-being [47, 48].

Subgroup analysis showed that the type of control conditions used to compare the online
MBISs potentially affected the pooled effect size for anxiety outcome. We found that studies
with inactive controls tended to have larger effect sizes than studies with active controls. The
given active interventions, including mental health education, answering manipulated ques-
tions, and social support, have been proven to reduce anxiety [49-53]. Therefore, the observed
effect sizes seemed to be lower than using inactive controls.

Subgroup analysis for anxiety outcome showed a greater reduction effect for studies con-
ducted outside of Asia than in Asia. This finding may be caused by the difference in racial eth-
nicities of the study participants between the subgroups [54]. A prior study showed that racial
ethnicity affects the use of mindfulness in a weight loss program [55]. Masuda et al. [56]
reported that mindfulness interventions could moderate the association between eating disor-
der cognition and behavior in the White American group, but not in the Asian American or
the Black American groups. However, our finding must be carefully interpreted since it con-
tradicted the result from Kahn et al. [57], which revealed that mindfulness is more relevant to
Asian populations for regulating emotion. Future online MBIs studies incorporating inter-eth-
nic analyses are needed to confirm our finding.

According to the meta-regression analyses, we observed a greater anxiety reduction follow-
ing a longer duration of mindfulness interventions. This finding was confirmed by the sensi-
tivity analysis result after removing Simonsson et al. [37], where this study had the longest
MBI duration (8 weeks) of the 6 RCTs included in the analysis. The longer length of psycho-
logical interventions will cultivate positive feelings, behaviors, and cognition, leading to an
improvement in well-being and other mental health components [48]. Also, repeated mental
health interventions in a longer duration will further improve participants’ life satisfaction
[58]. We additionally found that age was associated with the effect of online MBIs on stress. As
argued by Geiger et al. [59], the MBI is a more well-suited type of mental health intervention
for older adults due to its similar concept to their coping and emotional control mechanisms
towards mental health problems. Older people as well tend to demonstrate a better acceptance
towards mindfulness-based practices [60]. Hence, online MBIs may serve as a promising strat-
egy to face age-related mental health problems in the COVID-19 pandemic era.
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Feasibility of online MBIs during the COVID-19 pandemic

The practice of social distancing and staying home is needed to reduce the transmission of
COVID-19 [61, 62]. Hence, online delivered medical interventions have become an essential
strategy during the COVID-19 pandemic while still providing the best care for patients [63,
64]. Prior to the pandemic, online MBIs had been in fact considered as promising mental
health treatment practices based on a previous meta-analysis by Spijkerman et al. [10]. Never-
theless, our study was more focused on evaluating the role of online MBIs during the COVID-
19 pandemic. When compared to the previous meta-analysis [10], our results showed a similar
reduction effect for depression, anxiety, and stress, indicating that the implementation of
online MBIs is still relevant during the pandemic.

We found that the adherence rates of participants were varied between 86% and 100%, with
a pooled rate of 94%. This number was comparable with the previous study’s finding, which
revealed an 85% adherence to the multisession online intervention [65]. Despite the lack of
studies that reported adherence in online mental health practices, this intervention method
has been shown to be helpful and convenient for some participants [66]. The usage of tele-
health sessions has also considerably decreased the frequency of missed appointments and
dropouts and thus increased the efficiency of mental health care [67]. Although online inter-
vention may not be suitable for some patients with complex and severe mental illnesses, this
method is still helpful in fulfilling the need for psychological therapy in the general population.

Additionally, treatment costs may affect the patients’ decisions to seek mental health treat-
ment [68]. A study reported that approximately 57% of obsessive-compulsive disorders
patients were unable to afford their treatment costs [69]. Marques and his colleagues [69] also
reported complaints of inconvenience from more than a quarter of patients due to spending
much time seeking treatment. Moreover, logistic factors such as transportation and treatment
schedules also play a role in the patients’ treatment-seeking actions [70]. Ultimately, online-
based therapy will help in overcoming economic and adherence-related barriers because of its
feasibility and high acceptability, leading to a more convenient method of intervention amidst
the COVID-19 crisis [71, 72].

Strengths and limitations

To the best of our knowledge, this is the first comprehensive systematic review and meta-anal-
ysis that examined the effectiveness of online MBIs on depression, anxiety, and stress during
the COVID-19 pandemic. We synthesized evidence from available RCTs, where these study
designs are regarded as the most suitable and recommended way to evaluate the efficacy of
interventions [73]. Furthermore, the total numbers of samples included in most analyses were
relatively sufficient, supported by the wide range of areas covered in Asia, America, and
Europe, which may strengthen the generalizability of the study’s conclusion. In addition to the
short-term effects, we were able to reveal the medium-term effects of online MBIs. Subgroup
and meta-regression analyses were also conducted to search for potential variables that could
affect the pooled results. Moreover, we identified an ongoing RCT (NCT04720404) [74] with a
topic similar to the current study, suggesting the growing interest in implementing online
MBIs during a crisis situation like the COVID-19 outbreak.

Although we have made every effort to provide the best possible quality of the study, we
also acknowledged that there are still some limitations. First, there was considerable diversity
in between-studies characteristics, such as population, instruments used to measure the out-
comes, and notably the protocol and method for delivering the MBIs, including the length of
follow-up. Although the random-effects model and the SMD of Hedges’ g have been employed
to minimize the possible variability-related effects, our results should be interpreted with
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caution. Second, we were not able to determine the long-term effect of online MBIs, given that
the length of follow-up reported at most was two months. Third, a publication bias was
observed in the post-intervention effect of online MBIs on stress. Nevertheless, through an
adequate analysis, we successfully identified that the bias most likely arose from one study by
Alvarado-Garcia et al. [32]. Also, the subsequent removal of this study showed no substantial
effect on the significance of the pooled result. Fourth, given the small number of studies
included in each subgroup, it was not possible to conduct analyses for several covariates.
Lastly, the quality of the included studies was yet rather low.

Conclusion and recommendations

The online MBIs showed promising effects in improving mental health problems, notably
depression, anxiety, and stress, during a restricted situation like the COVID-19 pandemic.
Although the results were small to moderate, the low cost and ease of access of online MBIs
supported with adequate adherence may facilitate them as feasible alternatives to promote
mental health in a wide range of communities. In addition, the online MBIs provided main-
tained improvement on depression and anxiety after follow-up, suggesting their middle-term
utility.

Given the growing interest and potential utility of online MBIs in clinical practice, particu-
larly during the COVID-19 pandemic, we encourage more research to investigate further evi-
dence regarding the maximum benefits of online MBIs and the potential influencing factors
on the treatment effectiveness with several additional considerations. Future explorations and
researchers could look into: (1) determining whether the observed beneficial effects are sus-
tained after longer follow-up periods; (2) evaluating the effects of online MBIs in different
patients’ characteristics; (3) identifying subgroups of several factors which could not be ana-
lyzed in the current study; and (4) considering biases and quality criteria when conducting
studies and publishing results, since the quality of the current included studies were yet unsat-
isfactory. Finally, we suggest that online MBIs may be incorporated in other forms of online
psychotherapies to enhance their utility in improving various mental health issues.
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