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Abstract

Purpose of Review We summarized peer-reviewed literature investigating the effect of virtual mindfulness-based interventions
(MBISs) on sleep quality. We aimed to examine the following three questions: (1) do virtual MBIs improve sleep quality when
compared with control groups; (2) does the effect persist long-term; and (3) is the virtual delivery method equally feasible
compared to the in-person delivery method?

Recent Findings Findings suggest that virtual MBIs are equivalent to evidence-based treatments, and to a limited extent, more
effective than non-specific active controls at reducing some aspects of sleep disturbance. Overall, virtual MBIs are more effective
at improving sleep quality than usual care controls and waitlist controls. Studies provide preliminary evidence that virtual MBIs
have a long-term effect on sleep quality. Moreover, while virtual MBI attrition rates are comparable to in-person MBI attrition
rates, intervention adherence may be compromised in the virtual delivery method.

Summary This review highlights virtual MBIs as a potentially effective alternative to managing sleep disturbance during
pandemic-related quarantine and stay-at-home periods. This is especially relevant due to barriers of accessing in-person inter-
ventions during the pandemic. Future studies are needed to explore factors that influence adherence and access to virtual MBS,
with a particular focus on diverse populations.

Keywords Virtual - Mindfulness - Meditation - Sleep quality - Insomnia

Introduction

A recent meta-analysis (n = 54,231) reported that disrupted
sleep affects approximately 40% of the general and healthcare
populations during the novel coronavirus pneumonia
(COVID-19) pandemic [1e°]. Several factors contribute to
the rising rate of disrupted sleep, including decreased physical
activity from home quarantine, increased screen time from
teleworking, and the barrage of stress-inducing news related
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to the pandemic [2¢,3¢]. Pandemic-induced poor sleep quality
is concerning, given that sleep disturbances are associated
with increased risk for adverse physical health outcomes [4,
5], mood dysregulation [6, 7], decreased cognitive function [8,
9], and compromised immune system [10, 11]. Moreover,
sleep quality is directly linked to vaccine immune response
[12]. As such, addressing sleep disturbance during the pan-
demic is critical for population well-being.

Pharmaceutical sleep aids and behavioral therapy (e.g.,
cognitive behavioral therapy (CBT)) are two forms of
evidence-based treatments available to address poor sleep.
However, medication can cause adverse side effects (e.g.,
memory loss, behavioral changes, headaches) and result in
abuse and dependence [13, 14]. While CBT is more tolerable,
it can be expensive, inaccessible, and may not be a viable
standalone treatment for all patients [15—17]. For instance,
individuals with substantial sleep deprivation (i.e., total sleep
time < 3.65 h) may not be able to endure certain components
of CBT, such as sleep restriction, and usually require addition-
al time commitment to experience improvement in sleep qual-
ity [16, 18]. In this case, adjunctive strategies are needed to
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promote retention and encourage a clinical response.
Furthermore, the structure of CBT may not be feasible for
populations that have a greater propensity for decreased mo-
tivation (e.g., individuals facing multiple mental and physical
health conditions) [15]. As such, alternative approaches are
needed to increase patient choice and sustain treatment en-
gagement. Mindfulness-based interventions (MBIs), such as
mindfulness-based stress reduction (MBSR) and acceptance
and commitment therapy (ACT), have demonstrated efficacy
in improving sleep quality and may serve as an alternative
treatment for sleep disturbance [19, 20]. Mindfulness training
involves a non-judgmental awareness of the present moment
[21]. MBIs consist of 1- to 2-month instructional courses that
include weekly mindfulness exercises and lectures. While
there are many MBIs with different lecture material and sup-
plementary content, they incorporate a common set of exer-
cises involving formal meditation (e.g., sitting meditations,
walking meditations, body scans) and informal practices
(e.g., cultivating awareness in daily activities such as eating,
breathing, and walking). Traditionally, MBIs take place in-
person and in a community-based setting [22]. Due to the
pandemic, traveling to and from wellness destinations and
participating in large group gatherings are limited in safety
and feasibility.

Technological advances have enabled the virtual delivery
of behavioral interventions across a range of personal devices,
which can circumvent some of the challenges encountered
with in-person delivery of behavioral interventions during a
pandemic [23]. For instance, virtual MBIs, which are deliv-
ered via an online or offline program and accessed via tech-
nological devices, such as laptops or mobile phones, have the
potential to increase accessibility. Examples of virtual MBI
program interfaces include self-guided web-based applica-
tions and therapist-led video conference sessions. Research
comparing the efficacy of virtual MBIs to in-person MBIs
suggests that the two delivery methods are comparable. For
example, Wolever and colleagues [24] found that virtual and
in-person MBIs produced similar improvements in stress, as
well as sleep quality. They also observed lower rates of attri-
tion in the virtual mindfulness group (3.8%) compared to the
in-person mindfulness group (27.3%), suggesting that the vir-
tual delivery method may be more feasible. On the other hand,
a study comparing teleconference-based ACT to in-person
ACT found that both delivery methods improved physical
and mental health symptoms, but not sleep disturbance [25].
Given the increased disruption of sleep and social distancing
guidelines resulting from the COVID-19 pandemic, there is a
significant need to test the efficacy of sleep interventions that
are accessible from the home. The objective of this study is to
systematically review randomized controlled trials that
employed a virtual MBI in populations with clinically signif-
icant sleep disturbance. Furthermore, to assess for relative
efficacy, comparator groups (i.e., specific active controls
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(evidence-based treatments), nonspecific active controls, usu-
al care controls, and waitlist controls) were analyzed separate-
ly. We aim to examine the following three questions: (1) do
virtual MBIs improve sleep quality when compared with con-
trol groups; (2) does the effect persist long-term; and (3) is the
virtual delivery method equally feasible compared to the in-
person delivery method?

Method
Search Strategies

The review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines [26]. PubMed, Scopus, Embase,
Cochrane Library, and Web of Science databases were
searched for peer-reviewed articles in English through
December 3, 2020, with no start date restriction. For search
terms, three main subject-heading domains were combined
with the AND operator: (online OR internet OR digital OR
m-health OR e-health OR computer* OR web* OR app OR
smartphone OR mobile application) AND (mindful* OR
meditate* OR Vipassana OR “acceptance and commitment
therapy””) AND (sleep [TIAB] OR insomnia [TIAB]). The
TIAB function was used only for searches in PubMed. Upon
completion of the search, two investigators independently ex-
amined the title and abstract of each trial to assess for eligibil-
ity. Afterwards, the full text article was downloaded for all
potentially eligible trials and screened for inclusion. The bib-
liography of identified trials and germane review articles were
manually surveyed for additional references.

Inclusion and Exclusion Criteria

We included published articles of randomized controlled trials
in adults (age > 18 years) with clinically significant sleep
disturbance that employed a virtual MBI. Included studies
also had assessments of pre-intervention and post-
intervention sleep quality. Sleep quality measures included
both objective and subjective validated measurements, such
as actigraphy, diary-reported sleep quality, and self-reported
sleep quality questionnaires: the Insomnia Severity Index
(ISI), the Medical Outcomes Study-Sleep Scale (MOS-SS),
the Pittsburgh Sleep Quality Index (PSQI), and the Basic
Nordic Sleep Questionnaire (BNSQ). The pre-intervention
sleep quality mean score (i.e., baseline weighted average)
was used to determine if each study cohort had clinically rel-
evant sleep disturbance based on established cut-off scores.
Studies with baseline weighted average scores above the min-
imum established clinical cutoffs for sleep disturbance were
included in the review (i.e., ISI > 8; MOS-SS > 20; PSQI > 5)
[27-29]. Studies were excluded if they included children,
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adolescents, and experienced meditators, as well as experi-
mental comparators (e.g., in-person MBIs). Table 1 provides
a detailed summary of the inclusion and exclusion criteria.

Data Extraction and Analysis

Two investigators independently extracted data from the eli-
gible articles for further analysis. Data extracted included the
author, publication year, population type, sample size, mind-
fulness intervention features, control intervention features, in-
tervention duration, intervention hours, sleep quality scale,
and assessment data. Discrepancies in eligibility and data ex-
traction were resolved through contact with corresponding
authors and discussion and consensus with a third investiga-
tor. When possible and not reported, standard deviations were
calculated using available data. The feasibility of the virtual
delivery method was determined by comparing intervention
adherence and attrition rates to benchmarks used in clinical
trials (i.e., adherence rates > 80% and attrition rates < 20%), as
well as adherence and attrition rates from our prior meta-
analysis [19], which employed similar inclusion/exclusion
criteria using an in-person delivery method. Per protocol def-
initions of adherence were used and attrition rates were de-
fined as the percent of randomized participants that did not
complete the post-intervention assessment.

Results
Search Results

A total of 911 records were initially identified for inclusion in
the review. After removing duplicates (n = 344), another 527

records were further excluded based on title and abstract. A
full-text assessment of the remaining 40 articles was conduct-
ed and 10 studies with 2777 participants were included in the
review (see Fig. 1, CONSORT flow diagram).

Characteristics of Included Studies

The major characteristics of the 10 included studies can be
found in Table 2. The studies were published from 2012 to
2020, and sample sizes ranged from 21 to 2081. Mindfulness
meditation was the most commonly employed MBI (n = 4),
followed by acceptance and commitment therapy (n = 3).
The majority of studies used a web-based app as the inter-
vention delivery method (n = 8). Expected mindfulness du-
rations ranged from 4 to 16 h over 4 to 8 weeks. All studies
included at least one subjective sleep measure, and one study
used a combination of subjective and objective sleep
measures.

Change in Sleep Quality from Pre- to Post-
intervention

Herein, we briefly report the results of the 10 randomized
controlled trials that met our eligibility criteria, stratified by
control group type. Table 3 provides a more comprehensive
depiction of the results.

Specific Active Controls

Three of the included studies used specific active control
groups (i.e., evidence-based treatments), with a total of
2171 participants. Hesser et al. [30] and Mak et al. [31]
reported significant within-group effects on self-reported

Table 1 Detailed inclusion and exclusion summary
Inclusion Exclusion

Population Adult populations with clinically significant sleep disturbance Children, adolescents, and experienced meditators
(i.e., had an ICD insomnia diagnosis or met symptom severity (i.e., > 1000 practice hours)
threshold defined by sleep quality questionnaires)

Intervention Virtual mindfulness-based interventions (i.e., mindfulness In-person mindfulness-based interventions, movement-based
exercises delivered via an online or offline program and accessed ~ therapies (e.g., tai chi and yoga), and integrative therapies
via computer, laptop, or other technological devices, such as a (i.e., interventions with multiple modalities and only a small
tablet or mobile phone) component of mindfulness exercises)

No limit on minimum or maximum duration

Comparator Specific active controls (i.e., evidence-based treatments) Experimental interventions or experimental administration
non-specific active controls, usual care controls, or waitlist (e.g., comparing app-based mindfulness meditation to
controls in-person mindfulness meditation)

Outcome Validated subjective or objective measure of sleep quality with No validated measure of sleep quality or only a pre-intervention
pre-intervention and post-intervention assessments assessment

Study design Randomized controlled trials Non-randomized controlled trials

Other Quantitative, peer-reviewed studies reported in English including ~ Abstracts, reviews, and non-published trials, as well as

dates through December 3, 2020, with no start date restriction

published trials on duplicate participant samples and in
languages other than English

@ Springer
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Fig. 1 Flow diagram from record
identification to final study
inclusion

Records identified from database
searches:

*Embase (n=333)

*Cochrane Library (n=214)
*Web of Science (n=183)
*PubMed (n=140)

*Scopus (n=38)

v

Total records identified through
database searches (n=908)

Records identified through other
sources (n=3)

Total records
identified (n=911)

Duplicate records
removed (n=344)

A 4

Records screened via
title and abstract
(n=567)

Records excluded
—> during screening
(n=527)

v Full text excluded:

Full text articles
assessed for eligibility »| *No valid sleep outcome (n=8)

(n=40)

*No eligible mindfulness intervention (n=8)

*Duplicate participant sample (n=3)

*Included children or adolescents (n=3)
*No eligible comparison group (n=3)
*No clinically significant sleep disturbance (n=3)

A 4

Studies included
(n=10)

*No randomized controlled trial (n=2)

sleep quality for the virtual mindfulness and virtual CBT
groups, with no significant difference between interventions
over time. However, at 1-year follow-up, Hesser et al. [30]
found a decreased maintenance effect for the virtual mind-
fulness group compared to the virtual CBT group. On the
other hand, at 3-month follow-up, Mak et al. [31] reported
a similar maintenance effect on sleep quality improvement in
the virtual mindfulness and virtual CBT groups. Low et al.
[32] reported significant within-group effects on self-
reported sleep quality, actigraphy-measured sleep onset la-
tency, actigraphy-measured wake after sleep onset, and
diary-reported total wake time for the virtual mindfulness
and virtual progressive muscle relaxation groups. The virtual
mindfulness group also had a greater reduction in
actigraphy-measured sleep onset latency over time, relative
to the virtual progressive muscle relaxation group. No sig-
nificant group by time interaction effects were found for the
self-reported sleep measures.

Non-specific Active Controls
Two of the included studies used non-specific active control
groups, with a total of 158 participants. Boettcher et al. [33]

reported significant within-group effects on self-reported
sleep quality in both the virtual mindfulness and virtual

@ Springer

discussion forum control groups; however, the virtual mind-
fulness group had greater improvements over time, relative
to the virtual discussion forum control group. At 6-month
follow-up, sleep improvement was maintained in the virtual
mindfulness group. On the other hand, Hesser et al. [30]
reported a significant within-group effect on self-reported
sleep quality in the virtual mindfulness group only, with no
significant difference between the virtual mindfulness and
virtual discussion forum interventions over time.

Usual Care Controls

Two of the included studies used usual care control groups,
with a total of 88 participants. Messer et al. [34] reported a
large between-group effect on self-reported sleep quality in
favor of the virtual mindfulness group. Simister et al. [35]
reported significant within-group effects on self-reported
sleep quality in both the virtual mindfulness and usual care
control groups. Although there was a medium between-group
effect in favor of the virtual mindfulness group, the group by
time interaction effect was not significant. At 3-month follow-
up, the between-group effect on sleep quality was still in favor
of the virtual mindfulness group but slightly attenuated (d =
53).
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Waitlist Controls

Four of the included studies used waitlist control groups, with
a total of 395 participants. Chapoutot et al. [36] reported small
to large group by time interaction effects on self-reported
sleep quality and diary-reported number of awakenings, wake
after sleep onset, and sleep efficiency, in favor of the virtual
mindfulness group. At 6-month follow-up, improvement in
self-reported sleep quality was maintained in the virtual mind-
fulness group; however, improvement in diary-reported sleep
measures (number of awakenings and wake after sleep onset)
was not maintained. Lappalainen et al. [37] reported a group
by time interaction effect on self-reported sleep quality, in
favor of the virtual mindfulness group. At 6-month follow-
up, improvement in sleep quality was maintained in the virtual
mindfulness group. Nissen et al. [38] reported no significant
within-group effect on self-reported sleep quality in the virtual
mindfulness or waitlist control groups, as well as no signifi-
cant group by time interaction effect. At 6-month follow-up,
there was no change in sleep quality in either group. Querstret
et al. [39] reported significant within-group effects on self-
reported sleep quality for the virtual mindfulness and waitlist
control groups, with a large between-group effect in favor of
the virtual mindfulness group. At 3- and 6-month follow-up,
sleep quality improvement was maintained in the virtual
mindfulness group.

Feasibility of Virtual Delivery Method

Adherence rates were reported in all but two studies. The
definition of intervention adherence varied between studies.
The most common definition used was the average number of
mindfulness exercises or sessions completed out of the total
offered, followed by self-reported engagement with course
materials. Due to variations in adherence definitions, we could
not compare adherence rates across studies, although rates
ranged from 31 to 100%. Two (20%) virtual MBI studies
had adherence rates above 80%; meanwhile, seven (39%)
in-person MBI studies had adherence rates above this same
level [19]. Attrition rates were reported in all but one study,
which ranged from 0 to 90%. Six (60%) virtual MBI studies
had attrition rates below 20%; similarly, 12 (67%) in-person
MBI studies had attrition rates below this same level [19].

Discussion

To our knowledge, this is the first study to systematically
analyze the effects of virtual MBIs on sleep quality among
populations with clinically significant sleep disturbance. Our
findings suggest that virtual MBIs are comparable to
evidence-based treatments (e.g., CBT), and to a limited extent,
more effective than non-specific active controls at reducing

@ Springer

sleep disturbance. Overall, virtual MBIs are more effective
at improving sleep quality than usual care controls and waitlist
controls. Our findings are aligned with other systematic re-
views and meta-analyses, which found improvements in stress
and psychiatric symptoms in clinical and general populations
following virtual MBIs [40e,41¢,42¢]. Our findings, in con-
junction with prior literature, have global implications for im-
proving mental and physical health during a pandemic and
could inform the implementation of virtual MBIs during phys-
ical distancing, quarantine, and lockdown periods.

Of the eight studies that included follow-up assessments,
six studies reported a maintenance effect at follow-up, provid-
ing promising evidence that virtual MBIs have a long-term
effect on sleep quality improvement. However, two findings
warrant further investigation. First, it is unclear whether virtu-
al MBIs are comparable to evidence-based treatments at sus-
taining sleep improvement long term. While Mak et al. [31]
reported a similar maintenance effect for virtual mindfulness
meditation and virtual CBT, Hesser et al. [30] observed a
decreased maintenance effect for virtual acceptance and com-
mitment therapy compared to virtual CBT. The discrepancy
could be attributed to intervention characteristics and sample
characteristics, including the severity of sleep disturbance.
Second, a maintenance effect may be dependent on the type
of sleep measurement used. At follow-up, Chapoutot et al.
[36] found a maintenance effect on self-reported sleep quality,
but not on diary-reported sleep measures. As such, virtual
MBIs may provide more lasting benefits on some aspects of
sleep but not all. For long-term and well-rounded benefits,
participants may need to practice mindfulness exercises for
longer durations and beyond study requirements. Sustained
involvement is critical in mindfulness training, as continuity
of practice is deemed essential for cultivating and enhancing
well-being [22, 43].

Adherence rates ranged widely in the reviewed studies (31
to 100%), which were lower than our prior meta-analysis that
examined the effects of in-person MBIs in sleep-disturbed
populations [19]. Possible explanations for the lower adher-
ence rates observed in virtual MBIs may be related to lack of
therapist guidance, distractions in the home environment, or
technical problems accessing the intervention [42e, 44, 45].
Caution is needed when interpreting these findings due to
heterogeneity in adherence definitions used across studies,
which ranged from computer-measured minutes spent on
course materials to self-reported hours spent completing
course materials. Only one study included in the review ex-
amined the relationship between adherence and changes in
sleep quality score [34], finding a positive correlation (r =
0.39; p = 0.042). However, it is important to recognize that
improvements in sleep quality may not be due entirely to
greater adherence rates. Prior research suggests that for some
participants a shorter period of intense engagement in virtual
MBIs may be enough to prompt behavior change, while other
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individuals may require prolonged and personalized training
[46, 47°]. As such, this may explain the association between
low adherence rates and improved sleep quality demonstrated
in some of the studies reviewed. Attrition rates also ranged
widely in the reviewed studies, with one large-scale study
conducted by Mak et al. [31] reporting an attrition rate of
90%. With the exception of Mak et al. [31], the attrition rates
for the other reviewed studies (0 to 31%) are lower than the
rates reported by a prior study that examined virtual MBIs in
clinical and nonclinical populations (7.7 to 52.3%) [48] and
are similar to our prior meta-analysis that examined the effects
of in-person MBIs in sleep-disturbed populations (0 to 50%)
[19]. There are characteristics that seem to correlate with low-
er attrition rates; two reviewed studies identified younger age,
male gender, increased well-being at baseline, higher treat-
ment expectancy, and prior experience with mind-body inter-
ventions as key factors [31, 38].

The current findings shed light on important clinical impli-
cations that could inform the implementation and dissemina-
tion of virtual MBIs during a pandemic. Findings indicate that
virtual MBIs may be as effective as evidence-based treatments
and may alleviate some aspects of moderate to severe sleep
disturbances. From a clinical standpoint, virtual MBIs could
complement other established sleep treatments or serve as
second-line treatments when first-line treatments are not ef-
fective or available [49¢¢]. The accessibility and flexibility of
virtual MBIs allow patients and the general public to have
increased agency for their own care [50¢]. For individuals
who are infected with SARS-CoV-2 and have limited access
to mental health professionals, they can safely access MBIs
via virtual platforms in quarantine or isolation rooms. On a
population level, continuous access to effective self-guided
care may help prevent further psychological and physiological
harm imposed by a global health crisis.

The findings should be interpreted in the context of several
limitations. First, the review summarized studies that were not
focused on evaluating virtual MBIs during a pandemic. As
such, the reader needs to interpret the findings with caution,
given that the pandemic has imposed additional stressors [51],
which may influence treatment efficacy. This caution was
previously raised by Fischer et al. [49¢¢], who also used pre-
pandemic data to extrapolate the efficacy of self-guided inter-
ventions on sustaining mental well-being during the pandem-
ic. Second, we examined randomized controlled trials with
various types of control groups, including usual care controls
and waitlist controls, raising the probability that the reported
benefits could be the result of nonspecific effects (e.g., expec-
tations). Despite limitations associated with using these types
of control groups, usual care controls and waitlist controls
remain ethical approaches to evaluating the effects of mind-
body therapies [52]. Third, we were only able to identify a few
studies in each control group type, which prevented us from
conducting a meta-analysis that would have otherwise

provided more precise estimates of study efficacy. Fourth,
measurements of adherence varied greatly and lacked stan-
dardization in the reviewed studies, making comparison be-
tween studies challenging. Finally, since females constituted
the majority of participants (except in one study), the general-
izability of the results to other demographics, such as men and
those identified as nonbinary, is limited. This discrepancy is
consistent with a meta-analysis of mindfulness studies in non-
clinical populations, which found that 56 to 100% participants
were women (mean = 78%) [53]. Even though virtual MBIs
have the potential to reach wider populations, utilization will
be limited if only certain populations are willing to engage in
or have access to virtual MBIs.

Future studies should investigate the impact of adherence
rates on symptom improvement. The development of a stan-
dardized adherence definition may aid in comparison across
studies. Additional investigation is needed to understand how
to reduce attrition rates in targeted populations (e.g.,
healthcare providers), increase engagement in men, and re-
move barriers for marginalized groups that may not have ac-
cess to technology. The review only identified one study that
used a combination of subjective and objective sleep mea-
sures. Future research could employ more objective measures
to investigate the effect of virtual MBIs on objective sleep
factors, such as actigraphy-measured sleep onset latency and
total sleep time, which can offer insights into specific sleep
parameters that virtual MBIs target. Some studies included
additional intervention strategies, such as cognitive and be-
havioral strategies, leading us to question whether
mindfulness-based components have added benefits. This
should be addressed in future studies that thoroughly disman-
tle multi-component interventions.

Conclusion

Overall, this review provides evidence that suggest virtual
MBIs can be beneficial in improving some aspects of sleep
quality in adults with sleep disturbance. Given that the preva-
lence of sleep disturbance is increasing during the COVID-19
pandemic and that in-person interventions have become large-
ly infeasible, virtual MBIs may be an effective alternative to
manage sleep abnormalities, or a potential addition to standard
telehealth care. Further investigation is needed to explore fac-
tors that influence adherence and access to virtual MBIs, with
a particular focus on diverse populations.
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