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Abstract

Background: Internet-supported mindfulness-based interventions (MBIs) are increasingly being used to support people with
achronic condition. Characteristics of MBIs vary greatly in their mode of delivery, communication patterns, level of facilitator
involvement, intervention period, and resource intensity, making it difficult to compare how individual digital features may
optimize intervention adherence and outcomes.

Objective: The aims of this review were to (1) provide a description of digital characteristics of internet-supported MBIs and
examine how theserelate to evidence for efficacy and adherence to theintervention and (2) gain insightsinto the type of information
available to inform trand ation of internet-supported MBI s to applied settings.

Methods: MEDLINE Complete, PsycINFO, and CINAHL databases were searched for studies assessing an MBI delivered or
accessed via the internet and engaging participants in daily mindfulness-based activities such as mindfulness meditations and
informal mindfulness practices. Only studies using a comparison group of aternative interventions (active compactor), usual
care, or wait-list were included. Given the broad definition of chronic conditions, specific conditions were not included in the
original search to maximize results. The search resulted in 958 articles, from which 11 articles describing 10 interventions met
theinclusion criteria

Results: Internet-supported MBIs were more effective than usual care or wait-list groups, and self-guided interventions were
aseffective asfacilitator-guided interventions. Findingswereinformed mainly by female participants. Adherenceto interventions
was inconsistently defined and prevented robust comparison between studies. Reporting of factors associated with intervention
dissemination, such as population representativeness, program adoption and maintenance, and costs, was rare.

Conclusions: More comprehensive descriptions of digital characteristics need to be reported to further our understanding of
features that may influence engagement and behavior change and to improve the reproducibility of MBIs. Gender differencesin
determinants and patterns of health behavior should be taken into account at the intervention design stage to accommodate male
and femal e preferences. Future research could compare M Bl swith established evidence-based therapiesto identify the popul ation
groups that would benefit most from internet-supported programs.

Trial Registration: PROSPERO CRD42017078665; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=78665
(Archived by WebCite at http://www.webcitation.org/71ountJpu)

(JMIR Ment Health 2018;5(3):€53) doi: 10.2196/mental .9645
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Introduction

Background

Over the past two decades, mindfulness has become a major
focus of research in health care settings for people with chronic
conditions [1]. In clinical research, the application of
mindfulness focuses on cognitive and emational regulation to
help patients cope better with their conditions [2]. There is
evidence to support the use of mindfulness-based interventions
(MBIs) such as mindfulness-based stress reduction (MBSR)
and mindfulness-based cognitive therapy (MBCT) for mental
and physical symptoms in people with cancer, cardiovascular
disease, chronic pain, depression, and anxiety disorders[1].

Theinternet has become atool to disseminate MBIsto alarger
number of people, bypassing barriers related to cost and time
commitments for in-person therapy [3], the need for atrained
therapist [4], and reluctance to engage in group interventions
[5]. Recently, ameta-analysis and a systematic review assessed
theimpact of internet-supported MBIlson mental health [6] and
peoplewith chronic physical conditions[7]. The studies showed
promising results for improving mental health outcomes and
alleviating symptom burden. The meta-analysis was conducted
among a diverse group of people (with or without a chronic
illness) and reported beneficial small-to-moderate effects of the
interventions on depression, anxiety, stress, well-being, and
mindfulness [6]. Nevertheless, as highlighted by the authors,
interventions varied in their modes of delivery (mobile phone
app, website, or Web-based classroom), therapeutic approaches
(mindfulness-based vs mindfulness-inspired interventions), and
level of therapist involvement (self-guided vs therapist-guided)
[6]. This makes it difficult to determine which aspects of the
Web-based designs optimized intervention delivery and their
associated behavior change. Another systematic review
involving people with physical conditions showed a positive
effect of theintervention compared with usual care on avariety
of outcomes such as pain acceptance, coping measures, and
depressive symptoms [7]; however, results were mixed when
the interventions were compared with an active control group,
such as cognitive behavioral therapy. The intervention delivery
mode was broadly categorized into synchronous (ie, rea-time
delivery such as instant messaging, telephone, or
videoconferencing) versus asynchronous (such as emails) and
facilitated (therapist or moderator involvement) versus
self-guided. Interventions can therefore vary acrossawiderange
of digital features used for various purposes. For example,
sending reminders and providing personalized feedback through
emails are both asynchronous functions but may influence
intervention engagement differently [8,9]. It is, therefore,
important to examine the technol ogy used in internet-supported
MBI sto understand how digital functions optimizeintervention
delivery and outcomes.

The challenges of trandlating research findingsinto practice are
well documented [10,11]. The lack of measures assessing
generalizability and sustainability of interventionsintrialsisa
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critical factor hindering trand ation of findings [10]. Pragmatic
frameworks used for program implementation and outcome
evaluation can hel p bridge the gap between scientific knowledge
and dissemination [12]. These frameworks tend to combine
factors ascertaining the interna validity of a program, such as
changes in outcomes of interest and attrition and adherence
rates, with concepts relevant to external validity, such as
representativeness of study population, availability and cost of
resources, and organizationa readiness [12], which may have
particular relevance for Web-based mindfulness interventions.
Hence, assessing the efficacy of internet-supported MBIswhile
collecting information relevant to its generalizability will
provideimportant information on the potential impact on wider
communities [13].

Aims

The aims of this review were to (1) provide a description of
digital characteristics of internet-supported MBIs and examine
how these relate to evidence for efficacy and adherence to the
intervention and (2) gain insights into the type of information

available to inform trandation of internet-supported MBIs to
applied settings.

Methods

Review Process

Thissystematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
guidelines [14]. Due to the heterogeneity of the study designs,
populations, and outcomes, a narrative synthesis of the results
was conducted rather than a meta-analysis. The protocol was
registered on PROSPERO database on 01/11/2017 with
reference number CRD42017078665.

Eligibility Criteria

Thereview focused oninternet-delivered MBIsfor peoplewith
achronic condition. Inclusion criteriawere structured according
to the PICOS framework [15]. The PICOS acronym stands for
patient (P); intervention (1); comparison, control, or comparator
(C); outcome (O); and study type (S) and is described in more
detail below.

Participants

Participants were aged 18 years or older and diagnosed with a
chronic condition such as, but not limited to, heart disease,
diabetes, cancer, respiratory disease, or menta illness (eg,
depression).

I nterventions

Interventions were MBIs that met the following two criteria:
(1) delivered or accessed via the internet with at least 50% of
interactions being technology-mediated and (2) engaging
participants in daily mindfulness-based activities such as
mindfulness meditations and informal mindfulness practices.
Studies were excluded if they examined mindfulness as a
component of another treatment such as acceptance and
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commitment therapy [16] and diaectical behavior therapy
[17,18], as it was not possible to dissociate the effect of
mindfulness from other components of the intervention.

Control Group

Control group could be comparison groups of aternative
interventions (active comparator), usual care, or wait-list.

Outcome Measures
All outcome measures were considered.

Study Type

Thisreview included original papers reporting on randomized,
quasi-experimental, and feasibility or pilot studies comparing
the efficacy of a Web-based MBI with a control group.
Cross-sectional  studies, case reports, review articles,
dissertations, and commentarieswere excluded from thisreview.

Study Selection

Web-based psychoeducation studies were first evident in the
literature in 2000 [19]. Hence, the literature search for this
review was conducted between January 2000 and July 2017
across three Web-based databases (MEDLINE Complete,
PsycINFO, and CINAHL) using the following search terms:
Online (online OR internet OR “web-base” OR ehealth OR
etherap* OR app* OR telehealth OR telemedicine), Mindfulness
(mindful* OR MBSR OR MBCT OR *“acceptance and
commitment therapy” OR awareness OR meditat*), and
Intervention (intervention* OR therap* OR group* OR
treatment*). Identified papersand key review papers[6-8] were
further examined for additiona eligible studies.

Given the broad definition of chronic conditions (ie, long lasting
with persistent effects[20], in which conditions may deteriorate,
advance, fluctuate, or be characterized by remissions [21]),
specific conditions were not included in the original search to
maximize results.

Papers published in English that met the eligibility criteriawere
included in the review. Additionally, for any paper meeting the
eligibility criteria, data were extracted from related papers
describing different aspects of the same study (eg, methods
paper and cost-effectiveness paper).

Review Process

Titles of identified records were screened by one author (LR).
Papers not meeting eligibility criteria were excluded at this
stage, and abstracts of remaining papers were read by two
authors (LR and DM). Full texts of abstracts meeting eligibility
criteriawere reviewed, and data were extracted by LR. In case
of ambiguity, studies were discussed and agreed upon with
coauthor AU.

Data Extraction

Study Characteristics

A standardized data extraction form was developed to collect
information about study design, assessment time points, primary
outcomes measures, participant characteristics, intervention and
control conditions, intervention adherence, study findings, and
attrition rates.
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Study findings were categorized into whether the intervention
group had a statistically significant improvement (yes or no)
on the primary outcomes at the postintervention assessment
compared with the control group.

Digital Features of | nternet-Supported
Mindfulness-Based | nterventions

Reporting on digital features was guided by a coding scheme
devel oped by Webb and colleagues for Web-based interventions
[22], and the features described in the studi es have been included
in this review. These features were divided into six main
categories. (1) delivery mode, (2) navigational format, (3)
automated communication, (4) additional material (eg, ebook,
video, or audio files), (5) other features (eg, book or hard copy
of intervention), and (6) level of facilitator involvement. Onthe
basis of the information reported in the included studies, the
delivery mode was further divided into Web-based,
videoconference, and email-based. Navigational format was
defined astunneled (theintervention could only be experienced
in a predetermined order, and modules, sessions, or Web pages
could not be skipped) or flexible (the content of theintervention
could be accessed according to the user’s preference, and
modules, sessions, or Web pages could be skipped) [23].
Automated communication was divided into email reminders
and follow-up messages to encourage participation. Facilitator
involvement can vary substantially across interventions
[8,24,25]; therefore, the level of involvement was summarized
using criteriasimilar to those of another review [8]: interventions
without any facilitator involvement were categorized as none
(self-guided); interventions where facilitators were only
providing reminders, links to modules, encouragement, and
answering logistical questions were categorized as having low
facilitator involvement; mediumfacilitator involvement referred
to the provision of feedback on homework for mastering
mindfulness skills; and high level of facilitator involvement
referred to the provision of intervention in person.

Internal and External Validity I ndicators

Glasgow and colleagues devel oped aframework to evaluate the
degree to which behavioral interventions reported on efficacy
(internal validity) and generalizability to other settings and
populations (external validity) [26]. More specifically, the
framework focuses on the reporting of the following five
dimensions. (1) the reach into the target population and
representativeness of the study sample; (2) efficacy or
effectiveness of the intervention on primary outcome(s) tested
under either restricted or controlled or real-world conditions,
quality of life, and avoidance of unintended or negative
consequences, (3) adoption rates of organizations and staff that
would use the intervention and the characteristics of those
organizations and staff; (4) implementation of the intervention
asintended; and (5) maintenance of the effects at theindividual
level and sustainability of the intervention at an organizational
or delivery level (RE-AIM: reach, efficacy/effectiveness,
adoption, implementation, maintenance). The RE-AIM
framework has been used to review the literature in diverse
health areas, such as physical activity during pregnancy [27] or
among family caregivers [28], self-management programs for
diabetes [29,30], and health literacy interventions [31].
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Thedegreeto which internal and external validity were reported
was recorded using a 21-item validated data extraction tool
capturing the five dimensions of the RE-AIM framework [32].
Each dimension comprises specific indicators that were rated
ascriteriamet (yes) or not met (no) and had equal weight. Each
indicator reported was given a score of 1 (see Multimedia
Appendix 1).

Reach

The following information addressing the internal validity of
each study was coded: methods used to identify the target
population and itsinclusion and exclusion criteria. Thefollowing
indicators addressed external validity: the number of individuals
who agreed to participate compared with the total number of
eligible participants (participation rate) and the characteristics
of participants  compared with nonparticipants
(representativeness).

Efficacy/Effectiveness

Efficacy studiesinvestigate the effects of an intervention under
highly controlled conditions with a homogenous patient
population enrolled using strict inclusion and exclusion criteria
[33]. Effectiveness or pragmatic studies examine interventions
under conditions similar to real-world practice, such asroutine
clinical settings, with more heterogeneous patient popul ations.
Effectiveness studies may also use arandomized controlled trial
(RCT) design; however, theintervention is more often compared
with usual care [33]. The efficacy/effectiveness dimension is
also composed of indicators strongly associated with internal
validity such as changesin primary outcomes and the proportion
of participantslost at follow-up (attrition rate). Other indicators
include the type of analysis conducted (ie, intention-to-treat or
completer analysis) and measures of quality of life. We aso
examined if papers assessed changesin mindfulness scores and
proposed a potential mechanism of action for mediation or
moderation effects of these scores on the intervention [34]. For
example, did the strength of the relationship between the
intervention and the outcome vary according to participants
mindfulness scores (moderation effect of mindfulness)? Or,
does the intervention cause changes in mindfulness scores,
which inturn impact the outcome measures (mediation effect)?

Adoption

This dimension assessed the extent to which an intervention is
carried out at a staff and setting level. Papers were reviewed to
identify the degreeto which intervention settings were described
(eg, primary care, outpatient clinics, and online forums).
Additionally, methods to identify the staff who delivered the
intervention and their level of expertise were also coded.

I mplementation

The duration and frequency of the intervention, the extent to
which the protocol was delivered as intended (adherence rate),
and the cost of delivery were coded as indicators for the
implementation dimension.

M aintenance

Thisdimension, also ameasure of sustainability, was coded for
indicators reporting on assessments 6 or more months after the
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completion of the intervention, the level of maintenance of the
intervention, and the cost associated with this maintenance.

The quality of reporting on RE-AIM indicators was cal culated
for each study with a possible score ranging from 0 to 21.
Following criteriafrom previous RE-AIM reviews[31,35], the
reporting quality was categorized as high, moderate, or low for
studies scoring 15-21, 8-14, or less than 8, respectively.

Results

Review Process

A flow diagram of the selection process of the paper isprovided
in Figure 1.

The electronic database and external reference list searches
produced 691 records after removal of duplicates. Title screening
excluded 643 records leaving 48 abstracts that were examined,
with 14 selected for full review. Two papersreported on findings
from the same trial, one reported on the efficacy of the
intervention to improve physical and psychological outcomes
postintervention [36] and the other reported the 12-month
follow-up assessment [37]. Both papers were included, but the
methodol ogy and findings were presented as one study. Another
paper was a secondary analysis exploring the association of age,
sex, and cancer stage on patient-reported outcomes
postintervention [38]. This anaysis did not include a
comparative group and wastherefore excluded from thereview.
Two other studies met the inclusion criteria, but their
interventions combined two delivery modes (Web-based and
telephone-based), and outcome data were not reported by
delivery mode [39,40]. As effect size, attrition, and adherence
rates for the Web-based group were not available, these latter
studies were a so excluded.

In total, 11 papers reporting 10 studies were included in the
analysis.

Study Characteristics

Table 1 provides a description of the study design, Table 2
provides a description of the participant characteristics, and
Table 3 provides a description of the intervention and control
conditions and a summary of intervention adherence, attrition
rates, and overall outcome for each study.

Studies were published from 2008 and conducted in Sweden
(n=3) [43,44,49], Canada (n=2) [41,45], the United States (n=2)
[42,46], the Netherlands (n=1) [36], Ireland (n=1) [47], and
Germany (n=1) [48]. Out of these, 8 studies were RCTs
[36,42-45,47-49] and two were quasi-experimental designs
[41,46]. Most studies involved female participants with an
overall mean of 74.8%, ranging between 46.3% (150/324) [36]
and 98% (77/98) [42]. The overall mean age of participantswas
45 years (mean age range: 36-57.6 years). Three studies
comprised active comparison groups, including the same MBI
delivered in person [41], a Web-based behaviora activation
condition [44], and a progressive muscle relaxation program
[48]. Control conditions included attention control (n=1) [42],
online discussion forum (n=2) [43,49], psychoeducational
program (n=1) [47], wait-list (n=2) [41,45], or usual care (n=2)
[36,46]. One study involved two comparison groups [41].
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Figure 1. Flow diagram of the paper selection process.
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Chronic conditions examined in studies included chronic pain
(n=3) [41,47,49], fibromyalgia (n=1) [42], heart disease (n=1)
[36], cancer post-treatment (n=1) [45], anxiety disorder (n=1)
[43], major depressive disorder (n=1) [44], residual depressive
symptoms (n=1) [46], and psychosis (n=1) [48].

Primary outcome measures assessed pain or pain-related
concepts (eg, paininterference, pain catastrophizing, pain-coping
efficacy, and pain acceptance) in 4 studies [41,42,47,49];
depression in 3 studies [44,46,48]; distressin 2 studies[47,49];
and exercise capacity [36], anxiety [43], and mood disturbance
[45] inone study each. In addition, 5 studies did not distinguish
a primary outcome measure from their overall measures
[41,42,47-49], which included constructsrel ated to stress, affect,
and quality of life. Study duration ranged from 6 weeks[42,48]
to 12 months [36], with half of the studies including follow-up
assessments [36,43,44,46,47] that ranged from 10 weeks [46]
to 12 months [36]. Four studies assessed the participants
mindful ness scores [45-47,49].

Duration of the interventions ranged from 6 [42,47,48] to 10
weeks[41], with haf of theinterventions conducted for 8 weeks
[43-46,49]. Most studies demonstrated a benefit of the
internet-supported MBI compared with a control condition
[36,41-43,45,46,49]. However, in one study where the
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intervention was compared with two different conditions
(wait-list and face-to-face MBI) [41], the intervention and the
face-to-face MBI groups showed improvements in mental
health—related quality of life, pain catastrophizing, and usual
level of pain when compared with the wait-list group. No
significant difference was observed between the intervention
and face-to-face MBI groups. Similarly, 3 other studies
[44,47,48] did not observe any difference between the
intervention and control conditions, which were either active
[44,48] or psychoeducational [47] conditions. In one study, a
self-help manual about progressive muscle rel axation with audio
files was emailed to the participants. The program showed to
be as effective a improving depressive and
obsessive-compulsive symptoms in people with psychosis as
the MBI [48]. In another study, a pain management
psychoeducational program and an MBI, comparablein delivery
mode, structure, and time commitment, were both effective in
improving pain-related outcomes and subjective well-being in
people living with chronic pain [47]. In the third study, a
subgroup analysis found that the intervention, a Web-based
MBCT, worked better than the control condition among
participants with milder depression, whereas the control
condition, abehavioral activation program, had agreater effect
on people with severe depression [44].
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Adherence to the intervention was reported in 9 of the 10
studies, but the measure of adherence varied, from objective
measures, such as the number of diaries or questionnaires
completed, the number of Web-based clicks, or videoconference
sessions attended, to participant self-report. In addition,
adherence rate description was also varied, reported as either
the mean proportion of sessions completed, the proportion of
participants who completed all sessions or viewed all pages, or
those who completed at least half of the program. Table 4
describes how intervention adherence was measured and defined
in each study.

Attrition rates at postintervention follow-up ranged from 11%
[43] to 62% [46] in the intervention groups, whereas attrition

Table 1. Study design.

Russell et d

rates among the control conditions ranged between 0% [45,46]
and 49% [41].

Digital Featuresof the Interventions

Table 5 presents the main digital characteristics used in each
intervention. Eight of the ten studies maintained the structure
of in-person MBIsfrom which they were derived (ie, suggested
a sequence of sessions or modules and recommendations for
daily practice) [36,41-43,45-47,49]. However, the format was
modified to match the way the internet-delivered interventions
were typically applied, which resulted in briefer sessions and
shorter meditation practices. The following section describes
the digital features of each intervention based on their mode of
delivery.

Primary outcome measures

Reference Study design  Time points

Gardner-Nix et al, 2008 [41] QE? Pre, post

Davisand Zautra, 2013[42] RcTP Pre, daily for 6 weeks
Boettcher et a, 2014 [43] RCT Pre, post, 6-month follow-up
Ly et al, 2014 [44] RCT Pre, post, 6-month follow-up
Zernicke et al, 2014 [45] RCT Pre, post

Dimidjian et a, 2014[46] QE
(FU1), 6-month follow-up

(FU2)
Younge et a, 2015 [36]; RCT Pre, post, 12-month follow-up
Gotink et al, 2017 [37]
Dowd et al, 2015 [47] RCT Pre, post, 6-month follow-up
Moritz et al, 2015 [48] RCT Pre, post
Henriksson et al, 2016 [49] RCT Pre, post

Pre, post, 10-weeks follow-up

Physical and mental quality of life, pain catastrophizing, usual pain
level, and pain-related suffering

Pain and pain coping efficacy, positive and negative affect, social ac-
tivity engagement, loneliness, family stress, stress coping efficacy, and
family enjoyment

Anxiety
Depression
Mood disturbance®

Depression

Exercise capacity

Pain interference and distress

Paranoia, obsessive-compulsive disorder, depression, and psychic ex-
perience scale

Pain intensity, pain acceptance, interference or suffering caused by
pain, mindfulness, affective distress, life satisfaction, and life control

8QE: quasi-experimental.
BRCT: randomized controlled trial.

CPrimary outcome was feasibility, but sample size was cal culated with adequate power to reducing mood disturbance (secondary outcome).

Table 2. Participant characteristics.

Reference Participant condition Country Females, n (%)  Age, mean (SD or range)
Gardner-Nix et al, 2008 [41] Chronic pain Canada 162 (75.3) 52 (32-79)
Davis and Zautra, 2013 [42] Fibromyalgia United States 77 (98) 46.14 (22-81)
Boettcher et a, 2014 [43] Anxiety disorders Sweden 65 (71) 38(10.3)

Ly et a, 2014 [44] Major depressive disorder Sweden 57 (70) 36 (10.8)
Zernicke et al, 2014 [45] Cancer recovery Canada 45 (73) 57.6 (10.8)
Dimidjian et al, 2014 [46] Residual depressive symptoms  United States 146 (73.0) 47.4 (11.43)
Younge et al, 2015 [36]; Gotink et al, 2017 [37] Heart disease The Netherlands 150 (46.3) 43.2 (27.5)
Dowd et al, 2015 [47] Chronic pain Ireland 112 (90.3) 445 (12.3)
Moritz et al, 2015 [48] Psychosis Germany 52 (58) 37.7(9.7)
Henriksson et al, 2016 [49] Chronic pain Sweden 100 (93.5) 51 (9.3
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Table 3. Description of intervention and control conditions and summary of outcomes.
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Reference Control description  Intervention Outcomes
Type # of sessions, duration ~ Adherenceto intervention, Intervention group Attrition
in weeks (intention) n (%) improvement over (%)
controls
Gardner-Nix et al, Activecontrol on-  pBcpm?2 10 sessions per 10 NRP Yes (except for 19: 30:
2008 [41] site (C1) wait-list weeks physical quality of 1. 49;
(C2 lifeand pain-relat- - 19
ed suffering)®
Davisand Zautra,  Active control MSER® 12 modulesper 6weeks Completed all modules, 19  Yes (except for I:15; ct:
2013 [42] (health tips) (49) pain and negative 5
affect)
Boettcher et al, Active control MBI9 16 hours per 8 weeks  All exercises completed on  Yes I:11;
2014 [43] (discussion forum) average, 46% FuM: 22:
C: 4
Ly etal, 2014 [44] Activecontrol (be- \BCT'-inspired 8Weeks Full adherence, 32 (78) No, but after sub-  |: 12; FU:
havioral activation) group analysis: 17; C: 10;
I1>C for mild de- FU: 125
pression; C>I for
severe depression
Zernickeet al, Wait-list MBCRI 8 sessions per 8 weeks  Completed at least half the  Yes I: 27, C:
2014 [45] + 6 hoursonlinesilent  program (including retreat), 0
retreat 25(83)
Dimidjian et a, Usual care MBCT-inspired 8 sessions per 8 weeks Completed all 8 sessions, 42 Yes I: 62
2014 [46] (42) FU1: 65;
FU2: 73,
c.0
Youngeet al, 2015 Usual care MBSRK-inspired 12 weeks Completed at least half of  Yes I: 22; FU:
[36]; Gotink et a, the program, 115 (53.5) 26; C:
2017 [37] 16.5; FU:
22
Dowdeta, 2015 Psychoeducationa MBCT-inspired 12 sessionsper 6weeks Viewed all sessions, 17 (74) No I: 55; FU:
[47] 63; C: 40;
FU: 56
Moritz et al, 2015  Active control MBI 6 weeks Fully read the manual, 23  No I: 26; C:
[48] (progressive mus- (61) 31
cle relaxation)
Henriksson et al,  Activecontrol (on- MBSR-inspired 16 hours per 8weeks  Completed full program, 18 Yes I:35; C:
2016 [49] line forum) (50) 21

3\IBCPM: mindfulness-based chronic pain management.

BNR: not reported.

CGreater than wait-list, but not greater than onsite comparison group.

d: intervention.

eMSER: mindful socioemotional regulation.

fc: contral.

9MBI: mindfulness-based intervention.

PEy: follow-up.

'MBCT: mindfulness-based cognitive therapy.
JMBCR: mindfulness-based cancer recovery.
KMBSR: mindfulness-based stress reduction.
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Table 4. Study definitions of intervention adherence and adherence rates.

Russell et d

Reference Adherence defined as

Adherencerate

Gardner-Nix et al, 2008 [41] Not reported

Davis and Zautra, 2013 [42]
Boettcher et a, 2014 [43]
Dimidjian et al, 2014 [46]
Ly et al, 2014 [44]
Zernicke et al, 2014 [45]
Dowd et al, 2015 [47]
Moritz et al, 2015 [48]
Younge et a, 2015 [36]
Henriksson et al, 2016 [49]

Number of clicks

Self-report

Self-report
Self-report

Number of diaries completed®

At least one reflection emailed per week

Number of videoconference sessions attended

Number of assignments completed

Self-report and verified by user-logged data

Not reported

49% completed all modules

46% of the mindfulness exercises completed
42% completed all sessions

78% completed all sessions

83% completed at least half the program
74% viewed all sessions

61.5% fully read the manual

53% completed at least half of the program
50% completed the full program

3payment incentives for completing each diary.

Table 5. Digital features of internet-delivered mindful ness-based interventions.

Reference Delivery mode Navigational Automated communication Additional Nondigital Level of facilitator
format meaterial features involvement

Gardner-Nix et al, 2008 [41] Videoconference Tunneled N/AR CD N/A High

Davisand Zautra, 2013 [42]  Email-based Tunneled N/A Animations N/A Low
and audios

Boettcher et a, 2014 [43] Web-based Tunneled Follow-up email Videoand au- N/A None (self-guided)
dios

Dimidjian et al, 2014 [46] Web-based Flexible N/A Videos and N/A None (self-guided)
audios

Ly et al, 2014 [44] Web-based” Flexible N/A Audios N/A Medium

Zernicke et al, 2014 [45] Videoconference Tunneled N/A Videos, au- Program High
dios, headsets, manual
and webcam

Dowd et al, 2015 [47] Web-based Flexible Email reminders Videos and N/A None (self-guided)
audios

Moritz et al, 2015 [48] Email-based Flexible N/A Intervention  N/A None (self-guided)
manual (PDF)
and audiofiles

Younge et a, 2015 [36] Web-based Flexible Email reminders + follow-up  Videos and Mindful-  None (self-guided)

text message audios ness book

Henriksson et al, 2016 [49]  Web-based Flexible Email reminders + follow-ups  Videos and N/A None (self-guided)

audios

3N/A: not applicable.

bThe intervention was delivered through a mobile app for iPhone owners or through a mobile phone-based app for other mobile phones.

Web-Based | nterventions

Web-based interventions were the most common mode of
delivery with six interventions out of ten being accessible
through websites[36,43,44,46,47,49]. One of theseinterventions
was described as a mobile phone—based app [44], where the
i ntervention was accessible through participants maobile phones.
All six interventions offered meditation audio files and five
offered a flexible navigational format [36,44,46,47,49]. Email
reminders and follow-up messages were common features of
these interventions, with four studies using automated email
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functionality [36,43,47,49] and one using therapist-initiated
email [44]. Five of the 6 Web-based interventions were
self-guided.

Email-Based | nterventions

Two studies delivered the intervention via email, with one
allowing for a flexible navigational format [48] and the other
using a tunneled format [42]. In the former, participants were
emailed a link to download a 15-page manua and four audio
files providing instructions for meditation tasks. The study was
self-guided, and there was no interaction with participants for
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the duration of the study period (6 weeks). In the latter study,
participants were emailed one module of the intervention at a
time, following completion of a diary. The material in each
module was delivered via Adobe Presenter, which allowed
visual presentation of texts and animated pictures that
accompanied an audio recording of module content. Participants
were also provided with audio recordings of mindfulness
meditations and were encouraged to access the meditation daily.

Videoconference | ntervention

Two studies offered MBI through a videoconferencing mode
[41,45], which alowed for a synchronous delivery of the
intervention and most closely resembled in-person formats.

Both programs consisted of weekly 2-hour sessions and the
provision of meditation audio files. However, in one study [41],
the intervention took place at the participant’s local hospital,
whereas in the other study [45], participants accessed the
intervention from their home through a Web-based educational
platform that simulated avirtual classroom, where participants
could see, hear, and interact in real time with other group
members and the instructor. These two studies required a high
level of facilitator involvement.

Internal and External Validity I ndicators

Table 6 provides the proportion of internet-supported MBI
studies reporting on RE-AIM dimensions and indicators.

Reach

Reach was the second most reported dimension at 66%. Studies
consistently reported on the methodology for recruiting
participants. Some studies recruited participants from known
target populations, such as medical records [46], population
registries [45,47], or outpatient clinics [36,41,49], and others
employed a convenience sampling approach through the use of
media outreach with Web-based and/or newspaper
advertisements [42-45,48].

Inclusion and exclusion criteria were also regularly reported
with only one study providing minimal description [41]. Two
studies targeted mindful ness meditation—naive participantsand
specifically excluded individuals with previous experience
[43,45]. All studiesreported on sample size, which ranged from
53t0 324 with amedian of 99. Only 3 studiesout of 10 provided
information about participation rates [36,45,47], which were
31%, 36%, and 10%, respectively. None of the studiesindicated
the degree to which study samples were representative of a
wider population; however, one study compared the baseline
scores of the study sample on the mental component of a
health-related quality of life questionnaire (SF-36v2) with the
national population [41]. The menta health components
comprised vitality, role emotional, social functioning, and
mental health domains. These scores were 1.5 to 2 SDs below
the average values of the national (US) population.

Efficacy/Effectiveness

With an overall of 75% indicators reported, efficacy or
effectiveness was the most reported dimension across the
studies. Changes in primary outcomes and attrition were
described in all studies, but only half reported results of at least
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one follow-up [36,43,44,46,47], with 6-month follow-up being
most common. I ntention-to-treat analysiswas used by majority
of the studies (9 out of 10), one study reported on
present-at-follow-up data[41], and one study reported on both
intention-to-treat and completer analysis [36].

Most studies (n=7) reported on efficacy or effectiveness, with
two [43,45] reporting on efficacy and five on effectiveness
[36,41,42,48,49]. Six studies reported on quality of life or
potential negative outcomes [36,41,43,44,47,49]. Five studies
reported on interventions that improved participants’ quality of
life[41,43,44,47,49], and onefound no effect [36]. No negative
outcomes were reported.

Only four studies examined changes in mindfulness as a result
of their interventions. Of those, three studies reported an
improvement in participants mindfulness scores [45,46,49],
whereas one study reported a decrease [47].

Adoption

Adoption wastheleast reported dimension at 12%. Two studies
described the staff who delivered the intervention—a trained
research assistant [42], a study investigator, and a medical
secretary [36]. Two other studies provided thelevel of expertise
of the staff who délivered the intervention—a final year
masters-level psychology student [44] and aclinician specialized
in behavioral medicine with 15 years of experience in teaching
MBSR [45]. Studies did not report on the identification of staff
who delivered the intervention, inclusion and exclusion criteria
of the delivery agent, or the adoption rate of the delivery agent.

Three studies described the intervention location—Iocal
hospitals [41], an outpatient clinic [36], and a cancer center
[45]. Inclusion and exclusion criteria and adoption rate of
settings were not reported.

I mplementation

The mean proportion of reporting on implementation indicators
was 63%. Intervention duration and frequency were reported
by all studies. Nine out of ten studies reported on the extent to
which the protocol was delivered as intended, but the cost of
implementation was not reported in any study. Two studies
offered monetary incentivesto intervention partici pants by way
of a gift voucher at enrolment [46] or a payment per returned
diary [42].

M aintenance

Maintenance was the second least reported dimension at 17%.
Half of the studies reported on outcome assessments at 6 months
following the intervention.

Program-level maintenance and its associated costs were not
reported in any study.

Overall Quality of Reporting on RE-AIM Indicators

The average reporting score was 9.4 out of 21, with scores
ranging from 7 to 13. Two studies had low reporting quality,
both with a score of 7 [41,48], and the other studies had
moderate reporting quality with scores ranging from 8 [42,49]
to 13 [36]. No study had a high reporting quality.
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Table 6. Proportion of internet-delivered mindfulness-based intervention studies reporting on RE-AIM (reach, efficacy/effectiveness, adoption,

implementation, maintenance) dimensions and indicators (N=10).

Indicator

Studies reporting, n (%)

Reach

1 Method to identify target population

2 Inclusion criteria

3 Exclusion criteria

4 Participation rate

5 Representativeness

Average across reach indicators
Efficacy/effectiveness

6 Measures or results for at |east one follow-up

7 I ntent-to-treat analysis

8 Quiality-of-life or potential negative outcomes

9 Percent attrition

Average across efficacy/effectiveness indicators
Adoption

10 Description of the intervention location

11  Description of staff who delivered the intervention

12 Method to identify staff who delivered the intervention (target delivery agent)

13 Level of expertise of the delivery agent
14  Inclusion and exclusion of the delivery agent or setting
15 Adoption rate of the delivery agent or setting
Average across adoption indicators
Implementation
16 Intervention duration and frequency
17  Extent of the protocol delivered as intended
18 Measures of the cost of implementation
Average across implementation indicators

Maintenance

19  Assessed outcomes at 6 months or following post intervention

20 Indicators of program-level maintenance
21 Measures of the cost of maintenance

Average across maintenance indicators

10 (100)
10 (100)
9 (90)
3(30)
1(10)
6.6 (66)

5 (50)
9 (90)
6 (60)
10 (100)
7.5(75)

3(30)
2(20)
0(0)
2(20)
0(0)
0(0)
1.2 (12)

10 (100)
9 (90)
0(0)
6.3 (63)

5 (50)
0(0)
0(0)
1.7 (17)

Discussion

Principal Findings

Thisreview examined how digital features of internet-supported
MBIswere related to the evidence of efficacy and intervention
adherence and to which degree they informed capacity to
tranglate into usual care using the RE-AIM framework. Since
2008, ten studies have examined the effects of an
internet-delivered MBI on peoplewith achronic condition, with
half of these studies published between 2014 and 2016. Findings
indicated that internet-supported MBIs improved patient
functioning for most outcome measures and were generally
more effective than usual care or wait-list groups. Nevertheless,
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adherenceto interventionswasinconsi stently and poorly defined
and prevented robust comparison between studies. Self-guided
interventionsthat allowed for flexible navigation of the program
were as effective as facilitator-guided interventions, and more
women with a chronic condition participated in an
internet-supported MBI than men. This review also identified
a number of reporting gaps within the RE-AIM framework,
limiting the dissemination of internet-supported MBI research
findings into practice.

I ntervention Efficacy

Overall, internet-delivered MBlswere more effective than usual
care or wait-list groups but not more effective than an active
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condition. Thiswas demonstrated in three of the studiesincluded
in this review [44,47,48]. When an active control group was
similar to the intervention delivery mode, time commitment,
and attention, both the groups showed improved patient
outcomes. Thisis an observation common to RCTsin general,
where the type of control condition is known to affect study
outcomes [50]. The extent to which participants in the active
condition group were provided with a credible treatment
rationale may haveinfluenced their experience of that condition
by generating positive expectations for improvement [51]. An
intervention aiming to improve emotion-related outcomes using
a mindfulness-based program is likely to trigger positive
outcome expectations among individuals struggling to cope
with a chronic condition. A usua care or wait-list group that
serves as an untreated comparator would in those circumstances
be morelikely to experience a negative expectancy bias, which
may trandlate into poorer outcomes [52]. Interestingly, a
Web-based behaviora activation program was found to be more
effective for people with severe depression than its MBI
equivalent. The MBI was, however, more effective for
individuals with lower levels of depression than the behavioral
activation group [44]. As depressed individuals generally tend
to experience concentration difficulties, distractibility, and
problemswith effortful cognitive processes[53], the authors of
thelatter study suggested that interventions requiring substantial
cognitive functioning, such asattention control practicein MBI,
may not suit severely depressed participants. These findings
suggest that the use of an active comparator could help to discern
particular individual characteristics more sensitive to a
mindful ness-based program.

Intervention Adherence

Adherenceto theintervention wasinconsistently defined across
studies, which made comparison between studiesdifficult. This
issue has previously been reported in other Web-based MBI
reviews [6,7] and seems to endure across various types of
behavioral Web-based research [54,55]. Adherence was broadly
defined as the degree to which participants’ behavior followed
the recommendations from those delivering the program [56].
However, a single measure of adherence was not aways
appropriate for complex interventions, such as MBIs, which
combined multiple modalities including educational
components, meditation exercises, and mindfulness practice,
to which participants may differentially adhere [55,56]. For
example, in a study assessing the efficacy of a mindfulness
manual delivered by email, adherence was defined as the extent
to which the manual was read by participants [48]. The
mindfulness program described in the manual contained an
introduction to the concept of mindfulness and an explanation
of how mindfulness can be practiced. In addition, a CD was
provided for meditation exercises. Although nearly two-thirds
of the participants reported having fully read the manual, it is
unclear to what extent forma and informa mindfulness
exerciseswere practiced. It isalso unclear whether participants
correctly understood the concept of mindfulness. However, it
is also important to note that behavior change prompted by
internet-based interventions may not require sustained or
in-depth engagement with the program, as some users may
require only a short period of intense engagement to initiate a
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habit or learn a skill, whereas others may need longer periods
and amore personalized approach [57]. Thismay partly explain
the incongruity between low-adherence rates and improved
outcome measures observed in this review (eg, [43,46]).
Participantswho deviated from the recommended MBI structure
may have still benefited from some aspects of the intervention.
Given the important role of each modality in MBIs (ie,
educational, informa practice, and meditation exercises),
reporting on a multimodal measurement of adherence would
provide an understanding of which aspects of MBI impact
effectiveness.

Gender Disparity

Findings from this review were informed mainly by female
participants (75%), which was slightly higher than those in
in-person MBI studies where the average number of female
participants was 71% [58]. Previous research showed that
Web-based health-seeking behavior was reported to differ by
gender, where women were more inclined to seek emotional
and social support and affirmation of their health-related beliefs
and men were interested mainly in health-related information
[59]. Given the centra focus of MBIs in health research is
emotion regulation, these interventions may intuitively have a
stronger appeal to women than to men. Gender differencesin
determinants and patterns of health behavior should be taken
into account at the intervention design stage to accommodate
male and femal e preferences.

Digital Characteristics

The digital characteristics listed in this review reflected those
reported by theindividual studiesand were not exhaustive[8,9].
The majority of interventions were self-guided, delivered
through a Web or mobile app, and alowed for flexible
navigation of the program. Other features such as presentation
strategies, including page design principles, average amount of
text on pages, and the presence of hyperlinksto other resources
may not only further our understanding of featuresinfluencing
engagement and behavior change but aso improve the
reproducibility of the intervention in other contexts [60]. This
isparticularly relevant for interventionswith low to no facilitator
involvement, as the impact of the intervention relies primarily
on digital features. Features such as the provision of the same
information through various channels (text, audio, and video)
to accommodate individual learning preferences[61], automated
reminders to meditate, invitations to provide reflection on
personal practice, automated progression feedback, and arange
of meditation filesto choose from could optimize intervention
effects and inform learning preferences of different cohorts.

Internal and External Validity

This review used the RE-AIM framework to assess factors
potentially hindering the trandation of findings to clinical
practice. Recognizing the RCT and quasi-experimental nature
of the studies included, a focus on aspects related to internal
validity was observed. Most indicators of reach,
efficacy/effectiveness, and implementation were frequently
reported across studies. However, within these domains,
essential indicators of generalizability, sustainability, and
cost-effectiveness were rarely or never reported. For example,
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within the Reach domain, datarelated to the representativeness
of study population were seldom reported, asmost studiesfailed
to address denominators such as populations from which
settings, health professionals, and patients were drawn. The
absence of thisinformation hinders an analysis of the potential
representation of the sample with the general population [13].
It is recommended that future studies report beyond the
characteristics of study participants by comparing them with
those of people declining to participate. If the recruitment
process occurs in health care settings where patients are
individually introduced to the study, then characteristics of
people declining could be collected either directly from them
by explaining the importance of this information or from the
organization’s database [13]. For online recruitment processes,
existing databases such as population census data or national
health surveys can be used to compare participants demographic
characteristics to people in the same community [13].

Most studies reported whether the trial focused on efficacy or
effectiveness and, in general, reported on indicators pertaining
to these domains. The distinction between these two approaches
lay in the objective of the study. Efficacy (or explanatory)
studies aim to investigate, under strictly controlled conditions,
the difference between two treatments, whereas effectiveness
(or pragmatic) studies investigate how an intervention faresin
real world settings [62]. Despite this theoretical difference, in
behavioral research, efficacy and effectiveness studies are
generaly conducted in real world settings such as university
teaching hospitals or community health clinics, involving actual
patients with real health problems being treated in real health
care services [52]. The type of real-world setting needs to be
described to allow adequate interpretation of study outcomes
and inform generalizability. Inthisregard, intervention location
selection, description, and adoption rates were rarely reported
indicators. In addition, although half the studies in this review
reported on follow-up outcome assessments at 6 months or
more, possible program adaptation and maintenance
requirements were never discussed. Reporting on factors
influencing intervention adoption and maintenance will help
inform resource allocation, potential for program dissemination,
and replication of interventions in other settings. Furthermore,
none of the studies reported on aspectsrelated to cost other than
for participatory incentives [42,46]. Dissemination plans need
to be informed by cost incurred at both organizational and
individual levels. Understanding cost incurred by recruitment
(eg, staff qualifications needed to recruit participants),
technol ogy, and program adaptation and maintenance (eg, fixing
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technical problems) will help organizations adequately evaluate
dissemination opportunities. Furthermore, knowing about
program data usage and the type of service plans and digital
devices best suited for the program will inform future cost to
participants, which will have an impact on reach and
effectiveness of theintervention [60]. Hence, future RCTs need
to report resources needed to conduct the study, as insight into
financial consequences will have practical implications for
dissemination.

Of notewasthat lessthan half of the studies used amindfulness
measure. Thisis, however, similar to in-person MBI research
where mindful ness outcomes were assessed in only 45% of the
studies [63]. In this review, studies did not propose a clear
potential mechanism of action for mindfulness[34]. The extent
to which mindfulnessinfluencesintervention outcomesremains
unclear. To understand the mechanistic role of MBIs, it is
suggested that studies consistently use mindfulness measures
and report related outcomes within a proposed theoretical
framework [64].

Limitations

This review has several limitations that need to be considered
when interpreting the results. First, data extraction was
conducted by a single reviewer, which may have introduced
some assessment hias. Second, digital characteristics described
inthisreview werelimited by thetype of studiesand populations
included. Other study designs, such as pre-post studies, among,
for example, a general population may describe additional
features. Third, this review focused on the quality of reporting
across the RE-AIM framework, which is different from the
usua efficacy-based reviews that have a greater focus on the
internal quality of the studies by performing risk of bias
assessments [65]. However, two recent reviews of Web-based
MBIs that focused on efficacy found that the quality of most
studies was satisfactory and the interventions had a positive
effect size on patient-reported outcomes [6,7]. These reviews
both completed risk of bias assessments.

Conclusions

Findings from this review suggest that self-guided MBIs and
those with minimal facilitator involvement can help aleviate
the psychol ogical burden associated with chronic disease. Future
research isrecommended to compare thesetypes of interventions
with other more established evidence-based therapiesto identify
the population groups that would benefit most from
internet-supported MBIs.
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FU: follow-up

I: intervention

MBI: mindfulness-based intervention

MBCPM: mindfulness-based chronic pain management

MBCT: mindfulness-based cognitive therapy

MBCR: mindfulness-based cancer recovery

MBSR: mindfulness-based stress reduction

MSER: mindful socioemotional regulation

NR: not reported

PICOS: intervention, comparison, control, or comparator, outcome, and study type
QE: quasi-experimental

RCT: randomized controlled trial

RE-AIM: reach, efficacy/effectiveness, adoption, implementation, maintenance
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