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Abstract

Purpose This systematic review aims to summarize eHealth
studies with mindfulness- and relaxation-based interventions
for medical conditions and to determine whether eHealth in-
terventions have positive effects on health.

Method A comprehensive search of five databases was con-
ducted for all available studies from 1990 to 2015. Studies were
included if the intervention was mainly technology delivered
and included a mindfulness- or relaxation-based intervention
strategy and if patients with a medical condition were treated.
Treatment effects were summarized for different outcomes.
Results A total of 2383 records were identified, of which 17
studies with 1855 patients were included in this systematic
review. These studies were conducted in patients with irritable
bowel syndrome, chronic fatigue syndrome, cancer, chronic
pain, surgery, and hypertension. All but one study were deliv-
ered online through a web-based platform; one study delivered
the intervention with iPods. The studies indicate that
mindfulness- and relaxation-based eHealth interventions can
have positive effects on patients’ general health and psycholog-
ical well-being. No effects were found for stress or mindfulness.
Only five studies reported economic analyses of eHealth inter-
ventions without any clear conclusion.
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Conclusion There is some evidence that mindfulness- and
relaxation-based eHealth interventions for medical conditions
can have positive effects on health outcomes. Therefore, such
interventions might be a useful addition to standard medical
care. No app studies were retrieved, even though a vast num-
ber of smartphone apps exist which aim at increasing users’
health. Therefore, more studies investigating those health apps
are needed.
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Introduction

eHealth is defined by the World Health Organization (WHO)
as the use of information and communication technologies for
health [1]. The number of eHealth studies is increasing, and
eHealth interventions are effective at improving patients’
health [2]. One of the most important advantages of eHealth
is its high accessibility due to the well-established access to
the Internet by the majority of people worldwide, which also
allows remotely located people or those with reduced mobility
access to care [3]. Another advantage of eHealth interventions
is reduced healthcare costs, since relatively few economic and
personnel resources are needed for delivery compared to face-
to-face interventions [2]. eHealth interventions can use a va-
riety of intervention strategies to improve patients’ health,
such as education, feedback, exercise, and verbal support with
a therapist or other patients [4]. Changing patients’ cognition
and behavior can be regarded as the underlying working
mechanism for such interventions. In recent years, setting up
and maintaining an eHealth intervention were greatly facili-
tated due to technological advances like Web 2.0 [5].
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The mode of delivery and format of eHealth interven-
tions vary considerably. For instance, audio, video, or text
can convey educational information or various exercises,
while an eHealth intervention might incorporate contact
with a therapist (e.g., via e-mail, chat, telephone) or with
other users (e.g., via forum). Also, a variety of platforms
like PCs, tablets, or smartphones can be used to deliver an
eHealth intervention, making eHealth a broad topic with
numerous different definitions [6].

A considerable number of eHealth studies also incorporate
mindfulness- and relaxation-based intervention strategies. The
rationale for this might be the evidence of many studies with a
beneficial effect of mindfulness- and relaxation-based inter-
ventions in a face-to-face setting for patients with medical
conditions [7-10]. The practice of mindfulness is rooted in
Buddhist traditions [11] and has been implemented into
Western healthcare interventions, independent of a religious
and cultural context [12]. Mindfulness consists of intentional
attention in the present moment and an openness and accep-
tance towards this experience [13]. The non-judgmental expe-
rience of body sensations is often part of mindfulness inter-
ventions. It is hypothesized that this experience leads to in-
creased self-regulation and emotional, cognitive, and behav-
ioral flexibility [12]. The underlying mechanism is therefore
an adaptation to the present moment by reducing the impact of
wearing information through acceptance.

On the contrary, traditional relaxation interventions
such as progressive muscle relaxation [14] are rooted in
Western society and focus directly on relaxation by means
of exercises (e.g., progressive muscle relaxation) or imagina-
tion (e.g., guided imagery) [15]. The underlying mechanism is
a physiological response (e.g., decreased heart rate and blood
pressure) by body exercises or the manipulation of thoughts
[16, 17].

Despite those differences, both mindfulness practices
and relaxation methods elicit a relaxation response (i.e.,
decreased psychophysiological arousal) [15, 18]. These
similar responses are congruent with findings indicating
that mindfulness- and relaxation-based interventions are
effective in reducing distress in patients with hard-to-treat or
chronic medical conditions [19-21]. Mindfulness- and
relaxation-based interventions can also be delivered in meth-
odologically similar ways (e.g., multi-week and multimodal
clinical interventions) [22]. In addition, both kinds of in-
terventions are effectively used to increase patients’ self-
care [23, 24] and, compared to other stress-reducing in-
terventions such as biofeedback [25], no additional equip-
ment is required.

Mindfulness- and relaxation-based eHealth interventions
might be a good alternative or addition to face-to-face inter-
ventions for patients with high psychological burden, since
eHealth interventions are low threshold (i.e., patients do not
need to leave their home for the intervention) [26]. Therefore,
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eHealth interventions as an addition to standard care might be
particularly suited for patients with a high frequency of med-
ical visits or impaired mobility.

Two recent reviews [27, 28] summarized the effects of
mindfulness-based eHealth interventions, indicating that these
eHealth interventions can contribute to improve outcomes
such as stress, depression, and anxiety. However, both reviews
included studies with a large variety in the population, ranging
from healthy volunteers (i.e., mainly student population) to
patients with medical or psychological conditions. Patients
with medical conditions often suffer from increased rates of
depression, anxiety, and distress, as well as a reduced quality
of life [29-32]. Therefore, a focused perspective on eHealth
interventions for patients with medical conditions is advisable
to allow conclusions for such users.

To draw more conclusive findings for patients with medical
conditions, the aim of this systematic review was to summarize
the effectiveness of mindfulness- and relaxation-based eHealth
studies for patients with medical conditions. Since we were
interested in summarizing the effectiveness (i.e., effects in a
routine clinical setting) of mindfulness- and relaxation-based
interventions, we included studies which combine various
types of interventions.

Method
Eligibility Criteria

Studies were included if they conducted a pre- and post-
assessment of a health outcome of interest (general health,
depression or anxiety, stress, mindfulness, satisfaction with
the intervention, self-efficacy or self-care, pain or other
health-related outcomes) for an eHealth intervention in adult
patients with medical conditions (e.g., cancer, hypertension,
fibromyalgia). Studies were excluded if patients suffered sole-
ly from mental disorders (i.e., 10th revision of the
International Statistical Classification of Diseases and
Related Health Problems (ICD-10) diagnosis codes FO1-
F99), which also led to the exclusion of addiction or substance
abuse (ICD-10 diagnosis code F10-F19). Studies with pa-
tients suffering from disorders which could be considered ei-
ther a medical condition or a mental disorder (e.g., sleep dis-
orders: ICD-10 code F51 or G47) were excluded.

In each study, a mindfulness or relaxation intervention
strategy had to be a substantial part of the intervention
(see Table 1). Studies with various intervention strategies
(e.g., mindfulness meditation, relaxation, patient educa-
tion, and biofeedback) were only included if the ratio of
mindfulness or relaxation intervention strategy to the total
number of intervention strategies was at least 1 to 5.
Furthermore, the intervention had to be mainly technolo-
gy delivered. We considered an intervention as technology
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Table 1 Operationalization of
technology-delivered,
mindfulness- and relaxation-
based interventions

Technology-delivered
intervention

Mindfulness- and
relaxation-based intervention

The intervention must be accessed through an online-login (e.g., accessing a
web browser program) or smartphone app. Face-to-face meeting between
patients and study team is restricted to pre-, post-, and follow-up data
collection. Supplementary communication between patients and therapist
is restricted to face-to-face contact only once. Online, e-mail, or phone
contact is allowed if supplementary to the online intervention.

All interventions based on aspects of mindfulness and relaxation are
included. This means that standardized courses like mindfulness-based
stress reduction (MBSR) or mindfulness-based cognitive therapy
(MBCT) is included, as well as intervention based on other meditation
practices (e.g., metta meditation), mind-body awareness, and relaxation
techniques.

delivered if it was accessed via the internet or a smartphone
app, if face-to-face meetings between patients and the study
team were restricted to data collection, and if the contact
with a therapist was restricted to one face-to-face contact.
However, we included studies if they comprised online, e-mail,
or phone contact with the therapist as part of the intervention
(see Table 1).

The studies had to include at least pre- and post-
assessments of any kind of health-related outcome (e.g., qual-
ity of life, stress), but the design did not have to be controlled
(i.e., including a comparison group). We included all journal
publications published in any language between 1990 and
April 2015. The reason for this timeframe for inclusion is that
during the 1990s, the internet was established for public use
[6]. During the screening process, we excluded dissertations
due to limited access to unpublished work and a lack of clarity
regarding peer review.

Search Strategy and Study Selection

For the literature search, we used three databases in EBSCO
(PsycINFO, CINAHL, and AMED) and two additional data-
bases (EMBASE and Medline). We searched for the following
terms (full list of keywords in Appendix): “app or online
context” AND “mindfulness or relaxation” AND
“Intervention or rct or treatment.” For exclusion, the following
terms were used: “abuse or alcohol or addiction.”

Our team consisted of four researchers, who were
trained with a screening manual for study inclusion. We
based the screening manual on previous systematic reviews
performed by our group and adapted it to the specific require-
ments (e.g., inclusion criteria, outcomes) for this systematic
review. Three researchers conducted the abstract screening
(JB, JoB, IM), and three researchers conducted the full-text
screening (JB, JoB, MM). After the literature search and after
the removal of duplicates, all abstracts were screened accord-
ing to a structured manual. Subsequently, the full texts of
included articles were screened using the same predefined
eligibility criteria.

Data Extraction

All researchers involved in the data extraction (JB, JoB, MM)
were trained using the extraction manual with five studies for
training purposes. During the training, we discussed the re-
sults and clarified any terminological ambiguity. After the
training, all studies were extracted in duplicate (JoB, MM)
and the extraction of data was done in Excel according to a
standardized extraction manual. In cases of disagreement re-
garding the extracted data, consensus was reached with a third
researcher (JB).

We extracted general information about the study (first au-
thor and publication year), data on patients (number of pa-
tients in intervention and control groups, inclusion and exclu-
sion criteria), intervention (mode of delivery, intervention
strategy, dose, and length of intervention), comparators, out-
comes, and study design.

For the extraction of intervention strategies, we prespecified
the following categories: mindfulness, relaxation, patient edu-
cation, biofeedback, cognitive intervention, exercise (including
Yoga, Tai Chi), imagination or visualization, and meditation
other than mindfulness.

As outcomes of interest, we prespecified the following
categories: general health (defined as measures assessing
physical functioning, disability or quality of life), depres-
sion or anxiety, stress, mindfulness, satisfaction with the
intervention, self-efficacy or self-care, pain, or other
health-related outcomes. The effectiveness of the eHealth
intervention was evaluated by a vote counting approach,
in which the number of studies with positive effects was
compared to the number of studies with negative effects
[33]. For randomized controlled trials (RCTs), a signifi-
cant effect was defined as superior effectiveness if the results
favored the intervention group. A non-significant effect was
defined as equal effectiveness. A significant effect was de-
fined as inferior effectiveness if the results favored the control
group. For pretest-posttest studies without a control group, a
significant change over time was considered a positive re-
sponse. Insignificant improvement over time was considered
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no response, and deterioration over time was considered a
negative response. p values lower than .05 were considered
significant. We report standardized mean differences between
groups which are either reported by the authors or derived
from information given in the publication by transformation
routines.

Quality Assessment

For the assessment of risk of bias, two researchers (JB, MM)
assessed the adequate random sequence generation (x = 0.70)
and allocation concealment (x = 0.86) for each study accord-
ing to Cochrane standards [33] in duplicate. In cases of dis-
agreement, consensus was reached in a discussion between
the two researchers. Blinding of the Cochrane Risk of Bias
Tool [33] was not rated, since blinding might be considered
inadequate according to Cochrane standards in all studies with
self-report measures, which is the gold standard in this type of
research. We did not assess completeness of outcome assess-
ment in a regular way, but we extracted the number of drop-
outs, which reflects the feasibility of the interventions. We
defined dropouts as the number of patients who were allocated
to the eHealth intervention or control group but did not com-
plete the post-treatment assessment.

For the assessment of the external validity of each study,
we used one item of the checklist by Downs and Black [34],
namely if the patients in the study were representative for the
entire patient population (i.e., patients comprise the entire
source population, an unselected sample of consecutive pa-
tients, or a random sample) (x = 0.61). Two researchers (JB,
MM) rated the items individually for each study. In cases of
disagreement, the same researchers reached consensus in a
discussion.

Data Synthesis

We pooled the findings of the studies according to the six
outcomes and stratified for the type of control condition (usual
care, waitlist vs. active control, attention control). The find-
ings were summarized in a vote counting approach, with all
non-significant findings being reported as a null effect, which
is a quite conservative approach. We used this approach since
the outcomes of the studies and the underlying medical con-
ditions vary substantially between studies and homogeneity in
effects cannot be expected in a pooled meta-analysis.

Results
Study Selection

Through the literature search, a total of 2703 records were
identified. After removal of 323 duplicates, titles and abstracts
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were screened in 2383 records. Subsequently, 2257 studies
were excluded because they did not match our inclusion
criteria. The full texts of the remaining 126 studies were
screened; of these, 109 did not meet our inclusion criteria.
Finally, a total of 17 studies met our inclusion criteria and were
included in this review (Fig. 1).

Study Characteristics

An overview of the 17 included studies [35-51] is presented in
Table 2. Three studies [41, 42, 51] were published between
2000 and 2005, a further three studies [38, 47, 50] were pub-
lished between 2006 and 2010, and 11 studies [35-37, 39, 40,
43-46, 48, 49] were published between 2011 and 2015.
Regarding the study designs, 15 studies [35, 3745, 47-51]
were randomized. One study [36] used a control group without
randomization, and one study [46] used a pretest-posttest de-
sign. Patients in the studies suffered from eight different med-
ical conditions. Five studies [35, 45, 47—49] conducted an
eHealth intervention for irritable bowel syndrome, three studies
[41, 44, 51] for headache, two studies [37, 39] for cancer, two
studies [38, 42] for chronic pain, two studies [40, 45] for fibro-
myalgia, one study [43] for surgery, and one study [50] for
hypertension. All but one study were delivered online (i.e.,
access through a web browser). One study [43] delivered the
eHealth intervention with iPods (i.e., relaxing music).

The study-specific characteristics are summarized in
Table 3. The included studies involved a total of 1855 patients,
with a range from 18 to 368 patients per study. The duration of
the eHealth interventions ranged from 10 days to 10 weeks.

Congruent with our inclusion criteria, all studies had at least
an intervention strategy consisting of mindfulness (11 studies
[35-37, 39, 40, 42, 45-49]) or relaxation (9 studies [36-39, 41,
43, 44, 50, 51]). Three of those studies [36, 37, 39] used both
mindfulness and relaxation intervention strategies. The major-
ity of studies included additionally patient education (14 studies
[35, 3742, 4449, 51]) or cognitive intervention (13 studies
[35, 3742, 44-49]) as an intervention strategy. Less common-
ly used intervention strategies were biofeedback [41, 50], other
meditation techniques than mindfulness [36, 37], and imagina-
tion or visualization [36, 39]. None of the studies used body
exercise as an intervention strategy. Furthermore, 11 studies
used additional intervention strategies which were not included
in our classification (e.g., exposure treatment, writing
exercises).

Except for one [43], all studies used more than one inter-
vention strategy according to our classification. Two studies
[37, 39] used six intervention strategies, ten studies [35, 36,
38, 40, 41, 44-48] used four intervention strategies, three
studies [42, 49, 51] used three intervention strategies, and
one study [50] used two intervention strategies.

The intervention strategies in the active control groups
were online chat forum [35], online symptom management
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Medline
1990 — 7 April 2015
930 citations

EBSCO (PsycINFO. CINAHL. AMED)
1990 — 7 April 2015
855 citations

EMBASE
1990 — 7 April 2015
1558 citations

T~ |

2383 non-duplicate
citations screened

Inclusion/exclusion
criteria applied

126 articles retrieved

Inclusion/exclusion
criteria applied

I 17 articles included

Fig. 1 PRISMA flow diagram

program [36], information via website [37], health tips [40],
online diary [41], online pain management with
psychoeducation [42], internet-delivered stress management
[48], and internet-delivered cognitive behavior therapy with
exposure [49].

Quality of Studies

Concerning the quality of the sequence generation, 11 studies
of the 15 RCTs [37-40, 42, 44, 45, 47-49, 51] had a low risk
of bias and four studies [35, 41, 43, 50] had an unclear risk of
bias. The allocation concealment was performed well in ten
studies [37, 40, 42, 44, 45, 47-51] with a low risk of bias, and
five studies [35, 38, 39, 41, 43] had an unclear risk of bias. In
12 studies [35, 37-39, 4245, 48-51], the subjects were rep-
resentative of the population; in four studies [36, 40, 41, 47],
they were not, and in one study [46], representativeness could
not be determined (see Table 4). The assessment of the risk of
bias items was not applicable for one study by Ljotsson et al.
[46], which was a pretest-posttest study without a control

group.

Effectiveness of Mindfulness-Related eHealth
Interventions

The most common outcome was general health, which was
assessed in 13 studies [36, 37, 39-41, 44-51] (see Table 5).
Depression or anxiety was assessed in 11 studies [37, 38,

/

2257 articles excluded
after title/abstract screening

8 articles excluded
during data extraction

101 articles excluded
after full text screen

Reasons:

- population (3 articles)

- intervention (3 articles)
- outcome (1 article)

- other reasons (1 article)

Reasons:

- population (45 articles)

- intervention (24 articles)
- outcome (2 articles)

- other reasons (30 articles)

40-43, 46-49, 51]. Pain was assessed in nine studies [38,
4044, 46, 47, 51]. Self-efficacy or self-care [38—40, 43,
447, stress [37, 48], and mindfulness [36, 42], and satisfaction
with the intervention [38, 39] were less commonly assessed.
Most studies used validated questionnaires for the assessment
of outcomes of interest (see Table 5). Exceptions were scales
developed by investigators or modified items [40] and diaries
[40, 44, 47, 51] which were used to complement
questionnaires.

Twelve of 13 studies with general health as outcome
were RCTs. Eight studies used an active control group, of
which five studies [40, 41, 45, 47, 48] reported superior
effectiveness of the eHealth intervention. One study re-
ported equal effectiveness [37] for the eHealth interven-
tion and control group, and two studies reported inferior
effectiveness of the eHealth intervention [36, 49] com-
pared to intervention strategies, which served as the most
beneficial active comparator in the study (meaning that
the eHealth intervention was considered as control condi-
tion). In the remaining four RCTs with general health,
patients in the control group received treatment as usual.
All four studies [39, 44, 50, 51] showed equal effective-
ness of eHealth interventions and control groups. One
study [46] used a pretest-posttest design indicating a pos-
itive response of the eHealth intervention.

Out of the 12 studies assessing depression or anxiety, seven
studies used an RCT design with an active control group. Two
studies [40, 47] reported superior effectiveness of eHealth
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Table 2 Overview of studies

reviewed Number of studies Study ID number
Year of publication
20002005 3 S7 [41], S8 [42], S17 [51]
2006-2010 3 S4 [48], S11 [47], S16 [50]
2011-2015 11 S1 [35], S2 [36], S3 [37], S5 [39], S6
[40], S9 [43], S10[44], S12 [45],S13
[48], S14 [46], S15 [49]
Study design
RCT or pragmatic randomized design 15 S1 [35], S3 [37], S4 [38], S5 [39], S6
[40], S7 [41], S8 [42], S9 [43], S10
[44], S11 [47], S12 [45], S13 [48],
S15 [49], S16 [50], S17 [51],
Controlled study 1 S2 [36]
Pre-post study 1 S14 [46]
Medical condition
Irritable bowel syndrome 5 S1 [35], S11 [47], S12 [45], S13 [48],
S15 [49]
Me/CFS 1 S2 [36]
Cancer 2 S3 [37], S5 [39]
Chronic pain 2 S4 [38], S8 [42]
Fibromyalgia 2 S6 [40], S12 [45]
Headache 3 S7 [41], S10 [44], S17 [51]
Surgery 1 S9 [43]
Hypertension 1 S16 [50]
Technology used for delivery
Web/online access 16 S1[35], S2 [36], S3 [37], S4 [38], S5
[39], S6 [40], S7 [41], S8 [42], S10
[44], S11 [47], S12 [45], S13 [48],
S14 [46], S15 [49], S16 [50], S17
[51]
Mobile app 0
Other 1 S9 [43]
Total sample size
<30 2 S2 [36], S16 [50]
30-50 S9 [43], S14 [46], S17 [51]
51-120 7 S1 [35], S3 [37], S4 [38], S6 [40], S7
[41], S11 [47], S12 [45]
>120 5 S5 [39], S8 [42], S10 [44], S13 [48],
S15 [49]

intervention. Four studies [37, 41, 42, 48] reported equal effec-
tiveness. One dismantling study [49] reported inferior effective-
ness of a mindfulness-based eHealth intervention if compared
to a more comprehensive online program. This can be consid-
ered the most promising treatment, since an effective treatment
component (i.e., exposure for irritable bowel syndrome pa-
tients) was added to an otherwise similar mindfulness-based
intervention. Four studies assessing depression [38, 43, 45,
51] used an RCT design with a treatment-as-usual control
group, of which one showed superior effectiveness [45] and
the remaining three showed equal effectiveness. One study
[46] used a pretest-posttest design without a control group
and showed a positive response.
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Out of the nine studies assessing pain, four studies used an
RCT design with an active control group. Two studies [41, 47]
showed superior effectiveness. The remaining two studies [40,
42] showed equal effectiveness. Four studies assessing pain
used an RCT design with treatment-as-usual control groups.
One study [51] showed superior effectiveness and the remain-
ing three studies [38, 43, 44] reported equal effectiveness. One
study [46] used a pretest-posttest design without a control
group and showed a positive response.

Out of the five studies assessing self-efficacy, one study
[40] used an RCT design with an active control group,
reporting superior effectiveness. Four studies assessing self-
efficacy used an RCT design with treatment-as-usual control
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Table 5 Pre- and post-test effects of eHealth interventions

Medical condition Outcome measures Effectiveness and effects Outcome-specific
effectiveness
S1 Andersson et al. [35]  Irritable bowel syndrome  Other outcome (GSRS-IBS) Group differences were found in favor of the n/a
eHealth intervention in IBS symptoms
d=17,p<.00).
S2 Arroll et al. [36] ME/CFS General health (MFI, CDC CFS), mindfulness ~ Group difference in favor of the control group General health: —
(MAAS) was found in the locus of control subscales Mindfulness: o

chance (d = 0.27, p < .01) and powerful
other (d = 0.16, p < .05), as well as in the
fatigue symptoms subscale sleeping
problems d = 0.17, p < .05).

No group differences were found in
multidimensional fatigue and mindfulness.

S3 Beatty et al. [37] Cancer General health (EORTC QLQ-C30), depression No group differences were found at post General health: o

or anxiety (DASS), stress (PSS-SR) treatment. Depression or anxiety: o
Stress: o

S4 Berman et al. [38] Chronic pain Depression or anxiety (CES-D 10; STAI-6), No group differences were found for pain Depression or anxiety: o

self-efficacy or self-care (PSEQ), pain (BPI) intensity, pain interference, self-efficacy, Self-efficacy or self-care: o
depression, and anxiety. Pain: o

S5 Carpenter et al. [39] Cancer General health (FACT-Breast), self-efficacy or  Group differences in favor of the eHealth General health: o

self-care (CBI, NMR) intervention were found in self-efficacy for ~Self-efficacy or self-care: +

coping with cancer (d = 0.60, p < .05) and
negative mood (d = 0.77, p < .05).

No significant differences were found in social
and functional well-being.

S6 Davis and Zautra [40] Fibromyalgia General health (perceived social relations), Group differences in favor of the eHealth General health: +
depression or anxiety (PANAS), self-efficacy intervention were found in social activity =~ Depression or anxiety: +
or self-care (assessment with 2 items), pain engagement (d = 0.24, p < .05), positive  Self-efficacy or self-care: +
(pain diary) affect (d = 0.36, p < .05), pain coping Pain: o

efficacy (d = 0.51, p < .01), and stress
coping efficacy (d = 0.25, p < .01).

No group differences were found for pain,
negative affect, and family stress.

S7 Devineni and Headache General health (HDI), depression or anxiety The authors combined all active treatments in ~ General health: +
Blanchard [41] (CES-D, STAI), pain (HSQ) the study in one single intervention group  Depression or anxiety: o

(progressive muscle relaxation, cognitive ~ Pain: +
stress coping, autogenic training plus
progressive muscle relaxation). Group
differences in favor of the eHealth
intervention were found in headache
symptoms (d = 0.59, p < .01) and
headache disability (d = 0.54, p < .05).

No group differences were found in depression

and anxiety.
S8 Dowd et al. [42] Chronic pain Depression or anxiety (HADS), mindfulness No group differences were found in Depression or anxiety: o
(MAAS), pain (BPI) psychological distress, pain interference, Mindfulness: o
average pain intensity, and mindfulness. Pain: o
S9 Hansen [43] Surgery Depression or anxiety (SAI), self-efficacy or No group differences were found for anxiety, ~Depression or anxiety: o
self-care (GSE), pain (NRS) self-efficacy, and pain. Self-efficacy or self-care: o
Pain: o
S10 Kleiboer et al. [44] General health (MSQOL), self-efficacy or Group differences in favor of the eHealth General health: o
self-care (HMSE), pain (headache diary) intervention were found in migraine-related  Self-efficacy or self-care: +

self-efficacy (d = 0.86, p < .001), external Pain: o
locus of control (d = 0.78, p < .001), and
internal locus of control (d = 0.57,

p <.001).
No group differences were found in migraine
attacks.
S11 Ljotsson et al. [47] Irritable bowel syndrome ~ General health (IBS-QOL, Sheehan Disability ~ Group differences in favor of the eHealth General health: +
Scales), depression or anxiety (VSI, intervention were found in quality of life ~ Depression or anxiety: +
MADRS-S), pain (GI symptom diary) (d =0.93, p <.001), disability (d = 0.47, Pain: +

p < .001), depression (d = 0.43, p < .05),
gastrointestinal-specific anxiety (d = 0.64,
p < .001), and pain (d = 0.64, p < .001).
S12 Ljotsson et al. [45]  Irritable bowel syndrome ~ General health (IBS-QOL, Sheehan Disability ~ Group differences in favor of the eHealth General health: +
Scales), depression, or anxiety (VSI) intervention were found in quality of life ~ Depression or anxiety: +
(d =0.79, p = .001), symptom-induced
disability (d = 0.19, p = .04), and
gastrointestinal-specific anxiety (d = 0.73,

p=.03).
S13 Ljotsson et al. [48]  Trritable bowel syndrome ~ General health (IBS-QOL), depression or Group differences in favor of the eHealth General health: +
anxiety (VSI, HADS), stress (PSS) intervention were found in IBS-related Depression or anxiety: o/+

quality of life (d = 0.51, p < .001) and Stress: 0
gastrointestinal-specific anxiety (d = 0.33,
p <.001).
No group differences were found in perceived
stress, anxiety, and depression.

@ Springer
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Table 5 (continued)

Medical condition Outcome measures Effectiveness and effects Outcome-specific

effectiveness

S14 Ljotsson et al. [46]  Fibromyalgia General health (FIQ, SF-12, FFS), depression or  Fibromyalgia impact (d = 0.71, p < .001), General health: +
anxiety (HADS), pain (PDI, PIPS) pain disability (d = 0.62, p < .001), mental Depression or anxiety: +
quality of life (d = 0.63, p < .001), Pain: +
physical quality of life (d = 0.85,

p < .001), anxiety (d = 0.75, p < .001),
depression (d = 0.80, p < .001), fatigue
severity (d = 0.75, p < .001), and
psychological flexibility (d = 1.56,

p < .001) improved significantly from pre-
to post-test.

Group difference in favor of the control group General health: —
was found in gastrointestinal-specific Depression or anxiety: —
anxiety (d = 0.29, p < .001), IBS-related
quality of life (d = 0.26, p < .05), anxiety
(d=10.29, p < .001), and depression
(d =0.17, p < .05) (statistical model
included all time points (pre, post, and
follow-up)).

S15 Ljotsson et al. [49]  Irritable bowel syndrome  General health (IBS-QOL), depression, or

anxiety (VSI, HADS)

S16 Olsson et al. [50] Hypertension General health (SF-36) No group differences were found in General health: o
health-related quality of life.
S17 Strém et al. [51] Recurrent headache General health (HDI), depression or anxiety Group difference in favor of the control group General health: o

(BDI), pain (headache index) was found in pain (d = 0.51, p < .05). Depression or anxiety: o
No group differences were found in headache Pain: +
activity, headache disability, and

depression.

+ Superior effectiveness of eHealth intervention, o equal effectiveness, — inferior effectiveness of eHealth intervention, BDI Beck Depression Inventory,
BPI Brief Pain Inventory, CBI Cancer Behavior Inventory, CDC CFS Centers for Disease Control and Prevention CFS Symptom Inventory, CES-D
Center for Epidemiologic Studies Depression Scale, CES-D 10 Center for Epidemiologic Studies Short Depression Scale, DASS Depression Anxiety
Stress Scale, EORTC QLQ-C30 European Organisation for Research and Treatment of Cancer Quality of Life Core Questionnaire, FACT-Breast
Functional Assessment of Cancer Therapy-Breast, FFS Fatigue Severity Scale, F/Q Fibromyalgia Impact Questionnaire, GSE General Self-Efficacy
Scale, GSRS-IBS Gastrointestinal Symptom Rating Scale—IBS version, HADS Hospital Anxiety and Depression Scale, HDI Headache Disability
Inventory, HMSE Headache Management Self-Efficacy, HSQ Headache Symptom Questionnaire, /BS-QOL Trritable Bowel Syndrome Quality of
Life Instrument, MAAS Mindful Attention Awareness Scale, MADRS-S Montgomery Asberg Depression Rating Scale—Self report, MFI
Multidimensional Fatigue Inventory, MSQOL Migraine-Specific Quality of Life, NMR Negative Mood Regulation Scale, NRS Numeric Rating Scale,
PANAS Positive and Negative Affect Schedule, PDI pain disability index, PIPS Psychological Inflexibility in Pain Scale, PSEQ Pain Self-Efficacy
Questionnaire, PSS Perceived Stress Scale, PSS-SR Post-traumatic Stress Scale-Self Report, SA/ State Anxiety Inventory, SF-/2 Short Form-12 Health
Survey, SF-36 Short Form-36 Health Survey, STA/ State-Trait Anxiety Inventory, STAI-6 six-item State-Trait Anxiety Inventory, ViSI Visceral Sensitivity
Index

groups. Out of those studies, two [39, 44] reported superior
effectiveness and two studies [38, 43] reported equal
effectiveness.

Two studies [37, 48] with an RCT design using an active
control group assessed stress and reported equal effectiveness.
Similarly, two studies [36, 42] with an RCT design using
active control groups assessed mindfulness and reported equal

for the type of control group: inactive control groups (i.c.,
treatment as usual or wait list) or active control groups.

Discussion

effectiveness.

Patients’ satisfaction with the eHealth intervention was
assessed in two studies [38, 39]. In one study [38], the major-
ity of patients considered the intervention to be helpful, found
the intervention program easy to navigate, and would recom-
mend the intervention to others. In another study [39], global
satisfaction with the intervention was high and patients con-
sidered the interventions a good tool for their medical condi-
tion (breast cancer) and would recommend the intervention to
a friend with a similar diagnosis.

These results are summarized in Table 6, in which the ef-
fectiveness of mindfulness- and relaxation-based eHealth
interventions is listed for the outcomes of interest stratified

This systematic review found evidence that eHealth interven-
tions with mindfulness- or relaxation-based strategies might
be effective for increasing patients’ general health and well-
being. More than half of the studies reported positive effects
on general health (i.e., physical functioning, disability, quality
of life), depression, anxiety, or self-efficacy. Fewer studies
reported positive effects of eHealth interventions on pain,
and no study reported positive effects on stress or mindful-
ness. Overall, these findings are of clinical relevance since all
studies used eHealth interventions for difficult-to-treat or
chronic medical conditions. These patient populations are
particularly relevant for eHealth, for instance, due to their
mobility limitations.

@ Springer
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Table 6 Effectiveness of studies

with an inactive or active control vs. inactive control vs. active control Total
group

+ 0 - + 0 - +/0/—

General health 0 4 0 5 1 0 5/5/0

Depression or anxiety 1 3 0 3 2 0 4/5/0

Pain 1 3 0 2 2 0 3/5/0

Self-efficacy or self-care 2 2 0 1 0 0 3/2/0

Stress 0 0 0 0 2 0 0/2/0

Mindfulness 0 0 0 0 1 0 0/1/0

Study S2 [36] and S15 [49] were excluded since the eHealth intervention must be considered as control condition,
which was compared to an active comparator with a more comprehensive intervention strategy

+ superior effectiveness of eHealth intervention, o equal effectiveness, — inferior effectiveness of eHealth

intervention

Our findings are mainly congruent with the results of a
recent systematic review by Fish et al. [27] and a recent
meta-analysis by Spijkerman et al. [28], which summarized
the effects of mindfulness-based eHealth interventions. Fish
et al. [27] as well as Spijkerman et al. [28] found positive
effects of mindfulness-based eHealth interventions on anxiety
and depression. Also, our findings support the positive effects
of mindfulness-based eHealth interventions on well-being
similar to Spijkerman et al. [28]. In contrast to our findings,
Fish et al. [27] and Spijkerman et al. [28] also reported posi-
tive effects of eHealth interventions on stress and mindfulness.
This discrepancy might be explained by different study pop-
ulations. Our review included studies with patients, whereas in
the review of Fish et al. [27], the three studies with positive
effects on stress were conducted in healthy students [52-54].
Similarly, the four studies with positive effects on mindfulness
in the review by Fish et al. [27] were conducted in healthy
students [54—56] or in patients with recurrent depression [57]
and were therefore not included in our systematic review.
Similarly, in the review by Spijkerman et al. [28] with a total
of 15 included studies, the majority of studies on stress (7 of 9
studies) or mindfulness (6 of 10 studies) were conducted in
healthy subjects.

Compared to a face-to-face delivery of interventions, eHealth
interventions may have the disadvantage of neglecting the
potential of the therapeutic alliance, which is associated
with larger treatment effects in psychological interven-
tions [58, 59]. Current research indicates that eHealth in-
terventions with therapist involvement show comparable
effects to face-to-face interventions [60—62], but eHealth
interventions without therapist involvement have lower
effects [63]. So far, more patients prefer a face-to-face
delivery over internet delivery of an intervention [64],
which might change in the near future.

eHealth interventions have some advantages. First, cHealth
interventions are low-threshold since the intervention can be
accessed at home or on the move [26] and stigmatization due
to the blaming for using specific intervention might be

@ Springer

lowered [65]. Second, eHealth interventions can reach a lot
of patients since eHealth interventions can be conceptualized
without a dedicated therapist, which leads to a smaller limita-
tion regarding attendance of the intervention [65]. The flexi-
bility of such interventions is taken a step further with
mHealth interventions, which use mobile devices to deliver
an intervention [66]. Interestingly, only one study [43] deliv-
ered the intervention through a mobile device and no study
used an app-based intervention (i.e., delivery through a
smartphone).

Limitations

This review has a number of limitations. First, we did not
extract data on symptom reduction for each specific medical
condition, since the treatment response might largely differ
between health conditions. Nevertheless, such information
might be of importance to medical specialists in order to esti-
mate the effects of eHealth interventions for a specific medical
condition. However, the advantage of our approach is that our
predefined outcomes, such as general health and psychologi-
cal well-being, might allow comparisons across medical
conditions.

Second, we looked at adherence using the number of drop-
outs from time points of allocation to post-intervention
assessment. More precise indicators for adherence might
be the time spent using the eHealth intervention program
or the completion rate of intervention modules. However,
such information was only reported in a few studies [37,
40, 42, 47].

Third, mindfulness- and relaxation-based interventions are
treatments which can be part of more comprehensive treat-
ment approaches or being used as main intervention strategy.
For our systematic review, we used a pragmatic way for the
inclusion of studies: if the ratio of mindfulness or relaxation
intervention strategies to the total number of intervention strat-
egies was at least 1 to 5, we included the study. Therefore, we
might have excluded studies for this systematic review with
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related intervention strategies, but with a minor importance of
mindfulness and relaxation in the overall program. The
aforementioned systematic reviews by Spijkerman et al.
[28] and Fish et al. [27] summarize mindfulness-based
eHealth interventions from a slightly different angle, and
the included number of studies (Spijkerman N = 15, Fish
N =10, our review N = 17) and the content of the inter-
ventions differ substantially. As an example, the review
by Spijkerman et al. [28] included three studies [67—69]
with an internet-delivered acceptance and commitment
therapy (ACT) [70] for patients with a medical condi-
tion. These three studies were not included in the review
by Fish et al. [27] or in our review. We did not include
eHealth ACT studies per se since ACT is a form of be-
havioral psychotherapy which incorporates only singular
elements of mindfulness practices, for instance, cultivat-
ing a non-judgmental presence [71]. This example illus-
trates that the identification of mindfulness- and
relaxation-based eHealth intervention is difficult and, in
turn, a clear description of intervention strategies and
their relevance for the intervention at a glance would
be of help.

Fourth, we summarized the effectiveness of mindfulness-
and relaxation-based interventions and therefore included
studies which combine various types of interventions, includ-
ing mindfulness or relaxation. Hence, this summary provides
information about mindfulness- and relaxation-based eHealth
interventions in clinical relevant settings. However, due to the
multitude of intervention types, a conclusion about active
components of mindfulness- and relaxation-based interven-
tions cannot be drawn and should be addressed in efficacy
studies.

Fifth, we did not include gray literature in this systematic
review, which could lead to a biased summary of the effec-
tiveness of eHealth studies due to publication bias.

Recommendations for Future Research

The results regarding the effectiveness of eHealth studies were
heterogeneous, with some studies showing positive effects
across a variety of outcomes and some studies showing no
effect. This heterogeneity might be caused by differences in
the treatment dose between studies. One part of the treatment
dose is the practice of exercises by the patients. Meditation
and relaxation interventions are most effective when the exer-
cises are practiced regularly [72, 73]. Therefore, future re-
search should investigate adherence in greater detail and also
possible ways of increasing adherence to an eHealth
intervention.

We also recommend a more standardized assessment of
cost-effectiveness, which would allow a comprehensive eval-
uation about healthcare benefits of this new technology com-
pared to face-to-face interventions. Only five studies included

in this review estimated cost-effectiveness [35, 41, 45, 46, 51]
with different assessments, preventing a comprehensive eval-
uation of cost-effectiveness. The rationale to use eHealth in-
terventions is also based in economic reasons. Therefore, rig-
orous cost-effectiveness analyses of eHealth studies might be
needed to convince stakeholders to consider eHealth interven-
tions as an appropriate intervention strategy for medical care.

As mentioned in the results, mindfulness- and relaxation-
based eHealth studies often included oftentimes additional
intervention strategies. The most common were cognitive
and psychoeducation intervention strategies, which are in
and of themselves effective intervention strategies for var-
ious medical conditions [74]. This leads to the question of
whether mindfulness and relaxation intervention strategies
have an additional benefit in cognitive and psychoeducational
interventions, which should be addressed in upcoming dis-
mantling studies.

Also, the comparison to the recent reviews by Fish
et al. [27] and Spijkerman et al. [28] indicated that
mindfulness-based eHealth interventions showed positive
effects in stress and mindfulness in healthy subjects but
not in patients with medical conditions. However, this
difference might be the result of absent studies of patients
with medical conditions: only two studies included in our
review assessed stress [37, 48] and mindfulness [36, 42].
To determine whether patients with medical conditions
similarly benefit in stress and mindfulness outcomes from
mindfulness- and relaxation-based eHealth studies, such
outcomes should be investigated in upcoming studies. If
more studies about this topic are available, a formal meta-
analysis can be conducted to explore moderators (e.g.,
dose) and biases (e.g., study quality).

This systematic review was not able to summarize ev-
idence from mHealth studies which contradicts the vast
number of available mHealth apps. In 2015, more than
45,000 mHealth apps were published [75]. Therefore, fu-
ture studies should also use mHealth technology and as-
sess feasibility and effectiveness.

Conclusion

There is evidence that mindfulness- and relaxation-based
eHealth interventions for medical conditions can have
positive effects on general health, as well as depression
and anxiety. Therefore, eHealth interventions can be rec-
ommended as an addition to standard medical care, espe-
cially if the medical condition is linked with high psycho-
logical stress or burden and if patients’ access to face-to-
face interventions is limited.
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