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Abstract

Background: Mindfulness-based mobile apps have become popular tools for enhancing well-being in today’s fast-paced world.
Their ability to reduce geographical, financial, and social barriers makes them apromising alternative to traditional interventions.

Objective: As most available apps lack a theoretical framework, this review aimed to evaluate their effectiveness and assess
their quality. We expected to find small sample sizes, high dropout rates, and small effect sizesin the included studies.

Methods: A systematic literature search was conducted using Psyclnfo, PsycNet, PubMed, an institutional search engine
(u:search), and Google Scholar. Randomized controlled trials ng the impact of mobile mindfulness apps on well-being in
nonclinical sampleswereincluded. Study selection, risk of bias (using the version 2 of the Cochrane risk-of-biastool for randomized
trials), and reporting quality (using selected CONSORT [Consolidated Standards of Reporting Trials] statement criteria) assessments
were performed by 2 authors independently and discussed until a consensus was reached.

Results: The 28 included randomized controlled trials differed in well-being measures, apps, and intervention duration (7 to 56
days; median duration 28 days). A wide range of sample sizes (12 to 2282; median 161) and attrition rates (0% to 84.7%; median
rate 23.4%) were observed. Most studies (19/28, 68%) reported positive effects on at least one aspect of well-being. The effects
were presented using different metrics but were primarily small or small to medium in size. Overall risk of biaswas mostly high.

Conclusions: The wide range of sample sizes, attrition rates, and intervention periods and the variation in well-being measures
and mobile apps contributed to the limited comparability of the studies. Although most studies (16/28, 57%) reported small or
small to medium effects for at least one well-being outcome, this review demonstrates that the generalizability of the resultsis
limited. Further research is needed to obtain more consistent conclusions regarding the impact of mindfulness-based mobile apps
on well-being in nonclinical populations.

(J Med I nternet Res 2023;25:e44638) doi: 10.2196/44638
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past 2 decades [3]. Although there is not yet a clear definition
[4], an operational working definition describes mindfulness as
“the awareness that emerges through paying attention on
i i _ _ purpose, in the present moment, and nonjudgmentally to the
Mindful ness has its roots in Buddhism [1] and has become a  r¢olgi ng of experience moment by moment” [5]. By helping
popular field of research in psychology [2]. There hasbeenan  jniyiduals disengage from automatic thoughts, habits, and
exponential rise in mindfulness meditation research over the unhealthy behavior patterns, mindfulnessmay play animportant
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role in fostering behavioral regulation [6] and, thus, is believed
to promote well-being [7].

Well-being is acomplex construct consisting of several factors
[8]. As with mindfulness, there is no consensus definition, so
different well-being definitions include different descriptions,
components, and determinants [9]. In this review, we define
well-being not as the absence of illness but use the definition
by Diener [10] that incorporates positive and negative affect as
well aslife satisfaction and flourishing [11]. Many studies have
found that mindfulness-based interventions have a strong
influence on well-being [12] and are believed to improve mental
healthin clinical aswell asnonclinical populations[13,14]. The
term nonclinical refersto individuals in good health or whose
symptoms are below the threshold for mental disorders[15,16].

To date, thereisagreat body of research supporting the benefits
of widespread mindfulness-based interventions, such as
mindfulness-based stress reduction [17] and mindful ness-based
cognitive therapy [18]. These interventions are associated with
several beneficial effects, including reductionsin negative affect
and increases in positive affect and life satisfaction [13,14].
Nevertheless, some limitations to these programs also need to
be considered. Not only are they 8 weeks long, consist of
group-based interventions, and require up to 45 minutes of daily
home practice, but they are also expensive and may put
individuals in uncomfortable situations by having to expose
themselves[19,20]. All these are potential barriersto their use.

A possible solution to reduce these barriers is offered by the
booming field of mindfulness-based mobile apps (MBMAS)
[13,21], where mindfulness content is mostly delivered via
audio-guided meditation. MBMAS are more easily accessible,
diverse, flexible, dynamic, discreet, and cheaper than
conventional mindfulness-based interventions [22]. Owing to
their portable nature, interventions delivered via mobile phone
can reduce geographical, social, and financial barriers[23] and,
thus, have the potential to reach a wide range of people [24].
Even though the market for mindfulness meditation apps has
grown exponentially in the last few years [25], the theoretical
framework aimed at delivering such interventionslacks evidence
[22]. Only a small number have been scientifically proven to
be efficient in providing support for an increase in well-being
[25].

As mental health problems have become one of the leading
issues of today’s population, often leading to long-term disability
in the Western world [26,27], it is essential to offer convenient
services to prevent the emergence of disorders (for areview of
the effectiveness of prevention, see, eg, the study by Cuijpers
et a [28]). There are numerous reviews and meta-analyses that
deal with different disorders in clinical samples [29-31], but
only asmall share of the extant literature focuses on the potential
positive impact of MBMAs on well-being in nonclinical
samples. Although a recent meta-analysis [32] showed the
importance of mobile-based mindfulness interventions for
depressive, anxiety, and stress symptoms, this review fills the
gap in research on well-being outcomes. Available studies
suggest that short mindfulness meditations viasmartphone apps
are able to improve mental health in nonclinical populations
[24]. However, studies are often characterized by small sample
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sizes, sometimes because of high attrition rates (eg, Economides
etal [19] and Walsh et a [33]). In addition, studies use different
definitions and measures of well-being, making it hard to
compare the reported results. To our knowledge, no review to
date has provided a comprehensive overview of the studiesin
thisfield of research.

Objectives

Although smartphone apps may provide an easy and cheap
aternative to traditional mindfulness programs, caution is
advised as most available apps till lack evidence of
effectiveness[25]. Therefore, the primary goal of thissystematic
review was to provide an overview of the extant research on
the impact of MBMASs on well-being in nonclinical samples.
Furthermore, we aimed to critically examine the quality of
reporting and risk of biasin thisfield of research by applying
the version 2 of the Cochrane risk-of-bias tool for randomized
trials (RoB 2) [34] and aselection of CONSORT (Consolidated
Standards of Reporting Trials) statement [35] criteria. We
hypothesized that extant studies were characterized by small
sample sizes (hypothesis 1) and high attrition rates (hypothesis
2) and expected to find only small effect sizes (hypothesis 3)
[36] regarding well-being.

Methods

Search Strategy

The systematic literature search used the publicly available
databases Psyclnfo, PsycNet, and PubMed. In addition to these
databases, the search engine Google Scholar and an ingtitutional
search engine at the University of Vienna, u:search, were used.
The following search terms were used for all databases on
February 28, 2023: “mindful*” AND “well-being” OR
“wellbeing” OR “well being” AND “rct” OR “randomized
controlled trial” OR “randomise* control* trial” AND “app”
OR “mobile app” OR “apps’ OR “mobile device applications’
OR “mobileapps’ OR “smartphone” Theterm “mindful*” was
complemented with “mindfulness’ in u:search as the search
string with the former term retrieved no studiesthere. As several
relevant papers did not include the terms “mindfulness’ or
“well-being” inthetitle, it was al so decided to conduct searches
without these terms using the following alternative search string:
“well-being” OR “wellbeing” OR “well being” AND “rct” OR
“randomized controlled trial” OR “randomise* control* trial”
AND “app” OR “mobile app” OR “mobile” OR “apps’ OR
“mobile device applications’ OR “mobile apps’ OR
“smartphone” as well as “mindful*” AND “rct” OR
“randomized controlled trial” OR “randomise* control* trial”
AND “app” OR “mobile app” OR “mobile” OR “apps’ OR
“mobile device applications’ OR “mobile apps’ OR
“smartphone.” We conducted 5 searchesto increase the chances
of finding newly published papers.

Following the advice of one of thereviewers, afurther literature
search was performed on May 6, 2023, using individually
tailored search strategies for each database. To minimize
possible selection bias, validated filters [37-39] were used in
PubMed and PsycInfo for eligible study designs (randomized
controlled trials [RCT9]), and the outcome measure criterion
(see the following section) was only applied during screening.
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Thefinal search string for PubMed was “ (mindful*) AND (app
OR moabile app OR apps OR mobile device applications OR
mobile apps OR smartphone) AND (randomized controlled trial
[Publication Type] OR randomized[Title/Abstract] OR
placebo[ Title/Abstract]).” The final search term for Psyclnfo
was*“ (mindful*) AND (app OR mobile app OR apps OR mobile
device applications OR mobile apps OR smartphone) AND (TX
double-blind OR TX random: assigned OR TX control).” No
validated filter was available for PsycNet, which is why both
the study design criterion and the outcome measure criterion
were applied only during screening to minimize selection bias.
The final search term for PsycNet was “(mindful*) AND (app
OR moabile app OR apps OR mobile device applications OR
mobile apps OR smartphone).”

We searched for studiesin English and German, and only papers
in English turned out to meet the inclusion criteria (see the
following section). All relevant studies were included

Textbox 1. Predefined inclusion and exclusion criteria.
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independent of their publication date. In total, 2 studies were
retrieved by searching the referencelists of other relevant papers
and were also included as they met all the inclusion criteria.

Selection of Studies

The searchesin the databases, aswell asthe screening of titles,
abstracts, and full articles, were conducted by 2 authors
independently. After removing duplicates, thetitlesand abstracts
of al the remaining studies were screened for relevance, and
studies that did not meet the inclusion criteria were discarded.
The predefined inclusion criteria are presented in Textbox 1.
The remaining paperswere downloaded and carefully reviewed.
Both authorsindependently assessed the eligibility of the studies
by using the predefined inclusion and exclusion criteria
Uncertainties or disagreements were discussed between the 2
authors and with the third author of this study until a consensus
was reached.

Scientific field of interest
. Inclusion criteriac mindfulness

«  Exclusion criteria: no explicit investigation of mindfulness

Articletype

. Inclusion criteria: randomized controlled trial

«  Exclusion criteria: no randomization, less than at least 2 study arms, no control condition, and no specific manipulation of variables

Outcome measure

« Inclusion criteria: well-being (general well-being, positive affect, negative affect, life satisfaction, and flourishing)

«  Exclusion criteria: no standardized assessment of predefined aspects of well-being

How content was provided

« Inclusion criteria: smartphone app

«  Exclusion criteria: in person, websites, group interventions, educational literature, and podcasts

Population
. Inclusion criteria: nonclinical

« Exclusion criteria: clinical

Language
« Inclusion criteria: English or German

«  Exclusion criteria: every other language

Data ltems, Quality Assessment, and Coding of Studies

Thefollowing information was coded from theincluded studies:
population, sample size of the intervention and control groups,
and attrition rate after randomization. Furthermore, we coded
the apps used and control conditions, number of sessions,
duration of the sessions in minutes, total duration of the
interventions, well-being measures used, and stated effect sizes
reported. Intotal, 2 authorsindependently rated the risk of bias
using the Cochrane RoB 2 [34] and assessed the quality of
reporting using a selection of the CONSORT statement [35]
criteria. The RoB 2 alows for risk of bias ratings in the
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following aspects: randomization process, deviations from the
intended interventions, missing outcome data, measurement of
the outcome, selection of the reported result, and overall bias.
Each domain contains signaling questions that were answered
using the following response options. yes, probably yes,
probably no, no, and no information. After the authors
independently rated the single domains, the implemented
algorithm was used to decide on thefinal risk of bias, the scores
being low risk, some concerns, or high risk. In the case of
different results, assessmentswere discussed by the 2 ratersand
with the third author of this study until aconsensuswasreached.
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From the CONSORT statement criteria, we chose the most
informative and relevant points of the reporting quality of the
included RCTs, which wereidentification asarandomized trial
inthetitle; structured summary of trial design, methods, results,
and conclusions; specific objectives or hypotheses; eligibility
criteriafor participants; the interventions for each group, with
sufficient details to allow for replication, including how and
when they were actually administered; completely defined
prespecified primary and secondary outcome measures,
including how and when they were assessed; how the sample
size was determined; method used to generate the random
allocation sequence; type of randomization and details of any
restriction; who generated the random all ocation sequence, who
enrolled participants, and who assigned participants to
interventions; if done, who was blinded after assignment to
interventions; for each group, the number of participants who
wererandomly assigned, received intended treatment, and were
analyzed for the primary outcome; for each group, losses and
exclusions after randomization, together with reasons; a table
showing baseline demographic and clinical characteristics for
each group; for each primary and secondary outcome, theresults
for each group, the estimated effect size, and its precision;
results of any other analyses performed, including subgroup
analyses and adjusted analyses, distinguishing prespecified from
exploratory; trial limitations, addressing sources of potential
bias, imprecision, and multiplicity of analyses if relevant;

Schwartz et al

generalizability of the tria findings; interpretation consistent
with results, balancing benefits and harms, and considering
other relevant evidence; registration number and name of trial
registry; and where the full trial protocol could be accessed, if
available.

For the classification of the degree of fulfillment, 3 gradings
were used. The term stated means that sufficient information
was provided. Partly stated or partly given were used when
infformation was only partially available. For example,
Economides et al [19] mentioned their outcome measures but
did not differentiate between primary and secondary, only
fulfilling the associated CONSORT point to some extent. In
case of missing information, we settled for the term not stated.
Intherare cases of different results, assessmentswere discussed
by the 2 ratersand the third author of this study until aconsensus
was reached.

Results

Study Characteristics

A total of 28 studies were included in this review. The study
selection processis presented in aPRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flowchart
[40] in Figure 1. A detailed overview of theincluded studiesis
provided in Table 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study selection. The search results totaled
2613 in PubMed and >22,000 in Google Scholar. We screened thefirst 200 hitsin each of these databases, ranked by relevance. For the study that could
not be retrieved, the researcher was contacted viaemail but never answered. RCT: randomized controlled trial.
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Table 1. Information about the included studies (N=28)2.

Study Population App (number of  Control (number  Attritionrate  Number of Durationof Well-being  Reported effect sizes
participants) of participants)  after random-  sessions interven- scale (95% Clsif applicable)
ization until anddura-  tion

latest timeof  tion of ses-
assessment sionsin

(%) minutes
Bostock et Employees Headspace (128) Waitlist (110) 21.85° 45;10-20 8 weeks WEMWBSS Timexgroup interac-
a [41], tion: Well-being:
2019 Np2=0.037; Positive af-
o 2o
fect: np™=0.04
Carissoli et Pregnant ~ BenEssereMam-  Childbirthclass __d 20; freeto 4 weeks PWBE —
a [42], women ma (35) (43) choose
2017
Champion Genera Headspace (38)  Waitlist (36) 16.22f 30; 10-20 30 days SWLSY Cohen d=0.60 (0.08-
etd [43], population 1.12)
2018
Coelhoso  Femae Self-developed  Self-developed — gybf 36; 15 8 weeks WHO-5" Timexgroup interac-
eta [25], hospita mindfulnessapp  app, monitoring tion: n 2_0 047
2019 employees  (250) of perceptions P
(240)
Deadyetal Employees HeadGear (1128) Mood monitoring g1 36f 30; 5-10 30 days WHO-5 —
[44], 2022 app (1143)
Econo- General Headspace Heedspace (audio- g ggf 10; 10 1 month SPANE! Cohend=0.47 (-1.92to
mideseta population (mindfulness book; 82) 2.87)
[19], 2018 content; 87)
Fletteta  University Headspace(72) Evernote (75) 17.7° 857 10; 10 10 days Flourishing  After theintervention:
[24],2018 students and Smiling Scale Headspace: Hedges
Mind (63) g=0.08; Smiling Mind:
Hedges g=0.12. Fol-
low-up: Headspace:
Hedges g=0.01; Smil-
ing Mind: Hedges
g=-0.07
Fuller- Caregivers StressLess(73)  StressMonitor 37.16' Not report- 5 weeks PwI! Within-group: Base-
Tyszkiewicz (110) ed line—after the interven-
et a [45], tion: StressLess: Cohen
2020 d=0.135; StressMoni-
tor: Cohen d=0.428
(subjective well-being
worsened). After the
intervention—follow-up:
StresslL ess: Cohen
d=0.621; Emotional
well-being: Cohen
d=0.742
Ghanapra- Healthcare Foundations Waitlist (500) 10.78f 28; dura= 4 weeks SVEMWBS Cohen d=0.14 (0.05-
gasameta workers (502) tion not re- 0.22)
[46], 2023 ported
Hirshberg Schoolem- Heathy minds ~ Waitlist (320) 13.06" 10 4 weeks WHO-5 After the intervention:
etad [47], ployees program (346) lessons+14 Cohen d=0.42 (0.27-
2021 guided 0.58). Follow-up: Co-
medita- hen d=0.34 (0.19-0.49)
tions; 5-30
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Attrition rate
after random-
ization until
latest timeof  tion of ses-
assessment sionsin
(%) minutes

Study Population  App (number of

participants)

Control (number
of participants)

Number of Durationof Well-being
sessions interven- scale
anddura-  tion

Reported effect sizes
(95% Clsif applicable)

Generd
population

Howells et
a [22],
2016

Headspace (97)  Catch notes (list-

making app; 97)

10; 10 10 days SWLS,
Flourishing

Scale, and
PANAS

Timexgroup interac-
tion: SWLS:

np2=0.003; Flourishing:
Np2=0.006; Positive af-
fect: n,”=0.071; Nega-
tive affect: n,?=0.010

37.95: 37.63"

Keng et a
[48], 2022

Hedthcare Headspace (40) Lumosity (40) 1.25f 21; 10 3 weeks PWI After the intervention:
workers 2=0.03. Follow-up:
2=0.06

Levineta 4 weeks

[49], 2022

University
students

Stop, Breathe,
and Think (10)
Self-developed  Coping control
app (A" 58 (37)

and MOP (58)

Waitlist (13) 28; 1-10 Hedges g=0.52 (90%

Cl -0.31to0 1.41)

Positive affect: MA
versus MO: Hedges
0=0.46; MA versus
control: Hedgesg=0.71;
MO versus control:
Hedgesg=0.25. Momen-
tary positive affect: MA
versus MO: Hedges
0=0.41;, MA versus
control: Hedges g=0.66;
MO versus control:
Hedges g=0.25. Within-
group negative affect:
MA: Cohen d=0.40;
MO: Cohen d=0.36;
Control: Cohen d=0.12.
Within-group momen-
tary negative affect:
MA: Cohen d=0.38;
MO: Cohen d=0.41,
Control: Cohen d=0.24

30.43 MHC-SF™

Genera 2 weeks

population

Lindsay et
al [50],
2018

14; 20 State posi-
tiveand neg-
ative affect
(momentary
and diary as-
sessments)

20 5. ggf

Maketa  General Living With Living With 28;10-15 4 weeks WHO-5 Within-group after the

84.71f

[51], 2018

population

Heart MBPP
(739); Living

Heart cognitive
behavioral psy-
choeducation

intervention: MBP: Co-
hen d=0.31; SCP: Co-
hen d=0.40; Control:

With Heart SCPY

(748) Cohen d=0.36. Within-

group follow-up: MBP:
Cohen d=0.51; SCP:
Cohen d=0.40; Control:
Cohen d=0.38

program (795)

6 weeks PANASand —

WEMWBS

Noone and
Hogan
[52], 2018

University
students

Headspace mind-
fulness medita-
tion (43)

BioBase (130)

Headspace sham 51 ogf
meditation (48)

30; 10

Ponzo et al 4 weeks

[53], 2020

University 42:5 WEMWBS

students

Waitlist (132) Within-group after the
intervention: BioBase:
Cohen d=0.65; Waitlist:
Cohen d=0.15. Follow-
up: BioBase: Cohen
d=1.16; Waitlist: Cohen
d=0.38

53.1f
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Study Population  App (number of  Control (number  Attritionrate  Number of Durationof Well-being  Reported effect sizes
participants) of participants)  after random-  sessions interven- scale (95% Clsif applicable)
ization until anddura-  tion
latest time of  tion of ses-
assessment sionsin
(%) minutes
Robinson  Communi- Headspace (8) Waitlist (4) of 30; 10 30 days PANAS Within-group positive
[54], 2018 ty support affect: Headspace:
workers 1n2=0.181; Waitlist:
n?=0.614. Negative af-
fect: Headspace:
12=0.054; Waitlist:
n=0.54
Schulte- University ~ Balloon (50) Waitlist (49) 35.35/ 57,10 8 weeks LsS r]p2:0.032.
Fél?inzneg students Ti mexggoup interac-
Trautwein tion: np"=0.034
[55], 2021
Smithetal Employees Boosts (107) Waitlist (108) 21.4f 28; 6-9 4 weeks PANAS Within-group: Boosts:
[56], 2020 =.23 (-.36 to -.10);
Waitlist: B=-.12 (-.23
to-.01)
Tayloretal Hedthcare Headspace Moodzone(1087) 4g 53f 30; 10 30 days SWEMWBS After the intervention:
[57],2022 workers (1095) Hedges g=0.07. Fol-
low-up: Hedgesg=0.19
Thabrew et  Genera Whitu: seven Waitlist (45) s.gf Not report- 4 weeks SWEMWBS  Within-group: WHO-5:
a [58], population  waysin seven ed and WHO-5 2=0.05: WEMWBS:
2022 days (45) £-0.077
Vu [59], University  Pacifica(full in-  PecificaLite(20) 17 o7f 7; duration 1 week PANAS-SFS PANAS: Negative &f-
2018 (pilot  students tervention; 21) not report- and fect: np2=0. 12 Positive
stu ed
) PROMIS'  affect: n,%=0.01; Glob-
al mental health:
Np’=0.08. PROMIS:
Negative affect: Cohen
d=-0.94; Positive af-
fect: Cohen d=-0.60;
Global mental health:
Cohen d=0.38
Vu[59], University Pacifica(full in-  PacificaLite 24.76f 14; dura= 2 weeks PANAS-SF  Negative affect: Pacifi-
2018 students tervention; 140)  (138); waitlist tion not re- and caversus waitlist: Co-
(142) ported PROMIS hen d=-0.23; Pacifica

versus Lite: Cohen
d=-0.30; Lite versus
waitlist: Cohen d=0.07.
Positive affect: Pacifica
versus waitlist: Cohen
d=-0.07; Pacificaver-
sus Lite: Cohen
d=-0.02. Lite versus
waitlist: Cohen
d=-0.04. Global mental
health: Pacifica versus
waitlist: Cohen d=0.2;
Pacificaversus Lite:
Cohen d=0.11; Lite
versus waitlist: Cohen
d=0.11
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Study Population  App (number of  Control (number  Attritionrate  Number of Durationof Well-being  Reported effect sizes
participants) of participants)  after random-  sessions interven- scale (95% Clsif applicable)
ization until anddura-  tion
latest time of  tion of ses-
assessment sionsin
(%) minutes
Walsheta University Wildflowers(45) Mobile game 2037 (postin-  21; 10 3 weeks PWBSY Acceptance: r=0.15;
[33],2019 students “2048" (41) tervention Awareness: r=0.14;
measures); Olpenn&&Zf fr=0.26;
f Alerting effect:
ﬁ?éas;rgfte r=-0.05; Orienting ef-
fect: r=—0.05; Conflict
monitoring: r=0.15.
Timexgroup interac-
tion: Acceptance:
r=0.21; Awareness.
r=0.10; Openness:
r=-0.05; Alerting ef-
fect: r=0.15; Orienting
effect: r=0.15; Conflict
monitoring: r=—0.24
Xueta Emergency Headspace (74)  Waitlist (74) 35.14" 28; 10 4 weeks WEMWBS  Within-group after the
[60], 2022  department intervention:
staff Headspace: Cohen
d=0.56; Waitlist: Cohen
d=0.49. Follow-up:
Headspace: Cohen
d=0.48; Waitlist: Cohen
d=0.51
Yangetad Medica Headspace (45)  Waitlist (43) Not reported  30; 10-20 30 days GWBSY —
[61], 2018  students
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Study Population  App (number of  Control (number  Attritionrate  Number of Durationof Well-being  Reported effect sizes
participants) of participants)  after random-  sessions interven- scale (95% Clsif applicable)
ization until anddura-  tion
latest time of  tion of ses-
assessment sionsin
(%) minutes
Yooneta  Stressed InMind (22) Waitlist (23) 2.2of 28,20 4weeks  CO- Within-group base-
[62],2022 employees MoswBW line-after theinterven-

tion: Cohen d=0.54;
Baseline-follow-up:
Cohen d=0.51. After
the intervention—fol-
low-up: Cohen d=0.07,
Groupxtimeinteraction:
1n2=0.090

8 f not stated otherwise in the table, effect sizes are for between-group comparisons,

BAttrition rates as reported in the study.

“WEMWBS: Warwick-Edinburgh Mental Well-being Scale.

dNot available.

®PWB: the Italian version of the psychological well-being questionnaire.

FAttrition rates as calcul ated by the current authors (based on the reported numbersin the studies).

9SWLS: Satisfaction with Life Scale.

PWHO-5: World Health Organization 5-item Well-Being Index.
ISPANE: Scale of Positive and Negative Experience.

IPWI: Personal Wellbeing Index.

KSWEMWBS: Warwick-Edinburgh Mental Well-being Scale-Short Version.

IPANAS: Positive and Negative Affect Schedule.
MMHC-SF: Mental Health Continuum-Short Form.
"MA: monitor+accept.

OMO: monitor only.

PMBP: mindfulness-based program.

9SCP: self-compassion program.

'LSS: Questionnaire for the Assessment of Happiness (Lebensgliickskala in German; the study was conducted with German-speaking participants).

SPANAS-SF: Positive and Negative Affect Schedule-Short-Form.
'PROMIS: Pati ent-Reported Outcome Measurement Information System.
UPWBS: Psychological Wellbeing Scale.

YGWBS: Genera Well-Being Schedule.

WCOMOSWB: Concise Measure of Subjective Well-Being.

The included studies provided evidence for 18 different apps.
Intotal, 39% (11/28) of the studies used Headspace [63], which
was thus the single most used app. Other studies (17/28, 61%)
used the following apps: HeadGear [44]; Smiling Mind [24];
Healthy Minds program [47]; Stop, Breathe, and Think [49];
Living With Heart [51]; Balloon [55]; Pecifica[59]; Wildflowers
[33]; BioBase [53]; Whitu [58]; Foundations [46];
BenEssereMamma [42]; StressLess [45]; Boosts [56]; InMind
[62]; and 2 self-developed apps [25,50] (ie, apps that were
programmed for the study and are not commercialy available
in app stores). A total of 11% (3/28) of the studiesinvestigated
>1 intervention [24,50,51]. Although most apps conveyed
mindfulness content solely through audio-guided meditations
(eg, Economides et a [19]), including exercises such as the
body scan (eg, Mak et a [51]), breathing techniques, or the
practice of nonjudgment of emotions (eg, Flett et a [24]) with
the common goal of grounding awarenessin the present moment
[55], othersalso implemented educational audio or video lessons
aiming to explain the rationale of mindfulness (eg, Bostock et

https://www.jmir.org/2023/1/e44638

al [41] and Champion et a [43]). Theintervention periodslasted
from 1 week to amaximum of 8 weeks. The number of sessions
to be completed by the participants ranged from 7 to 57, with
aduration ranging from 1 to 30 minutes. In total, 4% (1/28) of
the studies did not state instructions on the number of sessions
to be completed or their duration [45].

For the assessment of well-being, various scaleswere used. The
most common was the World Health Organization 5-item
Well-Being Index [64], measuring general well-being. Other
scales used for the assessment of general well-being were the
Warwick-Edinburgh Mental Well-being Scale [65] as well as
its short version [66], the Psychological Wellbeing Scale [67],
the Petient-Reported Outcome M easurement I nformation System
[68], the Italian version of the Psychologica Wellbeing
guestionnaire [69], the Personal Wellbeing Index [70], the Scale
of Positive and Negative Experience [11], and the Concise
Measure of Subjective Well-Being [71]. In addition, some
studies (9/28, 32%) measured individual aspects of well-being
using the Positive and Negative Affect Schedule [72],
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Satisfaction with Life Scale [73], Questionnaire for the
Assessment of Happiness [74], and Flourishing Scale [11].

Concerning control conditions, 64% (18/28) of the studies did
not implement any active control conditions, meaning that
participants in the control groups did not complete any active
interventions. Thus, these waitlist control conditions did not
control for the digital placebo effect, which may lead to
improvements in mental health only because of downloading
and using an app [ 75]. Other studies used mobile apps that did
not offer mindfulness meditations (eg, Flett et a [24]),
educational programs (eg, Mak et a [51]), or mobile games
[33] as active control conditions.

Impact on Well-Being

The primary aim of this review was to investigate whether the
use of MBMAS has an impact on well-being in nonclinical
populations. In this regard, ambiguous results were found.

Substantial improvements in at least one aspect of well-being
were reported in 68% (19/28) of the RCTs
[19,22,25,33,41,43,45-48,50,51,53,56-60,62], indicating that
participating in the mobile mindfulness intervention enhanced
well-being. Although 7% (2/28) of the studiesfound significant
results for positive and negative affect [19,50], others
demonstrated changes solely inindividual aspects. For example,
Howellset a [22] reported increasesin positive affect, whereas
Vu [59] reported decreases in negative affect. Using the
Warwick-Edinburgh Mental Well-being Scale and its short
version, 21% (6/28) of the studies reported significant
improvements in mental well-being [41,46,53,57,58,60]. For
satisfaction with life, contradictory results were reported. Only
4% (1/28) of the studies reported a significant timexgroup
interaction [43]; effectswith other measures of satisfaction with
life in other studies did not reach significance [22,55]. There
were no significant changesin flourishing [22,24]. Finally, 18%
(5/28) of the RCTsreported no significant changesin well-being
outcomes at all [24,49,52,55,61].

Sample Size, Attrition Rates, and Size of Reported
Effects

We expected small sample sizes for our first hypothesis
(hypothesis 1). The total sample size before attrition ranged
from 12 [54] to 2282 [51], with a median of 161. Participants
were mostly evenly alocated to the intervention and control
groups (Table 1). A total of 68% (19/28) of the studies stated
how the sample size was determined, although not asingle RCT
used effect sizes of well-being measures in nonclinical
populationsin their calculations. Only 4% (1/28) of the studies
[58] used the effect sizes of well-being measures but taken out
of aclinical context and concerning web-based interventions.
Another study [48] based its sample size calculations on
meta-anal ytic results concerning web-based mindfulness-based
interventions [ 76]. However, it remained unclear whether this
involved well-being as an outcome of interest. In addition, the
meta-analysis examined web-based interventions rather than
mobile apps.

High attrition rates were expected for our second hypothesis
(hypothesis 2). We calculated dropout rates from 0% [54] to
84.7% [51], with a median of 23.4%. In total, 11% (3/28) of
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the studies showed discrepancies in the reported attrition rate
and the rate calculated by the authors of this review using the
reported numbers in these studies [22,24,50]. A total of 79%
(22/28) of the studies did not state their attrition rates. It isworth
noting that the highest attrition rate was observed for the largest
sample[51]. We cal culated amedian of 106 for thetotal sample
Size after attrition, with a minimum of 12 and a maximum of
894 participants. In line with the RoB 2 [34], a difference of
>5% in the attrition rates of the study arms was considered
substantial. Thiswas the case in 50% (14/28) of the studies. In
total, 39% (11/28) of the studies
[22,43,46,47,49,50,52,55,56,58,59] had significantly higher
attrition in the intervention arm, whereas 11% (3/28) of the
studies [19,41,45] had higher attrition in the control condition.
Intotal, 27% (3/11) of the studiesin the former group and 67%
(2/3) of thelatter studies concerned the app Headspace. A table
containing an overview of these differences in attrition rate is
provided in Table S1 in Multimedia Appendix 1
[19,22,24,25,33,41-62].

We expected to find small effect sizes regarding well-being
outcomes for our third hypothesis (hypothesis 3). To account
for the difference in reported effect size metrics, we decided to
summarize the effects according to widely used benchmarks
rather than their actual values (these are provided in Table 1)
to allow for better comparability. According to Cohen [36], a
Cohen d or Hedges g of 0.2 was classified asa small effect, 0.5
was classified as a medium effect, and 0.8 was classified as a

large effect; a Cohen f* of 0.02 was classified as a small effect,
0.15 was classified as amedium effect, and 0.35 was classified
as a large effect; a partial r]p2 [77] of 0.01 was classified as a
small effect, 0.06 was classified as a medium effect, and 0.14
was classified as a large effect; and a Pearson r of 0.1 was
classified as a small effect, 0.3 was classified as a medium
effect, and 0.5 was classified as alarge effect. According to the
benchmarksfor the standardized regression coefficient 3, effects
between .10 and .29 are classified as small, between .30 and
.49 are classified as medium, and effects of 2.5 are considered
large. A total of 39% (11/28) of the included studies reported
small effects [24,41,45,46,48,55-59,62], 29% (8/28) reported
small to medium effects [19,25,33,45,47,54,58,62], and 14%
(4/28) reported medium-sized effects [43,49,53,62]. In total,
29% (8/28) of the papers reported smal- as well as
medium-sized effects [22,45,50,51,53,59,60,62] depending on
the measured aspect of well-being. Only 11% (3/28) of the
studies reported large effects, namely on negative affect [59],
positive affect [54], and general well-being [53]. It is worth
mentioning that 4% (1/28) of the studies reporting the largest
effects [54] also had the smallest sample size of all theincluded
studies (n=12). A total of 14% (4/28) of the RCTsdid not report
any effect sizesat al [42,44,52,61].

Risk of Biasand Quality of Reporting

Overall risk of bias was high for 86% (24/28) of the studies,
and there were some concer ns for the remaining 14% (4/28) of
the studies (see Figure 2 for asummary of overall and individual
domain ratings; amore detailed overview is provided in Figure
S1in Multimedia Appendix 1). None of the studies received a
low overall risk of bias rating. Of the individual domains, the
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reporting of studies on the randomization process appeared to
be least problematic in comparison with the other domains and
most problematic concerning the domain of selection of the
reported result.

Detailed results on the ratings of the selected CONSORT
statement criteria are presented in Table S2 in Multimedia
Appendix 1. A summary isprovidedin Figure 3, which presents
the percentages of studies that met, partly met, or did not meet
each criterion. The 2 criteria that were met with the highest
frequency concerned the reporting of specific objectives or
hypotheses and the number of participants who were randomly
assigned, received the intended treatment, and were analyzed
for the primary outcome. The 2 criteria that were partly met
with the highest frequency concerned the reporting of detailed
results for each group in al primary and secondary outcomes
and losses and exclusions after randomization for each group.
The 2 criteria that were not met with the highest frequency
concerned the accessibility of full trial protocols and the
reporting on who generated the random allocation sequence,
who enrolled the participants, and who assigned the participants
totheinterventions. For 2 CONSORT statement criteria, namely
generalizability and interpretation, a summary through ssmple
percentages was not possible. Instead, Figure 4 provides an
overview of the most salient trial limitations and their degree
of fulfillment (all individual trial limitations are provided in
Table S2 in Multimedia Appendix 1).

Trial limitations, addressing sources of potentia bias;
imprecision; and, if relevant, multiplicity of analyses, are shown

Schwartz et al

in Figure 4. Examples of limited generalizability (external
validity and applicability) of the tria findings include the
selection of very specific samples (eg, university students
[52,55,59]). In addition, the small sample sizes contributed to
limited generalizability, especially when combined with high
attrition rates [19,49,55]. In total, 7% (2/28) of the studies
[43,61] interpreted (partially) not significant results (P>.05) as
significant. Therefore, the positive effects of practicing
mindful ness meditation on well-being were not fully supported
by their own data. In addition, another 25% (7/28) of the studies
[22,33,49,54,55,57,59] made broad and general statements about
the benefits of mindfulness meditation for well-being without
clear referenceto their exact results. However, the dataiindicated
either only statistical trends (P>.05) or benefits referring only
to specific aspects of well-being (eg, positive affect) instead of
its multiple aspects (ie, positive and negative affect, life
satisfaction, and flourishing) that were often measured in
tandem. Thisinterpretation problem was exacerbated by the use
of various definitions of the concept of well-being in the
included studies. Most definitions overlapped to alarge degree
with the definition of thisreview, with the scales used measuring
at least one of the aforementioned 4 aspects of well-being.
However, 4% (1/28) of the studies [55] used both life
satisfaction and perceived stress asindicators of well-being and
interpreted the significant results observed for perceived stress
(but not life satisfaction) as evidence of benefitsfor well-being.
Nevertheless, it is also worth mentioning that most studies
(22/28, 79%) did embed their findings adequately into the
previous literature.

Figure 2. Cochranerisk of bias summary of the included randomized controlled trials.
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Figure 3. Quadlity of reporting using selected CONSORT (Consolidated Standards of Reporting Trials) statement criteria. Regarding the criterion
“Results of any other analyses performed,” studies that did not perform any other analyses were excluded from this calculation.
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Figure4. Most salient trial limitations and their degree of fulfillment. Only 1 randomized controlled trial conducted sample size calculations based on
well-being effect sizes from previous research, but this effect size was taken out of a clinical context concerning web-based interventions.
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Discussion

Principal Findings

The aim of this systematic review was to examine the impact
of mindfulness-based mobile interventions on well-being in
nonclinical populations. We obtained evidence from 28 RCTs
on interventions that mostly consisted of audio-guided
meditations aimed at fostering present-moment awareness. Few
studies (6/28, 21%) also delivered audio or video lessons to
explain the rationale behind mindfulness. Most of the 28 RCTs
(19/28, 68%) reported significant improvements in well-being
even though the effect sizes were mostly small to medium and
the overall risk of bias was mostly high. In addition, a wide
range of sample sizes (12 to 2282) and attrition rates (0% to
84.7%) were observed. Taking these resultsinto consideration,
findings need to be interpreted with caution.

The highest attrition rate was observed in the largest sample
[51], drastically reducing the number of effective participants
in this study (349 vs 2282). The median total sample size after
attrition was 106 (12 to 894). A medium-sized effect (ie, Cohen
d or Hedges g of 0.5) requires a total sample size of at least
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approximately 100 participantsto achieve 80% analytical power;
a small effect (ie, Cohen d or Hedges g=0.2) requires
approximately 620 participants. Thus, our first hypothesis was
partly confirmed as only approximately half (14/28, 50%) of
the studies appeared to be adequately powered to detect the
medium-sized or even smaller effects that were of relevance
(seethefollowing paragraphs for amore detailed discussion of
the magnitude of the reported effects). In addition, it is worth
noting that sample size calculations, if conducted, were not
based on effect sizes regarding well-being measures in
nonclinical populations or concerning mobile apps but, rather,
were mostly related to depression (eg, Deady et al [44]), anxiety
[59], and stress (eg, Economides et a [19]). Meta-analyses of
web-based mindfulness-based interventions have reported
inconsistent effects on these outcomes, varying from small to
large [76]. Overal, this might have led researchers to expect
larger effects also on well-being. This, in turn, might have
increased therisk of studies being too underpowered to reliably
detect the mostly smaller effects on the well-being outcomes
that were of interest in this review.

In addition, attrition rates varied widely, with the lowest being
0% and the highest being 84.7%. We calculated a median of
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23.4%. Prior work hasreported attrition ratesfrom 50% to 60%
for research on electronic health care delivered viathe internet
[78] and an average attrition rate of 43.4% in mobile health
interventions delivered via smartphones [79] (for face-to-face
mindfulness interventions, attrition rates are approximately
19.1% on average [80]). This higher maximum and lower
average rates partly confirm our second hypothesis. However,
the study by Mak et a [51] illustrated that large sample sizes
may go hand in hand with high attrition rates nonethel ess, which
ultimately might lead to low study power. Thisfurther highlights
theimportance of treating the results of extant studies carefully.
Attrition rates further differed in half (14/28, 50%) of the
studies, with 39% (11/28) of the studies reporting significantly
higher attrition ratesin the intervention arm than in the control
condition and 11% (3/28) of the studiesreporting higher attrition
rates in the control condition than in the intervention arm. The
reasons for this differential attrition need to be investigated in
future research in more detail as this may indicate that either
the usability of the investigated apps may need improvement
or that users need to be made aware of unintended effects that
may prompt the discontinuation of using the app or engaging
in mindfulness practice. Context factors also need to be
considered in this case as differential attrition for the most
investigated app, Headspace, concerned both the intervention
and control groups in different studies. Attrition is a problem
for intervention research overall, but differential attrition seems
to be less of a problem for common, non—-mobile-based
mindfulness interventions [80].

Of the 28 included RCTs in this review, most (16/28, 57%)
found small or small to medium effect sizes for well-being
outcomes, which mostly confirmsour third hypothesis, inwhich
we expected small effect sizes. In this context, it is worth
mentioning that different aspects of the well-being construct
were measured in these studies and that effects were reported
also using different effect size metrics. Although some studies
(21/28, 75%) assessed general well-being, others measured only
individual aspects (positive or negative affect, life satisfaction,
and flourishing). The difference in the underlying definitions
of well-being as well as the variety of scales used to measure
the construct might have contributed to broad and sometimes
inexact interpretations. It is further worth mentioning that
nonclinical populationsin many studieslikely already had high
well-being baselines, making large improvements hard to
achieve and overall less likely. This may have contributed to
therelatively small effect sizesreported in theincluded studies.
However, in addition to the heterogeneity in the measured
outcomes, there were other factors that may limit the
comparability of the studies in this review to a larger degree.
Most studies (11/28, 39%) investigated the effects of Headspace;
however, in total, 18 different apps were used. Differences in
the interventions concerning the implemented number of
onsand their duration may further contributeto the limited
comparability of the investigated apps and generalizability of
the results. Finally, the observed differential attrition rates in
the included studies suggest that many of the reported effects
may be biased.
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Limitations and Future Research

Thisisthefirst systematic review of theimpact of MBMAson
well-being in nonclinical populations using RCT data and
focusing on the quality of reporting and risk of bias. However,
some limitations need to be mentioned. First, we did not address
study outcomes other than well-being, and the quality
assessment was applied to measures of well-being only. Future
studies may want to al so address other outcomes and investigate
the effects of MBMASs on these outcomes as well. In addition,
we would like to recommend that authors and researchers use
a consistent terminology for well-being in their studies. This
would enhance clarity and contribute to readers’ understanding
but would also increase the generaizability of the results.
Second, trait mindfulness could serve as an effect moderator of
mindfulness interventions [81], meaning that people with high
scores in mindfulness might benefit less than those with low
scores. Thus, future research could also perform meta-analytic
calculations using the data from the primary studies and
investigate baseline trait mindfulness as a possible effect
moderator. As the focus of this review lies on risk of bias and
reporting quality, we did not aim to provide meta-analytic
calculations ourselves. However, future meta-analyses would
aso be well advised to consider the possible effects of
dose-response relationships with the number of sessions and
their duration. This review provided evidence that the dose
varies widely in extant studies.

Thisreview provided evidence of relatively high attrition rates.
Future research should investigate the possible reasons for
attrition to implement appropriate actions to maintain higher
study participation. Future RCTs as well as reviews and
meta-analyses should also apply the Mobile App Rating Scale
[82] consistently over all apps used to enhance quality and
comparability. Moreover, research needs to address the issue
of which intervention elements might be the most effective or
may boost the effects of other intervention elements. Most of
the currently available studies include guided meditations but
differ with regard to other intervention elements (eg, whether
to provide atheoretical explanation and rational e for the effects
of mindfulness). As the number of sessions and their duration
vary widely, future studies should systematically test which
intervention duration provides the most effective support for
the promotion of well-being. Finally, using the criteria of the
CONSORT statement allowed for avery detailed and extensive
assessment of the quality of reporting of the included studies
in this review. Therefore, this approach is recommended also
for future research.

Smartphones and mobile apps are gaining popularity, and
therefore, their use has far-reaching consequences. This
systematic review is consistent with previous studies showing
positive but small effectsof MBMAson well-being. It provides
another important step in the booming field of mindfulness
research, striving to optimizethe usability and quality of mobile
mindfulness apps. Thisis especially important considering that
most peopl e today own asmartphone, making them morelikely
toincreasingly seek help through mobile apps. These have been
proven to be effectivein preventing mental health issues; hence,
this field of research is of high importance for a great number
of peoplein today’s fast-paced world.
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Conclusions well-being measures further limited extant studies
comparability and the generalizability of their results. Thus,
thesefindings emphasize that thereis still aneed for high-quality
research on mobile apps, which become more and more
important in today’s modern world where smartphones are an
essential component of everyday life. Even though mobile apps
are easily accessible to a large segment of the population as
well as cheap and discreet, more evidence is needed to reliably
evaluate their potential for enhancing users well-being.

This systematic review showed that some mobile mindfulness
i nterventions have a positive impact on well-being in nonclinical
populations in RCT data. Nevertheless, there was a large
variation in sample size and attrition rates, the effects were
predominantly of only small to medium size, and the overall
risk of bias was mostly high. Assessment of the quality of
reporting and risk of bias revealed a lack of a priori power
calculations and active control conditions. The use of different
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