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1  |  BACKGROUND

Bipolar disorders (BD) are chronic and usually recurrent major mood 
disorders with onset typically during adolescence and early adult-
hood, a lifetime prevalence estimated at 2.4%, and a course of disease 
that entails fluctuations between depressive and manic episodes.1 
Higher recurrences of mood episodes in BD have been related to re-
duced response and poor adherence to treatments, progressive neu-
roanatomic brain changes, and cognitive dysfunction; which, in turn, 
is associated with poor clinical course and functional impairment.2,3 
The recurrent, and sometimes progressive and severe nature of BD, 
along with high rates of morbidity and mortality,4 translates into an 
estimated 8 to 12 years shortened life expectancy,5 reduced quality 
of life, and substantial burden of disease, making BD one of the main 
causes of disability among young people.6,7

This recurrent illness course may be stabilized and overall prog-
nosis improved on appropriately selected prophylactic and main-
tenance pharmacological treatments, and adjunctive psychosocial 

interventions, which have proven effective in preventing mood re-
currences in BD,8 especially in the early course of the disease.9,10 
However, people with BD often lack insight about their symptoms 
and the need of treatment, especially in manic phases,11,12 and access 
to evidence-based psychosocial interventions for BD remains limited. 
In addition, common psychiatric clinical monitoring through routine 
medical visits mainly consists of periodic cross-sectional symptoms 
assessments that rely on self-reports, posing several limitations due 
to recall and confirmation bias and misinterpretations.13 Hence, more 
effective strategies for the clinical management of BD are imperative.

Advancements in digital technologies might hold potential solu-
tions to the above challenges. Nowadays, smartphones and wear-
ables can capture behavioral, cognitive, and mood information in an 
objective, continuous, passive, unobtrusive way,14 which is known 
as digital phenotyping.15 In the last 5 years, the use of smartphones 
and wearables in psychiatric research has become widespread and 
yielded promising results.16,17 BD represents the ideal diagnostic 
framework for digital phenotyping, as its biphasic nature overtly 
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Abstract
Background: The clinical effects of smartphone-based interventions for bipolar disor-
der (BD) have yet to be established.
Objectives: To examine the efficacy of smartphone-based interventions in BD and 
how the included studies reported user-engagement indicators.
Methods: We conducted a systematic search on January 24, 2022, in PubMed, Scopus, 
Embase, APA PsycINFO, and Web of Science. We used random-effects meta-analysis 
to calculate the standardized difference (Hedges’ g) in pre-post change scores be-
tween smartphone intervention and control conditions. The study was pre-registered 
with PROSPERO (CRD42021226668).
Results: The literature search identified 6034 studies. Thirteen articles fulfilled the 
selection criteria. We included seven RCTs and performed meta-analyses comparing 
the pre-post change in depressive and (hypo)manic symptom severity, functioning, 
quality of life, and perceived stress between smartphone interventions and control 
conditions. There was significant heterogeneity among studies and no meta-analysis 
reached statistical significance. Results were also inconclusive regarding affective re-
lapses and psychiatric readmissions. All studies reported positive user-engagement 
indicators.
Conclusion: We did not find evidence to support that smartphone interventions may 
reduce the severity of depressive or manic symptoms in BD. The high heterogeneity 
of studies supports the need for expert consensus to establish ideally how studies 
should be designed and the use of more sensitive outcomes, such as affective relapses 
and psychiatric hospitalizations, as well as the quantification of mood instability. The 
ISBD Big Data Task Force provides preliminary recommendations to reduce the het-
erogeneity and achieve more valid evidence in the field.
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translates into altered emotion, speech, and behavior.18 For instance, 
BD patients usually show overactivity, euphoria, racing thoughts, 
and increased self-esteem—during manic episodes—in contrast to 
low energy, depressed mood, inability to concentrate, and feelings 
of worthlessness—during depressive episodes.19

The foregoing biphasic alterations in motor, social and speech ac-
tivity can accurately reflect the mood state and their digital quantifi-
cation using smartphones has been precisely correlated to different 
mood states.20–22 Smartphones offer unique capabilities for real-time 
monitoring of depressive and manic symptoms through self-reported, 
as well as passively collected data—such as speech and activity—to 
detect and predict phase changes in BD rather than self-assessment 
data.23,24 Smartphones may even have the potential to provide early 
detection of prodromal symptoms between outpatient visits in BD.25,26

In addition to providing the afferent limb of assessment (through 
self-report or automatically collected data), smartphones have the 
ability to provide the efferent limb of intervention, which can, in turn, 
be optimally titrated through continuous feedback from digital pheno-
typing.27 Recent studies have shown that people with BD are generally 
predisposed toward smartphone-based interventions.28 Nevertheless, 
despite the huge number of smartphone interventions for BD already 
available in the Google Play and iOS stores, very few meet evidence-
based medicine quality standards.29,30 Smartphone interventions have 
already shown positive mild-to-moderate efficacy for treating depres-
sion,31 anxiety,32 and effectiveness in treating post-traumatic stress 
disorder (PTSD) symptoms.33 However, the clinical effects of smart-
phone interventions on BD have yet to be established.

Thus, our main aim was to examine the efficacy of smartphone-
based interventions in BD –including preventing mood episodes, reduc-
ing psychiatric admissions, (hypo)manic and/or depressive symptoms, 
and perceived stress, and/or increasing functioning and quality of life, 
both in randomized clinical trials (RCT) and observational studies.

As secondary aims, we sought to explore which aspects of smart-
phone interventions were associated with greater or lesser efficacy 
and effectiveness, to which subpopulations of people with BD, and 
how the included studies reported and measured user-engagement 
indicators (UEIs) for smartphone interventions.

2  |  METHODS

This systematic review and meta-analyses followed the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) statement for transparent and comprehensive reporting 
of methodology and results34 (Table S1). The study protocol was pre-
registered with PROSPERO (CRD42021226668).

2.1  |  Search strategy

We conducted a comprehensive systematic literature search to 
examine the efficacy and effectiveness of smartphone-based in-
terventions in BD. The first search was conducted on January 21, 

2021 and later updated on January 24, 2022. The search had no 
year or language restrictions and included the following databases: 
PubMed, Scopus, Embase, APA PsycINFO, and Web of Science. The 
search was limited to journal articles and conference proceedings. 
Librarians were consulted to ensure the comprehensiveness of the 
literature search. The search applied the PICO framework,35 using a 
range of relevant terms to capture all potentially eligible results re-
lating to smartphone mental health interventions for BD (Table S2).

2.2  |  Eligibility criteria

Eligible articles should (i) provide data on smartphone-based interven-
tions in patients diagnosed with BD—that could range from symptom 
monitoring (support-based app) to a wide range of active interven-
tions and could be delivered solely or in part via smartphone devices; 
(ii) provide at least one outcome on the efficacy or effectiveness of 
the intervention—including inter-group or pre-post (intra-group) com-
parisons on number of mood episodes, psychiatric admissions, or clini-
cal scales on (hypo)manic or depressive symptoms, functioning and 
patient-reported outcome measures (PROM) such as perceived stress, 
and quality of life. Post hoc analyses of the included studies were also 
included if they provided relevant information for the analyses that 
were not available in the original publication.

“Smartphones” were defined as mobile phones with 3G, 4G, or 5G 
Internet connectivity, along with the ability to download, install and 
run external applications (“apps”). Eligible studies included randomized 
controlled trials (RCTs) and observational studies. RCTs using either “in-
active” or “active” control groups were eligible for inclusion. “Inactive” 
control groups were classified as those in which participants received 
no intervention during the trial period (or were put into a waitlist until 
pre-and-post measures had been collected from both groups). “Active” 
control groups were categorized as those which attempted to control 
for the time and attention given to people in the smartphone inter-
vention condition, by using apps without therapeutic content (placebo-
app), in-person interventions, or other forms of activities or patient 
contact. No restrictions were placed on clinical or demographic charac-
teristics of eligible samples, except for a diagnosis of BD.

Exclusion criteria were (i) interventions not delivered through 
smartphones (e.g., exclusive phone calls, phone messaging, only 
SMS, or computer-delivered interventions); (ii) articles not directly 
concerned to mental health; (iii) reviews, meta-analyses, comments, 
and letters to the editor. The references of all full-text articles and 
relevant review articles were also searched for additional studies.

Two independent investigators judged article eligibility (GA and 
DHM), with any disagreements resolved through discussion by a 
third investigator (EV).

2.3  |  Data extraction

The relevant data from individual articles were extracted using 
a preconceived and standardized data extraction form. Two 
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researchers (GA and DHM) were involved in the data extraction pro-
cess. Information extracted included study characteristics (Table 1), 
smartphone-app/intervention details (Table  2), outcome measures 
on the efficacy or effectiveness of the intervention (Tables 3 and 4), 
and user-engagement indicators (UEIs) (Table 5). Relevant data una-
vailable in the articles were requested to the authors of the studies.

2.4  |  Quality assessment of the included studies

The quality of each manuscript included was independently assessed 
by two blind researchers (GA and DHM) and disagreements were re-
solved by consensus in a meeting with another researcher (EV). RCTs 
were assessed using the Cochrane Collaboration's Risk of Bias tool 
2 (RoB 2)36 (Figure S2). Observational studies were assessed using 
the National Institutes of Health (NIH) quality assessment tool for 
before-after (Pre-Post) study without control group37,38 (Table S3).

2.5  |  Statistical analyses

We conducted all analyses in R (R version 4.1.1),39 using a random-
effects model40 to account for between-study heterogeneity. We 
used the MetaNSUE package 2.441 to unbiasedly include studies that 
only report that the differences did not reach statistical significance.

The pre-post change scores in depressive and/or (hypo)manic 
symptom severity, perceived stress, functioning, and quality of life 
for smartphone intervention and control conditions were pooled to 
calculate the standardized difference between conditions as Hedge's 
g with 95% confidence intervals (CI). Heterogeneity between studies 
was examined using I2 statistics. A p-value of <0.05 was considered 
statistically significant, and Bonferroni correction for multiple test-
ing was applied.

3  |  RESULTS

The literature search identified 6034 studies (2670 after dupli-
cates were excluded). Of these, 13 articles fulfilled the selection 
criteria and were included in the qualitative synthesis. Five RCTs 
were included in the meta-analyses (Figure S1). The included stud-
ies consisted of (i) seven RCTs,42–47 (ii) three observational pre-post 
studies,48–50 and (iii) three post hoc pre-post analyses from the in-
cluded studies.51–53

3.1  |  Study quality

Five RCTs were at low risk of bias according to the RoB 2 tool 
(Figure S2). Six RCTs42–47 were single-blinded (for researchers con-
ducting outcome assessment) and one used a fully remote rand-
omized controlled crossover waitlist trial design. Two RCTs had 
some risk of bias: one because the scales used to measure affective 

symptoms were not specific,46 the other due to an entirely remote 
design (including self-reported diagnoses, scales, and waitlist bias).54 
All observational studies48–50 were of fair quality according to the 
NIH quality assessment tool (Table S3). Most quality concerns were 
related to blinding, lost to follow-up (and statistical analyses ac-
counting for it), and lack of multiple measures for outcomes.

3.2  |  Characteristics of the included studies

The characteristics of the included studies, including design, partici-
pants, diagnoses, and study length have been reported in Table 1.

Six RCTs42–47 were randomized single-blind trials, and one 
used a fully remote randomized controlled crossover waitlist trial 
design.54 Six RCTs included two arms (intervention vs. control 
groups)43–45,55 except for one that included three arms (one inter-
vention and two control groups: one active and one inactive).46 The 
RCTs included a total of 479 participants with BD (54.5% female; 
264 intervention group; 215 controls)—306 with BD type I (BD-I), 
64% of the total sample. Only one study did not report the type 
of the included participants with BD47 and another included partic-
ipants with self-reported diagnoses and was not accounted in the 
reported numbers.54 Three studies included patients with other di-
agnoses than BD,46,47,52,54 but only the data regarding patients with 
BD (Table 1) were used for the meta-analyses. The pooled mean age 
was 39.56 years. The duration of RCTs ranged from 10 weeks45 to 
9 months55 with a median of 25 weeks.12–26

The three observational studies included a total of 278 par-
ticipants with BD (60% female)—54 with BD-I (specified in two 
studies48,50). The duration of the studies ranged between 348 and 
6 months.49,50 The pooled mean age of participants was 38.70 years.

3.3  |  Type of intervention and smartphone-app 
characteristics

The characteristics of the intervention and the smartphone apps 
from each study have been summarized in Table 2.

Smartphone-based interventions ranged from (i) self-
monitoring (SM), including a feedback from the clinic42–44 or from 
the app only45—aimed at identifying prodromal symptoms for in-
tervention—to (ii) app-delivered personalized cognitive-behavioral 
therapy (CBT) plus SM46 or (iii) app-delivered interventions in-
cluding CBT, coping strategies, skills training, psychoeducation, 
medication reminders plus SM.47 Apps did not collect passive data 
except for two studies42,44 (including phone usage, social activity, 
physical activity, and mobility). Two apps included direct psycho-
education,47,54 four of them indirect psychoeducation through 
feedback loop42–44 or interventions based on symptoms or early 
warning signs,45 and one app did not provide psychoeducative 
feedback.46 Four apps included notifications. These were via SMS 
to engage patients in CBT interventions,46 to remember survey 
completion,45 or via app to prompt patients to perform the daily 
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evaluations42 or daily training.54 In three studies, participants 
were contacted by text message, phone call, or e-mail if there 
were signs of deterioration of depressive or manic symptoms.42–44 
The number of sessions per day ranged from one42–44 to three46,47 
with up to 11 items evaluated per session.45 Six RCTs offered the 
option to receive loaned phones, with only three allowing the use 
of personal phones also42,44,46 and four RCTs included economic 
compensations for participants45–47 ranging from 25$45 to 50$46 
per session/assessment, or the possibility to win up to 1000$ in 
lottery after completing assessments.54

Two of the included observational studies used a smartphone-
based psychoeducational program for bipolar disorder (SIMPLe) that 
included SM through ecological momentary assessments (EMA) and 
provided adapted psychoeducation through messages according to 
the clinical states, potential relapses, and risk situations. The first 
study was conducted with the original version (1.0),48 in a clinical 
setting, and the second study with the upgraded version (1.5)49 
that incorporated some features including medication reminders, 
personalized prodromal symptoms register, and gamification mod-
ules to enhance engagement. This second study was conducted in a 
web-based 100% online setting worldwide. The SIMPLe app did not 
collect passive data, included app notifications through reminders 
of pending tests (version 1.0) and additional medication reminders 
(version 1.5). Only one session per day was required with five items 
assessed. Only personal phones could be used and no economic 
compensation was offered. Another observational study50 used an 
app that included brief modules to provide self-management activi-
ties for managing everyday needs of individuals with BD. The app did 
not collect passive data and users received economic compensation 
for use.

3.4  |  Efficacy and effectiveness of smartphone-
based interventions

The outcomes on efficacy and effectiveness of smartphone-based 
interventions have been summarized in Table 3.

We performed seven meta-analyses including five RCTs com-
paring the pre-post change scores in depressive and (hypo)manic 
symptoms, functioning, quality of life, and perceived stress between 
smartphone interventions and control conditions (Table  4). There 
was considerable heterogeneity among studies and no meta-analysis 
reached statistical significance. Results were also inconclusive re-
garding affective relapses and psychiatric readmissions. However, a 
non-significant tendency toward better outcomes in the interven-
tion group was found in the meta-analyses for all variables except in 
the meta-analyses including participants with higher baseline affec-
tive symptoms (Figure 1).

Four smartphone-based interventions from the included RCT did 
not show efficacy in reducing depression outcomes,42–44,47 and three 
did: one study included only participants with BD in which the com-
parator was paper-and-pencil monitoring,45 another study measuring 
depressive outcomes with the brief psychiatric rating scale and only j (1
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TA B L E  2  Intervention/App characteristics

Author, year, location
App – Study 
reference Version Type of intervention Phone Notifications (Type) Psychoeducation (Type)

Collection of passive 
data (Type) Feedback

Sessions in a 
day

Number of items 
evaluated in a 
session Economic compensation

Randomized control trials

Faurholt -Jepsen et al.; 
2020, Denmark42

Monesnso system Upgraded (1) CBT+SMa

(2) Control smartphonea
Personal or 

loaned
Yesb Yes

(CBT modules including 
psychoeducation, 
cognitive restructuring, 
and rumination-focused 
CBT)

Yes (Phone usage, 
Social activity, 
Physical activity, 
Mobility)

Clinical and graphical feedback 
loop

1 10b No

Faurholt -Jepsen et al.; 
2019, Denmark44

Monesnso system 
(MONARCA II)

Upgraded (1) SMa

(2) Control smartphonea
Personal or 

loaned
Noc Not directly (but indirect 

feedback loop)
Yes (Phone usage, 

Social activity, 
Physical activity, 
Mobility)

Clinical and graphical feedback 
loop

1 10b Nod

Faurholt-Jepsen et al.; 
2015, Denmark43

Monesnso system 
(MONARCA I)

Original (1) SMa

(2) Control smartphonea
Loaned Noc Not directly (but indirect 

feedback loop)
No Clinical and graphical feedback 

loop
1 10b Nod

Depp et al.; 2019; US46 MOBITe Original (1) CBT + SMf

(2) SM onlyf

(3) TAU

Personal or 
loaned

Yes (SMSg) No (only in in-person 
sessions)

No Messages of personalized CBT 
intervention on maladaptative 
beliefs + Graphical feedback 
review

3h 2–5i Yes (50$ per session)

Depp et al.; 2015; US45 PRISMj Original (1) SMj

(2) Paper-and-pencil monitoring
Loaned Yes (SMSk) Not directly (indirect 

interventionsf)
No Graphical feedback on the mood 

course
2 11l Yes ($25 for each 

completed 
assessment)

Ben-Zeev et al.; 2018, 
US47

FOCUS Original (1) CBT, coping strategies, skills 
training, psychoeducation

+ Self-management + SMm

(2) Self-management + SMm

Loaned No Yes (through the 
interventions, 
specifically for the 
“sleep” and “medication” 
interventionsm

No Graphical feedback on symptoms 
course+Weekly calls from 
mHealth support specialist 
providing technical and clinical 
assistance

3 NR Yes (30$ per assessment)

Ben-Zeev et al.; 2021, 
US54

CORE Original (1) Cognitive training to reduce 
dysfunctional self-talk and 
increase resilienceq

(2) Waitlist (1-month) to receive 
app.

Personal Yesr Yes (about maladaptative 
beliefs)

No Users can endorse or discard 
statements, add their personal 
toolbox and access it anytime.

+
Graphical feedback is provided.

Daily training 
not 
quantified 
(total of 53 
modules)

NR Yes (possibility to win up 
to 1000$ in lottery 
after completing 
assessments)

Observational studies

Hidalgo-Mazzei et al.; 
2018, Spain49

SIMPLen 1.5 (Updated) Smartphone-based 
psychoeducational program 
for BDo

Personal Yes
(reminding of pending test + medication  

reminder)

Yes (direct psychoeducative 
messages)

No Graphical feedback +
Psychoeducative messages

1o 5p No

Hidalgo-Mazzei et al.; 
2016, Spain48

SIMPLep 1.0 Original Smartphone-based 
psychoeducational program 
for BDn

Personal Yes
(reminding of pending test)

Yes (direct psychoeducative 
messages)

No Graphical feedback +
Psychoeducative messages

1o 5p No

Ryan et al.; 2021, US50 Life Goals apps Original Self-management skills and goal-
setting program for BDt

Personal Yes
(reminders of module completion, not  

logging in, and self-evaluation tests)

Yes (through specific 
modulest)

No Feedback on symptoms 
experience. Not specified 
feedback on mood/symptoms 
or according to modules.

Ideally one 
module per 
day

NR Yes (for every day using 
the app and for each 
survey completed: up 
to $210 for the whole 
study)

Abbreviations: CBT, Cognitive behavioral therapy; SM, Self-Monitoring; TAU, Treatment as Usual.
a(1) MONARCA: daily electronic self-monitoring using smartphones including a clinical feedback loop between the patients and the clinic, where the  
self-monitored data were sent to the clinic allowing for the study nurse to review the data and contact the patients if there were signs of deterioration,  
thereby allowing for intervention on prodromal depressive and manic symptoms, and a feedback loop within the patients themselves, where the  
self-monitored data were visualized graphically to the patients providing them with an overview of the entered data, thereby providing possibilities  
for an increased illness insight and understanding. The latest Monsenso System version (2020 RADMIS trial42) included CBT modules with cognitive  
restructuring, rumination-focused CBT, and psychoeducation. (2) Control group: use of a smartphone for normal communicative purposes.
bPatients were prompted daily by an alarm in the Monsenso system at a self-chosen time during the day by the MONARCA system to evaluate  
the following subjective items: mood, sleep length, medication taken, activity, irritability, mixed mood, cognitive problems, alcohol consumption,  
stress, menstruation for women, and individualized early warning signs.
cHowever, if there were signs of deterioration of depressive or manic symptoms, patients were contacted by text message, phone call, or e-mail.
dEconomic costs due to data traffic were refunded.
eA web-based program called Mobile Online Behavioral Intervention Technology (MOBIT) delivered interactive surveys to the device that contained  
elements personalized from the individual session. In addition to SM, the active group received single-session in-person intervention called  
CBT2go augmented by mobile interactions.
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TA B L E  2  Intervention/App characteristics

Author, year, location
App – Study 
reference Version Type of intervention Phone Notifications (Type) Psychoeducation (Type)

Collection of passive 
data (Type) Feedback

Sessions in a 
day

Number of items 
evaluated in a 
session Economic compensation

Randomized control trials

Faurholt -Jepsen et al.; 
2020, Denmark42

Monesnso system Upgraded (1) CBT+SMa

(2) Control smartphonea
Personal or 

loaned
Yesb Yes

(CBT modules including 
psychoeducation, 
cognitive restructuring, 
and rumination-focused 
CBT)

Yes (Phone usage, 
Social activity, 
Physical activity, 
Mobility)

Clinical and graphical feedback 
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app.

Personal Yesr Yes (about maladaptative 
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No Users can endorse or discard 
statements, add their personal 
toolbox and access it anytime.

+
Graphical feedback is provided.
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not 
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or according to modules.

Ideally one 
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NR Yes (for every day using 
the app and for each 
survey completed: up 
to $210 for the whole 
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Abbreviations: CBT, Cognitive behavioral therapy; SM, Self-Monitoring; TAU, Treatment as Usual.
a(1) MONARCA: daily electronic self-monitoring using smartphones including a clinical feedback loop between the patients and the clinic, where the  
self-monitored data were sent to the clinic allowing for the study nurse to review the data and contact the patients if there were signs of deterioration,  
thereby allowing for intervention on prodromal depressive and manic symptoms, and a feedback loop within the patients themselves, where the  
self-monitored data were visualized graphically to the patients providing them with an overview of the entered data, thereby providing possibilities  
for an increased illness insight and understanding. The latest Monsenso System version (2020 RADMIS trial42) included CBT modules with cognitive  
restructuring, rumination-focused CBT, and psychoeducation. (2) Control group: use of a smartphone for normal communicative purposes.
bPatients were prompted daily by an alarm in the Monsenso system at a self-chosen time during the day by the MONARCA system to evaluate  
the following subjective items: mood, sleep length, medication taken, activity, irritability, mixed mood, cognitive problems, alcohol consumption,  
stress, menstruation for women, and individualized early warning signs.
cHowever, if there were signs of deterioration of depressive or manic symptoms, patients were contacted by text message, phone call, or e-mail.
dEconomic costs due to data traffic were refunded.
eA web-based program called Mobile Online Behavioral Intervention Technology (MOBIT) delivered interactive surveys to the device that contained  
elements personalized from the individual session. In addition to SM, the active group received single-session in-person intervention called  
CBT2go augmented by mobile interactions.
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588  |    ANMELLA et al.

f(1) CBT2go; (2) Self-Monitoring (SM). The CBT2go and SM arms included a 90-minute session that included psychoeducation about the diagnosis,  
causes, symptoms, and treatments for mental illness, and the importance of self-monitoring symptoms. After the 90-minute session, the SM  
smartphone-based intervention included assessment contents only (about the frequency/severity of symptoms, socialization, and medication  
adherence), without any of the intervention content. The CBT2go smartphone-based intervention included the aforementioned assessment  
contents plus intervention content that branched from each of the maladaptive beliefs to offer a potential alternative or adaptive belief, personalized  
by the individual in the in-person session, accompanied by adaptive behaviors. In the TAU arm, participants only completed face-to-face assessments  
at baseline and 6-, 12-, and 24-week follow-up.
gThe mobile device prompted participants to engage in cognitive restructuring.
hMood or Voices algorithms were delivered during the morning survey, Socialization in the afternoon, and Medication Adherence in the evening.
iThe first question pertained to symptom severity/frequency, socialization, and medication adherence and the second to the presence of one of  
3–4 current maladaptive beliefs corresponding to that domain. The intervention content branched from each of the maladaptive beliefs to offer  
a potential alternative or adaptive belief, personalized by the individual in the in-person session, accompanied by adaptive behaviors.
j(1) Personalized Real-Time Intervention for Stabilizing Mood (PRISM): Augmentative mobile ecological momentary intervention targeting  
self-management of mood symptoms. The app provided pre-programmed interactive algorithm-based responses based on symptoms or early  
warning signs reported. Participants were presented with a random selection of one of the implementation intentions that they had previously  
developed. They were also asked if they wanted to see a different coping strategy drawn at random from a list. (2) Paper-and-pencil monitoring.  
Both groups received four sessions of individual therapy to identify an “Action Plan” which specifies adaptive responses to depressive and manic  
symptoms as well as early warning signs and triggers of illness exacerbations.
kOnly to remember survey completion.
lAt each survey, participants answered four questions: What are you doing?, Where are you?, and Who are you with? Subsequently, respondents  
answered six questions about mood state. Next, participants rated their current mood state on a 9-point bipolar anchored scale. Depending upon  
their rating on the 9-point mood scale, participants were presented with a random selection of one of the implementation intentions that they had  
previously developed. They were also asked if they wanted to see a different coping strategy drawn at random from a list. On the Evening survey,  
participants were first asked if they had tried the strategy that was recommended earlier in the day and whether it was helpful.
m(1) Active group: Smartphone-delivered intervention (FOCUS). The system includes preprogrammed daily self-assessment prompts and on-demand  
functions that can be accessed 24 hours a day. Self-management content targets five broad domains: voices (coping with auditory hallucinations via  
cognitive restructuring, distraction, and guided hypothesis testing), mood (managing depression and anxiety via behavioral activation, relaxation  
techniques, and supportive content), sleep (sleep hygiene, relaxation, and health and wellness psychoeducation), social functioning (cognitive  
restructuring of persecutory ideation, anger management, activity scheduling, and skills training), and medication (behavioral tailoring, reminders,  
and psychoeducation). Content can be accessed as either brief video or audio clips or sequences of digital screens with written material coupled with  
images. (2) Control group: Clinic-based group intervention (Wellness Recovery Action Plan [WRAP]). WRAP is a group self-management intervention  
led by trained facilitators with lived experience of mental illness. Sessions follow a sequenced curriculum, and specific group discussion topics and  
examples draw from the personal experiences of the participants and cofacilitators. The model emphasizes individuals’ equipping themselves with  
“personal wellness tools,” each focusing on recovery concepts (e.g., hope, personal responsibility, and self-advocacy), language (e.g., person-first  
recovery language), development of a WRAP (e.g., establishing a daily maintenance plan and identifying and responding to triggers and early  
warning signs), and encouraging positive thinking (e.g., changing negative thoughts to positive thoughts, building self-esteem, suicide prevention,  
and journaling). Facilitators incorporate these tools into a written plan, which includes daily maintenance, identification of triggers and methods to  
avoid them, identification of warning signs and response options, and a crisis management plan.
nSmartphone-based psychoeducational program for bipolar disorder (SIMPLe 1.5, improved version of SIMPLe 1.0). In addition to SIMPLE 1.0  
functions, the following new features and characteristics were incorporated in SIMPLe 1.5: Medication reminders, Personalized prodromal  
symptoms register and self-monitoring, Gamification modules to enhance engagement, Psychoeducational messages community, Personalized  
configuration of local emergency services telephone number and e-mail reference of the patient's preference.
oPlus weekly complementary session.
pSmartphone-based psychoeducational program for bipolar disorder (SIMPLe 1.0) aimed to collect ecological momentary assessments (EMA) to  
adapt psychoeducational messages according to the clinical states, potential relapses, and risk situations. Included features in SIMPLe 1.0: Daily  
short graphic 5-item screening test (i.e., mood, energy, sleep time, medication adherence, and irritability); Weekly, YES or NO test, considering all  
DSM-5 criteria for manic and depressive episodes including suicide thoughts; System notifications pop-up in the smartphone reminding of a pending  
test at the time configured by the user; If there was an emergency detected by the application (i.e., suicide ideation), a treating psychiatrist was  
alerted, in order to contact the patient.
qThe CORE intervention is a system designed to increase the cognitive flexibility of individuals struggling with a range of mental health problems  
through brief daily training. CORE was specifically designed to help counteract dysfunctional thoughts in multiple domains that are relevant to the  
subjective experience of having several mental illness. The app included modules focused on countering maladaptive beliefs in common mental  
health domains (e.g., self-esteem, distinguishing thoughts from feelings, social anxiety, and catastrophizing) as well as modules (e.g., stigma  
related to mental illness, threat perception and persecutory ideation, hopelessness, strength-based recovery, self-care, and treatment seeking).
rPush notifications reminded users to complete their daily training.
sThe Life Goals app is based on the Life Goals Collaborative Care (LGCC) program. This program provides proactive care for patients through patient 
self-management education, care coordination across providers, and decision support tools for providers. LGCC focuses on empowering patient-self 
management skills with a series of 6 or more self-management sessions customized to individual needs and focused on mental and physical wellness, 
understanding symptoms, and setting personal goals.
tThe Life Goals app includes succinct, 5- to 10-minute-long modules (a total of 13) that provide self-management activities for managing the everyday 
needs of individuals with BD, including mood symptom coping strategies, stigma concerns, emotional self-awareness and family support, anger and 
irritability, and preparation for doctor's visits. The content and wording were adapted from the original LGCC program.

TA B L E  2  (Continued)
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    |  589ANMELLA et al.

when comparing the intervention with treatment-as-usual (TAU), but 
not when comparing the intervention with the active control group,46 
the third RCT that showed efficacy used a fully remote randomized 
controlled crossover waitlist trial design with self-reported diagnoses 
and results on depression were including other diagnoses.54

None of four42–45 of the smartphone-based interventions from 
the included RCTs showed efficacy in reducing manic symptoms. 
Only one54 of seven RCTs showed efficacy in improving function 
outcomes. Quality of life was improved in one44 of four RCTs, and 
perceived stress was reduced in two42,44 of three RCTs (Table  3; 
Figure 1).

Regarding affective relapses, one RCT44 showed a reduction in 
manic relapses, but an increased risk of depressive relapses, whereas 
another study did not show significant differences in affective re-
lapses of any polarity.42

Regarding psychiatric readmissions, one RCT42 did not show re-
duction in rate or duration of readmissions.

3.5  |  Baseline affective symptoms

Participants’ baseline affective symptoms ranged from absent-
to-minimal in three studies,42–44 mild symptoms in one study,45 
mild-to-severe depressive symptoms in two studies47,54 includ-
ing participants with major depressive disorder, schizophrenia and 
schizoaffective disorder, and mild-to-moderate general psychiatric 
symptoms in another study (including participants with schizophre-
nia and schizoaffective disorder).46

Considering the severity of baseline depression symptoms with 
the Hamilton Depression Rating Scale (HDRS) ≥7 at baseline, partici-
pants in the intervention group experienced higher levels of depres-
sive symptoms compared with the control group in two42,43 of three 
RCTs. Considering the severity of baseline manic symptoms with the 
Young Mania Rating Scale (YMRS) ≥7 at baseline, participants in the 
intervention group experienced higher levels of manic symptoms 
compared with the control group in two42,44 of three RCTs. When 
assessing pre-post improvements considering the severity of base-
line depression, participants with moderate-to-severe depression at 
baseline showed significantly marked reductions compared to par-
ticipants with mild depression.47

Regarding pre-post improvements between baseline and the end 
of the smartphone-based interventions, three studies revealed fa-
vorable effectiveness outcomes.46,47,54

3.6  |  Active or inactive control groups

Active control groups varied widely, ranging from the use of a 
smartphone for communicative purposes,42–44 clinic-based group 
self-management interventions,47 smartphone self-monitoring plus 
face-to-face psychoeducation sessions,46 to paper-and-pencil moni-
toring.45 One study used a waitlist control group and a fully remote 

randomized crossover design,54 which clearly differs from the design 
of the other RCTs.

On the one hand, when assessing the efficacy of smartphone-
based active psychological-validated interventions (i.e., CBT or 
psychoeducation)—not SM only—one of the included studies as-
sessing a smartphone-based CBT intervention compared it to 
smartphone-based SM-only and to usual clinical assessments with-
out smartphone.46 However, another study, compared an app includ-
ing CBT, coping strategies, psychoeducation, and SM to a clinically 
validated self-management group intervention (Wellness Recovery 
Action Plan [WRAP]).47 In this latter study, both the smartphone 
psychological intervention and the clinically validated intervention 
were recovery-oriented, used an array of empowerment and self-
management techniques, and involved similar intervention periods; 
with evidence suggesting that both interventions were engaging and 
beneficial to people with serious mental illness.56,57 The differences 
between these approaches represent the core distinctions between 
mHealth and clinic-based models of care (i.e., accessed in one's own 
environment vs. administered in a center, largely automated vs. per-
son delivered, and on demand vs. scheduled).

On the other hand, when assessing the efficacy of a smartphone-
based interventions consisting of SM (including or not app/clinician 
feedback),43–46 one study compared it to paper-and-pencil monitor-
ing,45 two studies to the use of a smartphone only for communica-
tive purposes (without SM),43,44 and another study to usual clinical 
assessments without smartphone.46

3.7  |  Observational studies

Two observational studies showed effectiveness of the smartphone-
based interventions: one in reducing depressive and manic symptoms, 
as well as in improving medication adherence and biological rhythms,51 
between baseline and the end of the intervention, especially on par-
ticipants with more use of the smartphone-based intervention,48 and 
the other in improving wellbeing, self-perceptions of disease and func-
tioning.49 One study included only euthymic BD patients48 and the 
other participants at any phase of the disease, but baseline depressive 
or manic symptoms were not registered.49 No sub-analyses were made 
in people with higher baseline depressive or manic symptoms.

Another observational study50 did not show significant changes 
in self-reported affective symptoms or functioning when compar-
ing baseline assessments to 3- or 6-month follow-up assessments. 
The study had a small sample size and it did not find significant 
relationships between app use measures and changes in outcome 
measurements.

3.8  |  User engagement indicators

UEIs of the smartphone-based intervention from each study have 
been summarized in Table 5.
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590  |    ANMELLA et al.

TA B L E  3  Efficacy and effectiveness of the smartphone-based intervention in BD

Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score 
at baseline 
(SD) or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value

Other outcomes: quality of life, perceived stress, 
mood episodes prevention, the moderator effect 
of baseline symptoms, and pre-post differences 
in outcome

Efficacy of the intervention in Randomized Control Trials

Faurholt-Jepsen 
et al.; 2020, 
Denmark42

(1) SMb

(2) Control 
smartphoneb

1 vs. 2 ≥26 (6 months) HDRS-17: 6 
[2–12]a

YMRS: 3 
[0–7]a

Baseline, 3 and 
6 months

Self-reported 
+ clinician-
administered

HDRS-17 −0.11
[−2.5; 2.29]c

0.93 YMRS 1.89
[0.008; 3.78]c

0.05 FAST −3.03
[−7.43; 1.37]c

0.18 Quality of life:
WHOQoL-BREF:
0.61 [−3.99; 5.2]c; p = 0.80
Perceived stress:
PSS:
−7.18 [−13.5; −0.86]c; p = 0.026
Differences in rate of relapses:
Depressive episodes:
0.55 [0.16; 1.89]d; p = 0.34
Manic episodes:
0.87 [0.12; 6.25]d; p = 0.89
Affective episodes:
0.63 [0.29; 1.37]d; p = 0.24
Psychiatric readmission:
1.05 [0.52; 1.85]; p = 0.88
Severity of baseline depression symptoms c:
Participants in the intervention group with HDRS 

⩾7 at baseline experienced higher levels of 
depressive symptoms compared with the 
control group (adjusted model: B = 2.55, 95% 
CI 0.08– 5.02, p = 0.05) (n = 34).

Severity of baseline manic symptoms c:
Participants in the intervention group with YMRS 

⩾7 at baseline experienced higher levels of 
manic symptoms compared with the control 
group (adjusted model: B = 4.17, 95% CI 1.07– 
7.27, p = 0.008) (n = 20).

Faurholt -Jepsen 
et al.; 2019, 
Denmark44

(1) SMb

(2) Control 
smartphonei

1 vs. 2 ≥39 (9 months) HDRS-17: 6 
[4-11]a

YMRS: 2 
[0-5]a

Baseline, 
4 weeks, 
3,6,and 9 
months

Self-reported 
+ clinician-
administered

HDRS-17 0.61
[−0.77; 2.0]c

0.38 YMRS −0.25
[−1.1; 0.59]c

0.56 FAST 0.36
[−2.5; 3.2]c

0.81 Quality of life:
WHOQOL-BREF:
4.00 [0.04; 7.97]c; p = 0.048
Perceived stress:
PSS:
−2.08 [−4.15; −0.01]c; p = 0.049
Differences in rate of relapses:
smartphone-based monitoring may reduce the risk 

of relapse of manic episodes but increase the 
risk of relapse of depressive episodes.

Depressive episodes:
2.89 [1.02; 8.23]d; p = 0.047
Manic episodes:
0.17 [0.037; 0.78]d; p = 0.022
Affective episodes:
0.76 [0.41; 1.42]d; p = 0.39
Severity of baseline depression symptoms c:
When including patients with HDRS ⩾7 at baseline, 

there was no difference between the (1) and 
(2) (adjusted model: B = 0.74, 95% CI −1.30 to 
2.79, p = 0.48) (n = 64).

Severity of baseline manic symptoms c:
Participants in the intervention group with YMRS 

⩾7 at baseline experienced higher levels of 
manic symptoms compared with the control 
group (adjusted model: B = 4.21, 95% CI 0.45– 
7.97, p = 0.028) (n = 19).

Excluding mixed depressive symptoms c

Excluding mixed depressive symptoms, patients 
in the intervention group experienced 
statistically significantly lower levels of manic 
symptoms compared with the control group 
(adjusted model: B = −1.11, 95% CI −2.22 to 
−0.01, p = 0.050) (n = 88).
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TA B L E  3  Efficacy and effectiveness of the smartphone-based intervention in BD

Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score 
at baseline 
(SD) or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value

Other outcomes: quality of life, perceived stress, 
mood episodes prevention, the moderator effect 
of baseline symptoms, and pre-post differences 
in outcome

Efficacy of the intervention in Randomized Control Trials

Faurholt-Jepsen 
et al.; 2020, 
Denmark42

(1) SMb

(2) Control 
smartphoneb

1 vs. 2 ≥26 (6 months) HDRS-17: 6 
[2–12]a

YMRS: 3 
[0–7]a

Baseline, 3 and 
6 months

Self-reported 
+ clinician-
administered

HDRS-17 −0.11
[−2.5; 2.29]c

0.93 YMRS 1.89
[0.008; 3.78]c

0.05 FAST −3.03
[−7.43; 1.37]c

0.18 Quality of life:
WHOQoL-BREF:
0.61 [−3.99; 5.2]c; p = 0.80
Perceived stress:
PSS:
−7.18 [−13.5; −0.86]c; p = 0.026
Differences in rate of relapses:
Depressive episodes:
0.55 [0.16; 1.89]d; p = 0.34
Manic episodes:
0.87 [0.12; 6.25]d; p = 0.89
Affective episodes:
0.63 [0.29; 1.37]d; p = 0.24
Psychiatric readmission:
1.05 [0.52; 1.85]; p = 0.88
Severity of baseline depression symptoms c:
Participants in the intervention group with HDRS 

⩾7 at baseline experienced higher levels of 
depressive symptoms compared with the 
control group (adjusted model: B = 2.55, 95% 
CI 0.08– 5.02, p = 0.05) (n = 34).

Severity of baseline manic symptoms c:
Participants in the intervention group with YMRS 

⩾7 at baseline experienced higher levels of 
manic symptoms compared with the control 
group (adjusted model: B = 4.17, 95% CI 1.07– 
7.27, p = 0.008) (n = 20).

Faurholt -Jepsen 
et al.; 2019, 
Denmark44

(1) SMb

(2) Control 
smartphonei

1 vs. 2 ≥39 (9 months) HDRS-17: 6 
[4-11]a

YMRS: 2 
[0-5]a

Baseline, 
4 weeks, 
3,6,and 9 
months

Self-reported 
+ clinician-
administered

HDRS-17 0.61
[−0.77; 2.0]c

0.38 YMRS −0.25
[−1.1; 0.59]c

0.56 FAST 0.36
[−2.5; 3.2]c

0.81 Quality of life:
WHOQOL-BREF:
4.00 [0.04; 7.97]c; p = 0.048
Perceived stress:
PSS:
−2.08 [−4.15; −0.01]c; p = 0.049
Differences in rate of relapses:
smartphone-based monitoring may reduce the risk 

of relapse of manic episodes but increase the 
risk of relapse of depressive episodes.

Depressive episodes:
2.89 [1.02; 8.23]d; p = 0.047
Manic episodes:
0.17 [0.037; 0.78]d; p = 0.022
Affective episodes:
0.76 [0.41; 1.42]d; p = 0.39
Severity of baseline depression symptoms c:
When including patients with HDRS ⩾7 at baseline, 

there was no difference between the (1) and 
(2) (adjusted model: B = 0.74, 95% CI −1.30 to 
2.79, p = 0.48) (n = 64).

Severity of baseline manic symptoms c:
Participants in the intervention group with YMRS 

⩾7 at baseline experienced higher levels of 
manic symptoms compared with the control 
group (adjusted model: B = 4.21, 95% CI 0.45– 
7.97, p = 0.028) (n = 19).

Excluding mixed depressive symptoms c

Excluding mixed depressive symptoms, patients 
in the intervention group experienced 
statistically significantly lower levels of manic 
symptoms compared with the control group 
(adjusted model: B = −1.11, 95% CI −2.22 to 
−0.01, p = 0.050) (n = 88).
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Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score 
at baseline 
(SD) or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value

Other outcomes: quality of life, perceived stress, 
mood episodes prevention, the moderator effect 
of baseline symptoms, and pre-post differences 
in outcome

Faurholt-Jepsen 
et al.; 2015, 
Denmark43

(1) SMb

(2) Control 
smartphoneb

1 vs. 2 ≥26 (6 months) HDRS-17: 9 
[4–16]a

YMRS: 2 
[0–7]a

Monthly Self-reported 
+ clinician-
administered

HDRS-17 2.02
[−0.13; 4.17]c

0.066 YMRS −0.34
[−1.14; 0.47]c

0.41 FAST 0.96
[−4.36; 6.28]c

0.72 Quality of life:
WHOQOL-BREF:
−1.24 [−5.18; 2.7]c; p = 0.54
Perceived stress:
PSS:
2.40 [−0.33; 5.13]c; p = 0.085
Severity of baseline depression symptoms:
When including patients with HDRS >7 at 

baseline, patients in the intervention group 
experienced significantly more depressive 
symptoms compared to the control group 
(adjusted model: B = 2.69, 95% CI 0.001–5.37, 
p = 0.049) (n = 38).

Severity of baseline manic symptoms:
Participants in the intervention group with YMRS 

>7 at baseline experienced significantly fewer 
manic symptoms compared to the control 
group (adjusted model: B = −6.32, 95% CI 
−9.21 to −3.34, p<0.001) (n = 13).

Excluding mixed depressive symptoms
Excluding mixed depressive symptoms, patients in 

the intervention group experienced borderline 
significantly fewer manic symptoms compared 
to the control group in the adjusted model 
(B = −1.07, 95% CI −2.15 to 0.005, p = 0.051) 
(n = 45).

Post hoc analysis53:
Patients with BD-I compared to BD-II experienced 

higher mean level of mood on a scale from −3; 
+3, more time euthymic and less time with 
depressive symptoms.

Level of mood
−0.19 vs. −0.54e; p = 0.02
% time euthymic
74.5% vs. 51%e; p = 0.03
% time with depressive symptoms
18.8% vs. 45.1%e; p = .01

Depp et al.; 
2019; US46

(1) Active 
intervention 
+ SM

(2) SM only
(3) TAU

1 vs. 2
(active vs. 

active)

12 BPRS-14f,g,h: 
39.3 (6.8)

NRg baseline 6-, 12-, 
24-week

Self-reported 
+ clinician-
administered

BPRS-14g <0,01h 0.685 - - - SLOF 0.12h 0.353 Pre-post differences in primary outcome (BPRS-
14; cohen's d; p)h

(1) 0,36; <0,001
(2) 0,26; 0,005

2 vs. 3 BPRS-14g Cohen's d:
0.2i

NR – – – SLOF 0.24h 0.383 Treatment response (25 % of improvement in 
BPRS-14 score; NNT)h

15,6 vs. 9,6% (NNT = 15.6)

1 vs. 3 (active 
vs. TAU)

BPRS-14g Cohen's d:
1.24i

NR – – – SLOF 0.3h 0.063 Treatment response (25 % of improvement in 
BPRS-14 score; NNT)h

21,1 vs. 9,6% (NNT = 8.7)

Depp et al.; 
2015; US45

(1) SMj

(2) Paper-and-pencil 
monitoring

1 vs. 2 10 MADRS: 11.7 
(9)f

YMRS: 7.4 (6)f Baseline, 
6-, 12-, 
24-week

Self-reported 
+ clinician-
administered

MADRS Cohen's d:
0.48

0.042 YMRS Cohen's d:
0.33k

NS IISl Cohen's d:
0.18

NS –
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Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score 
at baseline 
(SD) or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value

Other outcomes: quality of life, perceived stress, 
mood episodes prevention, the moderator effect 
of baseline symptoms, and pre-post differences 
in outcome

Faurholt-Jepsen 
et al.; 2015, 
Denmark43

(1) SMb

(2) Control 
smartphoneb

1 vs. 2 ≥26 (6 months) HDRS-17: 9 
[4–16]a

YMRS: 2 
[0–7]a

Monthly Self-reported 
+ clinician-
administered

HDRS-17 2.02
[−0.13; 4.17]c

0.066 YMRS −0.34
[−1.14; 0.47]c

0.41 FAST 0.96
[−4.36; 6.28]c

0.72 Quality of life:
WHOQOL-BREF:
−1.24 [−5.18; 2.7]c; p = 0.54
Perceived stress:
PSS:
2.40 [−0.33; 5.13]c; p = 0.085
Severity of baseline depression symptoms:
When including patients with HDRS >7 at 

baseline, patients in the intervention group 
experienced significantly more depressive 
symptoms compared to the control group 
(adjusted model: B = 2.69, 95% CI 0.001–5.37, 
p = 0.049) (n = 38).

Severity of baseline manic symptoms:
Participants in the intervention group with YMRS 

>7 at baseline experienced significantly fewer 
manic symptoms compared to the control 
group (adjusted model: B = −6.32, 95% CI 
−9.21 to −3.34, p<0.001) (n = 13).

Excluding mixed depressive symptoms
Excluding mixed depressive symptoms, patients in 

the intervention group experienced borderline 
significantly fewer manic symptoms compared 
to the control group in the adjusted model 
(B = −1.07, 95% CI −2.15 to 0.005, p = 0.051) 
(n = 45).

Post hoc analysis53:
Patients with BD-I compared to BD-II experienced 

higher mean level of mood on a scale from −3; 
+3, more time euthymic and less time with 
depressive symptoms.

Level of mood
−0.19 vs. −0.54e; p = 0.02
% time euthymic
74.5% vs. 51%e; p = 0.03
% time with depressive symptoms
18.8% vs. 45.1%e; p = .01

Depp et al.; 
2019; US46

(1) Active 
intervention 
+ SM

(2) SM only
(3) TAU

1 vs. 2
(active vs. 

active)

12 BPRS-14f,g,h: 
39.3 (6.8)

NRg baseline 6-, 12-, 
24-week

Self-reported 
+ clinician-
administered

BPRS-14g <0,01h 0.685 - - - SLOF 0.12h 0.353 Pre-post differences in primary outcome (BPRS-
14; cohen's d; p)h

(1) 0,36; <0,001
(2) 0,26; 0,005

2 vs. 3 BPRS-14g Cohen's d:
0.2i

NR – – – SLOF 0.24h 0.383 Treatment response (25 % of improvement in 
BPRS-14 score; NNT)h

15,6 vs. 9,6% (NNT = 15.6)

1 vs. 3 (active 
vs. TAU)

BPRS-14g Cohen's d:
1.24i

NR – – – SLOF 0.3h 0.063 Treatment response (25 % of improvement in 
BPRS-14 score; NNT)h

21,1 vs. 9,6% (NNT = 8.7)

Depp et al.; 
2015; US45

(1) SMj

(2) Paper-and-pencil 
monitoring

1 vs. 2 10 MADRS: 11.7 
(9)f

YMRS: 7.4 (6)f Baseline, 
6-, 12-, 
24-week

Self-reported 
+ clinician-
administered

MADRS Cohen's d:
0.48

0.042 YMRS Cohen's d:
0.33k

NS IISl Cohen's d:
0.18

NS –
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Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score 
at baseline 
(SD) or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value

Other outcomes: quality of life, perceived stress, 
mood episodes prevention, the moderator effect 
of baseline symptoms, and pre-post differences 
in outcome

Ben-Zeev et al.; 
2018, USA47

(1) CBT, coping 
strategies, 
skills training, 
psychoeducation

+ SMm

(2) Self-management 
interventionm

1 vs. 2 12 BDI-IIa,h:
(1): 22 (11.2); 

(2) 19.5 
(12.1)

NR Baseline, 
12 weeks,and 
6 months

Self-reported 
+ clinician-
administered

BDI-II NRh,n NSh,n – – – RASn,o NRh,n NSh,n Quality of lifeh,n:
No significant within-group differences between 

baseline and 12 weeks.
Pre-post improvement between baseline and 3 

months for:
BDI-IIh:
(1) FOCUS (−2.76 ±1.09, p = 0.01) and
(2) WRAP (−2.33±1.10, p = 0.03)
RASh,o:
(1) FOCUS (NS)
(2) WRAP (2.44±1.10, p = 0.03).
Severity of depression (post hoc analysis52)h:
Participants with moderate-to-severe depression 

(20–63 BDI-II) did have significant reductions 
in depression symptoms at post-treatment 
(difference=–4.58; t = –3.20; p = 0.003) 
that were also maintained at follow-up 
(difference=–6.57; t42=–4.20; p < 0.001) 
in contrast to Participants with minimal-
mild depression (0–19 BDI-II), who did not 
have significant reductions in depression 
symptoms from baseline to post-treatment 
(difference=–0.22; t31=–0.20; p = 0.84) or 
follow-up.

Ben-Zeev et al.; 
2021, US54

(1) Cognitive training 
to reduce 
dysfunctional 
self-talk and 
increase 
resilienceq

(2) Waitlist (1-month) 
to receive app.

1 vs. 2 8.6/12.9 
(60/90 days) 
for active/
control 
groups

BDI-IIa,h:
(1): 33.5 

(13.7); 
(2) 34.6 
(13.3)

NR Baseline (T1), 
30 days 
(T2), 
60 days (T3) 
after the 
app was 
givenq

Self-reported BDI-II Cohen's d: 
0.58h

<0.01h – – – RAS/
SDSh,o

Cohen's d: 
0.61/0.44h

0.01h Pre-post improvement using a series of 1×3 
repeated-measures ANOVA between T1, T2 
and T3h,q:

Significant within-group differences for:
BDI-IIh: F2,306=43.59; p < 0.001
RAS/SDSh,o:
RAS (F2,306=65.22; p < 0.001)
SDS (F2,306=56.21; p < 0.001).
Effect sizes between T1 and T2: BDI-II (d=0.60), 

RAS (d=0.70), and SDS (d=0.63).
All improvements were maintained between T2 

and T3.

Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score at 
baseline (SD) 
or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value Other outcomes

Effectiveness of the intervention in observational studies

Hidalgo-Mazzei 
et al.; 2016, 
Spain48,51

Smartphone-based 
psychoeducation 
(SIMPLe)

- ≥13 (3 months) HDRS-17: 3.18 
(2.69)

YMRS: 2.14 
(2.63)

Baseline and 3 
months

Self-reported 
+ clinician-
administered

HDRS-17 3,18 pre vs. 
3,76 post 
(t = −0.712)

0.48 YMRS 2,14 pre vs. 
1,51 post 
(t = −0.954)

0.35 NA NA NA Post hoc analysis51:
BRIANp: 35,89 pre vs. 31,18 post (t = 4.29; 

p = <0.001)
BRIAN between completers and non-completers 

(<3 months of app-use): 29,47 vs. 35,92 post 
(t = 4.29; p = <0.001)

Medication adherence (4-item Morisky Green score): 
35,9 pre vs. 31,18 post (Z=−3.31; p < 0.0001)

Hidalgo-Mazzei 
et al.; 2018, 
Spain49

Smartphone-based 
psychoeducation 
(SIMPLe)

– ≥26 (6 months) NR NR Before using 
the app 
(baseline) 
and after 6 
months

Self-reported – – – – – – – – – WHO-5: -3.88; p < 0.001
SF-36: significant improvements in general health 

perceptions, mental health, physical, emotional, 
and social role functioning, and bodily pain.

Number of hospitalizations: NS
Number of suicide attempts: NS
No statistical differences in clinical outcomes 

between completers and non-completers (<5 
months of app-use)

Ryan et al.; 2021, 
US50

Life Goals appr – ≥26 (6 months) PHQ-9s:
9.19 (6.99)

ISSs:
116.7 (144.7)

Baseline, 3 and 
6 months

Self-reported PHQ-9 9.19 pre vs. 
9.12 post 
(t = −.2)s

0.84s ISS 116.7 pre vs. 
125.2 post 
(t = −0.042)s

0.97s WHO-
DAS 
2.0s

26.6pre vs. 
19.0 post 
(t = −0.85)s

0.41s Quality of lifes:
SF-12 MCS: 39.8 pre vs. 38.7 post (t = 0.812; 

p = 0.42)s
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Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score 
at baseline 
(SD) or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value

Other outcomes: quality of life, perceived stress, 
mood episodes prevention, the moderator effect 
of baseline symptoms, and pre-post differences 
in outcome

Ben-Zeev et al.; 
2018, USA47

(1) CBT, coping 
strategies, 
skills training, 
psychoeducation

+ SMm

(2) Self-management 
interventionm

1 vs. 2 12 BDI-IIa,h:
(1): 22 (11.2); 

(2) 19.5 
(12.1)

NR Baseline, 
12 weeks,and 
6 months

Self-reported 
+ clinician-
administered

BDI-II NRh,n NSh,n – – – RASn,o NRh,n NSh,n Quality of lifeh,n:
No significant within-group differences between 

baseline and 12 weeks.
Pre-post improvement between baseline and 3 

months for:
BDI-IIh:
(1) FOCUS (−2.76 ±1.09, p = 0.01) and
(2) WRAP (−2.33±1.10, p = 0.03)
RASh,o:
(1) FOCUS (NS)
(2) WRAP (2.44±1.10, p = 0.03).
Severity of depression (post hoc analysis52)h:
Participants with moderate-to-severe depression 

(20–63 BDI-II) did have significant reductions 
in depression symptoms at post-treatment 
(difference=–4.58; t = –3.20; p = 0.003) 
that were also maintained at follow-up 
(difference=–6.57; t42=–4.20; p < 0.001) 
in contrast to Participants with minimal-
mild depression (0–19 BDI-II), who did not 
have significant reductions in depression 
symptoms from baseline to post-treatment 
(difference=–0.22; t31=–0.20; p = 0.84) or 
follow-up.

Ben-Zeev et al.; 
2021, US54

(1) Cognitive training 
to reduce 
dysfunctional 
self-talk and 
increase 
resilienceq

(2) Waitlist (1-month) 
to receive app.

1 vs. 2 8.6/12.9 
(60/90 days) 
for active/
control 
groups

BDI-IIa,h:
(1): 33.5 

(13.7); 
(2) 34.6 
(13.3)

NR Baseline (T1), 
30 days 
(T2), 
60 days (T3) 
after the 
app was 
givenq

Self-reported BDI-II Cohen's d: 
0.58h

<0.01h – – – RAS/
SDSh,o

Cohen's d: 
0.61/0.44h

0.01h Pre-post improvement using a series of 1×3 
repeated-measures ANOVA between T1, T2 
and T3h,q:

Significant within-group differences for:
BDI-IIh: F2,306=43.59; p < 0.001
RAS/SDSh,o:
RAS (F2,306=65.22; p < 0.001)
SDS (F2,306=56.21; p < 0.001).
Effect sizes between T1 and T2: BDI-II (d=0.60), 

RAS (d=0.70), and SDS (d=0.63).
All improvements were maintained between T2 

and T3.

Author, year, 
location Type of intervention Comparison

Study length 
(Weeks)

Depression 
score at 
baseline (SD) 
or [IQR]

Manic score at 
baseline (SD) 
or [IQR]

Follow-up 
Assessments

Type of 
assessment

Depression  
outcome Effect size p-value

Mania 
outcome Effect size p-value

Function 
outcome Effect size p-value Other outcomes

Effectiveness of the intervention in observational studies

Hidalgo-Mazzei 
et al.; 2016, 
Spain48,51

Smartphone-based 
psychoeducation 
(SIMPLe)

- ≥13 (3 months) HDRS-17: 3.18 
(2.69)

YMRS: 2.14 
(2.63)

Baseline and 3 
months

Self-reported 
+ clinician-
administered

HDRS-17 3,18 pre vs. 
3,76 post 
(t = −0.712)

0.48 YMRS 2,14 pre vs. 
1,51 post 
(t = −0.954)

0.35 NA NA NA Post hoc analysis51:
BRIANp: 35,89 pre vs. 31,18 post (t = 4.29; 

p = <0.001)
BRIAN between completers and non-completers 

(<3 months of app-use): 29,47 vs. 35,92 post 
(t = 4.29; p = <0.001)

Medication adherence (4-item Morisky Green score): 
35,9 pre vs. 31,18 post (Z=−3.31; p < 0.0001)

Hidalgo-Mazzei 
et al.; 2018, 
Spain49

Smartphone-based 
psychoeducation 
(SIMPLe)

– ≥26 (6 months) NR NR Before using 
the app 
(baseline) 
and after 6 
months

Self-reported – – – – – – – – – WHO-5: -3.88; p < 0.001
SF-36: significant improvements in general health 

perceptions, mental health, physical, emotional, 
and social role functioning, and bodily pain.

Number of hospitalizations: NS
Number of suicide attempts: NS
No statistical differences in clinical outcomes 

between completers and non-completers (<5 
months of app-use)

Ryan et al.; 2021, 
US50

Life Goals appr – ≥26 (6 months) PHQ-9s:
9.19 (6.99)

ISSs:
116.7 (144.7)

Baseline, 3 and 
6 months

Self-reported PHQ-9 9.19 pre vs. 
9.12 post 
(t = −.2)s

0.84s ISS 116.7 pre vs. 
125.2 post 
(t = −0.042)s

0.97s WHO-
DAS 
2.0s

26.6pre vs. 
19.0 post 
(t = −0.85)s

0.41s Quality of lifes:
SF-12 MCS: 39.8 pre vs. 38.7 post (t = 0.812; 

p = 0.42)s
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As UEI, we extracted information on usability, satisfaction, ac-
ceptability, or feasibility of the app, following the model of a recently 
published review of user engagement in mental health apps.58 We 
included the definitions used by each study of each of the UEI terms 
mentioned, and the outcomes of each one as defined per studies 
(Table 5), even if the outcomes were the same but defined differ-
ently among the studies. We included among the UEI the term “ad-
herence” as it was widely used among the studies as an UEI, and 

“other UEI” for any other relevant UEI used, since some terms used 
to define UEI did not fit the aforementioned terms, such as “reten-
tion, dropouts or fidelity.” Both objective and subjective evaluations, 
if present, of each UEI term were collected and reported.

“Adherence” was defined in RCTs as (i) “adherence to self-
monitoring”42–44 and objectively measured as daily completed 
self-monitoring,43,44 (ii) “compliance” and objectively measured as 
“number of days completing a survey or an entry into a mood chart,”45 

Abbreviations: BDI-II: BDI, Beck's Depressive Inventory second edition; BPRS-24, Brief Psychiatric Rating Scale–expanded version; FAST, Functioning 
Assessment Short test; HDRS, Hamilton Depression Scale; HR, Hazard Rate; MDD, major depressive disorder; ISS, The Internal State Scale; NR, Non-
reported; NS, non-significant; PHQ-9, Patient Health Questionnaire – 9; PSS, Cohen's Perceived Stress Scale; RAS, Recovery Assessment Scale; SCZ, 
schizophrenia; SDS, Sheehan Disability Scale; SF-12 MCS, 12-item Short Form Health Survey Mental Health Component Score; SF-36, short-form health 
survey; SLOF, Specific Level of Functioning Scale; SM, Self-Monitoring; TAU, Treatment as Usual; WHO-5, the world health organization-five well-being 
index; WHO-DAS 2.0, World Health Organization Disability Assessment Schedule 2.0; WHOQOL-BREF, The World Health Organization Quality of Life 
– short version; YMRS, Young Mania Rating Scale.
aBaseline data for the intervention group.
b(1) MONARCA: daily electronic self-monitoring using smartphones including a clinical feedback loop. (2) Control group: use of a smartphone for normal 
communicative purposes.
cEstimated differences in outcome [95% confidence interval]. Adjusted for outcome variable at baseline, age, gender, and HDRS-17 and YMRS scores unless 
otherwise specified. The MONARCA I study also adjusted for previous hospitalization (yes/no) unless otherwise specified.
dDifferences in rates of relapse of episodes (Defined as: Depressive HDRS-17 ≥ 13; Manic YMRS ≥ 13) during the study investigated using survival analysis 
Hazard Rate (HR) [95% confidence interval].
eComparison between 13 BD-I and 20 BD-II (n total = 33) in 310 days of follow-up with MONARCA I [IQR 189; 437]. Data presented summarize over 8500 
observations. (Outcome: comparison BD-I vs. BD-II; p).
fBaseline data for the whole population in the study.
gThis study did not report specific outcomes on manic and/or depressive symptoms. The BPRS-14 scale used evaluated mostly depressive (9 of 18 items) and 
psychotic symptoms (4 items). Therefore, we reported the outcomes in the “depression outcomes” section. Only one item evaluated manic symptoms (elevated mood).
hResults are not specific to the population with BD, but to the whole sample including patients with other diagnoses (BD, SCZ, and SZA in Depp 201946; and BD, 
MDD, SCZ, and SZA in Ben-Zeev 2018,47 and Ben-Zeev 202154). These results were therefore not included in the meta-analyses. In the study by Ben-Zeev 2021,54 
inter-group comparisons are between T1 and T2.
iResults specific to the population with BD, not to people with other diagnoses included in the study. These results were included in the meta-analyses.
j(1) Personalized Real-Time Intervention for Stabilizing Mood (PRISM): Augmentative mobile ecological momentary intervention targeting self-management 
of mood symptoms. (2) Paper-and-pencil monitoring.
kThere was a significant association between PRISM Compliance and change in YMRS Scores at 12 weeks with greater compliance associated with reduction 
in YMRS Score (r = −0.453, p = 0.004).
lIllness Intrusiveness Scale (13-item self-report scale that assesses the degree of interference caused by an illness or its treatment as a general measure of 
the negative functional impact of chronic illness).
m(1) Active group: Smartphone-delivered intervention (FOCUS). (2) Control group: Clinic-based group intervention (Wellness Recovery Action Plan [WRAP]).
nEffect size and p-value were not reported for the BD population only. However, the study by Ben-Zeev 201847 reported that treatment groups did not differ in 
change from baseline to three months post-intervention on primary and secondary clinical outcomes, including the relevant clinical outcomes assessed in this meta-
analysis: BDI-II for depression, RAS for functioning and quality of life evaluations.
oThe studies by Ben-Zeev 201847 and Ben-Zeev 202154 did not report specific outcomes on function. The study by Ben-Zeev 201847 reported the Recovery 
Assessment Scale (RAS), used to assess recovery, evaluated many aspects regarding functioning. Therefore, we reported these outcomes in the “function outcomes” 
section. The study by Ben-Zeev 202154 reported the RAS scale and the Sheehan Disability Scale (SDS), the latter used to assess functional disability. Both 
outcomes were reported in the “function outcomes” section.
pThe Biological Rhythms Interview of Assessment in Neuropsychiatry (BRIAN) is a 21-item evaluation considering five main areas of daily rhythms (i.e., sleep, 
activities, social rhythms, eating patterns, and predominant circadian rhythms).
qFully remote randomized controlled crossover waitlist trial design. (1) Active group: Smartphone-delivered intervention (COREapp). Participants 
completed the baseline assessment (T1) and were then immediately given access to the CORE app for 30 days of use. After a month, they concluded the 
intervention, uninstalled the app, and completed a second assessment (T1). After an additional month (at 60 days), they completed a third assessment (T3) 
to measure the stability of symptom change post-intervention. (2) Control group: participants completed a baseline assessment (T1) and waited 30 days to 
receive the CORE app. After a month, they completed a second assessment (T2) and were provided access to the CORE app. After an additional month (at 
60 days), they completed a third assessment (T3) to measure within-subject changes.
rThe Life Goals app includes a total of 13 modules that provide self-management activities for managing the everyday needs of individuals with BD, 
including mood symptom coping strategies, stigma concerns, emotional self-awareness and family support, anger and irritability, and preparation for 
doctor's visits. The content and wording were adapted from the original Life Goals Collaborative Care (LGCC) program.
sAll scales were self-reported. Pre-post comparisons reported were baseline to 6 months. The PHQ-9 score was used as a measure of depressive 
symptoms. The activation score of the ISS scale was used as an indirect measure of (hypo)manic symptoms. WHO-DAS 2.0 scale was used as an indirect 
measure of functioning.

TA B L E  3  (Continued)

 13995618, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bdi.13243 by U

frgs - U
niversidade Federal D

o R
io G

rande D
o Sul, W

iley O
nline L

ibrary on [06/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  597ANMELLA et al.

(iii) “mobile-device interactions mean adherence” and objectively 
measured as the “% of surveys responded during the monitoring pe-
riod,”46 and was not defined per se but referred as “engagement” and 
considered positive if “participants used the app on at least five of 
seven days a week”47 or if participants completed interventions.54 
Outcomes of “adherence” ranged from 26%47 to 93%.44 In the ob-
servational studies, “adherence” was not precisely defined, but it 
was included with the term “feasibility”48 or mixed with the terms 
“use” and “engagement.”49,50 In all observational studies, it was mea-
sured as “patients actively using the app at the end of the study” 
and outcomes ranged from 22.8%49 to 74%.48 Other concepts used 
to define or measure “adherence” were “retention” and “dropouts” 
regarding patients that completed the study while using the app.48,49

“Usability” was not defined in any of the RCTs. However, some 
of them reported positive feedback on the use of their smartphone-
based intervention referred, such as “a useful intervention to address 
moderate to severe depressive symptoms,”47 “easy to use,”54 “user-
friendly with a high usability,”44 “usable and useful,”42 or “acceptable 
to use.”43 One study derived a self-report usability and acceptabil-
ity measure comprising adapted items from the SUS, Post Study 
System Usability Questionnaire, Technology Assessment Model 
Measurement Scales, and Usefulnes, Satisfaction, and Ease ques-
tionnaire.54 In the observational studies, “usability” was defined as 
(i) “utility of the app according to the patient's condition and clinical 
state” and measured with a 5-item Likert-scale self-questionnaire,48 
not specifically defined, but measured with the System Usability 
Scale (SUS)59,49 or measured with a 7-item questionnaire to assess 
usability and acceptability. All observational studies reported high 
usability measures, ranging from a mean SUS value of 77.23 of 100, 
lower among non-completers49 to 82% of participants reporting 
that the app was useful,48 or one study reporting that “60% of users 
found the app useful.”50

“Satisfaction” was not defined in any of the RCTs, but was 
measured as (i) self-report ratings,47 (ii) self-reported satisfaction 
scales,45 agreement statements rating,54 (iii) the Verona Satisfaction 
Scale-Affective Disorder (VSS-A),42 and not defined nor measured in 
the other RCTs.43,44,46 Outcomes of satisfaction ranged from a mean 

value of 25.7 of 3547 to a median value of 9/10.45 In the observational 
studies, “satisfaction” was defined as “overall experience satisfac-
tion” and measured with a 5-item Liker-scale self-questionnaire48,49 
in two observational studies. Both studies reported high satisfaction 
of participants using the app, ranging from 62%49 to 86%.48 Another 
study measured it using a 7-item questionnaire and reported “poor 
outcomes” regarding satisfaction and perceived usefulness of the 
app: “a minority of the participants felt that the app helped them to 
make progress on their wellness goals and improved their ability to 
manage their own health”.

“Acceptability” was not defined in any of the RCTs, but was 
measured as (i) a subjective evaluation from several statements, in 
a previous study,47,57 (ii) a self-reported questionnaire of specific ac-
ceptability of mobile devices,45 and not specifically measured in the 
other RCTs. However, some of them reported positive feedback on 
the acceptability of their smartphone-based intervention referred, 
such as “the patients expressed that the self-monitoring system was 
supportive, useful, quick and easy to use with a low level of intru-
siveness,”44 “acceptable to use,”43,54 “the intervention was accept-
able and usable”47,57 or positive ratings such as “I would use this 
device again in the future.”45 In the observational studies, “accept-
ability” was defined as “discretion, lack of invasiveness, comfort with 
the app's daily usage, and technical difficulties experienced” and 
measured with a 5-item Liker-scale self-questionnaire.48 Two other 
studies did not define the concept, which was referred to when de-
scribing “usability” and “satisfaction” outcomes in one study49 and 
measured with a 7-item questionnaire in another.50 All studies re-
ported high acceptability of participants using the app, ranging from 
70%49 to 92% agreeing that the app was discrete, non-invasive, and 
comfortable.48

“Feasibility” was defined as (i) an amalgam of objective pa-
rameters of the app use47 and (ii) an unspecific term combining 
satisfaction and adherence.45 There were not clearly defined mea-
sures for “feasibility.” However, many studies reported positive 
feedback on the feasibility of use of their smartphone-based in-
tervention referred, such as “a feasible intervention,”47 “feasible 
and acceptable”45 and “a single intervention augmented by mobile 

k Hedges’ ga 95% CI Z-value p-valueb I2

Depression

All samples 5 −0.19 (−0.72, 0.34) −0.69 1 85%

HDRS-17 ≥ 7 3 0.40 (0.09, 0.70) 2.56 0.074 0%

Mania

All samples 4 −0.05 (−0.36, 0.27) −0.31 1 56%

YMRS ≥ 7 3 0.05 (−2.23, 2.33) 0.04 1 92%

Function 4 −0.08 (−0.29, 0.12) −0.78 1 0%

Quality of life 3 −0.12 (−0.41, 0.18) −0.79 1 35%

Stress 3 −0.15 (−0.68, 0.38) −0.56 1 79%

aNegative results favor smartphone-based interventions.
bBonferroni-corrected for multiple testing.
Abbreviations: HDRS-17: Hamilton Depression Rating Scale with 17 items version; YMRS: Young 
Mania Rating Scale.

TA B L E  4  Meta-analyses of randomized 
controlled trials
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TA B L E  5  User Engagement Indicators (UEI)

Author, year, 
location

Completers 
(N; %)a

Adherence 
definition 
(measure) Adherence outcome

Usability definition 
(measure) Usability outcome

Satisfaction 
definition 
(measure) Satisfaction outcome

Acceptability 
definition (measure) Acceptability outcome

Feasibility 
definition 
(measure) Feasibility outcome

Other UEI definition 
(measure) Other UEI outcome

Overall UEI 
evaluation

Randomized control trials

Faurholt -Jepsen 
et al.; 2020, 
Denmark42

(1) 41; 
87.2%b

(2) 46; 
90.2%b

“Adherence to 
self-monitoring”

Not specifically 
evaluated in 
this study, but 
assessed for 
all the RCT 
studies using 
the Monsenso 
system

“The Monsenso system 
has shown a high 
self-assessment 
adherence 
(73–97%).”

NR “The Monsenso 
system has been 
shown usable 
and useful by 
patients with 
bipolar disorder”

Self-assessed 
satisfaction 
with care with 
The Verona 
Satisfaction 
Scale-Affective 
Disorder 
(VSS-A)

There were no  
statistically  
significant  
differences in  
satisfaction with  
care between  
groups

NR NR NR NR “During recent years, 
there has been an 
increasing interest 
in patient-reported 
outcome measures 
(PROMS) as valid 
indicators of effect”.

NR –

Faurholt -Jepsen 
et al.; 2019, 
Denmark44

(1) 85; 
87.6%b

(2) 44; 
89.8%b

“Adherence to 
self-monitoring”

Days having 
completed 
self-monitoring

(1) 72.6% (196 of 
273 days – 9 
months)b

No subjective 
evaluation

NR “The Monsenso 
system is easy 
to use and user-
friendly with a 
high usability”

NR NR NR “The patients expressed 
that the self-
monitoring system 
was supportive, 
useful, quick, and 
easy to use with 
a low level of 
intrusiveness.”

NR NR Confidentiality 
(subjective 
statements)

“None of the patients 
expressed that they 
felt watched, and none 
were uncomfortable 
with having the 
objective smartphone 
data collected but saw 
it as a safety net.”

–

Faurholt-Jepsen 
et al.; 2015, 
Denmark43

(1) 33; 
84.6%b

(2) 34; 
87.2%b

“Adherence to 
self-monitoring”

Daily evaluation of 
the subjective 
items in the 
MONARCA 
system

(1) 93%b

“High level of 
adherence”

NR “Patients using the 
MONARCA 
system found it 
acceptable to 
use”

NR NR NR “Patients using the 
MONARCA system 
found it acceptable 
to use”

NR NR – – “The high level of 
adherence is 
believed to reflect 
the high usability 
and low level of 
intrusiveness from 
the MONARCA 
system, a factor 
contributing to a 
high motivation 
from the patients.”

Depp et al.; 
2019; US46

(1) 77; 91%c,k

(2) 69; 81%c,k
“Mobile-device 

interactions,
mean adherence”
% of surveys 

responded 
during the 
monitoring 
period

(1) 68,7%c

(2) 66,2%c
NR NR NR NR NR NR NR “These results 

indicated that 
single intervention 
augmented by 
mobile intervention 
was feasible”

Fidelity:
Adapted fidelity rating 

scaled

(1) 16,0c

(2) 15,9c
“Fidelity rating scales 

indicated a high 
level of fidelity to 
both the SM and 
CBT2go”

Depp et al.; 
2015; US45

(1) 41; 
80.3%e

(2) 41; 
77.4%e

Referred also 
by study as 
“compliance”.

Number of days 
completing a 
phone survey 
(at least one 
of two sent) or 
an entry into a 
mood chart

(1) 65% (range 
12%–97%)e

No subjective 
evaluation

NR NR Self-reported 
10-point 
satisfaction 
scales

(1) 9/10 mediane

(2) 8/10 mediane
5-point Self-reported 

questionnaire 
of specific 
acceptability of 
mobile devices

Positive ratings 
described such as 
“ I would use this 
device again in the 
future”

Unspecific term 
combining 
satisfaction and 
adherence

“Automated mobile-
phone intervention 
is feasible and 
acceptable”

– – –

(Continues)
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TA B L E  5  User Engagement Indicators (UEI)

Author, year, 
location

Completers 
(N; %)a

Adherence 
definition 
(measure) Adherence outcome

Usability definition 
(measure) Usability outcome

Satisfaction 
definition 
(measure) Satisfaction outcome

Acceptability 
definition (measure) Acceptability outcome

Feasibility 
definition 
(measure) Feasibility outcome

Other UEI definition 
(measure) Other UEI outcome

Overall UEI 
evaluation

Randomized control trials

Faurholt -Jepsen 
et al.; 2020, 
Denmark42

(1) 41; 
87.2%b

(2) 46; 
90.2%b

“Adherence to 
self-monitoring”

Not specifically 
evaluated in 
this study, but 
assessed for 
all the RCT 
studies using 
the Monsenso 
system

“The Monsenso system 
has shown a high 
self-assessment 
adherence 
(73–97%).”

NR “The Monsenso 
system has been 
shown usable 
and useful by 
patients with 
bipolar disorder”

Self-assessed 
satisfaction 
with care with 
The Verona 
Satisfaction 
Scale-Affective 
Disorder 
(VSS-A)

There were no  
statistically  
significant  
differences in  
satisfaction with  
care between  
groups

NR NR NR NR “During recent years, 
there has been an 
increasing interest 
in patient-reported 
outcome measures 
(PROMS) as valid 
indicators of effect”.

NR –

Faurholt -Jepsen 
et al.; 2019, 
Denmark44

(1) 85; 
87.6%b

(2) 44; 
89.8%b

“Adherence to 
self-monitoring”

Days having 
completed 
self-monitoring

(1) 72.6% (196 of 
273 days – 9 
months)b

No subjective 
evaluation

NR “The Monsenso 
system is easy 
to use and user-
friendly with a 
high usability”

NR NR NR “The patients expressed 
that the self-
monitoring system 
was supportive, 
useful, quick, and 
easy to use with 
a low level of 
intrusiveness.”

NR NR Confidentiality 
(subjective 
statements)

“None of the patients 
expressed that they 
felt watched, and none 
were uncomfortable 
with having the 
objective smartphone 
data collected but saw 
it as a safety net.”

–

Faurholt-Jepsen 
et al.; 2015, 
Denmark43

(1) 33; 
84.6%b

(2) 34; 
87.2%b

“Adherence to 
self-monitoring”

Daily evaluation of 
the subjective 
items in the 
MONARCA 
system

(1) 93%b

“High level of 
adherence”

NR “Patients using the 
MONARCA 
system found it 
acceptable to 
use”

NR NR NR “Patients using the 
MONARCA system 
found it acceptable 
to use”

NR NR – – “The high level of 
adherence is 
believed to reflect 
the high usability 
and low level of 
intrusiveness from 
the MONARCA 
system, a factor 
contributing to a 
high motivation 
from the patients.”

Depp et al.; 
2019; US46

(1) 77; 91%c,k

(2) 69; 81%c,k
“Mobile-device 

interactions,
mean adherence”
% of surveys 

responded 
during the 
monitoring 
period

(1) 68,7%c

(2) 66,2%c
NR NR NR NR NR NR NR “These results 

indicated that 
single intervention 
augmented by 
mobile intervention 
was feasible”

Fidelity:
Adapted fidelity rating 

scaled

(1) 16,0c

(2) 15,9c
“Fidelity rating scales 

indicated a high 
level of fidelity to 
both the SM and 
CBT2go”

Depp et al.; 
2015; US45

(1) 41; 
80.3%e

(2) 41; 
77.4%e

Referred also 
by study as 
“compliance”.

Number of days 
completing a 
phone survey 
(at least one 
of two sent) or 
an entry into a 
mood chart

(1) 65% (range 
12%–97%)e

No subjective 
evaluation

NR NR Self-reported 
10-point 
satisfaction 
scales

(1) 9/10 mediane

(2) 8/10 mediane
5-point Self-reported 

questionnaire 
of specific 
acceptability of 
mobile devices

Positive ratings 
described such as 
“ I would use this 
device again in the 
future”

Unspecific term 
combining 
satisfaction and 
adherence

“Automated mobile-
phone intervention 
is feasible and 
acceptable”

– – –

(Continues)
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Author, year, 
location

Completers 
(N; %)a

Adherence 
definition 
(measure) Adherence outcome

Usability definition 
(measure) Usability outcome

Satisfaction 
definition 
(measure) Satisfaction outcome

Acceptability 
definition (measure) Acceptability outcome

Feasibility 
definition 
(measure) Feasibility outcome

Other UEI definition 
(measure) Other UEI outcome

Overall UEI 
evaluation

Ben-Zeev et al.; 
2018, USA47

(1) 75; 
91.5%f,k

(2) 74; 
91,4%f,k

Defined as 
“engagement”: 
participants 
were 
considered as 
commencing 
treatment 
if they used 
FOCUS or 
attended one 
WRAP sessione.

Engagement was 
considered: (i) 
used the app 
on at least 
five of seven 
days a week 
(approximately 
70%)

(ii) if they attended 
at least 60 
minutes of 
the scheduled 
90-minute 
group session 
(approximately 
70%)

The groups did not 
differ in the 
proportions of 
participants 
fully engaging in 
all 12 weeks of 
intervention:

(1) 26%f (2) 22%f

Not defined in the 
original study47

“FOCUS might 
be a useful 
intervention 
to address 
moderate 
to severe 
depressive 
symptoms 
among 
individuals with 
an array of 
mental illnesses.”

Five self-report 
items post-
intervention 
with a 7-point 
rating scale 
(mean ratings)g

Satisfaction ratings were  
similar be- tween  
groups:

(1): 25.7±3.8 (2):  
25.5±3.6

(t = –.31, df=1,  
p = 0.76)f

“Satisfaction with  
treatment did not  
differ across groups.  
Participants  
provided high  
satisfaction ratings  
for FOCUS and  
WRAP, and  
participants in each  
approach reported  
that it was enjoyable  
and interactive and  
helped them feel  
better.”

Subjective evaluation 
from several 
statementsh,i

“the majority of 
participants 
found the FOCUS 
intervention 
acceptable and 
usable.”h,i

Unclearly defined 
as an amalgam 
of parameters 
(use of 
smartphone 
functions, N of 
days of use, N 
of interactions 
with the 
system, % of 
spontaneous 
initiation of 
interactions vs. 
prompted-use).h

“FOCUS smartphone 
intervention is 
feasible among 
people with 
schizophrenia.”h

– – “The mHealth 
intervention showed 
superior patient 
engagement and 
produced patient 
satisfaction and 
clinical and recovery 
outcomes that were 
comparable to those 
from a widely used 
clinic-based group 
intervention for illness 
management.”

Ben-Zeev et al.; 
2021, US54

(1) 51; 
33.1%j,k

(2) 65; 
40.4%j,k

NR 50.6% participants 
completed all 
53 intervention 
levels, whereas 
participants, 
on average, 
completed 35 
levels (66%).

Participants were 
asked to rate 
their agreement 
with a series of 
statements about 
the intervention 
consisting of a 
26-item self-
report usability 
and acceptability 
measure 
comprising 
adapted items 
from the System 
Usability Scale, 
Post Study 
System Usability 
Questionnaire, 
Technology 
Assessment 
Model 
Measurement 
Scales, and 
Usefulness, 
Satisfaction, 
and Ease 
questionnaire.

Most participants 
reported; that 
the app was 
easy to use and 
sufficiently 
interactive; 
and that they 
did not need 
technical 
support to use 
CORE.

See Usability 
definition and 
measure

Participants rated that  
they were satisfied  
with the CORE  
intervention and  
that they would  
recommend it to  
a friend.

See Usability 
definition and 
measure

Participants rated 
CORE as highly 
usable and 
acceptable.

Most participants 
reported; that they 
would like to use 
CORE more often; 
that if they had 
access to CORE, 
they would use it.

NR NR – – –

Observational studies

Hidalgo-Mazzei 
et al.; 2018, 
Spain49

68; 33.8% Defined as 
“retention” and 
mixed with the 
terms “use” and 
“engagement”.

Patients actively 
using the app 
at the end of 
the study (6 
months)

68; 33.8% Not defined, but 
measured with:

System Usability 
Scale (SUS)59

Mean=77.23 
(SD = 16.7), 
significantly 
lower among 
non-completers

“Positive outcomes 
regarding 
satisfaction 
and usability 
were mainly 
found among 
completers”

Satisfaction and 
perceived 
helpfulness 
Likert-scales 
self-
questionnaires

62% reported that they  
were either very  
satisfied or satisfied  
with the general  
experience of using  
the app.

Not defined
(Referred to when 

describing 
“usability” and 
“satisfaction” 
outcomes)

70% strongly agreed 
or agreed that the 
app was easy to 
use, and its daily 
use was discrete 
and quick.

Not specifically 
defined. 
Included among 
the definitions 
of engagement, 
retention, and 
use.

“The results of this study 
represent the first 
attempt to evaluate 
the feasibility of 
offering a large-scale 
wide-reaching 
smartphone-based 
psychoeducation 
program for BD.”

However, no specific 
outcomes on 
“feasibility” are 
reported.

Engagement:
calculated based on the 

weekly percentage 
of completed tasks 
(i.e., answering 
daily and weekly 
tests) and 
reading the daily 
psychoeducational 
messages.

(detailed in outcome)

Average daily interaction 
of users while using 
the app: 1.8 times/day 
(SD=3.2)

Average weekly engagement 
with the app of 
completers: 50 (25%) 
participants completed 
all tasks, 30 (15%) 
completed half, and 89 
(44%) completed less 
than 25% of the tasks 
required.

“We found positive 
outcomes regarding 
satisfaction 
and usability 
predominantly 
among completers, 
as well as perceived 
helpfulness and 
reported benefits 
to well-being and 
general health of 
all participants.”

TA B L E  5  (Continued)
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Author, year, 
location

Completers 
(N; %)a

Adherence 
definition 
(measure) Adherence outcome

Usability definition 
(measure) Usability outcome

Satisfaction 
definition 
(measure) Satisfaction outcome

Acceptability 
definition (measure) Acceptability outcome

Feasibility 
definition 
(measure) Feasibility outcome

Other UEI definition 
(measure) Other UEI outcome

Overall UEI 
evaluation

Ben-Zeev et al.; 
2018, USA47

(1) 75; 
91.5%f,k

(2) 74; 
91,4%f,k

Defined as 
“engagement”: 
participants 
were 
considered as 
commencing 
treatment 
if they used 
FOCUS or 
attended one 
WRAP sessione.

Engagement was 
considered: (i) 
used the app 
on at least 
five of seven 
days a week 
(approximately 
70%)

(ii) if they attended 
at least 60 
minutes of 
the scheduled 
90-minute 
group session 
(approximately 
70%)

The groups did not 
differ in the 
proportions of 
participants 
fully engaging in 
all 12 weeks of 
intervention:

(1) 26%f (2) 22%f

Not defined in the 
original study47

“FOCUS might 
be a useful 
intervention 
to address 
moderate 
to severe 
depressive 
symptoms 
among 
individuals with 
an array of 
mental illnesses.”

Five self-report 
items post-
intervention 
with a 7-point 
rating scale 
(mean ratings)g

Satisfaction ratings were  
similar be- tween  
groups:

(1): 25.7±3.8 (2):  
25.5±3.6

(t = –.31, df=1,  
p = 0.76)f

“Satisfaction with  
treatment did not  
differ across groups.  
Participants  
provided high  
satisfaction ratings  
for FOCUS and  
WRAP, and  
participants in each  
approach reported  
that it was enjoyable  
and interactive and  
helped them feel  
better.”

Subjective evaluation 
from several 
statementsh,i

“the majority of 
participants 
found the FOCUS 
intervention 
acceptable and 
usable.”h,i

Unclearly defined 
as an amalgam 
of parameters 
(use of 
smartphone 
functions, N of 
days of use, N 
of interactions 
with the 
system, % of 
spontaneous 
initiation of 
interactions vs. 
prompted-use).h

“FOCUS smartphone 
intervention is 
feasible among 
people with 
schizophrenia.”h

– – “The mHealth 
intervention showed 
superior patient 
engagement and 
produced patient 
satisfaction and 
clinical and recovery 
outcomes that were 
comparable to those 
from a widely used 
clinic-based group 
intervention for illness 
management.”

Ben-Zeev et al.; 
2021, US54

(1) 51; 
33.1%j,k

(2) 65; 
40.4%j,k

NR 50.6% participants 
completed all 
53 intervention 
levels, whereas 
participants, 
on average, 
completed 35 
levels (66%).

Participants were 
asked to rate 
their agreement 
with a series of 
statements about 
the intervention 
consisting of a 
26-item self-
report usability 
and acceptability 
measure 
comprising 
adapted items 
from the System 
Usability Scale, 
Post Study 
System Usability 
Questionnaire, 
Technology 
Assessment 
Model 
Measurement 
Scales, and 
Usefulness, 
Satisfaction, 
and Ease 
questionnaire.

Most participants 
reported; that 
the app was 
easy to use and 
sufficiently 
interactive; 
and that they 
did not need 
technical 
support to use 
CORE.

See Usability 
definition and 
measure

Participants rated that  
they were satisfied  
with the CORE  
intervention and  
that they would  
recommend it to  
a friend.

See Usability 
definition and 
measure

Participants rated 
CORE as highly 
usable and 
acceptable.

Most participants 
reported; that they 
would like to use 
CORE more often; 
that if they had 
access to CORE, 
they would use it.

NR NR – – –

Observational studies

Hidalgo-Mazzei 
et al.; 2018, 
Spain49

68; 33.8% Defined as 
“retention” and 
mixed with the 
terms “use” and 
“engagement”.

Patients actively 
using the app 
at the end of 
the study (6 
months)

68; 33.8% Not defined, but 
measured with:

System Usability 
Scale (SUS)59

Mean=77.23 
(SD = 16.7), 
significantly 
lower among 
non-completers

“Positive outcomes 
regarding 
satisfaction 
and usability 
were mainly 
found among 
completers”

Satisfaction and 
perceived 
helpfulness 
Likert-scales 
self-
questionnaires

62% reported that they  
were either very  
satisfied or satisfied  
with the general  
experience of using  
the app.

Not defined
(Referred to when 

describing 
“usability” and 
“satisfaction” 
outcomes)

70% strongly agreed 
or agreed that the 
app was easy to 
use, and its daily 
use was discrete 
and quick.

Not specifically 
defined. 
Included among 
the definitions 
of engagement, 
retention, and 
use.

“The results of this study 
represent the first 
attempt to evaluate 
the feasibility of 
offering a large-scale 
wide-reaching 
smartphone-based 
psychoeducation 
program for BD.”

However, no specific 
outcomes on 
“feasibility” are 
reported.

Engagement:
calculated based on the 

weekly percentage 
of completed tasks 
(i.e., answering 
daily and weekly 
tests) and 
reading the daily 
psychoeducational 
messages.

(detailed in outcome)

Average daily interaction 
of users while using 
the app: 1.8 times/day 
(SD=3.2)

Average weekly engagement 
with the app of 
completers: 50 (25%) 
participants completed 
all tasks, 30 (15%) 
completed half, and 89 
(44%) completed less 
than 25% of the tasks 
required.

“We found positive 
outcomes regarding 
satisfaction 
and usability 
predominantly 
among completers, 
as well as perceived 
helpfulness and 
reported benefits 
to well-being and 
general health of 
all participants.”
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Author, year, 
location

Completers 
(N; %)a

Adherence 
definition 
(measure) Adherence outcome

Usability definition 
(measure) Usability outcome

Satisfaction 
definition 
(measure) Satisfaction outcome

Acceptability 
definition (measure) Acceptability outcome

Feasibility 
definition 
(measure) Feasibility outcome

Other UEI definition 
(measure) Other UEI outcome

Overall UEI 
evaluation

Hidalgo-Mazzei 
et al.; 2016, 
Spain48

36; 74% Adherence was 
not specifically 
defined, but 
included with 
the term 
“feasibility”.

Patients actively 
using the app 
at the end of 
the study (3 
months)

36; 74% Utility of the app 
according to 
their condition 
and clinical 
state

(5-item Likert-
scale self-
questionnaire)

82% report that the 
app was useful

Overall experience 
satisfaction

(5-item Likert-
scale self-
questionnaire)

86% report satisfaction  
using the app

Discretion, lack of 
invasiveness, 
comfort with the 
ap's daily usage, 
and technical 
difficulties 
experienced

(5-item Likert-scale 
self-questionnaire)

92% agreed that the 
app was discrete, 
non-invasive, and 
comfortable. Only 
2% had technical 
difficulties

The definition of 
“feasibility” 
included 
adherence 
and app usage 
objective 
parameters 
stored at the 
cloud server

(detailed in 
outcome)

Mean of days 
interacted with 
app: 77/90 days 
(SD=26,2)

Interaction rate (times/
day): 1.3

Daily tests completed 
during app use: 
88%

Weekly tests completed 
during app use: 
100%

“The results confirm 
that this particular 
intervention 
is feasible and 
represent a 
satisfactory 
and acceptable 
instrument for 
self-management 
of BD”

– – “The results confirm 
that this particular 
intervention 
is feasible and 
represent a 
satisfactory 
and acceptable 
instrument for 
self-management 
of BD as an 
add-on to the 
usual treatment.”

Ryan et al.; 
2021, US50

18; 64% Adherence was 
not specifically 
defined, but 
included with 
the term 
“engagement”.

(i) Patients actively 
using the app 
at the end of 
the study (6 
months)

(ii) N of times of app 
use/average 
of minutes of 
app use

(iii) Modules 
completion

(i) 18; 64%
(ii) median of 25 times 

/average of 154 
minutes

(iii) 3 (17%) 
participants used 
all modules in the 
app.

Not specifically 
defined, but 
measured 
with a 7-item 
Questionnairel

60% found the 
material 
provided by the 
Life Goals app 
useful.

Not specifically 
defined, but 
measured 
with a 7-item 
Questionnairel

40% of users reported  
finding the app  
helpful in managing  
their health.

36% reported finding it  
helpful in making  
progress on their  
wellness goals.

Not specifically 
defined, but 
measured 
with a 7-item 
Questionnairel

72% found the app 
easy to use.

Few participants 
reported problems 
accessing the app.

Comprises the 
concepts of 
acceptability 
and usability, 
measured 
through the

7-item 
Questionnairel

“Life Goals app is feasible 
and acceptable for 
individuals with BD”.

– – –

Abbreviations: NR, Not Reported.
aThe rate of completers was the difference between the N of patients that completed the study and the initially allocated N of patients.
b(1) MONARCA: daily electronic self-monitoring using smartphones including a clinical feedback loop. (2) Control group.
c(1) CBT2go (active intervention + SM); (2) Self-Monitoring Only (SM).
d8-item fidelity rating form adapted from the Cognitive Therapy Rating Scale for Psychosis with a score range of 0–16 administered by an unmasked  
clinician. Sessions were audiotaped and the therapist completed a fidelity rating each session.
e(1) Personalized Real-Time Intervention for Stabilizing Mood (PRISM). (2) Paper-and-pencil monitoring.
f(1) Active group: Smartphone-delivered intervention (FOCUS). (2) Control group: Clinic-based group intervention (Wellness Recovery Action Plan [WRAP]).
gSatisfaction was measured as the sum of five self-report items completed during the 3-month, post-intervention assessment. Participants rated the following  
statements with a 7-point rating scale (1, strongly disagree, to 7, strongly agree): I am satisfied with the treatment program, the  
treatment program helped me feel better, the treatment program was not interactive enough (reverse scored), I enjoyed the treatment program, and I would  
recommend the treatment program to a friend.
hThis information is not from the original study assessing the efficacy of the smartphone intervention in people with BD,47 but from a previous study that  
evaluates the feasibility, acceptability, and preliminary efficacy of the FOCUS smartphone intervention for schizophrenia.57

iParticipants evaluated the acceptability and usability of the FOCUS intervention by selecting “disagree, neutral, or agree” to a series of statements  
including the following: “I think that I would like to use FOCUS often, I found FOCUS to be very complicated, I thought FOCUS was easy to use,  
I think that I would need the support of a technical person to be able to use FOCUS”.
jFully remote randomized controlled crossover waitlist trial design. (1) Active group: Smartphone-delivered intervention (COREapp). (2) Control  
group: participants completed a baseline assessment and waited 30 days to receive the CORE app.
kData not specific to the population with BD, but to the whole sample including patients with other diagnoses (BD, SCZ, and SZA in Depp 201946; BD,  
MDD, SCZ, and SZA in Ben-Zeev 201847 and Ben-Zeev 202154).
lA post-study Questionnaire about the user's experiences with the app was used to assess usability and acceptability. The survey contained seven  
statements that participants rated their agreement with on a Likert scale, ranging from “Strongly Agree” to “Strongly Disagree.” The majority of participants  
experienced no difficulties using the app and felt that the material was displayed adequately; however, the results showed low success in the app encouraging  
self-management of their own health. Only a minority of the participants felt that the app helped them to make progress on their wellness goals and improved  
their ability to manage their own health.

TA B L E  5  (Continued)
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Author, year, 
location

Completers 
(N; %)a

Adherence 
definition 
(measure) Adherence outcome

Usability definition 
(measure) Usability outcome

Satisfaction 
definition 
(measure) Satisfaction outcome

Acceptability 
definition (measure) Acceptability outcome

Feasibility 
definition 
(measure) Feasibility outcome

Other UEI definition 
(measure) Other UEI outcome

Overall UEI 
evaluation

Hidalgo-Mazzei 
et al.; 2016, 
Spain48

36; 74% Adherence was 
not specifically 
defined, but 
included with 
the term 
“feasibility”.

Patients actively 
using the app 
at the end of 
the study (3 
months)

36; 74% Utility of the app 
according to 
their condition 
and clinical 
state

(5-item Likert-
scale self-
questionnaire)

82% report that the 
app was useful

Overall experience 
satisfaction

(5-item Likert-
scale self-
questionnaire)

86% report satisfaction  
using the app

Discretion, lack of 
invasiveness, 
comfort with the 
ap's daily usage, 
and technical 
difficulties 
experienced

(5-item Likert-scale 
self-questionnaire)

92% agreed that the 
app was discrete, 
non-invasive, and 
comfortable. Only 
2% had technical 
difficulties

The definition of 
“feasibility” 
included 
adherence 
and app usage 
objective 
parameters 
stored at the 
cloud server

(detailed in 
outcome)

Mean of days 
interacted with 
app: 77/90 days 
(SD=26,2)

Interaction rate (times/
day): 1.3

Daily tests completed 
during app use: 
88%

Weekly tests completed 
during app use: 
100%

“The results confirm 
that this particular 
intervention 
is feasible and 
represent a 
satisfactory 
and acceptable 
instrument for 
self-management 
of BD”

– – “The results confirm 
that this particular 
intervention 
is feasible and 
represent a 
satisfactory 
and acceptable 
instrument for 
self-management 
of BD as an 
add-on to the 
usual treatment.”

Ryan et al.; 
2021, US50

18; 64% Adherence was 
not specifically 
defined, but 
included with 
the term 
“engagement”.

(i) Patients actively 
using the app 
at the end of 
the study (6 
months)

(ii) N of times of app 
use/average 
of minutes of 
app use

(iii) Modules 
completion

(i) 18; 64%
(ii) median of 25 times 

/average of 154 
minutes

(iii) 3 (17%) 
participants used 
all modules in the 
app.

Not specifically 
defined, but 
measured 
with a 7-item 
Questionnairel

60% found the 
material 
provided by the 
Life Goals app 
useful.

Not specifically 
defined, but 
measured 
with a 7-item 
Questionnairel

40% of users reported  
finding the app  
helpful in managing  
their health.

36% reported finding it  
helpful in making  
progress on their  
wellness goals.

Not specifically 
defined, but 
measured 
with a 7-item 
Questionnairel

72% found the app 
easy to use.

Few participants 
reported problems 
accessing the app.

Comprises the 
concepts of 
acceptability 
and usability, 
measured 
through the

7-item 
Questionnairel

“Life Goals app is feasible 
and acceptable for 
individuals with BD”.

– – –

Abbreviations: NR, Not Reported.
aThe rate of completers was the difference between the N of patients that completed the study and the initially allocated N of patients.
b(1) MONARCA: daily electronic self-monitoring using smartphones including a clinical feedback loop. (2) Control group.
c(1) CBT2go (active intervention + SM); (2) Self-Monitoring Only (SM).
d8-item fidelity rating form adapted from the Cognitive Therapy Rating Scale for Psychosis with a score range of 0–16 administered by an unmasked  
clinician. Sessions were audiotaped and the therapist completed a fidelity rating each session.
e(1) Personalized Real-Time Intervention for Stabilizing Mood (PRISM). (2) Paper-and-pencil monitoring.
f(1) Active group: Smartphone-delivered intervention (FOCUS). (2) Control group: Clinic-based group intervention (Wellness Recovery Action Plan [WRAP]).
gSatisfaction was measured as the sum of five self-report items completed during the 3-month, post-intervention assessment. Participants rated the following  
statements with a 7-point rating scale (1, strongly disagree, to 7, strongly agree): I am satisfied with the treatment program, the  
treatment program helped me feel better, the treatment program was not interactive enough (reverse scored), I enjoyed the treatment program, and I would  
recommend the treatment program to a friend.
hThis information is not from the original study assessing the efficacy of the smartphone intervention in people with BD,47 but from a previous study that  
evaluates the feasibility, acceptability, and preliminary efficacy of the FOCUS smartphone intervention for schizophrenia.57

iParticipants evaluated the acceptability and usability of the FOCUS intervention by selecting “disagree, neutral, or agree” to a series of statements  
including the following: “I think that I would like to use FOCUS often, I found FOCUS to be very complicated, I thought FOCUS was easy to use,  
I think that I would need the support of a technical person to be able to use FOCUS”.
jFully remote randomized controlled crossover waitlist trial design. (1) Active group: Smartphone-delivered intervention (COREapp). (2) Control  
group: participants completed a baseline assessment and waited 30 days to receive the CORE app.
kData not specific to the population with BD, but to the whole sample including patients with other diagnoses (BD, SCZ, and SZA in Depp 201946; BD,  
MDD, SCZ, and SZA in Ben-Zeev 201847 and Ben-Zeev 202154).
lA post-study Questionnaire about the user's experiences with the app was used to assess usability and acceptability. The survey contained seven  
statements that participants rated their agreement with on a Likert scale, ranging from “Strongly Agree” to “Strongly Disagree.” The majority of participants  
experienced no difficulties using the app and felt that the material was displayed adequately; however, the results showed low success in the app encouraging  
self-management of their own health. Only a minority of the participants felt that the app helped them to make progress on their wellness goals and improved  
their ability to manage their own health.
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intervention was feasible”.46 The other RCTs did not define or 
refer to outcomes related to “feasibility”.42–44,54 In the observa-
tional studies, “feasibility” was defined as (i) “adherence” and mea-
sured as objective parameters of the app use,48 (ii) an unspecific 
term combining the terms “engagement,” “retention” and “use,”49 
and (iii) a combination of usability, acceptability and satisfaction.50 
Based on positive feedback from app use parameters, the first 
study concluded that their smartphone-based intervention “is fea-
sible and represent a satisfactory and acceptable instrument for 
self-management of BD,”48 the second study concluded that “pos-
itive outcomes regarding satisfaction and usability” were found, 
however no specific outcomes on “feasibility” were reported,49 
and the third concluded that “the app was feasible and acceptable 
for individuals with BD”.50

Other UEI that were evaluated included the concepts of “confi-
dentiality,” evaluated positively with participant's statements in one 
study,44 “patient-reported outcome measures (PROMS),” which have 
been posed as valid indicators of effect,42 “fidelity,” with positive 
evaluations in the active groups of one study,46 and “engagement,” 
which was based on the weekly percentage of completed tasks with 
the app.49

4  |  DISCUSSION

This is the first comprehensive review and meta-analysis to assess 
the efficacy and effectiveness of smartphone-based interventions in 
BD considering smartphone interventions’ and patient's character-
istics as well as engagement measures. Our results provide the first 
overall estimate of the effects from such interventions and inform 
treatment choices and future research in this area.

A recent meta-analysis compared the effect of smartphone-
based interventions and monitoring with control methods in BD.60 
This study concluded that smartphone-based interventions in BD 
are effective in reducing manic and depressive symptom severity. 
However, the analyses included studies that assessed the efficacy of 
phone calls of therapists to facilitate psychotherapy,61,62 web-based 
platforms,63 as well as the effectiveness of phone/mail-delivered 
self-rating feedback.64 Moreover, the meta-analyses included partic-
ipants with other than BD diagnoses.46,47 Therefore, the conclusions 
drawn by this study may be bound to bias.

In our systematic search, most studies involving the use of 
smartphones in people with BD did not assess efficacy or effective-
ness, but focused on the assessment of UEIs65,66 or the correlation 

F I G U R E  1  Forest plot from random-
effects meta-analyses of Randomized 
Controlled Trials. The pre-post change 
scores between smartphone intervention 
and control conditions have been pooled 
to calculate the standardized difference 
(Hedges’ g with 95% confidence intervals). 
Negative results favor smartphone-based 
interventions. *p < 0.05; **p < 0.01; 
***p < 0.001. These p-values are not 
Bonferroni-corrected for multiple 
testing (please check Table 4 for the 
multiple testing Bonferroni correction). 
Abbreviations: HAMD, Hamilton 
Depression Rating Scale with 17 items 
version; YMRS, Young Mania Rating Scale.
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TA B L E  6  ISBD Big Data Task Force recommendations for consensus on studies assessing smartphone-based interventions for BD

Design The design of the studies to evaluate efficacy or effectiveness of smartphone-based interventions in 
BD should probably differ from the traditional RCTs aimed at assessing the efficacy of drugs and 
psychological therapies.

Outcomes evaluated As primary outcomes for efficacy and effectiveness, the risk of affective relapses and psychiatric 
hospitalizations, as well as the quantification of mood instability,53 seem more appropriate rather 
than affective symptoms reduction. This might also lead cost-effectiveness analyses in comparison 
to usual care. Research groups may prefer to include one or the other measure as the primary 
outcome measure depending of the main objective and design of the study.

Secondary outcomes may include functioning, quality of life, medication adherence, or other relevant 
variables.

Self-reported symptoms evaluations may be bound to bias and assessed with caution.
User-engagement indicators (UEIs) may influence on primary outcome results and should be 

considered on analyses (e.g., users with null engagement could be considered as part of the 
inactive control group; or users with low engagement should be sub-analyzed from users with 
moderate-to-high engagement).

In this line, we propose the following concepts for smartphone interventions:
(i) Dose-related effect: whether the efficacy/effectiveness of the intervention is influenced by the use 

of the app.
(ii) Clinically significant dose: if the app is based on a clinical intervention with tested efficacy 

requiring a “minimum required dose” (e.g., 6 face-to-face sessions50), studies may consider a 
“minimal use of the app” related to the clinically tested efficacy (e.g., performing 6 intervention 
modules, using it for at least 2 months, etc.) to consider that users received a “clinically significant 
dose” of the intervention.

Participants not using an app may be equivalent to non-adherent participants in a clinical trial and thus 
bias the assessments of efficacy. The proposed concepts have not been explored in the current 
literature and need to be considered in future studies testing smartphone interventions.

Population Diagnoses The population included in the studies should be clearly defined, including diagnoses and specifically 
the type of bipolar disorder.

Transdiagnostic interventions may be of use. However, there are particularly specific evaluations and 
interventions regarding affective symptoms and psychoeducation in bipolar disorder.

In studies including participants with different diagnoses, sub-analyses only on participants with BD 
are recommended. This way, interventions can be quantitatively compared among studies without 
need of requesting data to authors.

Self-reported diagnoses may be bound to bias and assessed with caution.
Severity of baseline 

symptoms
The baseline clinical severity of affective symptoms of participants included in the studies should be 

reported.
Sub-analyses on participants with higher baseline depressive or manic symptoms are recommended to 

assess differences of the smartphone-based intervention.
Duration of the studies The duration of the studies should be of at least 6 months, unless for feasibility studies. The rarity of 

affective episodes or psychiatric hospitalizations claims for adequate sample sizes as well as long 
assessment periods to identify sufficient within-subject variance.

Daily self-monitoring The collection of daily self-monitoring of affective symptoms is recommended to:
(i)	 provide continuous information on the psychopathological status
(ii)	� assess mood instability,53 which may be more appropriate rather than affective symptoms 

reduction.
(iii)	�combine dimensional and categorical self- and expert ratings on different time scales as latent 

psychopathological affective outcome variables.24
Passive data Passive smartphone-collected data, including voice features and automatically generated objective 

data (calls, messages, activity, etc.) should be included in the studies to determine:
(i)	 which combination of digital parameters can be integrated as digital phenotypes.
(ii)	which digital phenotypes best predict psychopathology.
(iii)	�which combination of digital phenotypes at which days prior to an upcoming episode are viable as 

digital prodromal predictors.
The analyses of passive smartphone-collected data should avoid fragmentation of parameters by using 

integrative analysis strategies such as structural equation modelling24

(Continues)
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Smartphone-
based 
interventions

Smartphone-based interventions should be objectively and uniformly categorized and reported. The 
following are considered of paramount interest:

General 
characteristics

(i)	 type of phone (personal or loaned).
(ii)	economic compensation (yes/no) and how much.

App characteristics (i)	� psychological active therapeutic content independent of self-monitoring and which (CBT 
modules, psychoeducation, cognitive restructuring, etc.). It is fundamental it is reported whether 
those included “active components” are evidence-based, and also their quality, quantity and 
frequency.

(ii)	 self-monitoring (yes/no) and type (affective symptoms, adherence, stress, etc.)
(iii)	 number of evaluations/session per a day.
(iv)	� number of items evaluated per session (specific symptoms, type of psychological intervention, 

etc.)
(v)	� collection of passive data (yes/no), which (activity, phone usage, etc.), when (24h, sporadically, 

etc.), and how (is the app connected to a wearable device which provides vital signs?).
(vi)	� feedback (from clinician, from app/chatbot, clinically-oriented) and type (phone call, graphical, 

etc.)
(vii)	 notifications (type, personalized, based on evaluations/interventions, etc.)
(viii)	�chatbot (yes/no) and specific functionalities (e.g., active evidence-base component such as 

cognitive restructuring).
(ix)	 natural language processing tools and which
Studies assessing the efficacy of phone calls,61,62 web-based platforms,63 or phone/mail-delivered 

feedback64 should not be considered smartphone-based interventions.
Future consensus should agree on standardized measures for apps to validate their clinical application 

and reliability. In the latest years, platforms and databases of mHeath apps including aspects such 
as evidence-based validation of apps have been developed.73,74 These may be a good start to 
provide future guidelines to help professionals and users.

Control groups The characteristics of the control group should be clearly defined regarding the magnitude of 
intervention in this group:

Controls using 
smartphone

(i)	 smartphone inactive: use of a smartphone for communicative purposes42–44

(ii)	 smartphone active: smartphone self-monitoring without active intervention
Controls not using 

smartphone
(clinic-based 

interventions)

(i)	 inactive controls: treatment as usual (TAU).46

(ii)	 partially active controls: paper-and-pencil monitoring45 or phone calls from therapists.61,62

(iii)	active controls: clinic-based interventions.47

Mixed controls: 
combining 
smartphone 
+ clinic-based 
interventions

(i)	� double active: smartphone self-monitoring + clinic based controls (e.g., smartphone self-
monitoring + clinic-based intervention46).

Waitlist control 
group

The control group waits an established period of time till receiving the smartphone intervention54

Big data in smartphones and wearables 
in BD

Smartphone apps for BD can be connected to wearable devices that capture a huge amount of body 
signals as passive data.

Smartphones and wearables in BD have shown the capacity to unobtrusively collect a huge amount of 
real-time objective data, which yet does not reach the level to qualify as big data.

Clinicians already suffer from an overload of data. Future works need to ensure that the data 
incorporated provide clinically meaningful outcomes.

New tools to help interpret and simplify data for use in everyday clinical decisions will be vitally important.15

In the coming years, curators will help manage the digital data from the patient by creating a more 
friendly view for clinicians.

The combined analysis of digital data in addition to real-time physiologic and biological information, 
such as cortisol, melatonin, and heart rate, seems promising for future research to provide greater 
insight into the physiopathology of BD.

A potential limitation of the success of these approaches will be the physician’s and healthcare 
system’s ability to integrate these data into clinical practice in a way that is ethically sound, legally 
permissible and respectful of patients´ privacy.

Ethics and Confidentiality Confidentiality issues are and will arise regarding the collection of digital data.
New ethics protocols are needed to adapt to a constantly changing scenario.

Consumer’s guide The field of digital health needs a set of standards for quality that will include measures of efficacy, 
engagement, and privacy, such as with development of a consumer’s guide for digital mental 
health, complete with user reviews.

TA B L E  6  (Continued)
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User engagement 
indicators (UEI)

UEI need consistent and replicable standard definitions and valid measures with solid thresholds. The ISBD Big Data Task force 
proposes that studies assessing smartphone-based interventions should report the following:

Definition Outcome

Thresholds for positive outcomes (Some depending on the duration of 
the study)c

Magnitude for 
UEI <6 months 6–9 months 9–12 months >12 months

Completer’s rate Patients that 
completed 
the study 
regardless of 
the use of the 
app

% of patients that 
completed the 
study from 
those initially 
allocated

high ≥80% ≥70% ≥60% ≥50%

moderate 51%–79% 41%–69% 31%–59% 21%–49%

Adherence 
(Retention, 
Fidelity)

Use of the app at 
the end of the 
study

% of patients 
using the app 
at the end of 
the study

Complianced Quantification 
of app use 
during the 
study

% of days having 
completed self-
monitoring/
surveys/
psychological 
interventions 
performed 
during the 
study

% of days having 
entered into a 
mood chart/
feedback from 
app

low ≤50% ≤40% ≤30% ≤20%

Engagementd Active use of the 
app during 
the whole 
study

% of weeks using 
the app on at 
least 5/7 days 
(approx. 70%) 
a week.

Usabilitya,b Perceived 
usefulness of 
the app, user-
friendliness 
and 
complexity of 
usage of the 
system

System Usability 
Scale (SUS)59,e

high ≥80%

Satisfactiona,b Overall subjective 
experienced 
satisfaction 
with the 
app: comfort 
using it, 
organization, 
interfaces, 
etc.

Likert-scale self-
questionnaire 
post-
intervention (% 
of responders 
agreeing/
strongly 
agreeing with 
perceived 
satisfaction)

moderate 51%–79%

Acceptabilityf,a,b Perceived ease 
of use, 
discretion, 
lack of 
invasiveness, 
and comfort 
with the app's 
daily usage

Technology 
Acceptance 
Model (TAM) 
(Davis, 1989)f

low ≤50%

TA B L E  6  (Continued)
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between smartphone self-reported and automatically collected data 
and clinician-assessed scales.67–72

Six RCTs evaluated the efficacy of smartphone interventions in BD 
comparing differences in depressive and/or manic symptoms assessed 
with clinician-administered scales between groups.42–47 None of the 
RCTs showed efficacy in reducing depressive or manic symptoms or im-
proving functioning when comparing to active controls, but only when 
compared to inactive controls (paper and pencil monitoring45 or TAU46).

The first consideration is that comparisons in the RCTs ranged 
from inactive controls (normal use of smartphones42–44) to controls 
with highly active interventions (face-to-face intensive psychoeduca-
tional sessions plus smartphone self-monitoring).46 In this regard, the 
highest efficacy was found when the difference between the smart-
phone intervention and the control comparison was most marked (e.g., 
CBT+SM smartphone intervention vs. TAU46) and lowest when differ-
ences between the smartphone intervention and the control compari-
son were less marked (control group involved additional interventions; 
e.g., smartphone-app vs. intensive group intervention47). Only one 
RCT used a waitlist control group and a fully remote randomized 

crossover design and showed efficacy in reducing depressive symp-
toms and improving function outcomes.54 However, this study did not 
provide specific data on people with BD and diagnoses and evalua-
tions were self-reported. This particular RCT design may be bound to 
limitations, but also offers a groundbreaking approach with benefits 
worth considering.

Moreover, the control groups in the included RCTs were highly 
heterogeneous among studies, thus precluding a uniform compari-
son. The same problem was found when trying to identify specific 
aspects of smartphone interventions and subpopulations with BD 
associated with the efficacy of the intervention. The heterogene-
ity in the design of the studies and the lack of uniform registered 
variables and definitions impeded those analyses. The mechanism 
of change in smartphone interventions is poorly understood, such 
as whether SM by itself may affect change or if therapeutic ele-
ments that draw from evidence-based interventions such as CBT 
are impactful beyond SM. In the latest years, platforms and data-
bases of mHeath apps have been developed. These platforms in-
clude aspects such as evidence-based validation of apps, and thus 

User engagement 
indicators (UEI)

UEI need consistent and replicable standard definitions and valid measures with solid thresholds. The ISBD Big Data Task force 
proposes that studies assessing smartphone-based interventions should report the following:

Definition Outcome

Thresholds for positive outcomes (Some depending on the duration of 
the study)c

Magnitude for 
UEI <6 months 6–9 months 9–12 months >12 months

Feasibility An app is feasible 
when it 
has proven 
moderate-
to-high 
engagement, 
usability, 
satisfaction and 
acceptability

Mean value of 
the following 
scores: 
(Engagement 
+ Usability + 
Satisfaction + 
Acceptability)/4

aThe mHealth App Usability Questionnaire (MAUQ)104 was designed based on a number of existing questionnaires used in previous mobile app usability 
studies, including questionnaires focused on usability (SUS), acceptance (TAM), and satisfaction. Four versions of the MAUQ are available considering 
the type of app (interactive or standalone) and target user of the app (patient or provider). This questionnaire has simplified the existing literature on UEI, 
is adapted to mental health apps of different characteristics, and provides a web service for customization.105 However, the MAUQ does not provide a 
cutoff point for considering an app “usable”, and only states that “the higher the overall average, the higher the usability of the app”.
bMost questionnaires mentioned evaluating UEIs usually include the following dimensions: ease of use, perceived usefulness, and satisfaction with 
the platform. Afterwards, the combination of these dimensions are conceptualized respectively into “acceptability”, “usability”, and “satisfaction”. The 
term “usability” is usually broader than the others and includes most of these dimensions. The MAUQ subscales104 consider the previous dimensions 
and could be used to quantify them.
cThe thresholds for positive outcomes have been proposed according to the data from the studies included in the review.
dThe thresholds for positive outcomes for compliance/engagement refer to each participant of the study. For instance, one participant that completed 
>90% of days entering a self-monitoring survey is highly compliant and another completing <10% is poorly compliant. Also one participant that used 
the app ≥5/7 days a week the 90% of weeks has a high engagement and another suing the app ≥5/7 days a week less than the 10% of weeks has a poor 
engagement. Once the compliance/engagement of each subject has been established, researchers should calculate the % of highly, moderate and poor 
compliant or engaged participants to obtain the overall compliance/engagement measure for the study (high, moderate or low).
eIn the System Usability Scale (SUS), participants are asked to score 10 items with one of five responses that range from Strongly Agree to Strongly 
disagree. The final score is converted to 0–100.
fThe Technology Acceptance Model (TAM) assesses acceptance of technology according to several constructs that include: previous experience, perceived 
affective quality, perceived usefulness, availability, perceived ease of use, attitude and intention to use. Each construct has one or more items that should 
be adapted to the technology that is being assessed (e.g., The TAM scale has been applied and validated for smartphones102 and wearables.103 Participants 
are asked to score items with one of five responses that range from Strongly Agree to Strongly disagree. The final score is converted to 0–100.
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provide guidelines to help professionals and users. However, very 
few apps backed with scientific evidence focus on the needs of indi-
viduals with BD, especially beyond mood tracking.73,74 Additionally, 
the dose-related effect of smartphone interventions is not usually 
considered among studies when assessing the efficacy or effective-
ness of interventions (i.e., whether the efficacy/effectiveness is in-
fluenced by the use of the app). One study50 introduces the concept 
of “clinically significant dose”: the app is based on a clinical inter-
vention with tested efficacy after completing 6 sessions (equivalent 
to 6 modules of the app). Thus, only participants that completed 
≥6 modules were considered to have received a “clinically signifi-
cant dose” of the intervention. The concepts of “minimum required 
dose” or “dose-related efficacy” have not been widely explored 
and need to be considered in future studies testing smartphone 
interventions. Participants not using the app may be equivalent to 
non-adherent participants in a clinical trial and thus bias the assess-
ments of efficacy.

The second consideration is that most patients included in the 
RCTs were euthymic or with mild affective symptoms.75 It is known 
that the magnitude of affective symptom reduction increases with 
the initial severity of symptoms both for depressive76,77 and manic 
symptoms,78 and may be minimal or non-existent, on average, in pa-
tients with mild or moderate symptoms. Probably, for this reason, 
the expected reduction in depressive and manic symptoms scales 
was non-existent to minimal in RCTs which included only euthy-
mic or subsyndromal BD patients. This was the case in a post hoc 
analysis of one of the included RCTs, in which participants with 
moderate-to-severe depression did have significant reductions in 
depression symptoms at post-treatment compared to participants 
with minimal or mild depression.52 However, this was not consis-
tent in other RCTs, in which participants with more severe baseline 
depressive (HDRS ≥ 7) or manic symptoms (YMRS ≥ 7) experienced 
higher levels of depressive/manic symptoms compared with the con-
trol groups.42–44

Also, three of the included studies42–44 are from the same group 
and use the same smartphone-based intervention (The Monsenso 
System). On the one hand, this may limit the generalization of the re-
sults. On the other hand, the analysis of these subsequential studies 
allow to consider the effects of a changing and updating smartphone 
intervention that added the possibility to capture passive data79 and 
finally provided CBT apart from SM and added the possibility to re-
ceive psychoeducational content42 (Table 2).

There are several limitations of smartphone-based interven-
tions for BD that should be acknowledged. BD is a disease with high 
neurobiological underpinnings,80 requiring interventions capable of 
modifying these altered mechanisms such as pharmacological treat-
ments in order to control the fluctuating course of the disease.81 
In addition, psychological interventions in BD, always adjunct to 
pharmacotherapy have proven beneficial in reducing affective re-
lapses, particularly depressive,82–85 in improving cognition86 and 
functioning,87,88 as well as in overall illness management.89 However, 
in acute bipolar episodes (mania or depression), adjunctive psycho-
therapies did not improve the rate of recovery when compared with 

pharmacotherapy alone in most studies.90,91 In an illness with such a 
high biological load, psychological interventions alone are unlikely to 
stabilize the natural biphasic course of the illness.

Smartphone-based interventions for BD may be bound to the 
same limitations as psychotherapies: they may be useful to increase 
the patient's insight, adherence to medication,92 and also to iden-
tify prodromal symptoms to prevent full-blown affective episodes. 
Thus, smartphone interventions may indirectly improve the pa-
tient's stability, but on their own they may not be able to reduce 
symptom intensity or achieve symptomatic remission and functional 
recovery or change the natural biphasic course of BD. Hence, the 
aforementioned RCTs may have been imperfect in design—by mir-
roring traditional RCTs aimed at assessing the efficacy of drugs and 
psychological therapies—and perhaps overestimating the effect of 
smartphones on the primary outcomes targeted.93 It is also import-
ant to note that some smartphone apps have already demonstrated 
efficacy in some secondary outcomes which are considered by pa-
tients more important than symptom reduction, such as quality of 
life or perceived stress of illness.44 Thus, smartphones could actually 
play a pivotal role in outcomes which matters most in the context of 
patient-centered healthcare which could be prioritized in future tri-
als. On the other hand, it should be noted that such patient-reported 
outcome measures (PROMs) may be influenced by report bias due to 
the unblinded nature of these data.

Likewise, a post hoc analysis of the MONARCA I study proposed 
the measure of “mood instability” as an outcome of efficacy instead 
of affective symptom reduction.53 This concept supports the idea 
that many patients with BD remain subsyndromally symptomatic 
during inter-episode periods.94 Extensive evidence shows that mood 
stability is of core pathogenetic significance in BD.79,95–98 Thus, a 
substantial proportion of patients with BD experience subsyndromal 
mood swings on a daily basis associated with increased perceived 
stress, decreased quality of life and functioning,79,97 and increased 
risk of affective relapses and psychiatric hospitalizations.95,96,98

Increased mood instability behaves as a genetic vulnerability 
trait for BD as it is present in remitted patients79 and in their unaf-
fected relatives.97 Accordingly, during the last decade there has been 
a gradual shift from a focus on affective episodes to inter-episodic 
mood instability.94,99 Mood instability is currently considered as a 
new treatment target in BD as it appears to be a more sensitive mea-
sure of outcome in RCTs than more conventional outcomes focus-
ing on affective symptom reduction.94,99,100 This is because, unlike 
traditional clinician rating scales that are labor intensive and cap-
ture brief periods of time, mood instability can be captured daily by 
self-report for long time periods (up to years) with high adherence 
and low cost from a large sample of individuals thus having the po-
tential to increase statistical power and sensitivity to detect effects 
in RCTs. Mood instability has internal validity as a real-life measure 
for patients and high external validity as it reflects patients’ illness 
severity and functioning.

Furthermore, increased mood instability is directly associated 
with affective relapses and psychiatric hospitalizations.53 Therefore, 
it may be a potential prodromal marker for subsyndromal affective 
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relapses and thus have a key role in early prevention of depressive 
and manic episodes.100 It has been hypothesized that smartphone-
based interventions may be effective to capture mood instability53 
and detect mood swings in inter-episodic phases to promote an 
early intervention to avoid affective relapses and psychiatric hos-
pitalizations.42,44 Therefore, the quantification of mood instability, 
as well as affective relapses and psychiatric hospitalizations, may be 
more sensitive outcomes to measure the efficacy of smartphone-
based interventions in BD. Research groups may prefer to include 
one or the other measure as the primary outcome measure depend-
ing of the main objective and design of the study. The RCTs led by 
Faurholt-Jepsen's team have embraced this idea and assessed the 
risk of affective relapses42,44 and psychiatric readmissions42 during 
the studies. The results of these outcomes so far have been neg-
ative or conflicting, so that further studies are required to extend 
the existing evidence. There is an ongoing and relevant debate on 
how to best calculate mood instability which also highlights some of 
its potential limitations in the design of the studies. Thus, issues on 
how to collect data on mood from patients allocated to the control 
group should be considered. Also, issues on how to handle missing 
data and calculation methods applied should be addressed. Recently, 
there have been published guidelines on how to calculate and report 
mood instability.101

Finally, but of paramount importance, all studies concluded that 
their app reported positive outcomes evaluations for UEIs, except 
for one poor perceived usefulness and satisfaction.50 However, 
our results reflect that most terms were usually conflated, used 
with high heterogeneity among studies and sometimes inter-
changeably within studies. Moreover, outcomes to measure these 
unclear terms varied from self-reported scales (mostly subjective 
and non-validated) to objective app use parameters with arbitrary 
thresholds (to define positive or negative outcomes) that were 
never defined before the study. As reported in a recent review,58 
inconsistencies in the UEI evaluation process cast doubt on the 
studies’ ability to claim that their app “engagement” or “feasibility.” 
However, the process by which this review defined each UEI (us-
ability, satisfaction, acceptability, or feasibility of the app) was not 
specified (e.g., how information on each UEI was extracted from 
the studies: based on a consensus definition, as per each study de-
fined each term, etc.). Also, the role of UEIs on analyses and their 
influence on primary outcome results is yet to be determined (e.g., 
if someone used less an app or discontinued its use in the interven-
tion arm, how this subject data shall be handled?). Moreover, no 
expert-consensus has been reached so far to establish consistent 
and replicable definitions for UEI in smartphone-based interven-
tions for BD.

The high heterogeneity found between RCTs comprises several 
aspects including the characteristics of smartphone interventions 
(some consisting of self-monitoring only, while others include CBT, 
psychoeducation, etc.), and the populations compared, both consid-
ering clinical diagnoses and the severity of affective symptoms at 
inclusion. Therefore, the evidence from this meta-analysis of several 
heterogeneous RCTs should be assessed with caution.

In sum, we did not find evidence to support that smartphone in-
terventions may reduce the severity of depressive or manic symp-
toms in BD, or improve functioning, quality of life or perceived 
stress. The high heterogeneity of studies assessing smartphone-
based interventions in BD supports the need for expert consensus 
to establish how studies assessing the efficacy and effectiveness 
of smartphone-based interventions for BD should be designed, 
including:

	(i)	 Valid measures with solid evidence-based thresholds for positive 
outcomes

	(ii)	 The definition of active versus inactive or partially active controls
	(iii)	The characteristics of the populations assessed, including the 

initial severity of symptoms
	(iv)	Consistent and replicable definitions for reporting and objec-

tively measure:

a.	 Aspects of smartphone interventions (from psychotherapeu-
tic content to technical characteristics).

b.	 UEIs and how they could impact on primary outcomes.
c.	 Cost-effectiveness.

The ISBD Big Data Task Force provides recommendations for 
consensus to reduce the heterogeneity and achieve more valid evi-
dence in the field (Table 6).

The aforementioned recommendations on smartphone-based 
interventions for BD will allow clinicians to (i) compare and replicate 
studies and reach higher scientific rigor, (ii) qualitatively and quanti-
tatively classify and rank smartphone-based interventions, and (iii) 
have accurate and reliable UEI to evaluate smartphone-based inter-
ventions in BD.
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