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Abstract 

Background:  Despite an increasing number of available mental health apps in the bipolar disorder field, these tools 
remain scarcely implemented in everyday practice and are quickly discontinued by patients after downloading. The 
aim of this study is to explore adherence characteristics of bipolar disorder patients to dedicated smartphone inter‑
ventions in research studies.

Methods:  A systematic review following PRISMA guidelines was conducted. Three databases (EMBASE, PsychInfo 
and MEDLINE) were searched using the following keywords: "bipolar disorder" or "mood disorder" or “bipolar” com‑
bined with “digital” or “mobile” or “phone” or “smartphone” or “mHealth” or “ehealth” or "mobile health" or “app” or 
“mobile-health”.

Results:  Thirteen articles remained in the review after exclusion criteria were applied. Of the 118 eligible studies, 39 
did not provide adherence characteristics. Among the selected papers, study length, sample size and definition of 
measures of adherence were strongly heterogeneous. Activity rates ranged from 58 to 91.6%.

Conclusion:  The adherence of bipolar patients to apps is understudied. Standardised measures of adherence should 
be defined and systematically evaluated in future studies dedicated to these tools.
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Introduction
With a lifetime prevalence rate of more than 2% (Meri-
kangas et  al. 2007), bipolar disorder (BD) is a common 
and disabling chronic disease (Pini et  al. 2005). BD is 
characterised by successive mood episodes separated 
by inter-episodic periods often associated with residual 
symptoms and poor functioning (Samalin et  al. 2014; 
Murru et  al. 2018). The management of BD could be 

facilitated by the exponential spread of smartphone apps, 
(Carson et  al. 2016) which are easy and useful tools to 
monitor both subjective and objective mental health sta-
tus in ecological momentary conditions (Myin-Germeys 
et  al. 2016; Depp et  al. 2015; Wenze et  al. 2014; Moore 
et al. 2016) and to provide adjunctive psychosocial inter-
ventions (Hollis et al. 2015).

However, despite an increasing number of available 
mental health apps (Firth et  al. 2016) and significant 
interest from patients (Ben-Zeev et  al. 2013) and thera-
pists (Kerst et  al. 2019), these tools remain scarcely 
implemented in everyday practice (Kerst et al. 2019). Fur-
thermore, like any app, mental health apps are quickly 
discontinued by patients after downloading (Bauer et al. 
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2020; Torous et al. 2020). A recent review of digital self-
help apps or programmes for depression and anxiety 
reported that 7–42% of participants continued to actively 
use the app after 4  weeks but only 0.5–28.6% after 
6  weeks (Torous et  al. 2020). Despite promising results 
regarding their interest in the treatment of depression 
(Kerst et al. 2019) and BD (Depp et al. 2015), the failure 
of smartphone apps to maintain patient adherence over 
time could be a major barrier to their implementation 
in mental healthcare. The low number of scientifically 
validated apps available on app stores, resulting in a lack 
of trust from users, and the lack of user-centric designs 
have often been cited as explanations for this low adher-
ence to apps (Torous et  al. 2018; Nicholas et  al. 2017). 
Their integration in therapy has also been described as 
an important factor in adherence, with higher adher-
ence to adjunctive apps being observed than to unguided 
ones (Eysenbach 2005; Baumeister et  al. 2014). Further-
more, most of the studies reporting positive results do 
not report adherence, leaving an inaccurate measure of 
patients receiving or not the intervention, for how long 
and with which frequency. Thus, a placebo effect cannot 
be discarded.

An under-studied topic in itself, adherence to smart-
phone apps have nevertheless been evaluated in several 
reviews in the field of mental health (Ng et al. 2019; Batra 
et al. 2017) and depression (Torous et al. 2020; Fleming 
et al. 2018). To the best of our knowledge, this work has 
not specifically examined BD, nor has any systematic 
review been published focused on the adherence charac-
teristics of patients to smartphone apps.

Aims of the study
In this systematic review, we explore the adherence 
characteristics of bipolar disorder patients to dedicated 
smartphone interventions in research studies.

Methods
This review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). It has been registered in PROSPERO 
(CRD42020218984).

Literature search
A search of the electronic databases MEDLINE, Psy-
cINFO and Embase was conducted to identify peer-
reviewed English and French language articles published 
between January 1st, 2008 and August 1st, 2020. We 
chose not to include articles published prior to 2008 as 
this was the year the first app store was released. The 
existence of articles concerning mental health apps 
before this date seemed unlikely.

The search terms were designed to capture any smart-
phone intervention targeting BD patients: ("bipolar dis-
order" OR "mood disorder" or bipolar) AND (digital 
OR mobile OR phone OR smartphone OR mHealth OR 
ehealth OR "mobile health" OR app OR mobile-health).

Study selection process
Articles were included if:

•	 They included patients with a BD diagnosis
•	 They involved the delivery of an intervention or col-

lection of data via a smartphone app or a personal 
digital assistant (PDA), with or without an associated 
wearable device

•	 They were randomised or non-randomised trials, 
with or without a control group, pilot or feasibility 
studies

•	 They measured and described the adherence charac-
teristics to the studied app

•	 They either included or did not include face-to-face 
therapy in combination with the app intervention

Articles were excluded if:

•	 They were reviews, commentaries, qualitative stud-
ies, conference reports or protocols

•	 They did not focus on technologies or the disorder of 
interest (i.e. a mobile phone app or PDA and BD)

•	 They only involved screening or diagnostic tools
•	 The intervention was only based on SMS
•	 They discussed data reported in a previous study
•	 They reported preliminary results only

Data extraction
We utilised a data extraction template developed for 
this systematic review for the extraction of the following 
characteristics and data:

•	 Article reference details and year of publication
•	 Study characteristics: study design, primary out-

comes, study length and main findings.
•	 Sample characteristics: sample size, mean age, % of 

female participants, % of participants with BD type 
1, clinical state, mean depression and manic scores at 
baseline.

•	 Intervention details: name, version and type of app, 
type of phone used by participants (personal or 
loaned), existence of notifications, psychoeducation, 
collection of passive data and feedback, number of 
sessions (corresponding to one or more items evalu-
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ated by the app through questions or tests) a day and 
number of items actively evaluated in a session.

•	 Adherence characteristics: activity rate (number of 
sessions initiated by the patient on the total number 
of available sessions during the study; when the study 
protocol included one session a day, the activity rate 
was then defined as the number of days the patient 
started a session on the total number of days in the 
study); completion rate (number of days with a fully 
completed session on the total number of days in the 
study); median or mean of use (median or mean time 
before the patient discontinues the use of the app); 
retention rate (number of patients still actively using 
the app at a given time).

Adherence is a generic term that can encompass sev-
eral aspects. If studies displayed terms as “mean adher-
ence”, “compliance rate” or “adherence rate” without 
providing any definition, we wrote to the corresponding 
authors for more details. Where the definition of these 
terms remained unclear, we gathered them under the 
broad term “undefined adherence characteristics”.

Furthermore, to obtain comparable data, we had to 
discern whether the adherence characteristics were cal-
culated relative to all patients or to active patients only. 
When this information could not be found in the pub-
lished paper, we wrote to the corresponding authors for 
more details. In the event the authors did not reply, we 
considered that adherence characteristics were calcu-
lated relative to all patients, including inactive ones.

When studies included populations with control 
groups, we selected only data and outcomes regarding 
BD patients in experimental groups using the studied 
app.

Statistical analysis
Statistical analysis was performed  with Comprehen-
sive Meta-analysis software (Borenstein et  al. 2020). To 
address the non-independence of data due to studies 
effect, random-effects model using the method of DerSi-
monian & Laird (with study as random-effect) was per-
formed to estimate mean and standard-deviation (SD) 
of age of participants in the included studies taking into 
account the between- and within-study variability (Der-
Simonian and Laird 2015).

Methodological quality assessment
The quality of each included study was assessed by two 
independent authors (LS and MCP) using the NIH study 
Quality Assessment Tools (National Institute of Health 
2021). The tool used was adapted to each study design 
(Quality Assessment of Controlled Intervention Studies, 
Quality Assessment Tool for Observational Cohort and 

Cross-Sectional Studies and Quality Assessment Tool for 
Before-After (Pre-Post) Studies With No Control Group) 
Discrepancies between the two raters were solved by dis-
cussion between them until a consensus was reached.

Results
The search retrieved 1717 records after duplicates were 
removed. Among them, 228 abstracts were assessed for 
eligibility and 110 were excluded. A full-text review of the 
118 remaining articles was conducted. A total of 13 stud-
ies were included in the review (Depp et al. 2015; Wenze 
et al. 2014, 2016; Faurholt-Jepsen et al. 2014, 2015, 2020; 
Til et al. 2020; Hidalgo-Mazzei et al. 2016, 2018; Beiwin-
kel et al. 2016; Tsanas et al. 2016; Stanislaus et al. 2020; 
Schwartz et  al. 2016). The most common reasons for 
exclusion in the full text article stage were that no adher-
ence characteristics to the studied app were found in the 
article (n = 39) or that a non-eligible intervention was 
reported (n = 26). Figure  1 is a flow-chart of the con-
sidered and ultimately selected studies, following the 
PRISMA statements.

Characteristics of included studies and patient populations
The characteristics of the 13 included studies are sum-
marised in Table  1. They were conducted in the United 
States (Depp et al. 2015; Wenze et al. 2014, 2016; Til et al. 
2020; Schwartz et  al. 2016), Denmark (Faurholt-Jepsen 
et  al. 2014, 2015, 2020; Stanislaus et  al. 2020), England 
(Tsanas et al. 2016), Spain (Hidalgo-Mazzei et al. 2016), 
Germany (Beiwinkel et al. 2016) and in spanish language 
countries (Hidalgo-Mazzei et  al. 2018). Among them, 
three were randomised controlled trials (Depp et  al. 
2015; Faurholt-Jepsen et al. 2020; Til et al. 2020) and 10 
were non randomized studies (Wenze et  al. 2014, 2016; 
Faurholt-Jepsen et  al. 2015, 2014; Hidalgo-Mazzei et  al. 
2016, 2018; Tsanas et  al. 2016; Stanislaus et  al. 2020; 
Schwartz et al. 2016). Among the non randomized stud-
ies, four were feasibility studies (Wenze et al. 2014, 2016; 
Hidalgo-Mazzei et  al. 2016, 2018) and two were pilot 
studies (Faurholt-Jepsen et  al. 2014; Beiwinkel et  al. 
2016). Study lengths ranged from 14 to 800 days, with a 
mean of 213.1 days (SD: 215.3),just over half of the stud-
ies (7/13) lasted 6  months or more (Depp et  al. 2015; 
Faurholt-Jepsen et  al. 2015, 2020, 2015; Hidalgo-Mazzei 
et al. 2018; Beiwinkel et al. 2016; Stanislaus et al. 2020).

The quality assessment of the studies included in this 
systematic review outlines a wide heterogeneity in stud-
ies design, populations and outcomes see Additional File 
1, 2, 3, Five studies were rated with poor quality because 
of the small number of participants enrolled (Wenze 
et  al. 2014, 2016; Faurholt-Jepsen et  al. 2014; Beiwinkel 
et al. 2016; Schwartz et al. 2016). Six studies were rated 
with fair quality (Faurholt-Jepsen et  al. 2015; Til et  al. 
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2020; Hidalgo-Mazzei et  al. 2016, 2018; Tsanas et  al. 
2016; Stanislaus et al. 2020) and 2 were rated with good 
quality (Depp et al. 2015; Faurholt-Jepsen et al. 2020).

The characteristics of the included patients are sum-
marised in Table  2. They suffered from type 1, 2 or 
unspecified BD. One study included participants with 
at least moderate depression and mania (score  ≥ 11 on 
the Quick Inventory of Depressive Symptoms (QIDS-
C33) and/or  ≥ 16 on the Clinician-Administered Rat-
ing Scale for Mania (CARS-M34)) (Wenze et al. 2016), 
three studies included only euthymic patients, (Depp 
et al. 2015; Faurholt-Jepsen et al. 2015; Hidalgo-Mazzei 

et  al. 2016) 1 included patients that could be in any 
mood state at the time of enrolment (Schwartz et  al. 
2016) and 8 studies did not specify if the participants 
were euthymic or not (Wenze et  al. 2014; Faurholt-
Jepsen et al. 2020, 2014; Til et al. 2020; Hidalgo-Mazzei 
et  al. 2018; Beiwinkel et  al. 2016; Tsanas et  al. 2016; 
Stanislaus et  al. 2020). Participants were predomi-
nantly female (n = 481, 62.4%), with a mean age of 39.9 
(Inter Quartile Range (IQR): 35.6-44.3,Fig. 2.

Three studies mentioned retribution for participants, 
among which 1 paid patients for the time they spent on 
the study (Depp et al. 2015) and two gave compensation 
for each session completed (Wenze et al. 2014, 2016).
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Characteristics of interventions
Intervention characteristics are summarised in Table  3. 
Twelve studies assessed a smartphone app (Depp et  al. 
2015; Faurholt-Jepsen et  al. 2014, 2015, 2020; Wenze 
et  al. 2016; Til et  al. 2020; Hidalgo-Mazzei et  al. 2016, 
2018; Beiwinkel et al. 2016; Tsanas et al. 2016; Stanislaus 
et al. 2020; Schwartz et al. 2016) and one a PDA (Wenze 
et al. 2014). All the interventions included self-monitor-
ing sessions. In addition, four apps collected additional 
passive data (Faurholt-Jepsen et al. 2014, 2020; Til et al. 
2020; Beiwinkel et  al. 2016), four included the delivery 
of psychoeducational messages (Wenze et al. 2014, 2016; 
Hidalgo-Mazzei et  al. 2016, 2018) and one included a 
wearable (Til et  al. 2020). Four studies investigated the 
original or upgraded MONARCA app (Faurholt-Jepsen 
et al. 2014, 2015, 2020; Stanislaus et al. 2020), two inves-
tigated the original or upgraded SIMPLe app (Hidalgo-
Mazzei et al. 2016, 2018) and the remaining seven studies 
investigated an original intervention (Depp et  al. 2015; 
Wenze et  al. 2014, 2016; Til et  al. 2020; Beiwinkel et  al. 

2016; Tsanas et  al. 2016; Schwartz et  al. 2016). Regard-
ing self-monitoring, all the studies offered sessions once- 
(Faurholt-Jepsen et al. 2014, 2015, 2020; Hidalgo-Mazzei 
et  al. 2016, 2018; Beiwinkel et  al. 2016; Tsanas et  al. 
2016; Stanislaus et  al. 2020) or twice-a-day (Depp et  al. 
2015; Wenze et  al. 2014, 2016; Til et  al. 2020; Schwartz 
et al. 2016). The Moodzoom and SIMPLe apps (original 
or upgraded) added a weekly complementary session 
(Hidalgo-Mazzei et  al. 2016, 2018; Tsanas et  al. 2016). 
The mean number of evaluated items was 7.5 (SD: 4.0). 
Two interventions evaluated only two items (Beiwinkel 
et al. 2016; Stanislaus et al. 2020) and five evaluated ten 
or more items (Wenze et al. 2014, 2016; Faurholt-Jepsen 
et  al. 2014, 2015, 2020). The most frequently evaluated 
items were mood (12 studies (Depp et  al. 2015; Wenze 
et al. 2014, 2016; Faurholt-Jepsen et al. 2014, 2015, 2020; 
Til et al. 2020; Hidalgo-Mazzei et al. 2016, 2018; Tsanas 
et  al. 2016; Stanislaus et  al. 2020; Schwartz et  al. 2016), 
irritability, anxiety or stress (nine studies (Wenze et  al. 
2014, 2016; Faurholt-Jepsen et  al. 2015, 2020, 2014; 

Table 2  Population characteristics

BD Bipolar disorder, SD Standard deviation, NS Not specified, MADRS Montgomery and asberg depression scale, YMRS Young mania rating scale, HAMD17 Hamilton 
depression rating scale with 17 items version, HAMD Hamilton depression rating scale, QIDS-C Quick inventory of depressive symptomatology-Clinician Rating, QIDS-C 
Quick inventory of depressive symptomatology, CARS-M Clinician administered mania rating scale
a Median [interquartile range]

Reference study Sample size N Mean age, Years 
(SD)

FemaleN (%) BD type 1 N (%) Clinical state Depression 
score at baseline 
(SD)

Manic score at 
baseline (SD) 

Til et al. (2020) 47 41.9 (10.8) 25 (53.1)  32 (68.0) NS NS NS 

Faurholt-Jepsen 
et al. (2020)

85  43.0 (12.4) 52 (61.2) 54 (63.5) NS NS NS 

Depp et al. (2015) 41 46.9 (11.8) 22 (53.7) 36 (87.8) Euthymic MADRS: 11.7 
(Moore et al. 
2016)

YMRS: 7.4 (Myin-
Germeys et al. 
2016) 

Stanislaus et al. 
(2020)

203 28.0 [24-35] * 140 (69.0) 68 (33.5) NS HAMD17: 9 
[5-15] †

YMRS: 2 [0-7]a

Hidalgo-Mazzei 
et al. (2018)

201 36.6 (Firth et al. 
2016)

127 (63.2) NS NS NS NS 

Tsanas et al. (2016) 48 38.0 (Ng et al. 
2019)

32 (66.7) NS NS NS NS 

Schwartz et al. 
(2016)

10 48.9 (16.8) 7 (70.0) 10 (100) Any mood state NS NS 

Wenze et al. 
(2016)

8 44.0 (11.6) 5 (62.5) 5 (62.5) At least moderate 
depression or 
mania

QIDS-C 15.2 (3.2) CARS-M 7.2 (4.3) 

Hidalgo-Mazzei 
et al. (2016)

51 43.9 (11.4) 21 (42.9) 33 (67.3) Euthymic HAMD-17: 3.2 YMRS: 2.1 (2.6) 

Beiwinkel et al. 
(2016)

13 47.2 (3.8) 5 (38.5) 6 (46.1) NS NS NS 

Faurholt-Jepsen 
et al. (2015)

33 29.1 (7.4) 23 (71.0) 20 (60.6) Euthymic HAMD: 9 [4-16]a YMRS: 2 [0–7] 

Wenze et al. 
(2014)

14 40.9 (12.1) 10 (71.4) 5 (35.7) NS QIDS: 12.5 (4.0) CARS-M: 9.9 (8.7) 

Faurholt-Jepsen 
et al. (2014)

17 33.4 (9.5) 12 (70.6) 14 (82.4) NS NS NS
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Hidalgo-Mazzei et  al. 2016, 2018; Tsanas et  al. 2016; 
Schwartz et al. 2016)), sleep [seven studies (Wenze et al. 
2014, 2016; Faurholt-Jepsen et  al. 2015, 2020, 2014; 
Hidalgo-Mazzei et al. 2016, 2018)] and medication adher-
ence [seven studies (Wenze et  al. 2014, 2016; Faurholt-
Jepsen et al. 2014, 2015, 2020; Hidalgo-Mazzei et al. 2016, 
2018)]. Nine interventions provided notifications or SMS 
reminders to complete self-monitoring sessions (Depp 
et al. 2015; Wenze et al. 2014, 2016; Faurholt-Jepsen et al. 
2015; Hidalgo-Mazzei et  al. 2016, 2018; Beiwinkel et  al. 
2016; Stanislaus et  al. 2020; Schwartz et  al. 2016). Eight 
interventions provided feedback on self-monitoring 
through graphics or messages (Depp et al. 2015; Wenze 
et  al. 2014, 2016; Faurholt-Jepsen et  al. 2015, 2020; Til 
et al. 2020; Hidalgo-Mazzei et al. 2016, 2018).

Adherence characteristics
Activity rate
Seven studies calculated an activity rate, ranging from 
58.0 to 91.6% (Depp et al. 2015; Wenze et al. 2014, 2016; 
Faurholt-Jepsen et  al. 2020; Hidalgo-Mazzei et  al. 2016; 
Tsanas et  al. 2016; Schwartz et  al. 2016). Among these 
seven studies, 6 calculated an activity rate relative to all 
patients and 1 relative to active patients only (Tsanas 
et al. 2016).

Schwartz et al. specifically compared the activity rates 
of the studied app in BD and healthy control groups and 
did not find a significant difference (79% in the BD group 
and 71% in the healthy control group, p = 0.22) (Schwartz 
et al. 2016).

Three studies researched factors influencing the activ-
ity rate (Depp et  al. 2015; Wenze et  al. 2014; Hidalgo-
Mazzei et  al. 2016). Two studies evaluated the effect of 
age on the activity rate and failed to find any correlation 
(Depp et al. 2015; Hidalgo-Mazzei et al. 2016). The third 
found a trend for a positive association between depres-
sive symptoms and the activity rate (r (Ben-Zeev et  al. 
2013)  = 0.5, p = 0.06) (Wenze et al. 2014).

Completion rate
Only one study focused on the number of study days 
with a fully completed session and found a completion 
rate of 81.8% (Til et  al. 2020). Its primary objective was 
to understand how to best engage BD patients in the 
self-monitoring of their symptoms. The authors com-
pared the monitoring of BD patients with active (self-
monitoring) and passive (using an activity tracker) data. 
As the app offered twice daily sessions, the completion 
rate was defined as logging at least six of 12 symptoms so 
the data can be compared to apps offering only one daily 
session. For the activity tracker, the completion rate was 
measured as the percent of study days with at least 12 h 
of activity tracking. There was no statistical difference 
(p = 0.75) in the completion rate between the two groups 
(active or passing monitoring). Furthermore, to assess 
the impact of face-to-face reviewing of monitoring, 
about 50% of participants in both groups were randomly 
assigned to review their recorded symptoms weekly with 
an interviewer. Statistical analysis revealed that reviewing 

Fig. 2  Mean and standard-deviation of age of participants in the included studies taking into account the between- and within-study variability
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recorded symptoms did not significantly improve com-
pletion rates (p > 0.80).

Median of use and retention rate
Hidalgo-Mazzei et  al. studied the median of use and 
retention rate of the SIMPLe app in two studies, the first 
evaluating the original version (Hidalgo-Mazzei et  al. 
2016) and the second an upgraded version (Hidalgo-
Mazzei et al. 2018).

With the original app, the mean duration of use 
was 77  days (SD: 26.2). The number of active patients 
decreased progressively from 46 (94%) after a month to 
40 (82%) after 2  months and to 36 after 3  months (end 
of the study), giving a 74% retention rate. Regarding pre-
dictive factors, a high total Functional Assessment Short 
Test score and more years of smartphone usage were 
found to be variables weakly related to the retention rate 
(p = 0.02 and p = 0.04, respectively).

For the upgraded version, the median of use was 
2  months (IQR: 7) and the retention rate was 33.8% at 
6 months (end of the study). The mean numbers of users 
dropping app use each month was 23.3, with almost one-
third (n = 70, 34.8%) dropping out during the first month. 
After 6 months, more than 30% of users regularly inter-
acted with the SIMPLe app. Furthermore, increased age 
was identified as a factor significantly increasing the odds 
of retention (OR = 1.0, p < 0.001, CI 95% = 0.0092–0.033) 
(Hidalgo-Mazzei et al. 2018).

Median of use reported for the MONARCA app was 
310 days (IQR: 189-437) in a study that investigated dif-
ferences between BD type 1 and BD type two patients 
(Faurholt-Jepsen et  al. 2015). With an upgraded ver-
sion, Stanislaus et  al. 2020 reported a median of use of 
107 days (IQR: 49-206) for BD patients and 84 days (IQR: 
42-121) for healthy controls. In both groups, 80% of par-
ticipants stayed active after a month (Stanislaus et  al. 
2020).

Undefined adherence characteristics
Three studies did not provide any definition for the 
adherence characteristics reported (Faurholt-Jepsen et al. 
2014, 2015; Beiwinkel et al. 2016). In a pilot study using 
the SIMBA app, Beiwinkel et al. reported a “compliance 
rate” of 55.7% (Beiwinkel et al. 2016).

Studying the MONARCA apps, Faurholt-Jepsen et  al. 
reported an “adherence rate” of 88% in a pilot study 
(Faurholt-Jepsen et  al. 2014) and a “mean adherence 
among time” of 93% in an observational study (Faurholt-
Jepsen et al. 2015).

Discussion
Despite a high number of studies selected at the full arti-
cle level (118), only 13 possessed the requested inclusion 
criteria. In particular, 39 eligible studies did not provide 
any information on adherence characteristics to the app. 
Among the included studies, study length, sample size 
and definition of measure of adherence were heterogene-
ous. Seven studies calculated an activity rate, one study 
calculated a completion rate, three studies provided a 
median of use or a retention rate and three studies pro-
vided undefined adherence characteristics. Activity rates 
were disparate, ranging from 58 to 91.6%; these were 
quite high, with five out of seven being over 70%.

Interestingly, the study that paid patients according to 
the time spent in the study had one of the lowest activity 
rates (65%) and the two studies paying patients for each 
completed session displayed the lowest and the highest 
activity rates of this review (58% and 91.6%, respectively). 
These results were in accordance with a meta-analysis 
finding no difference between paid vs. unpaid patients in 
their adherence to apps (Torous et al. 2020).

Our main findings should be compared to medica-
tion adherence in BD which is a pervasive issue in this 
chronic disease. The study of medication adherence in 
BD involves the same difficulties that we encountered 
in this review, especially heterogeneity in adherence 
descriptions and measures (Tueller et  al. 2016; Greene 
et al. 2018; Averous et al. 2018). As described in several 
reviews, mean medication adherence in BD ranges from 
50 to 80% with good adherence being an exception (Levin 
et  al. 2016; Chakrabarti 2016). Regarding prevalence, 
12-month treatment rates are estimated to be between 45 
and 51% (Greene et al. 2018). Many predictive factors for 
poor medication adherence have been reported, the most 
common being health beliefs and attitudes to medica-
tions (Greene et al. 2018; Averous et al. 2018). Addition-
ally, patients’ attitudes are influenced by several elements 
such as their family members’ attitude to medication, 
their knowledge of the illness and their relationship with 
their clinician (Chakrabarti 2016). This knowledge about 
medication adherence should be used to guide adherence 
research in the field of mobile health, both in terms of its 
predictive factors and ways to improve it.

If the adherence characteristics to the apps found in 
our review are quite similar to the rates of adherence to 
treatments found in BD patients, we have to keep in mind 
that our results are surprisingly high knowing the diffi-
culties encountered by apps to stay attractive over time 
(Fleming et al. 2018; Baumel et al. 2019). Several aspects 
could be considered to explain these results.

First, we must recall that a research protocol does not 
wholly reflect the “real world” conditions; this is particu-
larly true when it comes to mental health and non-drug 
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therapeutic tools. The frame provided by a study, bring-
ing high structuring of participants, is a known adher-
ence-promoting element (Baumel et  al. 2019; Ebert 
and Baumeister 2017). This is confirmed by the studies 
focusing on the “real world” use of apps that highlighted 
poor adherence (Bauer et  al. 2020; Fleming et  al. 2018; 
Baumel et  al. 2019). The included studies in this review 
are no exception to this bias and it is very likely that the 
described apps would be less used in real world condi-
tions, without the clinical frame offered by the study 
protocol. Interestingly, the real-world implementation 
observational study of the SIMPLe app did not offer 
clinical interviews to participants but carried out assess-
ments through email only (Hidalgo-Mazzei et  al. 2018). 
This method of evaluation could reduce the bias created 
by clinical frames in the measure of adherence in stud-
ies. However, the lack of face-to-face contact with the 
patient in fully online study seems to impact negatively 
the adherence with the app (retention rate of 30% at the 
end of the study).

Secondly, some of the reviewed studies presented 
adherence characteristics relative to active patients only. 
This method of evaluation excludes the notion of reten-
tion and so does not allow a reliable assessment of adher-
ence and provides higher rates than if calculated relative 
to all participants. It provides information about global 
activity and could help to determine the most suitable 
rhythm of evaluation for the app (once or twice a day, 
once a week), but fails to consider participants that dis-
continued their use of the app in question. Thus, a 93% 
activity rate calculated on active patients can only hide a 
70% drop-out rate.

Another reason for the high adherence characteristics 
found in our review could be the age of participants. The 
mean age among studies was 39.9 years (IQR: 35.6-44.3). 
This mean age and limited dispersion exclude the elderly 
and could hide the famous “generation gap”. Older adults 
are commonly expected to have difficulties acclimating 
to new technologies such as smartphone apps (Gross-
man et al. 2020). This theory tends to be refuted (Bennett 
et al. 2008) and progressively gives way to the conception 
of older adults as a heterogeneous population regarding 
their abilities to use new technologies (Jayasinghe et  al. 
2019; Mitzner et al. 2010). A review of mobile technology 
among older adults even suggested that, far from being 
refractory to mobile intervention, they generally show a 
desire to engage with these technologies to monitor and 
improve health conditions (Kuerbis et al. 2017). However, 
there are still factors that inhibit their use of mobile tech-
nologies such as functional capacities, cognitive changes, 
deterioration of fine motor coordination, visual impair-
ment and previous experience with or exposure to smart-
phones (Mitzner et  al. 2010). In our review, no study 

found any negative correlation between an older age 
and adherence; one even identified a positive correlation 
between increased age and retention (Hidalgo-Mazzei 
et al. 2016). Further studies should therefore specifically 
focus on the implication of age in adherence to deter-
mine whether there is a generation gap regarding the use 
of mobile technology in mental health care.

Finally, adherence characteristics can be inflated 
because of publication bias. In a meta-analysis focusing 
on clinical trials of smartphone apps for depressive symp-
toms, Torous et  al. reported a drop-out rate of 26.2% 
(Torous et al. 2020). When they adjusted this estimation 
to publication bias, it rose to 47.8%. Finding unimportant 
or negative results is known to be one of the main reasons 
for non-publication of completed studies (Song 2013). 
Considering the development of an app, low adherence 
characteristics could be read as a negative outcome and 
so lead to the non-publication of results. This element 
should therefore be taken into account for the interpreta-
tion of published adherence characteristics.

Future research
The word “adherence” is a generic term covering many 
different notions. In articles, it is interchangeably used 
with the terms “engagement” or “uptake”. The most rel-
evant information highlighted by this review was the 
high number of studies that did not provide any infor-
mation on adherence characteristics and study hetero-
geneity regarding method and provided data. This lack 
of a standardised measure of adherence to smartphone 
apps has been mentioned in several systematic reviews 
or meta-analyses focusing on smartphone app interven-
tions for severe mental illness and depression (Kerst et al. 
2019; Rathbone and Prescott 2017; Berry et al. 2016). As 
mentioned in the introduction, adherence is a key factor 
in the development of apps for BD. Its assessment with 
standardised methods could allow a meta-analysis to be 
carried out and statistical determinations of its predic-
tive factors to be made. For further studies involving the 
use of an app, it could be of interest to systematically 
assess and report the following items, regardless of the 
primary study outcomes: activity rate, completion rate, 
median of use and retention rate. A focus on which fea-
tures of the apps are more likely used (self-assessment, 
psychoeducation) could also be of interest. In addition, 
the collection of patients’ feedback regarding the stud-
ied app, using Likert scales or a qualitative design, could 
be potential ways to upgrade apps following a user-cen-
tred approach. Beyond these measures, apps adherence 
should be the object of a broad expert systematic consen-
sus in the scientific community to define all its aspects. 
In particular, threshold determining a good or acceptable 
adherence should be defined and its parameters should 
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be standardised. Such a consensus is essential to com-
pare studies with each other and to allow improvement 
in apps adherence. Furthermore, the access to app usage 
data is technically simple and should allow these stand-
ards to be easily applied to all studies.

Finally, the development of guided apps (i.e., apps used 
under the supervision of a professional) over self-help 
apps (i.e., apps freely downloaded and used by patients) 
should be preferred (Baumel et  al. 2019; Ebert and 
Baumeister 2017). Indeed, several studies focusing on 
self-help apps found patient reluctance toward these tools 
(Kerst et  al. 2019; Fuller-Tyszkiewicz et  al. 2018; Stiles-
Shields et  al. 2017) and a lower adherence compared to 
guided one (Torous et  al. 2020; Eysenbach 2005; Titzler 
et al. 2018; Cuijpers et al. 2017; Linardon et al. 2019). Fur-
thermore, the better adherence to apps in research pro-
tocols compare to real world highlights the essential role 
of face-to-face meetings in mental healthcare (Baumel 
et al. 2019; Ebert and Baumeister 2017). If they are able to 
facilitate access to psychiatric care to the largest number 
of individuals (BinDhim et  al. 2015; Ramos et  al. 2019; 
Cheng et  al. 2016), self-help apps should be restricted 
to screening tools, and their main purpose should be to 
guide patients toward medical care. Therapeutic apps 
should be fully integrated in therapy and be closely moni-
tored by therapists. In addition to increasing adherence, 
their integration could reinforce the patient-therapist 
link and offer to the therapist better knowledge of their 
patient’s clinical state, particularly during the in-between 
visits period.

Limitations
The heterogeneity of apps, study designs, clinical 
approaches and participant populations analysed limited 
the generalisation of our results. The lack of standard-
ised reports of adherence forced us to compare similar 
but not identical data. No study reported on how many 
features of the apps were used. Furthermore, five studies 
included were rated with poor quality because of small 
sample size. They were either pilot study or feasibility 
studies. Finally, this review included only apps that have 
been studied in a research protocol. To enlarge the scope 
of this work, the assessment of adherence to apps avail-
able on app stores would be of great interest to future 
work.

Conclusion
In total, maintaining adherence over time is a key fac-
tor to increase apps implementation in daily care and to 
improve quality of care. This review highlights the over-
whelming lack of documentation of adherence to apps 
in the actual literature, as well as the great disparity of 
its definition and measures. These results encourage 

the establishing of a systematic standard evaluation of 
adherence in study protocols involving smartphone app 
interventions.

Abbreviations
BD: Bipolar disorder; CARS: Clinician-administered rating scale for mania; IQR: 
Inter Quartile range; PDA: Personal digital assistant; QIDS: Quick inventory of 
depressive symptoms; SD: Standard deviation.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40345-​021-​00224-6.

Additional file1: Table S1. Quality assessment of RCT using the national 
institutes of health (NIH) quality assessment tool for controlled interven‑
tion studies

Additional file2: Table S2. Quality assessment of longitudinal studies 
using the national institutes of health (NIH) quality assessment tool for 
observational cohort and cross-sectional studies

Additional file 3: Table S3. Quality assessment of studies with no control 
group using the national institutes of health (NIH) quality assessment tool 
for before-after (pre-post) studies with no control group

Acknowledgements
We would like to thank Susan Wenze and Amy Cochran for providing details 
on their studies included in this report. This study was supported by a grant 
from the French Ministry of Health (PREPS 17-0121). Dr. Murru thanks the sup‑
port of the Spanish Ministry of Science and Innovation (PI19/00672).

Authors’ contributions
MCP, PML and LS were involved in the study conceptualisation and design. 
Analyses and interpretation of the data were carried out by all the authors 
(MCP, DHM, BP, OB, IDC, NV, IP, AM, EV, PML and LS) BP. conducted the statisti‑
cal analyses. The first draft of the manuscript was written by MCP and LS. All 
authors (MCP, DHM, BP, OB, IDC, NV, IP, AM, EV, PML and LS) contributed to 
and approved the final manuscript. All authors read and approved the final 
manuscript.

Funding
This work was supported by the French Ministry of Health (PREPS 17-0121).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Dr. Pacchiarotti has received CME-related honoraria, or consulting fees from 
ADAMED, Janssen-Cilag and Lundbeck. Dr. Murru has served as a consult‑
ant, adviser or speaker for Adamed, AstraZeneca, Bristol-Myers Squibb, 
Janssen-Cilag, Lundbeck, Otsuka and Sanofi-Aventis and has received a grant 
(PI19/00672) from the Instituto de Salud Carlos IIISubdirección General de 
Evaluación y Fomento de la investigación, Plan Nacional 2019–2022. Prof. 
Vieta has received grants and served as a consultant, advisor or CME speaker 
for the following entities: AB-Biotics, Abbott, Allergan, Angelini, AstraZen‑
eca, Bristol-Myers Squibb, Dainippon Sumitomo Pharma, Farmindustria, 
Ferrer, Forest Research Institute, Gedeon Richter, Glaxo-Smith-Kline, Janssen, 

https://doi.org/10.1186/s40345-021-00224-6
https://doi.org/10.1186/s40345-021-00224-6


Page 14 of 15Patoz et al. Int J Bipolar Disord            (2021) 9:19 

Lundbeck, Otsuka, Pfizer, Roche, SAGE, Sanofi-Aventis, Servier, Shire, Sunovion, 
Takeda, the Brain and Behaviour Foundation, the Spanish Ministry of Science 
and Innovation (CIBERSAM), the EU Horizon 2020 and the Stanley Medical 
Research Institute. Prof. Llorca has received grants, honoraria or consulting 
fees from ESAI, Gedeon Richeter, Janssen, Lundbeck, Otsuka and Sanofi. Dr. 
Samalin has received grants, honoraria or consulting fees from AstraZeneca, 
Bristol-Myers Squibb, Janssen-Cilag, Lundbeck, Otsuka, Sanofi-Aventis, and 
Takeda. The other authors declare that they have no conflicts of interest.

Author details
1 Department of Psychiatry, CHU Clermont-Ferrand, University of Clermont 
Auvergne, CNRS, Clermont Auvergne INP, Institut Pascal, Clermont‑Ferrand, 
France. 2 Bipolar and Depression Disorders Unit, Institute of Neuroscience, 
Hospital Clinic, CIBERSAM, University of Barcelona, Barcelona, Catalonia, Spain. 
3 Fondation FondaMental, Créteil, France. 4 Service de Psychiatrie B, Centre Hos‑
pitalier Universitaire, 58 rue Montalembert, 63000 Clermont‑Ferrand, France. 

Received: 13 January 2021   Accepted: 1 April 2021

References
Averous P, Charbonnier E, Lagouanelle-Simeoni MC, Prosperi A, Dany L. Illness 

perceptions and adherence in bipolar disorder: an exploratory study. 
Compr Psychiatry. 2018;80:109–15.

Batra S, Baker RA, Wang T, Forma F, DiBiasi F, Peters-Strickland T. Digital health 
technology for use in patients with serious mental illness: a systematic 
review of the literature. Med Devices. 2017;10:237–51.

Bauer M, Glenn T, Geddes J, Gitlin M, Grof P, Kessing LV, et al. Smartphones in 
mental health: a critical review of background issues, current status and 
future concerns. Int J Bipolar Disord. 2020;8:2.

Baumeister H, Reichler L, Munzinger M, Lin J. The impact of guidance on 
Internet-based mental health interventions—a systematic review. Inter‑
net Interv. 2014;1:205–15.

Baumel A, Muench F, Edan S, Kane JM. Objective user engagement with men‑
tal health apps: systematic search and panel-based usage analysis. J Med 
Internet Res. 2019;21:e14567.

Beiwinkel T, Kindermann S, Maier A, Kerl C, Moock J, Barbian G, et al. Using 
smartphones to monitor bipolar disorder symptoms: a pilot study. JMIR 
Ment Health. 2016;3:e2.

Bennett S, Maton K, Kervin L. The ‘digital natives’ debate: a critical review of the 
evidence. Br J Educ Technol. 2008;39:775–86.

Ben-Zeev D, Davis K, Kaiser S, Krzsos I, Drake R. Mobile technologies among 
people with serious mental illness: opportunities for future services. Adm 
Policy Ment Health. 2013;40:340–3.

Berry N, Lobban F, Emsley R, Bucci S. Acceptability of interventions deliv‑
ered online and through mobile phones for people who experience 
severe mental health problems: a systematic review. J Med Internet Res. 
2016;18:e121.

BinDhim NF, Shaman AM, Trevena L, Basyouni MH, Pont LG, Alhawassi TM. 
Depression screening via a smartphone app: Cross-country user charac‑
teristics and feasibility. J Am Med Inform Assoc. 2015;22:29–34.

Borenstein M, Hedges L ,Higgins J, Rothstein H. Comprehensive Meta Analysis 
Version 3.0. https://​www.​meta-​analy​sis.​com/​downl​oads/​Meta-​Analy​sis%​
20Man​ual%​20V3.​pdf. Accessed 20 Nov 2020

Carson S, Lundvall A, Möller R, Bävertoft S, Jacobsson A, Sellin G, et al. Ericsson 
Mobility Report June 2016. https://​www.​erics​son.​com/​en/​mobil​ity-​
report/​repor​ts. Accessed Aug 23, 2020.

Chakrabarti S. Treatment-adherence in bipolar disorder: a patient-centred 
approach. World J Psychiatry. 2016;6:399–409.

Cheng PGF, Ramos RM, Bitsch JÁ, Jonas SM, Ix T, See PLQ, et al. Psychologist in 
a pocket: lexicon development and content validation of a mobile-based 
app for depression screening. JMIR Mhealth Uhealth. 2016;4:e88.

Cuijpers P, Kleiboer A, Karyotaki E, Riper H. Internet and mobile interven‑
tions for depression: opportunities and challenges. Depress Anxiety. 
2017;34:596–602.

Depp CA, Ceglowski J, Wang VC, Yaghouti F, Mausbach BT, Thompson WK, et al. 
Augmenting psychoeducation with a mobile intervention for bipolar 
disorder: a randomized controlled trial. J Affect Disord. 2015;174:23–30.

DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp Clin 
Trials. 2015;45:139–45.

Ebert DD, Baumeister H. Internet-based self-help interventions for depression 
in routine care. JAMA Psychiat. 2017;74:852–3.

Eysenbach G. The Law of Attrition. J Med Internet Res. 2005;7:e11.
Faurholt-Jepsen M, Frost M, Vinberg M, Christensen EM, Bardram JE, Kessing LV. 

Smartphone data as objective measures of bipolar disorder symptoms. 
Psychiatry Res. 2014;217:124–7.

Faurholt-Jepsen M, Ritz C, Frost M, Mikkelsen RL, Margrethe Christensen E, 
Bardram J, et al. Mood instability in bipolar disorder type I versus type 
II-continuous daily electronic self-monitoring of illness activity using 
smartphones. J Affect Disord. 2015;186:342–9.

Faurholt-Jepsen M, Frost M, Christensen EM, Bardram JE, Vinberg M, Kessing LV. 
The effect of smartphone-based monitoring on illness activity in bipolar 
disorder: the MONARCA II randomized controlled single-blinded trial. 
Psychol Med. 2020;50:838–48.

Firth J, Torous J, Yung AR. Ecological momentary assessment and beyond: The 
rising interest in e-mental health research. J Psychiatr Res. 2016;80:3–4.

Fleming T, Bavin L, Lucassen M, Stasiak K, Hopkins S, Merry S. Beyond the trial: 
systematic review of real-world uptake and engagement with digital self-
help interventions for depression, low mood, or anxiety. J Med Internet 
Res. 2018;20:e199.

Fuller-Tyszkiewicz M, Richardson B, Klein B, Skouteris H, Christensen H, Austin 
D, et al. A mobile app-based intervention for depression: end-user and 
expert usability testing study. JMIR Ment Health. 2018;5:e54.

Greene M, Paladini L, Lemmer T, Piedade A, Touya M, Clark O. Systematic litera‑
ture review on patterns of pharmacological treatment and adherence 
among patients with bipolar disorder type I in the USA. Neuropsychiatr 
Dis Treat. 2018;14:1545–59.

Grossman JT, Frumkin MR, Rodebaugh TL, Lenze EJ. mHealth Assessment and 
intervention of depression and anxiety in older adults. Harv Rev Psychia‑
try. 2020;28:203–14.

Hidalgo-Mazzei D, Mateu A, Reinares M, Murru A, Del Mar Bonnín C, Varo C, 
et al. Psychoeducation in bipolar disorder with a simple smartphone 
application: feasibility, acceptability and satisfaction. J Affect Disord. 
2016;200:58–66.

Hidalgo-Mazzei D, Reinares M, Mateu A, Nikolova VL, Bonnín CDM, Samalin 
L, et al. OpenSIMPLe: a real-world implementation feasibility study of a 
smartphone-based psychoeducation programme for bipolar disorder. J 
Affect Disord. 2018;241:436–45.

Hollis C, Morriss R, Martin J, Amani S, Cotton R, Denis M, et al. Technological 
innovations in mental healthcare: harnessing the digital revolution. Br J 
Psychiatry. 2015;206:263–5.

Jayasinghe N, Moallem BI, Kakoullis M, Ojie M-J, Sar-Graycar L, Wyka K, et al. 
Establishing the feasibility of a tablet-based consent process with older 
adults: a mixed-methods study. Gerontologist. 2019;59:124–34.

Kerst A, Zielasek J, Gaebel W. Smartphone applications for depression: a 
systematic literature review and a survey of health care professionals’ 
attitudes towards their use in clinical practice. Eur Arch Psychiatry Clin 
Neurosci. 2019;270:139–52.

Kuerbis A, Mulliken A, Muench F, A. Moore A, Gardner D. 2017 Older adults and 
mobile technology: Factors that enhance and inhibit utilization in the 
context of behavioral health. Ment Health Addict Res 2(2).

Levin JB, Krivenko A, Howland M, Schlachet R, Sajatovic M. Medication Adher‑
ence in patients with bipolar disorder: a comprehensive review. CNS 
Drugs. 2016;30:819–35.

Linardon J, Cuijpers P, Carlbring P, Messer M, Fuller-Tyszkiewicz M. The efficacy 
of app-supported smartphone interventions for mental health prob‑
lems: a meta-analysis of randomized controlled trials. World Psychiatry. 
2019;18:325–36.

Merikangas KR, Akiskal HS, Angst J, Greenberg PE, Hirschfeld RMA, Petukhova 
M, et al. Lifetime and 12-Month prevalence of bipolar spectrum disorder 
in the national comorbidity survey replication. Arch Gen Psychiatry. 
2007;64:543–52.

Mitzner TL, Boron JB, Fausset CB, Adams AE, Charness N, Czaja SJ, et al. Older 
adults talk technology: technology usage and attitudes. Comput Human 
Behav. 2010;26:1710–21.

Moore RC, Depp CA, Wetherell JL, Lenze EJ. Ecological momentary assess‑
ment versus standard assessment instruments for measuring mindful‑
ness, depressed mood, and anxiety among older adults. J Psychiatr Res. 
2016;75:116–23.

https://www.meta-analysis.com/downloads/Meta-Analysis%20Manual%20V3.pdf
https://www.meta-analysis.com/downloads/Meta-Analysis%20Manual%20V3.pdf
https://www.ericsson.com/en/mobility-report/reports
https://www.ericsson.com/en/mobility-report/reports


Page 15 of 15Patoz et al. Int J Bipolar Disord            (2021) 9:19 	

Murru A, Pacchiarotti I, Verdolini N, Reinares M, Torrent C, Geoffroy P-A, et al. 
Modifiable and non-modifiable factors associated with functional impair‑
ment during the inter-episodic periods of bipolar disorder. Eur Arch 
Psychiatry Clin Neurosci. 2018;268:749–55.

Myin-Germeys I, Klippel A, Steinhart H, Reininghaus U. Ecological momentary 
interventions in psychiatry. Curr Opin Psychiatry. 2016;29:258–63.

National institute of health. Study quality assessment tools. https://​www.​nhlbi.​
nih.​gov/​health-​topics/​study-​quali​ty-​asses​sment-​tools. Accessed 16 Mar 
2021.

Ng MM, Firth J, Minen M, Torous J. User engagement in mental health 
apps: a review of measurement, reporting, and validity. Psychiatr Serv. 
2019;70:538–44.

Nicholas J, Fogarty AS, Boydell K, Christensen H. The reviews are in a qualitative 
content analysis of consumer perspectives on apps for bipolar disorder. J 
Med Internet Res. 2017;19:e105.

Pini S, de Queiroz V, Pagnin D, Pezawas L, Angst J, Cassano GB, et al. Prevalence 
and burden of bipolar disorders in European countries. Eur Neuropsy‑
chopharmacol. 2005;15:425–34.

Ramos RM, Cheng PGF, Jonas SM. Validation of an mHealth App for Depression 
Screening and Monitoring (Psychologist in a Pocket): Correlational Study 
and Concurrence analysis. JMIR Mhealth Uhealth. 2019;7:e12051.

Rathbone AL, Prescott J. The use of mobile apps and sms messaging as physi‑
cal and mental health interventions: systematic review. J Med Internet 
Res. 2017;19:e295.

Samalin L, Llorca PM, Giordana B, Milhiet V, Yon L, El-Hage W, et al. Residual 
symptoms and functional performance in a large sample of euthymic 
bipolar patients in France (the OPTHYMUM study). J Affect Disord. 
2014;159:94–102.

Schwartz S, Schultz S, Reider A, Saunders EFH. Daily mood monitoring of 
symptoms using smartphones in bipolar disorder: a pilot study assessing 
the feasibility of ecological momentary assessment. J Affect Disord. 
2016;191:88–93.

Song F, Hooper LY. Publication bias: what is it? how do we measure it? how do 
we avoid it? Open Access J Clin Trials. 2013;5:51–81.

Stanislaus S, Faurholt-Jepsen M, Vinberg M, Coello K, Kjærstad HL, Melbye S, 
et al. Mood instability in patients with newly diagnosed bipolar disorder, 

unaffected relatives, and healthy control individuals measured daily using 
smartphones. J Affect Disord. 2020;271:336–44.

Stiles-Shields C, Montague E, Lattie EG, Kwasny MJ, Mohr DC. What might 
get in the way: barriers to the use of apps for depression. Digit Health. 
2017;3:205520761771382.

Titzler I, Saruhanjan K, Berking M, Riper H, Ebert DD. Barriers and facilitators for 
the implementation of blended psychotherapy for depression: a qualita‑
tive pilot study of therapists’ perspective. Internet Interv. 2018;12:150–64.

Torous J, Nicholas J, Larsen ME, Firth J, Christensen H. Clinical review of user 
engagement with mental health smartphone apps: evidence, theory and 
improvements. Evid Based Mental Health. 2018;21:116–9.

Torous J, Lipschitz J, Ng M, Firth J. Dropout rates in clinical trials of smartphone 
apps for depressive symptoms: a systematic review and meta-analysis. J 
Affect Disord. 2020;263:413–9.

Tsanas A, Saunders KEA, Bilderbeck AC, Palmius N, Osipov M, Clifford GD, et al. 
Daily longitudinal self-monitoring of mood variability in bipolar disorder 
and borderline personality disorder. J Affect Disord. 2016;205:225–33.

Tueller SJ, Deboeck PR, Van Dorn RA. Getting less of what you want: Reduc‑
tions in statistical power and increased bias when categorizing medica‑
tion adherence data. J Behav Med. 2016;39:969–80.

Van Til K, McInnis MG, Cochran A. A comparative study of engagement in 
mobile and wearable health monitoring for bipolar disorder. Bipolar 
Disord. 2020;22:182–90.

Wenze SJ, Armey MF, Miller IW. Feasibility and acceptability of a mobile 
intervention to improve treatment adherence in bipolar disorder: a pilot 
study. Behav Modif. 2014;38:497–515.

Wenze SJ, Armey MF, Weinstock LM, Gaudiano BA, Miller IW. An open trial of 
a smartphone-assisted, adjunctive intervention to improve treatment 
adherence in bipolar disorder. J Psychiatr Pract. 2016;22:492–504.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

	Patients’ adherence to smartphone apps in the management of bipolar disorder: a systematic review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Aims of the study
	Methods
	Literature search
	Study selection process
	Data extraction
	Statistical analysis
	Methodological quality assessment

	Results
	Characteristics of included studies and patient populations
	Characteristics of interventions
	Adherence characteristics
	Activity rate
	Completion rate
	Median of use and retention rate
	Undefined adherence characteristics


	Discussion
	Future research

	Limitations
	Conclusion
	Acknowledgements
	References




