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Abstract
BACKGROUND
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Recently, there has been a range of studies about smartphone-based interventions and monitoring for reducing symptoms of bipolar disorder (BD). However, their efficacy for BD remains unclear. 

AIM
To compare the effect of smartphone-based interventions and monitoring with control methods in treating patients with BD.

METHODS
A systematic literature search was performed on PubMed, Embase, Clinical trials, psycINFO, Web of Science, and Cochrane Library. Randomized clinical trials (RCTs) or single-group trials in which smartphone-based interventions and monitoring were compared with control methods or baseline in patients with symptoms of BD were included. Data were synthesized using a random-effects or a fixed-effects model to analyze the effects of psychological interventions and monitoring delivered via smartphone on psychiatric symptoms in patients with BD. The primary outcome measures were set for mania and depression symptoms. Subgroups were created to explore which aspects of smartphone interventions are relevant to the greater or lesser efficacy of treating symptoms.

RESULTS
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]We identified ten articles, including seven RCTs (985 participants) and three single-group trials (169 participants). Analysis of the between-group study showed that smartphone-based interventions were effective in reducing manic [g = -0.19, 95% confidence interval (CI): -0.33 to -0.04, P = 0.01] and depressive (g = -0.28, 95%CI: -0.55 to -0.01, P < 0.05) symptoms. In within-group analysis, smartphone-based interventions significantly reduced manic (g = 0.17, 95%CI: 0.04 to 0.30, P < 0.01) and depressive (g = 0.48, 95%CI: 0.18 to 0.78) symptoms compared to the baseline. Nevertheless, smartphone-based monitoring systems significantly reduced manic (g = 0.27, 95%CI: 0.02 to 0.51, P < 0.05) but not depressive symptoms. Subgroup analysis indicated that the interventions with psychoeducation had positive effects on depressive (g = -0.62, 95%CI: -0.81 to -0.43, P < 0.01) and manic (g = -0.24, 95%CI: -0.43 to -0.06, P = 0.01) symptoms compared to the controlled conditions, while the interventions without psychoeducation did not (P > 0.05). The contacts between therapists and patients that contributed to the implementation of psychological therapy reduced depression symptoms (g = -0.47, 95%CI: -0.75 to -0.18, P = 0.01).

CONCLUSION
Smartphone-based interventions and monitoring have a significant positive impact on depressive and manic symptoms of BD patients in between-group and within-group analysis. 
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[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Core Tip: To date no study has used meta-analysis to pool the existing evidence to examine the efficacy of smartphone-based interventions and monitoring for bipolar disorder. This is the first systematic review and meta-analysis investigating the effects of interventions and monitoring delivered via smartphone on bipolar disorder.


INTRODUCTION
Bipolar disorder (BD) is a serious mood disorder that is characterized by depressive, manic, and mixed episodes[1]. It is estimated that the lifetime prevalence of BD is 1.0% for bipolar disorder I and 1.1% for bipolar disorder II[2]. Patients who do not receive adequate and appropriate treatment are then at risk for experiencing plentiful social and occupational impairments, even suicidal behavior[3]. 
Fortunately, many available treatments aim to cure manic or depressive episodes and stabilize mood[4]. However, there is a range of obstacles towards professional BD treatment. The transportation of mental health services and high-quality medications make treatment unaffordable[5]. Additionally, medication and psychotherapy are not acceptable to some patients who are ashamed of receiving treatment for mood disorder, so the therapeutic effectiveness is limited[6,7]. Therefore, innovative methods of treatment are urgently needed.
Digital technology may represent a feasible and novel solution. The majority of adults own smartphones. In recent years, the number of smartphone users has continually increased[8]. Additionally, using smartphones as a tool for psychological treatment is well-accepted for most people because it is cost-effective[9]. Use of smartphone also breaks the limitation of distance between patients and therapists, therefore it is a viable method to apply smartphones to treat someone who has difficulty in accessing health care[10]. Meanwhile, privacy and individuation are guaranteed in the use of smartphones so that treatment acceptance and compliance are enhanced[11]. Therefore, people can accept smartphone-based interventions at any time they want.
This promising therapeutic potential of smartphones has aroused the interest of different organizations such as governments, advocacy groups, technology companies, and research groups internationally[12,13]. Recently, there has been a range of articles[14-23] about smartphone mental health interventions used for reducing symptoms of BD. Although the idea of smartphone use in health care is becoming more popular, it is difficult to separate actual efficacy from overstated aspirational claims. With thousands of mental disorder treatments readily available, it is urgent to find strong evidence to prove it useful, making sure that people have an understanding of smartphone-based interventions for BD. 
Recent meta-analyses have suggested that smartphone interventions can have a positive impact on physical diseases, such as diabetes[24]. Also, the efficacy of smartphone interventions for a series of mood disorders is explained with recent meta-analyses, such as depression, anxiety, and post-traumatic stress disorder[25-27]. To date, no study has used meta-analysis to pool the existing evidence to examine the efficacy of smartphone interventions for BD. Moreover, there are three reviews related to the smartphone monitoring systems collecting data to predict severity of symptoms[28-30]. However, the clinical effect of the smartphone-based monitoring system on symptoms of BD patients has yet to be established. More recently, several single-group trials are relevant to the effectiveness of the smartphone-based intervention for BD. However, no systematic review and meta-analysis has examined the efficacy of the smartphone-based intervention and monitoring for symptoms in single-group trials. Nevertheless, there is evidence that the estimates from high-quality single-group trials can overcome the paucity of prospective randomized evidence. The estimated results may be similar to those of randomized controlled trials (RCTs). Pooling of high-quality single-group trials may be as accurate as pooling of RCTs[31-34].
We conducted the present meta-analysis to provide the first overall estimated effects of smartphone-based interventions and monitoring for reducing symptoms in BD patients. We conducted between-group analyses using the data extracted from the RCTs. We also performed within-group analyses of RCTs and single-group trials. Subgroups were created to explore which aspects of smartphone interventions are relevant to the greater or lesser efficacy of treating symptoms. 

MATERIALS AND METHODS
This review and meta-analysis followed the PRISMA statement for the transparency and comprehension of the methodology and results reporting[35]. The PROSPERO ID of this meta-analysis is CRD42018092539.

Literature search
We searched PubMed, Embase, Clinical trials, psycINFO, Web of Science, and Cochrane Library from 1993 to August 1, 2019. In the case of any other eligible studies, we looked up reference lists of related reviews and articles. Besides, key researchers in this field were asked whether they knew about unpublished trials.

Study selection
The included studies fulfilled the following criteria: (1) All articles in English language; (2) patients with a diagnosis of BD. Nevertheless, participants with BD and other types of mood disorders that had no influence on the cure of BD at the same time were also included; (3) intervention: Website, smartphone-based apps, instruction of therapists via smartphone to facilitate psychotherapy; (4) RCTs and single-group studies; and (5) outcomes: Reported either mania or depression symptom severity scores before and after intervention. The exclusion criteria were: (1) The intervention was not clearly defined; (2) specific outcomes were not reported; (3) unavailability of full text; and (4) studies investigating the feasibility and satisfaction of smartphone-based intervention.
Two authors (Jia-Yuan Liu and Kang-Kang Xu) selected the articles according to the inclusion criteria after retrieval and screening of the relevant citations in full text. To identify the applicable articles, they read the abstracts and titles. A third reviewer resolved any disagreement that emerged in the process of searching and selection. The procedure of specific inclusion and extraction is shown in Figure 1.

Data extraction
An extraction form was used for each article to collect the following data: (1) Participant information: Sample size, mean age, inclusion criteria, and diagnosis; (2) study design: Trial quality, whether controlled or not; (3) smartphone intervention: Study duration, details of intervention, and frequency of intervention; and (4) effects on mania and depression: Changes in total depressive and manic symptoms scored before and after interventions using any clinically validated rating scale. 

Risk of bias
The Cochrane risk of bias assessment tool was used for assessment of the RCT methodological quality. Bias risk in each domain of selection, performance, detection, attrition, and reporting ranking as high, low, or unknown was assessed independently by two reviewers. And inconsistencies were resolved through discussion. For publication bias, it was inappropriate to make a funnel plot to determine it because the number of included trials was no more than 10[36]. We did not have enough studies to make a meaningful funnel plot that was proposed by Egger et al[37].

Statistical analysis
Statistical analyses were performed with Review Manager version 5.3 (free software downloaded from http://www.cochrane.org). Between-group analysis was conducted for RCTs. The differences in changes in manic and depressive symptoms between smartphone-based intervention and control groups were pooled for calculation of the overall effect size using Hedges’ g[38] with 95% confidence intervals (CIs). We conducted heterogeneity tests among these studies. In case of I² > 50% and P ≤ 0.05, which indicated the presence of high heterogeneity, we chose a random-effects model; otherwise, we used a fixed-effects model. We next implemented within-group effect size of smartphone-based interventions and monitoring on manic and depressive symptoms. We computed Hedges’ g statistic as the estimate of within-group effect size for changes from pre- to post-treatment with RCTs and the single-group trials. Lastly, we conducted subgroup analyses to investigate the different effects of components of smartphone-based interventions. 

RESULTS
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Study selection
A total of 193 articles were retrieved. Eighty-four duplicate articles were excluded. After reading the abstract and title of the remaining 109, we removed 52 case reports, editor responses, reviews, and studies that included animal experiments. Full versions were retrieved for 57 papers, of which ten met eligibility criteria, including seven RCTs and three single-group trials. 

Characteristics of included studies
Table 1 displays the full details of the included studies. Available data were extracted from seven RCTs with two arms[15-19,21] or three arms[22] and three trials with single arms[14,20,23]. All but five articles had graphically reported data, which were extracted with graphical digitizer (Get Data Graph Digitizer) from the reported figures[14,18,19-21]. Two of the ten eligible studies included patients with BD and patients with other mood disorders[15,21]. Eight studies included only participants with BD diagnosed according to DSM or ICD-10[14,16-20,22,23]. The mean age of the sample ranged from 16 to 59 years (median, 38 years). Three studies were related to monitoring systems[14,18,19]. Three articles highlighted the heterogeneity in the analysis of the depressive symptoms[14,18,19]. The smartphone interventions and monitoring lasted from 4 wk to 12 mo. Manic and depressive symptoms were measured as an outcome in ten articles.

Risk of bias assessment
The results from the Cochrane Risk of Bias assessment are displayed in Figure 2. The most frequent risk factor for bias was inadequate blinding of participants and personnel with only five of seven studies using the blinding method for which the participants would not be aware of their treatment or control status, as well as the hypothesized outcomes of the trial.

Between-group effect sizes of smartphone interventions on manic and depressive symptoms
The pooled effect size of smartphone-based interventions on manic symptom changes in comparison to control conditions is shown in Figure 3A. Meta-analysis indicated a positive effect size of smartphone-based interventions for reducing manic symptoms compared to control groups (k = 6, n = 785, g = -0.19, 95%CI: -0.33 to -0.04, P = 0.01, I² = 0). There was no heterogeneity across the studies, therefore, we chose a fixed-effects model. Smartphone-based interventions were significantly more efficacious than control conditions in improving depressive symptoms (k = 8, n = 985, g = -0.28, 95%CI: -0.55 to -0.01, P < 0.05, I² = 75%) (Figure 3B). We found high heterogeneity among the studies. Therefore, sensitivity analyses were conducted to explore the reasons for this high heterogeneity. After excluding one article[18], the heterogeneity was lower, while the pooled effect size was still significant (k = 6, n = 863, g = -0.38, 95%CI: -0.61 to -0.14, P < 0.01, I² = 63%). 

Within-group effect sizes of smartphone-based interventions on manic and depressive symptoms 
In within-group analysis, comparing changes from baseline to post-treatment scores, smartphone-based interventions resulted in significant improvements in manic symptoms (k = 8, n = 914, g = 0.17, 95%CI: 0.04 to 0.30, P < 0.01, I² = 0) (Figure 4A). Heterogeneity did not exist, and the fixed-effects model was chosen. In within-group analysis, smartphone-based interventions significantly reduced depressive symptoms (k = 11, n = 1154, g = 0.48, 95%CI: 0.18 to 0.78, I² = 81%) after the interventions (Figure 4B). High heterogeneity across article data was found. Therefore, sensitivity analyses were conducted to examine the reasons for the high heterogeneity. After removing two articles[14,21], the heterogeneity was lowered, whereas the effect size was still significant (k = 9, n = 932, g = 0.25, 95%CI: 0.10 to 0.39, I² = 15%).

Within-group effect sizes of smartphone-based monitoring on manic and depressive symptoms 
In order to investigate whether monitoring via smartphone had positive effects on manic and depressive symptoms, we performed within-group analyses. Smartphone-based monitoring appeared effective for manic symptoms (k = 3, n = 257, g = 0.27, 95%CI: 0.02 to 0.51, P < 0.05, I² = 0) compared with changes from baseline to post-treatment scores (Figure 5). The pooled effect size from smartphone-based monitoring on depressive symptoms was near to significant (k = 3, n = 257, g = 1.26, 95%CI: -0.14 to 2.67, P = 0.08, I² = 94%). 

Subgroup analysis 
In order to explore which details of smartphone interventions make them effective for manic and depressive symptoms, we conducted further subgroup analyses. Smartphone interventions that involved psychoeducation had positive effects on manic symptoms (k = 3, n = 449, g = -0.24, 95%CI: -0.43 to -0.06, P = 0.01, I² = 0) compared to control groups, while those without psychoeducation did not (k = 3, n = 336, g = -0.13, 95%CI: -0.43 to 0.17, P = 0.39, I² = 45%) (Figure 6A). There was no significant subgroup difference (c² = 0.36, df = 1, P = 0.55) in the effect size obtained for smartphone interventions that involved psychoeducation compared to those without. Our meta-analysis revealed a positive effect size of smartphone mental health interventions for reducing depressive symptoms (k = 3, n = 449, g = 0.62, 95%CI: -0.81 to -0.43, P < 0.01, I² = 0) compared to control groups, while those without psychoeducation were not significantly more efficacious than control conditions in improving depressive symptoms (k = 5, n = 536, g = -0.06, 95%CI: -0.39 to 0.26, P = 0.71, I² =67%) (Figure 6B). There was a significant subgroup difference (c² = 8.52, df = 1, P = 0.004) in the overall effect size gained for smartphone interventions that involved psychoeducation compared to that did not.
Interventions that involved instruction via smartphone had a significantly great effect size on depression outcomes compared to control conditions (k = 2, n = 200, g = -0.47, 95%CI: -0.75 to -0.18, P = 0.01, I² = 0), whereas those without instruction through smartphone did not reduce manic and depressive symptoms compared to control groups (k = 6, n = 785, g = -0.24, 95%CI: -0.58 to 0.10, P = 0.17, I² = 82%) (Figure 7). There was no significant subgroup difference (c² = 1, df = 1, P = 0.32) in the pooled effect size obtained for interventions that involved instruction via smartphone compared to those that did not. 

DISCUSSION
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]As far as we know, this is the first meta-analysis to examine the effects of smartphone-based interventions and monitoring on BD. Ten studies with a total sample of 1028 participants who received smartphone-based treatment or monitoring were used for meta-analysis. The studies were comprehensive in this field. The number of included articles for this meta-analysis was similar to that of a previous meta-analysis that found positive effects from smartphone apps across nine studies with 1837 participants with anxiety[25]. The literature base for BD appears larger than that for other affective disorders, such as post-traumatic stress disorder, according to a recent meta-analysis in this field that included only five relevant articles[27]. Furthermore, six of our ten articles were published within the past 5 years[14-16,18,21,22], which means that our analysis reflected the effectiveness of the most updated smartphone-based intervention tools.
Our analysis found that smartphone interventions had a positive effect on BD between and within groups. Meta-analysis indicated a positive effect of smartphone-based interventions for reducing manic (g = -0.19) and depressive (g = -0.28) symptoms compared to control groups. In within-group analyses, the effects of smartphone-based interventions appeared effective for manic (g = 0.17) and depressive (g = 0.48) symptoms. Similar positive effects were observed in the meta-analysis of smartphone interventions for other mood disorders, such as anxiety, depression, post-traumatic stress disorder, and obsessive compulsive disorder[25-27,37]. These findings indicate that delivering psychological treatments via smartphone devices is an efficacious and promising method to treat BD. The potential mechanism by which smartphone interventions reduce symptoms of BD might be explained by using these devices to support and enhance the delivery of existing face-to-face therapy[25]. The use of smartphone-based interventions may provide creative and innovative interventions, filling the gap between feasibility and the demand for treatment[39]. Additionally, interventions via smartphone devices may remedy some limitations of existing traditional therapy in the future, with the advantages of convenience and lower treatment cost. 
Our analysis showed that BD participants with mania who used the smartphone monitoring systems experienced benefits (g = 0.27). Meanwhile, a recent review of the smartphone application for mood disorders had similar finding that smartphone application with mood monitoring features reduces depressive symptoms[26]. Additionally, a previous study proposed that using a digital device in itself may produce some psychological benefits[40]. The smartphone-based monitoring system was used to collect data on phone usage, social communication, social activity, and mobility, which were irrelevant to psychotherapy. To some extent, using the smartphone-based monitoring system was equivalent to only using the device itself. Therefore, our results that monitoring systems have positive effect on manic symptoms may contribute to the hypothesis that smartphones may offer some psychological benefits. There were three reviews related to the smartphone monitoring system collecting data to predict severity of symptoms[28-30]. Therefore, we conclude that the monitoring system may contribute to treatment of BD and predictions of clinically assessed depressive and manic symptoms. In the future, using smartphone-based monitoring and treatment simultaneously may form a complete treatment system that is convenient and efficient. 
With regards to intervention features, in our subgroup analysis, smartphone interventions that involved psychoeducation had great effects on manic (g = -0.24) and depressive (g = -0.62) symptoms of BD compared to control conditions. A similar finding was reported in a recent meta-analysis about psychoeducation for the management of BD patients[41]. The effects of smartphone interventions that involved instruction from the therapist (g = -0.47) appeared significant, while the effect size of those without instruction was not significant. A previous study found that therapist guidance bolstered the effectiveness of smartphone interventions[42]. Instruction from therapists may be conducive to improvement of patient engagement and completion rate of therapy. Although smartphone-based interventions reduced symptoms, there are numerous factors that may affect outcomes of smartphone interventions. Therefore, to design these interventions to be effective in the future, more analyses are needed.
In general, smartphone-based interventions and monitoring reduced symptoms in BD patients. BD is always associated with poor quality of life in addition to personal suffering from depression[43]. Although there are many treatments for BD, there is a limitation in the availability of therapy. The use of smartphones is accessible and affordable[44], which ensures the implementation of mental health interventions and monitoring for BD. It enhances and facilitates the delivery of existing therapy programs and makes them more acceptable. However, there are some complex issues generated by the use of smartphones and the technology itself, including low resource settings somewhere, privacy policy, clinical utility, commercialization, and evolving technology[45-48]. Therefore, in order to achieve satisfactory therapeutic effects in the use of smartphone interventions for BD patients, the influential factors in the whole treatment process should be studied and resolved in the future. Additionally, communication between the users and designers of smartphone-based interventions is not adequate. In the future, the treatment methods will need to be optimized according to the users’ feedback and the researchers’ thoughts.
Our study had a few limitations. First, two studies in this meta-analysis were considered to have a high risk of bias because of inadequate blinding of participants and personnel[15,18]. Second, the absolute number of available applications is unknown and the applications are frequently updated. It is impossible to examine total smartphone interventions. Third, there were only three eligible articles regarding smartphone-based monitoring patterns[14,18,19], which was not sufficient to provide definitive results. Future research that directly tests the monitoring effectiveness against BD would add value to our results. Lastly, to explore potential factors relevant to smartphone interventions, details about demographics, severity of BD, and engagement need to be collected. Nevertheless, with limited data that can be extracted, we could not conduct subgroup analysis on these variables that might impact statistical results. In the future, a more standard data reporting format needs to be implemented with research data, thus improving the validity and reliability of meta-analysis.

CONCLUSION
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]In summary, smartphone-based interventions are effective in reducing manic and depressive symptoms. Nevertheless, the smartphone-based monitoring systems only worked for participants with manic but not depressive symptoms. Our results contribute to the literature on smartphone-based interventions and monitoring for manic and depressive symptoms in BD patients, although much work remains to be done. This meta-analysis shows that smartphone-based intervention and monitoring have the potential to enhance the methods of treatment with its characteristics of low expenditure and highly-convenience in addition to available medications and psychological interventions.

ARTICLE HIGHLIGHTS
Research background
Recently, a range of studies about smartphone-based interventions and monitoring for reducing symptoms of bipolar disorder (BD) have been published. However, their efficacy for BD remains unclear. 

Research motivation
The present study aimed to assess randomized controlled trials and single-group trials of smartphone-based interventions and monitoring for reducing the symptoms of BD.

Research objectives
The main objective was to update and evaluate innovative treatment suggestions for BD.

Research methods
We performed a systematic literature search on PubMed, Embase, Clinical trials, psycINFO, Web of Science, and Cochrane Library. Randomized clinical trials or single-group trials in which smartphone-based interventions and monitoring were compared with control methods or baseline in patients with symptoms of BD were included. We synthesized data using a random-effects or a fixed-effects model by Review Manager version 5.3 to analyze the effects of psychological interventions and monitoring delivered via smartphone on psychiatric symptoms in patients with BD. The primary outcome measures were set for mania and depression symptoms. The subgroups were created to explore which aspects of smartphone interventions are relevant to the greater or lesser efficacy of treating symptoms.

Research results
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]We identified ten articles, including seven randomized clinical trials (985 participants) and three single-group trials (169 participants). Analysis of the between-group study showed that smartphone-based interventions had positive effects in reducing manic (g = -0.19, 95%CI: -0.33 to -0.04, P = 0.01) and depressive (g = -0.28, 95%CI: -0.55 to -0.01, P < 0.05) symptoms. In within-group analysis, smartphone-based interventions significantly reduced manic (g = 0.17, 95%CI: 0.04 to 0.30, P < 0.01) and depressive (g = 0.48, 95%CI: 0.18 to 0.78) symptoms compared to the baseline. Nevertheless, smartphone-based monitoring systems significantly reduced manic (g = 0.27, 95%CI: 0.02 to 0.51, P < 0.05) but not depressive symptoms. Subgroup analysis indicated that the interventions with psychoeducation were effective for depressive (g = -0.62, 95%CI: -0.81 to -0.43, P < 0.01) and manic (g = -0.24, 95%CI: -0.43 to -0.06, P = 0.01) symptoms compared to the controlled conditions, while the interventions without psychoeducation did not (P > 0.05). The contacts between therapists and patients that contributed to the implementation of psychological therapy reduced depression symptoms (g = -0.47, 95%CI: -0.75 to -0.18, P = 0.01).

Research conclusions
Smartphone-based interventions and monitoring have a significant positive impact on depressive and manic symptoms of BD patients in between-group and within-group analysis. 

Research perspectives
The current meta-analysis suggests that smartphone-based interventions provide evidence of any reduction in manic and depressive symptoms. Nevertheless, smartphone-based monitoring systems are only effective for participants with manic but not depressive symptoms. The findings have implied that these digital tools can be used as the clinically future treatments for symptoms of BD. However, future trials need to keep pace with the development of these apps and a better understanding of the numerous factors that influence outcomes of smartphone interventions for BD are also required.
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Figure Legends
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Figure 1 Study selection.
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Figure 2 Quality assessments of randomized clinical trials.
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Figure 3 Between-group effect size of smartphone-based interventions on bipolar disorder. A: Meta-analysis of effects of smartphone-based interventions on manic symptoms; B: Meta-analysis of effects of smartphone-based interventions on depressive symptoms.
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Figure 4 Within-group effect size of smartphone-based interventions on bipolar disorder. A: Meta-analysis of effects of smartphone-based interventions on manic symptoms; B: Meta-analysis of effects of smartphone-based interventions on depressive symptoms.
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Figure 5 Within-group effect size of smartphone-based monitoring on manic and depressive symptoms.
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Figure 6 Subgroup analysis of interventions with psychoeducation on bipolar disorder. A: Meta-analysis of effects of smartphone-based interventions on manic symptoms; B: Meta-analysis of effects of smartphone-based interventions on depressive symptoms.
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Figure 7 Subgroup analysis of interventions with instruction on depressive symptoms.
Table 1 Characteristics of included studies
	Ref.
	Sample type
	n
	Age (yr)
	Female
	Study design
	Design
	Measure
	Smartphone intervention details

	Depp et al[17]
	Outpatient diagnosed with BD
	41, 41
	47.5
	58.50%
	RCT
	10 wk of PRISM (self-management and monitoring app) vs paper and pencil monitoring
	YMRS, MADRS
	Mood monitoring and self-management APP

	Faurholt-Jepsen et al[18]
	BD patients previously treated for affective disorder
	85, 44
	43.1
	88.40%
	RCT
	9 mo of MONARCA II (monitoring app) vs controlled conditions
	YMRS, HDRS
	Self-monitoring APP

	Ben-Zeev, et al[15]
	People with mental illness
	75, 74
	49
	41%
	RCT
	3 mo of FOCUS (self-management app) vs clinical treat
	PSYRATS, BDI-II
	App and phone call from specialist to facilitate APP use

	Faurholt-Jepsen et al[19]
	Outpatients diagnosed with BD
	33, 34
	29.3
	67.10%
	RCT
	6 mo of MONARCA (self-monitoring app) vs Controlled conditions
	YMRS, HAMD-17
	Self-monitoring APP

	Gliddon et al[22]
	Participants with bipolar disorder
	96, 95, 87
	39.5
	82%
	RCT
	9 mo of Mood Swings 2.0 vs control conditions
	YMRS, MADRS
	Mood Swing is a web site

	Celano, et al[16]
	BD patients with an acute depressive episode
	14, 11
	45
	68%
	RCT
	4 wk of telephone-based positive psychology vs the control group
	None, QIDS-SR
	Phone call from specialist to instruct the self-management

	Kilbourne, et al[21]
	People with unipolar and bipolar disorder
	115, 123
	41.3
	66%
	RCT
	12 mo of CCM (psychosocial intervention) vs usual care from provider
	None, PHQ-9
	Phone call from care manager to facilitate the psychosocial intervention

	Depp et al[23]
	Outpatients with bipolar disorder
	10
	41
	/
	Single-group trials
	2 wk of PRISM (monitoring and self-management app)
	YMRS, MADRS
	Mood monitoring and self-management APP

	Beiwinkel, et al[14]
	Outpatients with bipolar disorder
	14
	47.2
	38%
	Single-group trials
	12 mo of a smartphone-based monitoring system
	YMRS, HAMD
	Monitoring APP

	Miklowitz et al[20]
	Patients with bipolar disorder
	19
	37.2
	68.40%
	Single-group trials
	4 mo of FIMM (psychoeducation and monitoring)
	YMRS, QIDS-SR
	Monitoring and self-management APP


BD: Bipolar disorder; RCT: Randomized clinical trial; ASRM: Altman self-rating mania; APP: Application; BDI: Beck depression inventory; BHS: Beck hopelessness scale; HAMD-17: 17-item hamilton depression rating scale; HRSD: Hamilton rating scale for depression; MADRS: Montgomery–Asberg depression rating scale; PHQ-9: Nine-item patient health questionnaire; PSYRATS: Psychotic symptom rating scales; QIDS-SR: Quick inventory of depressive symptoms–self report; YMRS: Young mania rating scale.
image3.png
Exporimental

—Studyor Subgroup  Mean SD Total Mean SD Total Weight

Bon-Zoov2018 4 358
Depp2015 BESET)
Faurholtepsen2015 =12 4.7
Faurholt-Jepsen2019 -4 32
Gliddon 12019 07 38
Giiddon 2019 03 38
Total (95% CI)

Heterogeneity: Chi* = 4.88, df = 5 (P = 0.43); I' = 0%

Test for overal effect: Z = 2.57 (P = 0.01)

|

!

BorZoev2018 3
Celana2018 .4
Depp2015 -3
Foutolt-Jopeen201S. 03
Faumol-Jepsen2019 0
Glacon 12019 25
Gdcon 2019 19

-8

Total (5% C1)

JIB2ERSs

Control $td. Mean Differonce $td. Mean Differance
IV, Fixed, 95% CI IV, ixed, 95% Gl
75 -0 31 74 194%  0.420.20,044] i
38 0245 337 0e% -0.36 |-0.81,0.10) -
32 0133 33 84% 0271076022 I
81 027 41 140%  -0.33-0.70,0.05] |
95 0149 96 248%  -0.18[-046,0.0) .
87 0952 06 238%  -028[055,003) B
408 7 1000%  0.19(0.33,-004) L4
4 05 0 05 1
Favours [experimontsl] - Favours (control)
Control Std. Mean Differsnce $td. Mean Differonce
1V, Random, 9% CI
75 27 19 74 WI% 0021035030 —
118 6 9 6% 021[110,087
3 04 67 W MI%  045[091,001) S
2 07 81 B/ N2%  012(036,061) e
81 2 84 41 W% 0.30 (-0.08, 0.68) T
95 34 89 96 W%  060(098,039) —
87 34 89 96 WS% 083082033 —
80 33 63 100 WS%  050(079,020) —
© 436 100.0%  0.28(0.55,-001) -

 Tour « 0.11; CNP « 28.45, f « 7 (P = 0.0002): P = 75%
Test for overal effect Z = 203 (P = 0.04)

4 05 0

05 1
Favours [experimental]  Favours [conto])




image4.png
Experimental Control Std. Mean Differsnce Std. Mean Difference
—StudyorSubgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% C|
Bowikel2016 2 65 14 3 1 13 30%  -020(0.9055
Ben-Zoev2018 3 3 82 25 B! 75 172%  017(0.15,048) -t
Depp2015 7TA 6 41 57 58 38 86%  029[0.16,073) .
Faurhott-Jepsen2015 2 51 33 075223 32 1%  031[0.18,080 N —
Faumolt-Jepssn2019 2 37 8 1 22 81 181% 033[0.02, 063) —
Giddon 12019 43 44 102 38 3 5 216%  018[0.10,048) |
Giddon 2019 32 37 100 29 4 & 205%  008[021,037) i
Mikiowitz2012 75 3 19 3 7 W7 3%  -023[089,043 -1
Total (95% C1) a6 438 100.0% 047 [0.04,0.30) >
Haterogenelty: Chi* = 4.35, df = 7 (P = 0.74); F-= 0% e G R
Test for overall effect: Z = 2,63 (P = 0.009) Rovours [wperimonte] Favours foonbol]
Experimental Control Std. Mean Difference Std. Mean Difference
—Studyor Subgroup _ Mean SD Total Mean  SD Total Welght [V.Random.9§%Cl  [V.Random.95%Cl
Beiwinke2018 8 4 W 2 15 13 286% 5.08 (3.42, 6.70) R
Bon-Zoov2018 22 12 82 1785 1279 75 13% 034 (0.03, 0.66) ~
Colanc2018 158 57 14 94 6 11 63% 1.08 021, 1.91) —
Depp2010 138 85 10 82 8 10 56%  073(0.18,164 N
Dopp2015 M7 9 41 87 69 3B 101% 037008081 "
FaurholtJepsen2015 9 89 33 983 23 32 87%  -005(053,044] T
FaurholtJopsen2019 6 51 85 6 59 81 114%  000(030,030) 1
Gilddon 12019 12 87 102 87 75 95 11.6% 031[0.02,0.59) -
Gliddon 2019 87 84 100 78 72 & 116%  024(005053) o
Kibourne2019 B 71 115 75 65 80 115% 0.80 (050, 1.08] -
Midowiz2012 825 17 19 625 125 17 80%  013(055,079) e
Total (95% C1) 615 539 1000%  048[0.18,0.78) *

Heterogeneity: Tau* = 0.18; ChP = 52.37, df = 10 (P < 0.00001); I* = 81%
Test for overal effect: Z = 3.15 (P =0.002)

4 2 0 2 4
Favours worse ] Favours [improved]




image5.png
Experimental Control Std. Mean Difference Std. Mean Difference

monitoring on mania
Beiwinkel2016 2 65 14 3 1 13 153%  -020(0.96,055] ——
Faurholt-Jepsen2015 2 51 33 075223 31 184%  031[0.18,080) T
Faurhoit-Jepsen2019 2 37 8 1 22 8 202%  033[002063 =
‘Subtotal (95% C1) 132 125 539% 027 [0.02, 0.51] .

Heterogenelty: Teu* = 0.00; Chi* = 1.66, df =2 (P = 0.44); I'= 0%
Testfor overall effect: 2= 2.11 (P = 0.03)

monitoring on depression
Beiwinkel2016 18 4 14 2 15 13 74% 5.06 [3.42, 6.70]
Faurholt-Jepsen2015 9 89 33 93 23 31 184%  -0.04[0.54,045
Faurholt-Jepsen2019 6 51 8 6 59 81 202%  000[0.30,030]
Subtotal (95% C1) 132 125 461%  126[0.14,267)

Heterogeneity: Tau® = 1.33; Chi* = 35.72, df = 2 (P < 0.00001); P = 4%
Test for overall effect: Z = 1.76 (P = 0.08)

Total (95% CI) 264 250 100.0%  0.46[0.09,1.01] -
Heterogenelty: Tau? = 0.37; ChF = 38.11, df = 5 (P < 0.00001); P = 87% 5 » 5 ¥ 3

Test for overal effect: 2 = 1.
Tost for subarouo differences: Chit = 1.87. df =1 (P = 0.17). = 48.5% Fovours eperimental] Fovours oriro]





image6.png
Experimental Control 81 Mean Differonce Std. Moan Diffornce
al 1
‘with paychoeducation
Deppa0ts 47 S8 3 0245 W 6%  -036/081,010]
Guddon 2019 03 33 &7 0952 % ek  -028(085003
Giddon2019 a7 38w 0140w um  owpaow
Subtotal (95% C1) 29 Sa1%  024(043,0.06) *|
et T 00 ¥ 048,81 2P G0 F 0%
Tostfor overal eflect: 2= 254 (P = 0.01)
without psychosducaton
BonZom2018. 6358 75 0 31 T4 1A% 0.12020,044)
Fouhotepser20ls 12 47 32 0133 3 84%  027(076,022]
Fouolvepser20’s 1 32 81 027 41 140% 0331070008
Sublotal (95% C1 1 U8 49%  D13(043,047)
- Tout = 0.03; v = 381, df =2 (P 0.18) = 45%
Tostfor overl eflect: 2= 0.06 P = 0.39)
Total (95% C1) 408 7 1000%  049(033, 004 *
Pty Tt 08, O =408, =8 =04 P =0 T
ot for cverst ffect:2 = 2.57 (P
Tost for mborouo difarances: CHP = 038, df = 1 (P = 0551, = 0% e e E
Experimontal Control 810, Mean Difieronce 81d. Moan Difersnce
—Study or Subgroun__Mean S Tofal Mean SO Total Weloht IV, Random. 95%.C1. IV, Raodom, 98% CL
‘with paychosducation
Deps201s 3 82 3 04 67 I TR 045(091,001] =
Giddon 2019 25 82 95 34 83 % MEK  083[098,.03) -
Guddon 2019 49 T8 W 34 83 % Wsk  omiomawm P
‘Subtotal (95% C1) 220 0% 062(081,043 *
Hegonay. Tos 000, CoF 074, 2 (P 080k 1 0%
Tostfor overs flect = 642 (P < 0.00001)
without paychoeducation
Ben-Zowv2018 3 127 2719 T W% 0020035030 T
Colanczots 44 66 1 5 6 9 em 0210110087 =
Foubotdepser20'S 03 795 32 07 81 3 112%  012[036,081) T
fhobeome20ls 0S8 W 2 a4 41 B o3im s ™
" o 33 63 g s omiamoem s
me 81%  0.06(0.39,026] -
et ot =008, CoF = 212 e 4 (P 0212675
Tost forovera afect 2 037 (P = 0.71)
a6 1000%
(Ch = 2845, o =7 (P = 0.0002); = 76%





image7.png
Experimental

Control

Std. Mean Difference

_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Random, 85% Cl

phone call instruction

Celano2018 64 66 11 5 6
kilboume2019 66 7 80 33 63
Subtotal (95% CI) 9

9
100
109

Heterogeneity: Tau* = 0.00; Chi* = 0.36, df = 1 (P = 0.55); = 0%

‘without phone call instruction

Ben-Zeev2018 3 12 7
Depp2015 3 82 3B
Faurholt-Jepsen2015 03 7.95 32
Faurholt-Jepsen2019 o 56 81
Giiddon /2019 25 82 95
Gliddon 2019 19 79 &7
Subtotal (95% CI) 408

27 19

04
07
2
34
34

87
81
84
89
89

7
a7
33
41
9%
96

an

6.1%
14.5%
206%

141%
17%
12%
13.1%
14.6%
14.5%
794%

Heterogeneity: Tau? = 0.15; Chi* = 27.09, df = 5 (P < 0.0001); I = 82%

Test for overalleffect:

30 (P =0.17)

Total (95% CI) 499
Heterogenelty: Tau* = 0.11; Chit

Test for subaroun differancas: Chi* = 1.00.df = 1 (P = 0.32), = 0%

Std. Mean Difference
IV, Random, 5% C1

021110, 067]
0.50(-079, -0.20]
047 [-0.75, -0.18]

0,02 [0.35, 0.30]
0.45[0.91,001]
012036, 061]
030 [-0.08, 0.68]
-0.69[-0.98, -039]
063092, -033]
0.24[-0.58, 0.10]

028 [-0.55, -0.01]

-

-

&

2 4 0 1 2
Favours [experimental] Favours [control]




image1.png
Records identified through
database searching (n = 193)
Cochrane Library-39
psycINFO-23

Clinical trials-4

PubMed-24

Embase-41

‘Web of Science-62

v

Duplicates removed (1 = 48)

Records screened (n = 109)

2

Records excluded (n = 52)
4 animal experimrnt
7 case report
6 editor response
20 protocol
15 review

Full-text articles assessed for
eligibility (n =57)

v

Studies included in qualitative
synthesis (n = 10)

Full-text articles exluded (n = 47)
5 not smartphone
10 secondary data
32 no eligible outcome data





image2.png
Random sequence generaton (seiecion bizs) N

Alocation conceaiment (election biss) I

Blinding of particpants and persomnel (performance bizs) MM
Binding of oucome asssssment (detecton bias) NN
Incompete outcome data (atrion bias) MM
Selectvereporting (eporting bias)

omerties [N

0% 25% 50% 75%  100%

[ Low risk of bias [Tl unctear risk of bias [l High risk of bias





