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Running title: The effect of smartphone-based monitoring – a RCT 
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ABSTRACT

Objectives

The MONARCA I and II trials were negative but suggested that smartphone-based monitoring may increase 

quality of life and reduce perceived stress in bipolar disorder (BD). The present trial was the first to 

investigate the effect of smartphone-based monitoring on the rate and duration of readmissions in BD.  

Methods

This was a randomized controlled single-blind parallel-group trial. Patients with BD (ICD-10) discharged 

from hospitalization in the Mental Health Services, Capital Region of Denmark were randomized 1:1 to daily 

smartphone-based monitoring including a feedback loop (+ standard treatment) or to standard treatment 

for 6-months. Primary outcomes: the rate and duration of psychiatric readmissions. 

Results

We included 98 patients with BD. In ITT analyses there was no statistically significant difference in rates 

(hazard rate: 1.05, 95% CI: 0.54; 1.91, p=0.88) or duration of readmission between the two groups (B: 3.67, 

95% CI: -4.77; 12.11, p=0.39). There was no difference in scores on the Hamilton Depression Rating Scale 

(B= -0.11, 95% CI: -2.50; 2.29, p=0.93). The intervention group had higher scores on the Young Mania 

Rating Scale (B: 1.89, 95% CI: 0.0078; 3.78, p=0.050). The intervention group reported lower levels of 

perceived stress (B: -7.18, 95% CI: -13.50; -0.86, p=0.026) and lower levels of rumination (B: -6.09, 95% CI: -

11.19; -1.00, p=0.019).  

Conclusions

Smartphone-based monitoring did not reduce rate and duration of readmissions. There was no difference 

in levels of depressive symptoms. The intervention group had higher levels of manic symptoms, but lower 

perceived stress and rumination compared with the control group. 

Keywords: Bipolar disorder, Randomized controlled trial, Smartphone, Readmission, RADMIS, The 

Monsenso system. 

Significant outcomes

- The effect of daily smartphone-based monitoring and treatment in patients with bipolar disorder 

for 6 months was investigated in the present randomized controlled single-blind parallel-group trial
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- There were no differences between the two groups in rates or duration of readmission, but the 

intervention group had higher levels of manic symptoms, reported lower levels of perceived stress 

and lower levels of rumination 

- Due to the limited access to treatment facilities, during recent years, and especially during the 

COVID-19 pandemic, there has been an rapid increase in the international interest in the use of 

mHealth technologies within mental health, and smartphone-based monitoring and treatment may 

present a potential supporting treatment option. However, the evidence has been sparingly 

investigated. 

Limitations

- Modest sample size

- Only positive significant effect on patient reported outcome measures
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INTRODUCTION 

Bipolar disorder, characterized by recurring affective episodes of depression and (hypo)mania, is one of the 

most important causes of disability worldwide1, and burden society with high health care costs2. Patients 

with bipolar disorder are more frequently hospitalized and readmitted to psychiatric wards than any other 

patient group3. The period following discharge from psychiatric hospitalizations is a high-risk period with a 

more than 300 times increased risk of suicide and an increased risk of psychiatric readmission4,5. 

Psychopharmacological treatment can reduce the risk of new affective episodes6, and this effect may be 

enhanced by psychological interventions7,8. However, studies suggest that due to decreased adherence to 

psychopharmacological treatment and delayed interventions on prodromal symptoms, the present 

treatment options does not prevent the progressive course of bipolar disorder4,9. Psychological 

interventions have proven ambient effects on depressive symptoms revealing positive effects in some 

studies10–12, but not in others 13–15. Specifically targeting depressive rumination, rumination-focused 

cognitive therapy has shown encouraging results in the treatment of residual depression16. However, the 

number of Cognitive Behavioral Therapy (CBT) therapists is very low compared to the huge demand for 

CBT. Recently, CBT has been suggested for smartphones17, but the effect has never been tested in a 

randomized controlled randomized trial (RCT) in patients with bipolar disorder. 

At an international level within psychiatry there is a gap between the need for treatment and the number 

of patients receiving treatment. During the last ten years there has been a rapid increase in the interest for 

mobile health (mhealth (a general term for the use of mobile phones and other wireless technologies in 

medical care)) technologies within mental health18–22. mHealth technologies may potentially assist in the 

gap in need for treatment and available clinicians. Due to the limited access to treatment facilities, during 

recent years, and especially emphasized during the COVID-19 pandemic and log-down, there has been an 

rapid increase in the international interest on the potential and importance in advancing the use of various 

mHealth technologies for both monitoring and treatment within mental health. Smartphones comprise a 

unique platform for detailed monitoring and treatment on-demand. In relation to bipolar disorder the 

effect of smartphone-based monitoring has only been investigated in few trials23. The MONARCA I trial and 

the MONARCA II trial, conducted by the authors, were the first clinical trials investigating the effect of 

smartphone-based monitoring including a clinical feedback loop during six to nine months compared with 

using a smartphone for usual communicative purposes in patients with bipolar disorder20,24. The clinical 

feedback loop comprised study nurses, who examined the patients’ smartphone data on a regular basis 

using a secure webpage. The patients were contacted by the study nurses based on the patients’ individual 

needs and in case of signs of deterioration. The study nurses then gave advice based on the patients’ 

current clinical state. Overall, in the MONARCA I and the MONARCA II trial there was no effect of A
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smartphone-based monitoring on the severity of depressive and manic symptoms. Sub-analyses on the 

primary outcome measures suggested that smartphone-based monitoring might sustain depressive 

symptoms and episodes, but on the other hand reduce manic symptoms and episodes. On the other hand, 

results also suggested that smartphone-based monitoring resulted in higher quality of life and lower 

perceived stress24. 

Depressive and manic episodes are associated with observable alterations in several behavioural 

components (e.g. activity level and level of social communication). Some of these behavioural components 

may be reflected in automatically generated objective smartphone data (such as phone usage, social 

activity, and mobility), which we previous have shown are associated with the level of clinically evaluated 

depressive and manic symptoms, are able to discriminate between affective states (state marker) and may 

represent a potential diagnostic marker in comparison with healthy control individuals (trait marker)25–27. 

Hypotheses

Following the MONARCA I trial and the MONARCA II trial, we adjusted the smartphone-based monitoring 

system.  A new integrated clinical feedback loop, based on real-time prediction models including both 

subjective measures and automatically generated objective smartphone data, as well as inclusion of CBT 

modules was established and implemented in the new version of the smartphone-based system (now 

called the Monsenso system). We conducted the Re-ADMISsions (RADMIS) RCT and hypothesized, that 

daily smartphone-based monitoring and mood prediction including the new integrated clinical feedback 

loop and CBT modules would reduce the rate and duration of psychiatric readmissions more than standard 

treatment in patients with bipolar disorder discharged from psychiatric hospitalization. 

Aim of the trial

The objective of the present trial was to investigate in a randomized controlled single-blind parallel-group 

trial whether the use of the Monsenso system, would reduce the rate and duration of psychiatric re-

admissions more than standard treatment in adult patients with bipolar disorder (primary outcomes). This 

was the RADMIS trial. Secondary, we aimed to investigate if the Monsenso system would reduce the 

severity of clinically rated depressive and manic symptoms and the number of affective episodes, improve 

psychosocial functioning, quality of life, severity of self-assessed affective symptoms, recovery, 

empowerment, adherence to medication, well-being and satisfaction with care, and reduce perceived 

stress, rumination, and worrying more than standard treatment without a smartphone-based system in 

adult patients with bipolar disorder. A
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MATERIAL AND METHODS

The RADMIS trial is reported according to the CONsolidated Standards Of Reporting Trials (CONSORT) 

statement and Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)28. Details 

concerning the design and methods of the trial can be found elsewhere29. 

Settings, population and design

All patients with a diagnosis of bipolar disorder who were hospitalized due to an affective episode and 

being discharged from psychiatric hospitalization from one of five psychiatric centres at the Mental Health 

Services, Capital Region of Denmark, Denmark (Psychiatric Center Copenhagen; Psychiatric Center 

Glostrup; Psychiatric Center Amager; Psychiatric Center Ballerup; Psychiatric Center North Zealand) in the 

period from May 2017 to August 2019 were invited to participate in the trial. Inclusion criteria: Age above 

18 years; bipolar disorder diagnoses according to ICD-10 using Schedules for Clinical assessments in 

Neuropsychiatry (SCAN)30; discharged from a psychiatric hospital in The Capital Region of Denmark 

following an affective episode (depression, mania or mixed episode). 

Exclusion criteria: Pregnancy and a lack of Danish language skills. The RADMIS trial had a randomized 

controlled single-blind parallel-group design with a balanced allocation ratio of adult patients with bipolar 

disorder.

Allocation, randomization and blinding

A list of random allocation numbers generated by Pharma Consulting Group (http://www. 

pharmaconsultinggroup.com) with random block sizes between 6-10 was used. The allocation sequence 

was concealed from the researchers (MFJ and MLT) and from the study nurses responsible for the 

integrated feedback loop. In addition to standard treatment patients were randomized with a balanced 

allocation of 1:1 to either 1) daily use of the Monsenso system including the integrated feedback loop 

based on a combination of subjective self-monitored measures and automatically generated objective 

smartphone data and CBT modules (the intervention group) or to 2) normal use of smartphones (the 

control group) during a six months follow-up period. Randomization was stratified according to the 

discharging Psychiatric Center and the number of previous psychiatric hospitalizations (≤3 or >3). The flow 

diagram of the RADMIS trial is presented in Figure 1. No changes in were made after trial commencement. 

Owing to the type of intervention in the RADMIS trial, the patients, the patients’ health care provider and 

the study nurses were aware of the allocated randomization group. Thus, the trial was single-blinded. The A
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allocation status was blinded to the researchers (MFJ, MLT) conducting outcome assessments, statistical 

analyses, interpretation of results and writing of the paper. 

Intervention 

The intervention group (further details in supplementary data and 29)

At baseline, the Monsenso system was installed on the patients’ own or a smartphone borrowed by the 

trial. The patients were prompted by an alarm in system to conduct daily self-monitoring using the 

Monsenso system. The symptoms, which the patients had to evaluated on a daily basis, included mood, 

level of activity, duration of sleep, medication intake etc. (Figure 2). Automatically generated objective 

smartphone data including data on phone usage, social activity and mobility were collected and included in 

the clinical feedback loop. The CBT modules included psychoeducation, cognitive restructuring, and 

rumination-focused CBT. 

The integrated clinical feedback loop was comprised by the study nurses, who regularly examined the 

collected smartphone data on a webpage. Based on the patients’ individual needs and collected data the 

study nurses contacted the patients and gave advice based on the patients’ current clinical state 

(supplementary data). 

---- INSERT FIGURE 2 HERE ------
Figure 2. The Monsenso system for smartphones

The control group

The patients in the control group used their own smartphone or a smartphone borrowed by the trial for 

usual communicative activities. 

 

All patients continued with their standard treatment. Outpatient treatment in Denmark is given either by 

the general practitioner, private psychiatrist, or in a multidisciplinary outpatient clinic with psychiatrists, 

psychologists, and nurses.    

Outcome measures

All included outcomes were defined a priori29. The primary outcomes were defined as differences 

between the intervention group and the control group in rate and duration of psychiatric readmissions 

collected using the patients’ electronic health record. The secondary outcomes were defined as 

differences between the two groups in the severity of clinically evaluated depressive and manic symptoms A
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assessed using the Hamilton Depression Rating scale 17-items (HDRS) and the Young Mania Rating Scale 

(YMRS), respectively 31,32, psychosocial functioning according to the Functional Assessment Short Test 

(FAST)33, and the number of depressive and manic episodes defined as HDRS≥13 and YMRS≥13, 

respectively. 

The tertiary outcomes were differences between the two groups in perceived stress according to Cohen’s 

Perceived Stress Scale (PSS)34, quality of life according to the WHO Quality of Life-BREF (WHOQOL-BREF)35, 

patient-reported depressive symptoms according to Becks Depressive Inventory (BDI)36, patient-reported 

depressive symptoms according to the Hamilton Depression Self-rating Scale 6-item (HDRS-6)37, patient-

reported manic symptoms according to the Altman Self Rating scale for Mania (ASRM)38, recovery 

according 

to the Recovery Assessment Scale39, empowerment according to Rogers empowerment scale40, adherence 

to medication according to the Medicine Adherence Rating Scale41, well-being according to the WHO (five) 

well-being index42, rumination according to the Ruminative Response Scale (RRS)40, worrying according to 

the Penn State Worry Questionnaire (PSWQ)43, behavioral activation according to the Behavioral Activation 

Scale (BAS)44 and satisfaction with care according to the Verona Satisfaction Scale-Affective Disorder (VSS-

A)45. 

Based on findings from our previous trials (the MONARCA I trial and the MONARCA II trial)20,24, we 

conducted sub-analyses investigating differences between the intervention group and the control group in 

patients presenting with depressive or manic symptoms at baseline (defined as HDRS≥7 or YMRS≥7). 

At baseline, after 3 months and 6 months clinical evaluation of the included patients were carried out by 

Medical Doctor researchers (MFJ and MLT) who were not involved in the treatment of the patients, and 

who at all times were kept blinded to the patients’ allocation status. 

Statistical methods 

A priori the statistical analyses were defined29, and conducted using an Intention-to-treat (ITT) approach.  

Analyses of the hazard rate of readmission (primary outcome) were investigated in a Cox regression model 

with reasons for censoring being death, leaving the country, or end of study. Event was defined as the first 

day of readmission. Rate of readmission over the 6 months trial period was illustrated in a Kaplan-Meier 

plot (Figure 3) and difference between the intervention group and the control group was tested in a log-

rank test. Time was calculated from the day of discharge from psychiatric hospitalization. Proportional 

hazards were assessed by goodness of fit models and graphical presentations. 
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Secondary and tertiary outcomes: All continuous outcome measures were analyzed in a two-level linear 

mixed effect model allowing for both intra-individual and inter-individual variation of the outcome 

variables. Level one represented repeated measures of symptoms (e.g. HDRS, YMRS) and level two 

represented inter-individual variation. The model included a fixed effect of visit number and a patients-

specific random effect (Table 2 & 3). First, we conducted unadjusted models (but adjusted for differences 

in baseline values of the outcome variables and the two stratification variables. Second, we conducted 

models adjusted for age and sex. Finally, we conducted models further adjusting for scores on the HDRS 

and the YMRS (except for measures of depression and mania). 

Differences in rates of relapse of episodes during the study were investigated using Cox regression analysis 

calculating the Hazard Rate (HR) with reasons for censoring being death or date of drop out (Table 2). 

Model assumptions with analyses of residuals and covariance were calculated and assessed for all 

outcomes. Missing items in the questionnaires were not included in the summed scores, and no 

imputations or assumptions on missing items were made. Single questionnaires with more than 20 % 

missing items were discarded. Statistical interactions between randomization group and visit number on 

outcome variables were investigated and reported if present. The overall hypotheses of the study included 

several outcome measures, and thus the present study should be considered as hypotheses generating. 

The results need further replication. Consequently, we did not account for multiple testing in the statistical 

models. The threshold for statistical significance was p≤0.05 (two-tailed). STATA version 13 (StataCorp LP, 

College Station, TX, USA) was used for all analyses. 

Ethical considerations

The RADMIS trial was approved by the Regional Ethics Committee in The Capital Region of Denmark and 

the data agency, Capital Region of Copenhagen (H-16046093, RHP-2017-005, I-Suite:05365) and registered 

at ClinicalTrials.gov (NCT03033420). The law on handling of personal data was respected. All data collected 

by researchers was stored in the Research Electronic Data Capture (REDCap) system46,47. Data from 

smartphones was stored by Monsenso subject to a data management agreement between Monsenso and 

The Capital Region of Denmark. The patients did not receive any economic compensation for participating. 

The trial complied with the Declaration of Helsinki of 1975, as revised in 2008.
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RESULTS

A total of 382 patients discharged from psychiatric hospitalization in the Capital Region of Denmark from 

May 2017 to August 2019 were assessed for eligibility. Of these, a total of 284 patients were not included 

since they a) declined to participate due to not wanting to participate in a research study/not wanting an 

additional clinical outpatient contact or b) it was not possible to establish contact with the patient. The last 

patients’ last visit was in February 2020. A total of 98 patients were randomized 1:1 to either the 

intervention group (active use of the Monsenso system) or to control group (use of a smartphone for usual 

communication) in addition to standard treatment for six months and left for ITT analyses. Of these, 11 

dropped out during the trial (intervention group: 6; control group: 5) due to no specific reasons, apart from 

one patient who withdraw due to change in smartphone type during the study. A total of 34 patients had a 

discontinued visit at follow-up with the researchers (intervention group: 10; control group: 24). Details 

concerning the flow of patients in the RADMIS trial are presented in Figure 1. The included patients had a 

mean age of 42.69 (SD=13.46) years and 59.18% (n=58) were women. Further details concerning clinical 

and socio-demographic characteristics are presented in Table 1. 

The patients in the intervention group had an average adherence to daily smartphone-based self-

monitoring 80.6% of the days during the six-month trial period. During the trial period the patients in the 

intervention group registered a mean mood of -0.30 (SD 0.65). The patients in the intervention group had 

regular contact with study nurses and registrations throughout the trial period but with variation in use 

depending on the patients' needs and abilities. The main communication form between the patients and 

the study nurses was via phone calls and text messages. 

Rate and duration of psychiatric readmissions – primary outcomes

A total of 36 patients were readmitted during the trial (n=17 in the intervention group and n=19 in the 

control group). A total of 25 patients were readmitted once (n=12 in the intervention group and n=13 in 

the control group), 10 patients were readmitted twice (n=5 in the intervention group and n=5 in the control 

group), and one patient was readmitted three times (in the control group). Among the patients who were 

readmitted, the mean duration of readmission was 11.33 (SD 21.73) days (intervention group mean=11.68 

(SD=25.59) days and control group mean=9.06 (SD=17.62) days). Differences in rates of psychiatric 

readmissions between the intervention group and the control are presented in Table 2 and Figure 3. The 

Hazard Rate for readmission in the intervention group compared with the control group was 1.05 (95% CI: 

0.54; 1.91, p=0.88). The mean survival time calculated as the area under the Kaplan-Meier curve was A
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166.32 (95% CI: 145.41; 187.23) days in the intervention group and 170.46 (95% CI: 151.52; 189.41) days in 

the control group. The mean duration of days to readmission was 75.12 (SD=43.28) days in the intervention 

group and 89.11 (SD=48.29) days in the control group. There was no statistically significant difference in 

rate of psychiatric readmission between the two groups (log Rank test, p=0.99). None of the patients were 

excluded from the analyses due to censoring apart from end of study. Differences in accumulated duration 

of psychiatric readmissions are presented in Table 2. There were no statistically significant differences in 

accumulated duration of psychiatric readmissions between the intervention group and the control group in 

both the unadjusted and adjusted model (adjusted model: B=3.67, 95% CI: -4.77; 12.11, p=0.39). 

In exploratory analyses stratifying according to sex and age > or < 25 years or bipolar disorder subtype I or 

II, there were no statistically significant differences in any of the primary outcomes between the 

intervention group and the control group.  

---- INSERT FIGURE 3 HERE ------

Figure 3. Kaplan-Meier curve of the ITT analysis on time to psychiatric readmission 

Secondary and tertiary outcomes

Analyses on secondary and tertiary outcomes are presented in Table 2 and Table 3. There were no 

statistically significant differences between the intervention group and the control group in scores on the 

HDRS (adjusted model: B= -0.11, 95% CI: -2.50; 2.29, p=0.93). Nevertheless, in a subgroup analysis of 

patients with an HDRS score ≥7 at baseline there was a statistically significantly higher level of depressive 

symptoms according to the HDRS in the intervention group compared with the control group (adjusted 

model: B=2.55, 95% CI: 0.08; 5.02, p=0.05). Further, there was a statistically significantly higher level of 

manic symptoms according to the YMRS in the intervention group compared with the control group 

(adjusted model: B=1.89, 95% CI: 0.0078; 3.78, p=0.05). In a subgroup analysis of patients with a YMRS 

score ≥7 at baseline there was a statistically significantly higher level of manic symptoms according to the 

YMRS in the intervention group compared with the control group (adjusted model: B=4.17, 95% CI: 1.07; 

7.27, p=0.008). In patients not in a current affective episode at baseline, there were no differences 

between the intervention group and the control group in rates of depressive episodes, manic episodes and 

episodes regardless polarity during the trial period (all p values> 0.24). 

There was no statistically significant difference between the intervention group and the control group in 

functioning according to the FAST (adjusted model: B=-1.91, 95% CI: -5.41; 1.59, p=0.29). A
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Regarding tertiary outcome measures, there was a statistically significantly lower level of rumination 

according to the Ruminative Response Scale (adjusted model: B=-6.09, 95% CI: -11.19; -1.00, p=0.019), 

lower perceived stress according to scores on the Cohen’s Perceived stress scale (adjusted model: B=-7.18, 

95% CI: -13.50; -0.86, p=0.026) and lower self-rated manic symptoms according to the Altman Self-rating 

Scale for Mania (adjusted model: B=-1.43, 95% CI: -2.77; -0.099, p=0.031) in the intervention group 

compared with the control group. There were no statistically significant differences in any of the other 

tertiary outcomes concerning quality of life, self-rated depressive symptoms, recovery, empowerment, 

adherence to medication, well-being, worrying, behavioral activation and satisfaction with care (all p-

values> 0.06).  

Analyses on interactions between randomization group and time (visit number) on the outcome variables 

were statistically non-significant (all p values> 0.11), and therefore not reported. 

In exploratory analyses stratifying according to sex and age > or < 25 years or bipolar disorder subtype I or 

II, there were no statistically significant differences in any of the secondary and tertiary outcomes between 

the intervention group and the control group.  
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DISCUSSION

Findings from the present trial

This RCT investigated the effect of daily smartphone-based monitoring on the rate and duration of 

psychiatric readmissions in patients with bipolar disorder discharged from psychiatric admissions. During a 

six-month period, in this single-blinded RCT patients were randomized to either a daily smartphone-based 

monitoring system including a clinical feedback loop integrating subjective as well as automatically 

generated objective smartphone data and CBT modules in addition to standard treatment, or to standard 

treatment alone. Overall, we found no effect on rate and duration of psychiatric readmissions. Further, we 

found no effect on the severity of depressive symptoms according to scores on the HDRS. Surprisingly, 

compared with the control group patients in the intervention group presented with statistically significantly 

higher levels of manic symptoms according to the YMRS. Furthermore, in a subgroup analysis of patients 

with a HDRS score ≥7 at baseline, patients in the intervention group presented with higher level of 

depressive symptoms according to the HDRS. In contrast, we found that patients in the intervention group 

reported statistically significantly lower levels of perceived stress and lower levels of rumination compared 

with the control group. 

Findings from the present trial in context

Due to the limited access to treatment facilities, during the past ten years, and especially during the COVID-

19 pandemic, there has been an increase in the international interest in the use of mHealth technologies 

within mental health19,48,49. Despite the hype, there has been conducted very few trial investigating the 

effect of smartphone-based monitoring and treatment 23. Few previous studies have investigated the effect 

of smartphone-based monitoring compared with paper-based monitoring 50,  or investigated the effect of 

smartphone-based treatment compared with clinic-based group intervention51,52. Notably, these trials did 

not investigate the effect of daily smartphone-based monitoring including a clinical feedback loop 

compared with standard treatment, the trials did not include a clinically well-characterized population or 

did not report on clinician evaluated outcome measures. Currently, a few trials investigating the effect of 

smartphone-based psychoeducation53 and smartphone-based automated feedback on ambulatory 

assessed early warning signs54 are ongoing. The authors of the present trial have previously conducted the 

MONARCA I trial and the MONARCA II trial investigating the effect of daily smartphone-based monitoring 

and treatment including a clinical feedback loop in bipolar disorder20,24. Findings from these trials were 

negative with no effect on clinically evaluated symptoms (both depressive and manic). However, analyses 

of secondary outcome measures and sub-analyses suggested that smartphone-based monitoring and 

treatment might reduce manic symptoms and reduce the risk of manic episodes but on the other hand A
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sustain depressive symptoms and increase the risk of depressive episodes. Furthermore, findings 

suggested, that smartphone-based monitoring and treatment may result in higher quality of life and lower 

perceived stress. 

Interestingly, some of the findings from the present RADMIS trial in relation to the secondary outcome 

measures are in line with findings from the MONARCA I trial 24 and the MONARCA II trial20. Thus, the finding 

that patients in the intervention group presenting with depressive symptoms at baseline presented with 

higher levels of depressive symptoms during follow-up are in line with findings from the MONARCA I trial 

and the MONARCA II trial. Due to negative processing bias induced by the daily confrontation with the 

depressive symptoms it could be that continuous daily self-monitoring of ongoing depressive symptoms 

may sustain depressive symptoms and, in turn, may have induced or increased fear of not recovering. Thus, 

continuous monitoring of depressive symptoms might have a maintenance effect on symptoms 

themselves. Patients in the prodromal phase of a depressive episode may experience depressive 

ruminations with potential further risk of worsening and escalation of depressive symptoms. Further to this 

point, treating depressive prodromes in bipolar disorder is a difficult process and few drugs have proved 

effects in bipolar depression 14,55. 

The finding from the present trial that patients in the intervention group presented with higher levels of 

manic symptoms according to scores on the YMRS (although only nearly borderline significant (Table 2)) 

contrasts with the finding of lower patient-reported manic symptoms according to the ASRM and with 

previous findings20,24. However, these findings are based on small number of patients and conduction of 

statistical sub-analyses, and thus should be interpreted with caution. Further, some findings that are not in 

concordance with previous findings may be noise. The findings could be due to the low number patients in 

each allocation group of the trial. The finding that patients in the intervention group presented with lower 

levels of patient-reported perceived stress is in line with findings from the MONARCA II trial. The finding 

from the present RADMIS trial, that smartphone-based monitoring and treatment may reduce the level of 

rumination is interesting. A recent meta-analysis found rumination, reflecting repetitive thoughts about 

emotionally relevant experiences, to be a significant process in bipolar disorder56, highlighting the 

importance of interventions to reduce rumination in bipolar disorder. Furthermore, concerning the 

treatment of residual depression, rumination focused cognitive therapy and concreteness training (a 

facilitated self-help intervention for increasing specificity of processing in patients with depression) have 

shown encouraging results16.

LimitationsA
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The overall findings from the present RADMIS trial are negative. Despite the hype concerning mHealth 

interventions, we did not find an effect of daily smartphone-based treatment for patient with bipolar 

disorder. It could be that there would be an effect of smartphone-based treatment including an integrated 

feedback loop on other outcome measures, which we did not include in the present trial. During recent 

years there has been an increasing interest in Patient-Reported Outcome Measures (PROMS) as valid 

indicators of effect of treatment interventions in mental health research 57,58. The findings from the present 

trial on reduced patient-reported rumination, perceived stress and lower patient-reported manic 

symptoms could indicate relevant improvement in patient-reported quality of care, which is not reflected 

in clinicians assessed outcome measure on severity of symptoms and readmission. However, these finding 

were based on tertiary outcome measures. Furthermore, the patients included in the present trial had a 

rather high number of previous affective episodes. Previous studies have suggested that psychotherapies 

may be more effective preventing relapse in patients with fewer previous affective episodes, and thus it 

may be that including patient with fewer previous episodes would have resulted in other findings 

concerning the primary outcomes measures 59. In addition, it has been suggested that mHealth 

technologies may have potentially limited effectiveness on “hard” outcome measures such as relapse or 

readmission in patients where medication or face-to-face psychotherapy have already failed to prove 

useful for these “hard” outcome measures60. The patients included in the present trial were unstable and 

included at discharged following hospitalization for an affective episode. We did not include information on 

whether some of the patients had previously received formalized psychoeducation, which may affect the 

effect of the smartphone-based psychoeducation module. However, a previous trial by the authors 

including patients with bipolar disorder who had received formalized psychoeducation did not find an 

effect of smartphone-based treatment on the severity of depressive and manic symptoms20. Due to 

difficulties in recruitment, the present trial did not include the intended sample size of 200 patients despite 

prolonging the recruitment period. Nevertheless, post hoc statistical analyses on the power of the trial 

showed a sufficient power to exclude a type II error at a p-value of 0.05 with a sample size of 98 patients. 

There may be an effect of different components of the smartphone-based system used in the present trial. 

However, from the present trial it is not possible to address the potential effect of different components of 

system. During the RADMIS trial, minor adjustments were made to the smartphone-based monitoring 

system. However, these minor adjustments are found to reflect real-life settings. The included patients 

were randomized stratified according to the number of previous psychiatric hospitalizations (≤3 or >3) to 

prevent imbalance between treatment groups for factors which could potentially influence effect of 

treatment. However, the exact cut-off was arbitrary, and it cannot be excluded that another cut-off would A
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have resulted in other findings. A rather large number of patients were assessed for eligibility but not 

included (flow diagram). This may have affected the generalizability of the findings. 

Advantages

The present trial used a smartphone-based system developed and tested by our group in multiple 

studies25–27,61–63, which has been shown usable and useful by patients with bipolar disorder with a high self-

assessment adherence (73-97%)64. Further, we used a single-blind design, and thus the outcome measures 

collected by the researchers were blinded to allocation. The trial was pragmatic with few exclusion criteria 

resembling patients with bipolar disorder in general. The findings from the present trial are found to reflect 

smartphone-based monitoring during real-world settings. 

Conclusion

In patients discharged from psychiatric hospitalization due to an affective episode as part of bipolar 

disorder, daily smartphone-based monitoring and treatment, including a clinical feedback loop, did not 

reduce the rate and duration of psychiatric readmission. Analyses on secondary and tertiary outcome 

measures showed no difference in depressive symptoms overall, but higher levels of manic symptoms, 

higher level of depressive symptoms in sub-analyses, and lower perceived stress and rumination in the 

intervention group compared with the control group. Findings were based on small numbers and should be 

interpreted with caution. Potential negative effect should be investigated further in future trials. 
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Figure 3. Kaplan-Meier curve of the ITT analysis on time to psychiatric readmission 
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Table 1. Socio-demographic and clinical characteristics of study participants in the RADMIS trial at baseline, N=98 

Randomization group Intervention group  Control group 

N 47 51 

   

Socio-demographic data   

Age, years 41.6 (13.3) 43.7 (13.7) 

Female sex, % (n) 51.7 (24) 48.3 (27) 

In relationship, % (n) 36.2 (17) 40.8 (21) 

Education after primary school, years 5.4 (3.03) 5.1 (3.2) 

Full-time employed, % (n) 14.9 (7) 6.4 (3) 

Part-time employed, % (n) 10.6 (5) 6.4 (3) 

Student, % (n) 12.8 (6) 14.9 (8) 

   

Clinical history   

Bipolar disorder type I diagnosis, % (n) 59.6 (28) 56.9 (29) 

Prior psychiatric admissions, number 3 [2-8] 3 [2-8] 

Prior depressive episodes, number 6 [4-10] 5 [2-10] 

Prior manic episodes, number 5 [2.5-10] 5 [2-11] 

Prior suicidal attempt, % (n) 54.4 (26) 36.7 (19) 

Prior ECT, % (n) 27.3 (13) 31.2 (16) 

First degree relative with psychiatric disorder, % (n) 75.0 (35) 59.2 (30) 

HDRS-17
*
, Baseline

 
6 [2-12] 10 [6-16] 

HDRS-17, 6 months 7 [3-13] 8 [4-10] 

YMRS
**

, Baseline
 

3 [0-7] 2 [0-6] 

YMRS, 6 months 0 [0-2] 0 [0-6] 

FAST
***

, Baseline 33.07 (11.19) 34.5 (11.82) 

FAST, 6 months 21.9 (13.49) 24.9 (14.77) 

Data are mean (SD), median [IQR] or %(n) unless otherwise stated; 
*
Hamilton Depression Rating Scale

 
17-items; 

**
Young Mania Rating Scale; 

***
Functional Assessment Short Test 
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Table 2. Estimated differences in primary and secondary outcomes between the intervention group and the control group (control group serve as reference), N=98 

                                                                                                                              Model 1a                                                                                   Model 2b                                                                                                                                          Model 3c 

 Hazard Rate 95% CI p Hazard Rate 95% CI p - - - 

Psychiatric readmission 1.00 0.52; 1.93 0.99 1.05 0.52; 1.85 0.88    

Depressive episodesd, n=57 0.65 0.19; 2.13 0.48 0.55 0.16; 1.89 0.34 - - - 

Manic episodese, n=93 0.89 0.12; 6.25 0.91 0.87 0.12; 6.25 0.89 - - - 

Affective episodes regardless polarity, n=57 0.64 0.30; 1.41 0.28 0.63 0.29; 1.37 0.24    

 

 

Difference 

between 

groups 

95% CI p Difference 

between groups 

95% CI p Difference 

between groups 

95% CI p 

Duration of psychiatric readmission (days) 3.20 -5.25; 11.65 0.46 3.67 -4.77; 12.11 0.39 - - - 

HDRS-17* -0.20 -2.55; 2.15 0.87 -0.11 -2.50; 2.29 0.93 - - - 

Sub-analyses on HDRS 17-items          

 1A. HDRS-17 items baseline ≥7, n=34 2.53 0.071; 4.99 0.044 2.55 0.08; 5.02 0.050 - - - 

 1B. HDRS-17 items baseline <7, n=64 -0.38 -1.77; 1.02 0.60 -0.39 -1.73; 0.95 0.59 - - - 

HDRS-6*** -1.49 -3.32; 0.34 0.11 -0.88 -2.80; 1.04 0.37 - - - 

YMRS** 1.93 0.15; 3.31 0.034 1.89 0.0078; 3.78 0.050 - - - 

Sub-analyses on YMRS          

  2A. YMRS baseline ≥7, n=20 4.17 1.07; 7.27 0.008 4.17 1.07; 7.27 0.008 - - - 

  2B. YMRS baseline <7, n=78 0.048 -0.87; 0.97 0.92 0.048 -0.87; 0.97 0.92 - - - 

FAST**** -1.78 -6.14; 2.59 0.43 -3.03 -7.43; 1.37 0.18 -1.91 -5.41; 1.59 0.29 

a Adjusted for outcome variable at baseline; b Adjusted for outcome variable at baseline, age and gender; c Adjusted for outcome variable at baseline, age and gender and HDRS-17 and YMRS scores; d Defined as 

HDRS-17≥13; e Defined as YMRS≥13; * The Hamilton Depression Rating Scale 17-items; ** The Young Mania Rating Scale; *** The Hamilton Depression Rating Scale 6-items; **** The Functional Assessment Short Test 
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Table 3. Estimated differences in tertiary outcomes between the intervention group and the control group (control group serve as reference), N=98 

                                                                                               Model 1a                                                                                                                   Model 2b                                                                                                                   Model 3c 

 Difference 

between groups 

95% CI p Difference 

between groups 

95% CI p Difference 

between groups 

95% CI p 

PSS -2.20 -5.48; 1.08 0.13 -1.91 -5.19; 1.37 0.26 -7.18 -13.50; -0.86 0.026 

WHOQoL-bref 0.39 -5.61; 6.40 0.90 -0.35 -6.57; 5.87 0.91 0.61 -3.99; 5.20 0.80 

BDI -0.79 -4.87; 3.29 0.71 0.97 -3.05; 4.99 0.67 - - - 

ASRM  -1.43 -2.12; -0.15 0.029 -1.43 -2.77; -0.099 0.035 - - - 

RAS 4.43 -4.43; 13.29 0.33 2.85 -6.30; 12.00 0.54 3.46 -4.97; 11.87 0.42 

Empowerment 0.83 -3.12; 4.78 0.68 0.78 -3.42; 4.99 0.71 1.25 -2.42; 4.92 0.51 

Adherence to 

medication 

0.81 -0.038; 1.58 0.040 0.65 -0.18; 1.49 0.13 0.77 -0.064; 1.59 0.064 

WHO-5 -0.29 -2.78; 2.20 0.82 -0.69 -3.28; 1.90 0.60 -0.47 -2.50; 1.36 0.65 

Rumination -5.62 -11.56; 0.32 0.064 -5.54 -11.48; 0.41 0.068 -6.09 -11.19; -1.00 0.019 

Worrying -4.32 -10.57; 1.91 0.17 -3.43 -9.41; 2.54 0.26 -3.75 -9.05; 1.56 0.17 

BAS 6.05 -6.11; 18.20 0.33 2.48 -9.70; 14.67 0.69 2.71 -7.73; 13.18 0.61 

Satisfaction with care -4.89 -16.74; 6.95 0.42 -3.54 -15.35; 8.27 0.56 -2.84 -14.32; 8.65 0.63 

a Adjusted for outcome variable at baseline; b Adjusted for outcome variable at baseline, age and gender; c Adjusted for outcome variable at baseline, age and gender and HDRS-17 

and YMRS scores 

PSS: Cohen’s Percieved Stress Scale; WHOQoL-bref: World Health Organization Quality of Life – short version; BDI: Becks Depressive Inventory; ASRM: The Altman Self Rating 

scale for Mania; RAS: The Recovery Assessment Scale; Empowerment: Roger’s Empowerment Scale ; Adherence to medication: The Medicine Adherence Rating Scale; WHO-5: 

The WHO Well-being Index; Rumination: The Ruminative Response Scale; Worrying: The Penn State Worry Questionnaire; BAS: Behavioral Activation Scale; Satisfaction with care: 

The Verona Satisfaction Scale-Affective Disorder 
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 -  

Assessed for eligibility (n=382) 

Excluded (n=6): 

 - Not meeting inclusion criteria (n=4) 

 - Meeting exclusion criteria  

   Lack of Danish language skills (n=2) 

   Pregnant (n=0)  

     

 

 

- Completed assessments (n=36) 

- Withdraw from study (n=3) 

Allocated to intervention group:  

The Monsenso system (n=47) 

- Completed assessments (n=29) 

- Withdraw from study (n=3) 

Allocated to control group: 

Use of smartphone for normal 

communicative purposes (n=51) 

 

Analysed (n=51) 

- Excluded from analysis (n=0) 

 

1  

es 

-  

98) 

t 
Patients with a bipolar disorder diagnosis discharged 

from psychiatric hospitalization within the Mental 

Health Services, Capital Region of Denmark during the 

period from May 2017 to August 2019 

Eligible but excluded due to (n=278): 

- Didn’t want to participate in a     

     research study (n=110) 

- Didn’t want smartphone-based   

     monitoring (n=48) 

- Not possible to get in contact with    

     the patient (n=89) 

- Other reasons not specified  

     (n=31)  

 

 

Analysed (n=47) 

 - Excluded from analysis (n=0) 

-  

- Completed assessments (n=37) 

- Withdraw from study (n=3) 

 

- Completed assessments (n=27) 

- Withdraw from study (n=2) 
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