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Mental health

• 22.7% of all YLDs/Years Lived with Disability 
(WHO, 2012)

• Cost equals 3,5% of GDP in Europe 
(OECD, 2015)

• 38% of all European suffer from mental disorder 
(ECNP/ECB report 2011)

• Will be largest burden for society in early 2020s 
(WHO, 2012)

• 10% get ”adequate” care - 25% any care at all 
(Economist Intelligence Unit, 2015)

…it makes sense!



Background of Monsenso

• Tool to support and improve the treatment of Bipolar Disorder

• Based on three years of R&D with leading experts within mental health, 
pervasive healthcare and computing
– Region H (Rigshospitalet)
– IT University of Copenhagen
– EU funded STREP project “MONARCA” with 13 European partners

• Developed in collaboration with patients, clinicians and carers



User-centered Design

User-centered design with patients and clinicians at 
the University Hospital of Copenhagen, Denmark.

Bi-weekly design sessions over 12 months, each with 
3 hours duration
• ~3 patients, ~3 clinicians and ~3 designers.

Design session consisted of:
• Sketching and brainstorming
• Lengthy discussions about features
• Feedback on iterative prototyping



Iterative Design and Clinical Trials



Research

• User-centered Design, Usefulness & Usability
• Data Analysis & Disease Prediction
• Clinical Evidence

In total 25+ peer-reviewed publication
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Elektronisk monitorering af patienter  
med bipolar affektiv sindslidelse

Anne Sophie Jacoby1, Maria Faurholt-Jepsen1, Maj Vinberg1, Mads Frost2, Jakob Bardram2 & Lars Vedel Kessing1

Bipolar affektiv sindslidelse (tidligere kaldet maniode-
pressiv sygdom) defineres i ICD-10 som en sindslidelse 
(F31), der er karakteriseret ved to eller flere episoder, 
hvor patientens stemningsleje og aktivitetsniveau har 
været tydeligt ændret med såvel opstemthed, øget 
energi og aktivitet (hypomani eller mani) som ned-
trykthed, nedsat energi og aktivitet (depression), eller 
hvor der har været tale om en blandingstilstand. Livs-
tidsprævalensen af bipolar affektiv sindslidelse er 1-2% 
og anses for at være ens blandt mænd og kvinder.  
I Danmark skønnes ca. 40.000 mennesker at have bipo-
lar affektiv sindslidelse [1]. Bipolar affektiv sindslidelse 
er forbundet med en høj risiko for tilbagefald og ind-
læggelse stigende med antallet af tidligere episoder [2-
4], og mange patienter genvinder ikke deres tidligere 
psykosociale funktion [5, 6]. Desværre viser naturalisti-
ske opfølgningsundersøgelser, at den progressive ud-
vikling af sygdommen ikke forhindres i klinisk praksis 
med de nuværende behandlinger [2-4, 7]. En af årsa-
gerne til dette er forsinket intervention ved prodromale 
depressive og maniske episoder [8, 9] samt nedsat ad-
hærens til stemningsstabiliserende medicin [10, 11]. 
Derfor er der brug for udvikling af bedre og mere effek-
tive metoder til at monitorere patienter med bipolar li-
delse. Formålet er at identificere tidlige symptomer på 
nye depressive eller maniske episoder, så man får mu-
lighed for at iværksætte tidlige behandlingstiltag, og 
samtidig ønsker man at øge patienternes sygdomsind-
sigt, komplians og evne til at leve med bipolar lidelse 
for hermed at styrke deres mestringsstrategier.

Der er i det seneste årti udviklet flere forskellige 
softwareprogrammer mhp. elektronisk monitorering 
af patienternes symptomer og samtidig psykoeduka-
tion og terapi rettet mod psykisk lidelse [12]. For-
målet med denne artikel er at give en oversigt over 
resultaterne af klinisk afprøvede systemer, som er ud-
viklet til elektronisk monitorering af patienter med 
bipolar affektiv sindslidelse. 

METODE
Der blev foretaget litteratursøgning i PubMed (444 
hit) og Google (979.000 hit) med følgende søgeord: 
bipolar disorder and (electronic or mobile or applica-
tion). Artikler med resultater fra kliniske studier over 
anvendelighed og/eller effekt af elektronisk monito-

rering af patienter med bipolar affektiv sindslidelse 
blev identificeret, hvilket resulterede i fem artikler 
[13-17]. Endvidere beskrives resultaterne fra forfat-
ternes eget pilotstudie af monitoring, treatment and 
prediction of bipolar disorder episodes (MONARCA) 
[18, 19] og fire kommercielle mobilapplikationer til 
monitorering af bipolar affektiv lidelse, der blev fun-
det ved søgning på Google.

RESULTATER
I den første artikel af Depp et al [13] præsenteres de 
indledende data fra et pilotstudie kaldet Personalized 
Real-Time Intervention for Stabilizing Mood (PRISM).

PRISM er en automatisk tilgang, hvor man benyt-
ter personal digital assistant (PDA) til at indsamle 
data direkte fra patienten uden interaktion med en 
kliniker. Patienterne responderer fire gange dagligt 
på spørgsmål fra PDA’en vedrørende deres stem-
ningsleje og sygdomstriggere. Når patienternes svar 
indikerer en forværring i deres tilstand eller tilstede-
værelsen af en sygdomstrigger, fremkommer der en 
individuelt, forudvalgt selvhjælpsstrategi på PDA’en.

I alt ti patienter med bipolar lidelse deltog i det 
kliniske forsøg i op til to uger. Forfatterne konklude-
rede, at mobilteknologi er et anvendeligt og for pa-
tienterne acceptabelt redskab som supplement til de 
eksisterende psykosociale interventioner, men de un-
derstregede behovet for randomiserede studier mhp. 
at bestemme effekten, anvendeligheden og patienter-
nes accept over længere tid.

Bipolar affektiv sindslidelse er forbundet med høj risiko for tilbage-
fald og nedsat psykosocial funktion.

Til elektronisk monitorering af patienter med psykiske og somatiske 
lidelser er der udviklet flere forskellige softwareprogrammer, som 
ifølge kliniske studier er anvendelige og valide.

Der findes ingen resultater fra klinisk kontrollerede studier af  
effekten af elektronisk monitorering af patienter med bipolar affektiv 
sindslidelse.

Der er behov for flere undersøgelser, hvor effekten på sygdomsforløb 
og livskvalitet opgøres.

FAKTABOKS

Original Article

Smartphone data as an electronic biomarker
of illness activity in bipolar disorder

Faurholt-Jepsen M, Vinberg M, Frost M, Christensen EM, Bardram JE,
Kessing LV. Smartphone data as an electronic biomarker of illness
activity in bipolar disorder.
Bipolar Disord 2015:00:000–000. © 2015 John Wiley & Sons A/S.
Published by John Wiley & Sons Ltd.

Objectives: Objective methods are lacking for continuous monitoring of
illness activity in bipolar disorder. Smartphones offer unique opportunities
for continuous monitoring and automatic collection of real-time data. The
objectives of the paper were to test the hypotheses that (i) daily electronic
self-monitored data and (ii) automatically generated objective data
collected using smartphones correlate with clinical ratings of depressive
and manic symptoms in patients with bipolar disorder.

Methods: Software for smartphones (the MONARCA I system) that
collects automatically generated objective data and self-monitored data
on illness activity in patients with bipolar disorder was developed by the
authors. A total of 61 patients aged 18–60 years and with a diagnosis of
bipolar disorder according to ICD-10 used the MONARCA I system for
six months. Depressive and manic symptoms were assessed monthly
using the Hamilton Depression Rating Scale 17-item (HDRS-17) and the
Young Mania Rating Scale (YMRS), respectively. Data are
representative of over 400 clinical ratings. Analyses were computed using
linear mixed-effect regression models allowing for both between
individual variation and within individual variation over time.

Results: Analyses showed significant positive correlations between the
duration of incoming and outgoing calls/day and scores on the HDRS-17,
and significant positive correlations between the number and duration of
incoming calls/day and scores on the YMRS; the number of and duration
of outgoing calls/day and scores on the YMRS; and the number of
outgoing text messages/day and scores on the YMRS. Analyses showed
significant negative correlations between self-monitored data (i.e., mood
and activity) and scores on the HDRS-17, and significant positive
correlations between self-monitored data (i.e., mood and activity) and
scores on the YMRS. Finally, the automatically generated objective data
were able to discriminate between affective states.

Conclusions: Automatically generated objective data and self-monitored
data collected using smartphones correlate with clinically rated
depressive and manic symptoms and differ between affective states in
patients with bipolar disorder. Smartphone apps represent an easy and
objective way to monitor illness activity with real-time data in bipolar
disorder and may serve as an electronic biomarker of illness activity.
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Over the last decade in bipolar disorder research
there has been an increasing shift in illness para-
digm from a focus on affective episodes to an

increasing focus on inter-episodic mood instability
(1, 2). Many patients with bipolar disorder con-
tinue to experience subsyndromal mood swings on
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BIPOLAR DISORDERS
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ABSTRACT
Introduction: Electronic self-monitoring of affective
symptoms using cell phones is suggested as a
practical and inexpensive way to monitor illness activity
and identify early signs of affective symptoms. It has
never been tested in a randomised clinical trial whether
electronic self-monitoring improves outcomes in
bipolar disorder. We are conducting a trial testing the
effect of using a Smartphone for self-monitoring in
bipolar disorder.
Methods: We developed the MONARCA application for
Android-based Smartphones, allowing patients suffering
from bipolar disorder to do daily self-monitoring—
including an interactive feedback loop between patients
and clinicians through a web-based interface. The effect
of the application was tested in a parallel-group,
single-blind randomised controlled trial so far including
78 patients suffering from bipolar disorder in the age
group 18–60 years who were given the use of a
Smartphone with the MONARCA application (intervention
group) or to the use of a cell phone without the
application (placebo group) during a 6-month study
period. The study was carried out from September 2011.
The outcomes were changes in affective symptoms
(primary), social functioning, perceived stress, self-rated
depressive and manic symptoms, quality of life,
adherence to medication, stress and cognitive
functioning (secondary and tertiary).
Analysis: Recruitment is ongoing.
Ethics: Ethical permission has been obtained.
Dissemination: Positive, neutral and negative findings
of the study will be published.
Registration details: The trial is approved by the
Regional Ethics Committee in The Capital Region of
Denmark (H-2-2011-056) and The Danish Data
Protection Agency (2013-41-1710). The trial is registered
at ClinicalTrials.gov as NCT01446406.

INTRODUCTION
Bipolar disorder is a common and complex
mental disorder with a prevalence of 1–2%1 2

and accounts as one of the most important
causes of disability at age 15–44 years world-
wide.1 Bipolar disorder is a long-term and
persistent illness with need for treatment over
many years.3 The disorder is associated with a
high risk of relapse and hospitalisation and
the risk of relapse increases along with the
number of previous episodes.4–6 Many
patients do not recover from previous psycho-
social function and the cognitive disturbances
are also prevalent during remitted phases.7 It
is well documented from randomised clinical
trials (RCT) that the risk of a new episode in
bipolar disorder can be reduced significantly
by treatment with lithium or other mood sta-
bilisers.8 Further, the prophylactic effect of
medical treatment may be enhanced by psy-
choeducation or cognitive behavioural
therapy.9 However, results from naturalistic
follow-up studies suggest that the progressive
development of the disease is not prevented
in clinical practice with the present treat-
ments.4–6 10 The major reasons for the
decreased effect of interventions in clinical
practice are delayed intervention for pro-
dromal depressive and manic episodes11 12 as
well as decreased medical adherence.13–15

During the last decades, there has been an
organisational shift in paradigm from
inpatient to outpatient treatment in health-
care, and in bipolar disorder there is an
emerging shift in illness paradigm from a
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STUDY PROTOCOL Open Access

Daily electronic monitoring of subjective and
objective measures of illness activity in bipolar
disorder using smartphones– the MONARCA II
trial protocol: a randomized controlled
single-blind parallel-group trial
Maria Faurholt-Jepsen1*, Maj Vinberg1, Mads Frost2,3, Ellen Margrethe Christensen1, Jakob Bardram2,3

and Lars Vedel Kessing1

Abstract

Background: Patients with bipolar disorder often show decreased adherence with mood stabilizers and frequently
interventions on prodromal depressive and manic symptoms are delayed.
Recently, the MONARCA I randomized controlled trial investigated the effect of electronic self-monitoring using
smartphones on depressive and manic symptoms. The findings suggested that patients using the MONARCA
system had more sustained depressive symptoms than patients using a smartphone for normal communicative
purposes, but had fewer manic symptoms during the trial. It is likely that the ability of these self-monitored
measures to detect prodromal symptoms of depression and mania may be insufficient compared to automatically
generated objective data on measures of illness activity such as phone usage, social activity, physical activity, and
mobility. The Monsenso system, for smartphones integrating subjective and objective measures of illness activity
was developed and will be tested in the present trial.

Methods: The MONARCA II trial uses a randomized controlled single-blind parallel-group design. Patients with
bipolar disorder according to ICD-10 who previously have been treated at the Copenhagen Clinic for Affective
Disorder, Denmark are included and randomized to either daily use of the Monsenso system including an feedback
loop between patients and clinicians (the intervention group) or to the use of a smartphone for normal
communicative purposes (the control group) for a 9-month trial period. The trial was started in September 2014
and recruitment is ongoing. The outcomes are: differences in depressive and manic symptoms; rate of depressive
and manic episodes (primary); automatically generated objective data on measures of illness activity; number of
days hospitalized; psychosocial functioning (secondary); perceived stress; quality of life; self-rated depressive
symptoms; self-rated manic symptoms; recovery; empowerment and adherence to medication (tertiary) between
the intervention group and the control group during the trial. Ethical permission has been obtained. Positive,
neutral and negative findings will be published.

Discussion: If the system is effective in reducing depressive and/or manic symptoms (and other symptoms of
bipolar disorder) and the rate of episodes, there will be basis for extending the use to the treatment of bipolar
disorder in general and in larger scale.
(Continued on next page)

* Correspondence: maria@faurholt-jepsen.dk
1Psychiatric Center Copenhagen, Rigshospitalet, Blegdamsvej 9, DK-2100
Copenhagen, Denmark
Full list of author information is available at the end of the article

© 2014 Faurholt-Jepsen et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.
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A Field Trial of the MONARCA System

Jakob E. Bardram, Mads Frost,
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ABSTRACT
An increasing number of pervasive healthcare systems are be-
ing designed, that allow people to monitor and get feedback
on their health and wellness. To address the challenges of
self-management of mental illnesses, we have developed the
MONARCA system – a personal monitoring system for bipo-
lar patients. We conducted a 14 week field trial in which
12 patients used the system, and we report findings focus-
ing on their experiences. The results were positive; compared
to using paper-based forms, the adherence to self-assessment
improved; the system was considered very easy to use; and
the perceived usefulness of the system was high. Based on
this study, the paper discusses three HCI questions related to
the design of personal health technologies; how to design for
disease awareness and self-treatment, how to ensure adher-
ence to personal health technologies, and the roles of different
types of technology platforms.

Author Keywords
Bipolar disorder; mental health; personal health systems;
mobile application

ACM Classification Keywords
H.5.m. Information Interfaces and Presentation (e.g. HCI):
Miscellaneous

INTRODUCTION
According to WHO, mental illness is one of the most pressing
healthcare concerns worldwide [34]. Bipolar disorder in par-
ticular, has a community lifetime prevalence of 4% [16] and
is associated with high morbidity and disability [25]. Per-
sonal health technologies hold promise for helping bipolar
patients to monitor their mood patterns and symptoms, rec-
ognize so-called ‘early warning signs’, and to handle medica-
tion. Health technologies can – based on subjective and ob-
jective sensor input – provide timely feedback to the patient
and thereby increase their awareness of the disease. Smart-
phones are a promising platform for such personal feedback
systems due to their ubiquitous availability and connectivity.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
CHI 2013, April 27–May 2, 2013, Paris, France.
Copyright 2013 ACM 978-1-4503-1899-0/13/04...$15.00.

Consequently, a number of personal monitoring and feedback
systems have been suggested for the management of a wide
range of health-related conditions. In general, these types of
systems help users by enabling them to monitor and visual-
ize their behavior, keeping them informed about their physi-
cal state, reminding them to perform specific tasks, providing
feedback on the effectiveness of their behavior, and recom-
mending healthier behavior or actions.

However, introducing new technology for patients with psy-
chiatric disorders, who often have a low coping ability, may
be stressful for them and introduce a high cognitive load.
Unfortunately, mentally ill patients tend to be socially chal-
lenged as well, having a larger tendency for unemployment
and alcohol or substance abuse [14]. As such, designing for
this group of users is challenging, and the introduction of new
technology may not be well adopted and used. Hence, a core
research question is to what degree systems for mentally ill
patients can be designed, to what degree such technologies
will be adopted and used, and how it will lead to new ways
for the patients and clinicians to treat this group of patients,
compared to the existing approaches.

In this study, we examined the use of a personal health moni-
toring and feedback system for patients suffering from bipolar
disorder, called the MONARCA system [1]. The system lets
patients enter self-assessment data, it collects sensor data, it
provides feedback on the data collected, and helps them man-
age their medicine. The study is based on a 14 week field
trial of the system. The main objective of this study was to
establish the feasibility and usefulness of the system by look-
ing into whether; (i) it is sufficiently stable for general use;
(ii) the usability of the system, focusing especially on investi-
gating if it is as easy to use as the currently used paper-based
self-assessment forms; (iii) the general usefulness of the sys-
tem in terms of helping bipolar disorder patients cope with
their disease; and (iv) the system – if used on a daily basis by
bipolar patients – will be useful to them in the future.

The results of this study are used in a discussion of the
broader implications for design of personal health technolo-
gies by addressing three questions; (i) how to design for dis-
ease awareness and self-treatment; (ii) how to ensure adher-
ence to using personal health technologies, and (iii) what are
the roles of different types of technology platforms.

BACKGROUND AND RELATED WORK
Bipolar disorder is a mental illness characterized by recurring
episodes of both depression and mania. Treatment of bipo-

Session: Mental Health CHI 2013: Changing Perspectives, Paris, France
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Research Results

¡ Technical evaluations have proven that
¡ Solution is stable and scalable
¡ Battery/power consumption on the phone is minimal
¡ Mean Absolute Error (MAE) in mood forecast between 0.06 and 0.82 (±3 mood scale)
¡ Voice analysis correlates highly with the mood of the patients

¡ Patient-oriented clinical evaluations have shown that
¡ Compliance rate is very high (87-93%)
¡ Solution is considered very useful and extremely usable by patients and clinicians
¡ Solution helps patients better manage their disease
¡ Solution helps clinicians in better patient treatment

¡ Clinical evaluations have shown that
¡ Self-assessed mood ratings using a smartphone correlates strongly with blinded clinically rated 

depressive and manic symptoms
¡ Automatically sampled behavioural data collected from the smartphone correlates with blinded 

clinically rated depressive and manic symptoms in patients with bipolar disorder



Building Monsenso

• mHealth solution to improve mental health insight

• Based on five years of R&D with leading experts within mental health, 
pervasive healthcare and computing
– Region H (Rigshospitalet)
– IT University of Copenhagen
– EU funded STREP project “MONARCA” with 13 European partners
– Involved in 10 research projects

• Developed in collaboration with patients, clinicians and carers

• Monsenso founded in 2013



Monsenso® mHealth solution

P Patient engagement

P Patient empowerment

P Psycho-education

P Self management

P Process improvements

P Better quality care

P Remote care

P Early intervention

Context-sensitive,	
automated	mCBT

P Informal
Care

Self-assessment
Sensor	data
Questionnaires

Advanced	data	analyses
Machine	learning
Predictive	analytics



Monsenso® mHealth solution

Patient smartphone
• Self-assessment
• Sensor data collection
• Questionnaires
• Triggers / warning signs
• Medication compliance
• Visualization and motivational 

feedback
• Communication with clinic

Clinical web portal
• Overview and patient specific 

dashboard
• Historical overview
• Correlation analysis
• Triggers / Early Warning Signs
• Medication management
• Notes / medical record
• Communication with patient

Back-end data analysis
• Aggregation of health and 

behavioural data
• Correlation between 

behavioural data and disease 
progression

• Pattern analysis
• Prediction of illness & mood 

forecasting

Carer smartphone

• Overview of the patient

• Evaluate the patient

• Notes



Case studies

• Solution currently configured for
– Bipolar disorder
– Depression
– Schizophrenia
– Borderline
– PTSD
– Anxiety

• Solution can be configured to support
– Specific diseases
– Detailed clinical needs



Monsenso video

OPI	video
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