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Abstract. Information and communication technologies (ICT) such as smart devices, the Internet of Things
and wireless sensor networks are gradually being introduced into the health system for early diagnosis and
management of certain diseases. The state of the art of the use of these technologies in mental health
identified 37 articles published in indexed high impact journals in the period 2003-2021. The snowball
sampling method was used to select these papers. From thisliterature review, it appearsthat severa of these
technologies are used to support the early detection of mental disorders. Various systems based on wearable
sensor networks, the Internet of Things and pervasive and ubiquitous computing have been designed and
implemented in this sense. However, most of the applications are designed for academic purposes. 29% of
the papers deal with the use of mobile technology in the detection of mental illness, while 67% have studied
other technologies such as wearable sensor networks. 4% of the papers concern the use of web platformsin

the detection and assessment of mental health disorders.

1 Background

Mental health sensing and assessment for early
detection, prevention, and prediction of mental diseases
and disorder are becoming one of the top research topics
in health informatics. Sensing, predicting, and early
detecting mental disorders as well as social isolation are
increasingly taking benefit from (Wireless) Sensor
Networks Technologies and systems as well as from
Body Area Networks.

The results of a survey on mental health monitoring
were presented by Enrique Garcia-Ceja et al [1]. They
found that "mental states can be manifested by
physiological and behavioral changes". Furthermore,
they defined mental health as problems common
worldwide, including changes in mood, personality,
inability to cope with daily problems or stress,
withdrawal from friends and activities.

This shows how mental health can socially isolate
sufferers. All age groups can suffer from mental
disorders. For example, children and adolescents mental
disorders account for 13.4% of mental illnesses
worldwide. The global prevalence of anxiety disorders
was 6.5%, 2.6% for depressive disorders, 3.4% for
attention-deficit hyperactivity disorder and 5.7% for
disruptive disorders [2].

The main objectives of this literature review are to
determine the extent to which technology supports
mental health. It also presents the problems encountered
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and future challenges in terms of mental disorders’
assessment and detection in this digital age.

2 Methodology and data

Articles published from 2003 to 2021 in the field of
mental health were retrieved through search engines
such as Google Scholar and scientific databases such as
PubMed, Wiley, NCBI, IEEE Xplore, Scopus and Web
of Science. The search string included terms such as
“mental disorder” and “sensors” and “ICT”. With the
key words: APP, mobile Application, telemedicine,
smartphone application, Internet of Thing, being
considered under the acronym ICT. And the DSM-5 as
a reference document for the different mental disorders
concerned. At the end of this first search 100 articles
with full text in English were found. Then snowball
sampling was applied to the references of these articles.
And another 137 new articles with full text in English
were found.

Articles titles, abstract and texts (if needed) were
screened by two authors independently against the
inclusion criteria. A third overviewed the process and
solved any issue arising in the process. The inclusion
criteria were: mental health; mental disorders and
diseases; technology enabled sensing; assessment
methodologies etc.

Then, the articles’ classification according to the
subject, matter and the technology or the assessment
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method used, was made. Thus, 200 inappropriate papers
were excluded and all the 37 included works were
analyzed in order to provide a state of the art according
to four subsections namely: Depressive Disorders/Major
Depressive Disorder (MDD), Bipolar disorder (BD),
Attention-deficit/hyperactivity ~ disorder = (ADHD),
Dementia and Information and Communication
Technology (ICT), Autism Spectrum Disorders, Early
Detection of mental Illness, Affective Illness, Autonomy
Loss, Schizophrenia and Parkinson’s Disease (PD).

3 Results

The literature review (summarised in Table 1)
revealed that sensors and ICT-based solutions are
increasingly used to manage, assess and detect mental
illness. However, their use is more important in other
medical fields such as physical healthcare [3].
Therefore, this study reviewed existing and ongoing
projects dealing with the detection of mental disorders
and mental health-related illnesses. In addition, it
provided an understanding of the impact of mental
disorders on the behaviour of individuals suffering from
them [4].

Table 1. Summary of the literature review.

Authors Enabling
Pub. Year Technology ~ 'YPeof study
. Cross-
Wireless Sensors -
Jovanov et al., 2003 Networks sectiond
Mobile phone
- platform, Cross-
Gaggioli et al., 2011 Windows mobile,  sectional
open source
Accdlerationand ~ Cross-
Guevaraetal., 2011  voiceintensity sectional
Sensors
Smartphone- Cross-
Grunerbl et al., 2014 sensing sectional
. . Cross-
Muaremi et al., 2014  Wearable devices sectional
Palmiuset al., 2014 Smartphone RCT
Applin et al., 2015 0T, sensors None
) Cross-
Osmani et al., 2015 Smartphones sectional
Ubiquitous
Zhou et al., 2015 SeNSors Case-control
Smartphones Cross-
Abdullah et al., 2016 ~ App. sectional
(MoodRhythm)
Coelhoet al., 2016 Wearable sensors  None
Smartphone Cross-
Farhan et al., 2016a sensing data sectional
Smartphone None
Farhan et al., 2016b sensing data

Authors
Pub. Year

Ferreiraet al., 2016

Galan-menacet al.,
2016

Groset al., 2016

Ibrahim et al., 2016

Matthewset al.,
2016

Maxhuni et al., 2016

Robles-Bykbaev et
al., 2016

Sarker et al., 2016

Tanakaet al., 2016

Wang et al., 2016

Chong et al., 2017

Cook €t al., 2017

David et al., 2017

Odette Frundt et al.,
2017

Kim et al., 2017

Placeet al., 2017

Yoo et al., 2017

Airehrour et al., 2017

Asuroglu et al., 2017

Teipel et al., 2018

Wang et al., 2018

Enabling
Technology

Ubiquitous
Mobile
Instrumentation

Semantic web,
mobile tools and
robotic assistants,
intelligent ICT

ICT

Application of
ICT tools

Smartphone
Sensors,
smartphone
application
information from
smartphones

ICT,
Data mining

M obile sensor

Simulation

Smartphone

Sensors, loT

Polysomnograph
y, Wrist-worn
actigraphy

ICT

Quantitative
sensory testing

Passive Infra-Red
(PIR) mation
SEensors

Mobile sensing
platform

Biosensor, loT

Task reminders,
video and picture,
speech system

Sensors (foot-
WOorn sensors.)

ICT, Algorithm

Smartphones and
Wearable sensor

Type of study

None

Cross
sectional

Cross-
sectiona

None

None

Cross
sectional

None
Cross-

sectional

RCT

Randomized
control trial

Cross-
sectiona
Cross

sectiona

Qualitative

Cross-
sectiona

None

Cross-
sectiona

None

None

None

RCT

Cross-
sectiona
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Authors Enabling
Pub. Year Technology —
CATCH-IT and Randomized
Gladstoneet al.,, 2020 .1 clinical trial

Wearable sensors, None
online Platform
Wearable sensors ~ observational

Debard et al., 2020
Lahti et al., 2021

3.1 Depressive Disorders / Major Depressive
Disorders (MDD)

ICT-based solutions for the early detection and
monitoring of depression have been investigated in [5,
6], in order to reduce misinterpretation of the diagnosis.
To this end in [5], a wristband was designed using ICT
for daily data collection and analysis from depressed
patients. A mobile detection solution to assess students’
mental health, has also been proposed in view of the
depression rate increasing on university campuses.

3.2 Bipolar Disorder (BD)

Bipolar disorder (BD) is a serious mental illness that
affects 2.6% of the US population aged 18 years and
older per year. As rhythmicity is a key component of
well-being in bipolar disorder, it has been assessed using
smartphones for automatic detection [7]. Dynamic
psychological processes (bipolar disorder) are most
often assessed using self-report instruments [8, 9]. Their
limitations have been assessed through the use of
smartphone sensors, in which clinically validated
treatments have been previously incorporated, as an
acquisition system [8]. However, the status of patients
with bipolar disorder can be classified using information
collected by Smartphones [10].

3.3 Attention-deficit / hyperactivity disorder
(ADHD)

According to [11], ICTs are used to establish
diagnosis and monitoring of students between 6-18
years old with Attention-deficit/hyperactivity disorder
(ADHD). Advanced ICT tool as Gordon Diagnostic
System (GDS) has been used for assessment and
diagnosis. And Learning Management System (LMS)
has been used to address special need of students with
ADHD learning abilities and preferences. However,
other ICT solutions for ADHD students helping exist
such as: online learning and augmented reality based
education. But, more research is needed to evaluate the
different proposed solutions.

3.4 Dementia and ICT

According to [12], UN statistics show that our
society is ageing rapidly, leading to an assistive
technologies development increasing, for people with
dementia.

Policy makers (politicians and governments) are
concerned about the contribution of technology to the
effective management of people with dementia.

Cognitive function is an important endpoint of treatment
in clinical trials for dementia. However, the
measurement of cognitive function by standardized tests
is biased by highly constrained environments (such as
hospitals) [13]. ICT solutions for mental health improve
the quality of life of older people with dementia and
support health care for dementia patients. Intelligent
assistive technologies (IATs) can offer innovative
solutions to mitigate the global burden of dementia and
provide new tools for dementia care.

3.5 Autism spectrum disorders

According to World Health Organization (WHO), 1
of 160 persons in the world is diagnosed with Autism
Spectrum Disorders (ASDs). However, in low-and
middle-income countries (LMIC), the prevalence of
ASDs is partially unknown or properly investigated.

The review pointed out a series of ongoing projects
or already archived. For example, in [14, 15], the authors
worked on a project to discover the link between
avoidant personality disorders (APD) and, physical and
psychological stress. A test was conducted on two
samples, one composed of patients with avoidant
personality disorders and the other of healthy people.

3.6 Early detection of mental illness

Machine learning techniques have greatly
contributed to the development of tools to assist doctors
in mental disorders prediction, in particular anxiety
disorders. The study reported in [16] concerns the early
detection of mental health changes in individuals by
combining passive smartphone sensors with the
CrossCheck method. In this case, the disease of
schizophrenia is concerned. Many other ICT-based tools
have been used for early assessment of other mental
illnesses, such as wireless sensor networks (stress),
wearable biosensors (bipolar disorder), mobile phone
platforms (stress and physiological arousal) [17],
acceleration and voice intensity sensors (behaviour and
correlation with mental health), smartphone sensing
(bipolar disorder, depression), semantic web (autism),
etc.

3.7 Affective illness

Affective disorders are frequently encountered
among elderly populations. Sleep disturbance is a
common and important component of affective illness.
The SWOT (Strengths, Weaknesses, Opportunities and
Threats) analysis method was used to measure ICT
impact on affective disorders’ diagnosis in older people.
The idea was to see if there would be any added value
in using these techniques in addition to traditional
clinical diagnostic methods. It was found that ICT offers
interesting tools for affective disorders diagnosis and
management, but seems to be poorly known by
practitioners and future users [18, 19].
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3.8 Autonomy loss

According to [20], the use of ICT can provide added
value in frail elderly people monitoring, and could
potentially contribute to reduce the risk of
institutionalization. To this end, a Safe and Easy
Environment (SafEE) project has been developed to
improve the elderly’s living conditions. It combines an
ICT-based behavioral analysis platform with adapted
non-pharmacological therapeutic responses. The results
show that the platform has been accepted by all
stakeholders [20].

3.9 Schizophrenia

Human behavior is increasingly being reflected or
interpreted by sensors and ICT. This is particularly
important when it comes to behavioral changes
associated with severe mental illnesses, including
schizophrenia [16, 21]. Passive smartphone sensors
have been used to collect data from schizophrenia
patients recently discharged from hospital. This was
done to monitor their mental health indicators to
facilitate the prediction and early management of
relapse. The results show a correlation between different
behavioural characteristics (sleep, mobility,
conversations, smartphones use) and mental health
indicators related to schizophrenia [16].

3.10 Parkinson’s disease (PD)

The major cause of morbidity and mortality among
patients with Parkinson’s disease (PD) is the motor
changes that restricting their functional independence.
Therefore, monitoring the disease manifestations is
crucial to detect any worsening of symptoms timely [22,
23]. To this end, wearable sensors have been attached to
the feet of patients suffering from it in order to collect
and analyze their physiological data. This would
facilitate its better monitoring for more effective
management [23].

4 Discussion

The growing ageing of the population and health
care costs increasing, require a new paradigm for the
world's health systems. They need to focus on the patient
and put more emphasis on prevention rather than
treatment [7]. In this framework, sensors and ICT are
usable tools especially in the field of mental health. The
diversity and lack of consensus in the emerging ICT
sector is however, a strong limitation for their use in
daily practice [10]. The use of information and
communication technologies (ICT) could bring added
value in mental illnesses’ recognition and assessment
[10].

According to the literature, research on ICT and
sensors’ applications in the field of mental health, dates
from the last two decades and, for the most recent ones
from the last ten years. Thus, several authors have
worked on the subject from different perspectives.

Many work and techniques used were developed
around projects implemented in Europe, from which
some are already completed and others are ongoing. A
large majority of ICT applications in mental health are
based on smartphones and mobile applications [5, 24-
34].

Many studies have linked human behaviour to
mental health [15, 28, 35-38]. They show the close link
between mental health and human behaviour. The first
concern was the possibility to access the invisible world
of psychiatry and psychology. However, human
behaviour’s study in real life was an opportunity for
access. It is better than traditional meetings, and other
methods such as patient-doctor screening meetings,
where the patient is interviewed by the doctor. These
methods have shown their limitations [39].

Since this possibility has been known, various
correlations between different mental illnesses and
behavioural patterns have been approached. The most
discussed are: stress level, depression, loneliness,
epilepsy, mood disorders etc. These are factors that
influence different people in their employment, social
and associative life. A better perception of ICT
applications’ progress in mental health has been given
in [38-40]. While the future challenges are: big data
processing and management, patient’s data security and
confidentiality.

5 Conclusion

This work allowed us to review the literature of
scientific work on mental illnesses and the different
technologies used to assess them. Regarding the various
articles covered, ICT associated with advances in
wireless sensors, portable and wearable sensors, specific
applications, smartphones and IoTs allow effective
assess, prediction, detection and management of mental
illnesses. Researchers achieved also many correlation
between mental health and patients’ real life. Even if
these methods give many objectives results, they may be
more improve concerning their precision, security and
complex imaging exams’ integration as tomography and
IMR. The main perspective envisaged at the end of this
literature review is to perform validation tests with
methods discovered in this review, by using a sample of
patients from African countries especially from Benin
Mental Hospital.
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