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Abstract

As in every other field, technology has an impact on healthcare. As part of technological advancements, wearable technology can guide in
identifying illnesses, clarifying diagnoses, and recognizing disease-related hazards early. Considering the advances in wearable technologies
impact the mental health field, as they do in all other fields, it is important to assess their implications. Studies in this field and their results
will be discussed, and current shortcomings and developments will be revealed. Considering disability, economic burden, and care burden,
wearable technology for mental illness is also promising. Although it is generally in the pilot study phase, wearable technology will likely be
encountered more frequently in the diagnosis, treatment, and follow-up of mental illnesses with the increase of prospective randomized
controlled studies in the near future. The collection of simultaneous and objective data in patients will also benefit evidence-based mental
care. Nevertheless, it is imperative to address the matter of patients’ privacy and ethical concerns associated with the utilization of wearable
technology, given its potential to gather extensive and prolonged data without being driven by specific hypotheses.
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INTRODUCTION

The World Health Organization has encouraged the integration of
assistive technology into health reform initiatives.' Today, digital health
tools and technology have emerged as promising advancements that
substantially assist in identifying disorders and clarifying diagnoses.
Technology has played a key role in providing health services,
particularly in domains such as mobile health, monitoring, data
collection, warning systems, and record-keeping. Mobile health,
previously referred to as wireless e-medicine, now encompasses the
utilization of mobile or wireless communication devices in the context
of health and healthcare services.>® The wearable devices were first
designed by Thorp Edward” and implemented with contributions from
Claude Shannon. In recent times, the utilization of wearable technology
in mobile health services has enabled the monitoring of various health

issues and has presented novel solutions in both the scientific and
industrial fields.®'* Wearable devices enable monitoring, recording, and
transmitting physiological signals in non-hospital settings.™ This review
comprehensively examines the strengths, weaknesses, opportunities,
and threats associated with wearable technology, a rapidly emerging
phenomenon in the healthcare domain. Furthermore, it investigates
specificinstances of wearable technologies within the field of psychiatry.
The aim of this review is not to emphasize statistical results but to focus
on the advantages and the disadvantages.

Wearable Technology

Wearable technologies encompass electronic devices that are designed
to be conveniently worn on the human body or effortlessly integrated
into clothing.”>"> Wearable technologies that can be attached to or

To cite this article: Sahin Tokatlioglu T, Oflaz F, Semiz B. Wearable technologies and psychiatry: strengths, weaknesses, opportunities, and

threats analysis. Cyprus ] Med Sci. 2025;10(2):111-115

ORCID IDs of the authors: T.5.T. 0000-0003-2569-9906, F.0. 0000-0002-3878-028X, B.S. 0000-0002-7544-5974.

%= Corresponding author: Tugba Sahin Tokatlioglu
eeeaetbel E-mail: tsahintokatlioglu@aydin.edu.tr

EXmhed. ORCID ID: orcid.org/0000-0003-2569-9906

‘o,
- I

Received: 09.07.2024
Accepted: 24.01.2025

Epub: 15.04.2025
Publication Date: 18.04.2025

Copyright® 2025 The Author. Published by Galenos Publishing House on behalf of Cyprus Turkish Medical Association.
orenaccess  This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.

111


https://orcid.org/0000-0003-2569-9906
https://orcid.org/0000-0002-3878-028X
https://orcid.org/0000-0002-7544-5974

Sahin Tokatloglu et al. Wearable Technologies and Psychiatry: Strengths, Weaknesses, Opportunities, and Threats Analysis

Cyprus ] Med Sci 2025;10(2):111-115

integrated with the human skin enable the continuous and unobtrusive
monitoring of humans; hence, minimizing disruptions to their everyday
routines.™ Wearable devices include smart gloves, smart watches,
patched or patch-like systems, head-worn devices, and eyeglasses.
The use of wearable technology enables the concurrent and optimally
effective surveillance of patients’ physiological parameters, which is
a widely sought-after scenario in the healthcare field."'® Wearable
devices encompass primary functionalities, including user interface,
communication, data management, energy management, and
integrated circuits.”” These devices are equipped with microprocessors
and have been designed to transmit and receive data through the
Internet.” Wearable technologies, characterized by the integration of
microchips and sensors, are experiencing tremendous growth and are
poised to exert even more significant influence in the future. With the
help of these devices, results such as biological feedback, psychological
state assessment, and perception, which are not available on mobile
phones and computers can be obtained.? Interest in this field has
increased due to the monitoring, recording, and transmission of
physiological signals.

Wearable Technology and Strengths, Weaknesses, Opportunities, and
Threats Analysis

Strengths (Opportunities and Strengths) of Wearable Technology

Wearable technology devices enable data collection in the natural
environment of patients.?’ Since these measurements are taken
instantaneously and objectively from individuals, they may provide a
better source of data than cross-sectional data collected by notification
in a clinical setting. It can also be used to monitor treatment results.?
In wearable technology, the data flow is continuous, and data can be
collected automatically without the participant having to do anything.
This prevents professionals from constantly asking patients for
feedback and saves patients from answering questions. These questions
continuously asked to the patients may create the risk of that reminding
them of the symptoms of the disease, which may lead to changes in
behavior and data.?*

Potential Problems (Weaknesses and Threats) Related to Wearable
Technology

In a scoping review on wearable technologies and their reflections on
the field of health, it was reported that, in the examined studies, the
focus was on the positive aspects of wearable technology, generally
omitting negative ones.”> However, despite the advances in wearable
technology that have been and will be reflected in the clinical field,
there are also a few concerns. One of these concerns is the possibility of
collecting vast longitudinal data from individuals without a hypothesis
basis for analysis. Big data entails difficult analyses. Physiological signals
exhibit high inter-subject and intra-subject variability, challenging the
development of generalizable models. Additionally, motion artifacts
and other interference sources might dominate the clinically important
information embedded in the signals. That is why well-designed pre-
processing frameworks are crucial for cleaner signals and accurate
models. In addition, some technological accidents may be encountered
during the data collection phase. Power outages or battery failure may
cause data loss.?

Analyses of big data are possible with the support or cooperation of
fields such as engineering or mathematics. This situation brings risks
related to data security and patient privacy. For wearable technology
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studies to be acceptable to patients, they must be conducted openly
and protected.”? The United Kingdom’s Department of Health and
Social Care has published guidelines summarising and targeting key
principles for safe and effective digital innovations. The Medicines and
Healthcare Products Regulatory Agency has also published guidance for
determining whether software and healthcare applications are medical
devices.?

Patient participation and the sustainability of the studies are also
important. In a study conducted on clinically hospitalized adolescents
at risk of suicide, patients reported that the most enjoyable part was
participating, especially since it could help people with similar problems
in the future;?” however, more studies are needed to generalize this
result.®? It is important for progress in this area to articulate how
wearable devices are being adopted by users and how barriers to their
widespread use are being addressed.*

Wearable Technology and Mental Health

Mental illnesses are among the major causes of social and global
disability.3" Serious mental illnesses affect many individuals worldwide,
and disorders such as depression and anxiety lead to reduced
productivity and economic losses.?? According to the global burden of
disease reports, five of the twenty diseases in the burden of disease
ranking are related to mental health issues.*

Utilizing technological advancements in psychiatry is an essential issue,
considering the disease and financial burdens. Recently, measurement-
based care has been emphasized and recommended as a basis for
improving the quality of mental health services.>**> Wearable technology
can improve patient outcomes through safely and objectively assessing
patients with psychiatric disorders.® The use of digital tools in the
field of psychiatry also benefits the dissemination of evidence-based
practices. Evidence-based psychiatric care is not available in many parts
of many developing and some developed countries. Inter-institutional
reports related to the treatment compliance of patients with severe
mental illness indicate that evidence-based treatment and care are
applied in only 2% of cases.’”*® In this context, the utilization of wearable
technology can provide valuable objective data and measurements that
can significantly contribute to the field in terms of patient follow-up
and therapy.

Robinson et al** analyzed 12 articles in a systematic review of
wearable technologies used in mental illnesses. It was determined that
bioparameters such as electrodermal activity/galvanic skin resistance/
skin conductance/skin temperature, physical activity, and heart rate
(HR) were mostly evaluated with wearable technology, considering
the results of the reviewed articles. Information on the monitoring of
physiological parameters is provided in Figure 1.

Wearable technologies can also enable early recognition of risks of self-
harm or harm to other persons by monitoring physiological or potential
acute behavioral changes. One of these parameters is early recognition
of the risk of self-harm through sleep monitoring. For example, sleep
data can be assessed as a potential predictive factor for the risk of self-
harm and used in preventative measures.* Studies have shown that
too much or too little sleep can trigger, accelerate, and perpetuate
depression.”” A study conducted with sensor-based sleep durations
reported that sleep duration was effective in predicting suicidal ideation
the next day, and this effect was similar to subjective sleep data.*’ In
another study conducted on undergraduate and graduate students, the
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The Pulse Checks

arteries.
* Electrocardiogram (ECG) measures the electrical activity of the heart

conductivity of the thorax.

«It is based on the transmission of mechanical, electrical, optical or acoustic signals related to the beating of the heart or the resulting pulsatile demodynamic flow.
* The Photoplethysmogram (PPG) is generated when alterations in arterial blood volume during the cardiac cycle cause variations in the quantity of light absorbed within the

« Impedance Cardiogram (ICG) is used to monitor cardiodynamic such as heart rate, stroke volume and vascular resistance and to measure changes in the total electrical

* Gyrocardiogram (GCGQG) is the recording of heart-induced rotational vibrations of the chest wall in the form of angular velocity
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Respiration Measurement

(breathing) or by measuring the air flow rate through the mouth or nose.

It is based on the measurement of respiratory rate with wearable technology by detecting the expansion and contraction of the chest and abdomen during inspiration

« Spirometry uses ultrasonic transducers to measure the velocity of the air flow during inspiration and exhalation or the pressure difference across the mask.

« Respiratory Inductance Plethysmography (RIP) measures respiration by detecting thoracic and abdominal expansions and contractions.

« Photoplethysmography (PPG): Respiratory Rate produces small changes in blood pressure in the heart due to mechanical volume changes in the lung caused by inspiration
and expiration. Small changes in respiratory-induced pumping pressure result in small changes in the PPG signal superimposed on the heart rate-related signal. The
respiratory rate can therefore be measured from the PPG signal from a pulse oximeter using a suitable algorithm.

« Seismocardiogram (SCG): It is the measurement of the linear acceleration components of the chest wall induced by the heartbeat. SCG represents the mechanical activity of
the heart and reflects local chest vibrations induced by cardiac contraction and blood ejection.

Blood Pressure Measurement

arterial elasticity pressure.

eOscillometric Blood Pressure involves the measurement and analysis of pressure fluctuations in the cuff. The magnitude of these oscillations varies according to changes in

eBlood pressure measurement by Pulse Transit Time (PTT) is based on the principle of pulse wave velocity.

Body Temperature Measurement

conditions.

fingers, ears, or other suitable spots.

eThe assessment of body temperature via wearable technology often relies on thermistor-based sensors, which exhibit a high level of sensitivity under ambient temperature

oThe measurement of body temperature can be obtained by affixing a wearable technology to several peripheral locations on the body, such as the wrist, forehead, chest, feet,

Sweat Measurement

« There are three main candidate technologies used to measure biomarkers in sweat: titration devices, conductivity measurements and potentiometric sensors.

Emotional Health Status Measurement

variability (HRV).

arousal.

« Technologies for the assessment of emotional health include physiological, biochemical and behavioural measurements.

 The most commonly used wearable modalities for continuous measurement are HRV (heart rate variability), GSR (galvanic skin resistance) and facial expression recognition.
» The measurement outcomes of diverse physiological parameters obtained from wearable sensors can provide indications of emotional state, heart rate (HR), and heart rate
*GSR assesses electrodermal activity, which varies according to the state of the sweat glands. Conductivity from the sweat glands indicates psychological or physiological

« Facial expression recognition is an emotional recognition system that uses a camera to track changes in physical appearance.

Figure 1. Describes several physiological signals that can be used in wearable technology device.

usefulness of wearable devices in predicting the severity of depression
symptoms was examined. As a result of the study, it was reported that
fluctuations in sleep efficiency can be measured with wearable devices,
which may be associated with depression severity.*

HR may be another method used to predict self-harm behavior. In a
study of patients at risk of self-harm in an acute adolescent psychiatric
clinic, Sheridan et al.* assessed patients’ HRs for seven days with
wearable technology devices, and self-harm risk with Columbia
Suicide Severity Scores. An inverse correlation was found between the
parasympathetic values measured in the study results and the risk of
self-harm. The HR variable measured by wearable technology devices
decreased in patients diagnosed with depression at the same time
without an accompanying cardiovascular disease.”*” Depression was
inversely associated with physical activity measured from patients.*#°
A wearable device implanted in the skin may have acted as a biomarker
for depression.”®" HR is also one of the most effective methods for
detecting and monitoring stress and anxiety in individuals.>

According to the results of a study conducted with medical students,
mobile mood monitoring with the help of wearable sensors was
effective in predicting students’ depression.> Changes in sleep patterns
and physical activities assessed by wearable technology may give clues
about depression and anxiety disorders.? In some mental disorders,
there is a more pronounced sympathetic nervous system activation.
This is similar to the fight or flight response to physical danger or mental

stress. This change can also be assessed with wearable technology, and
used in the diagnostic phase of mental illnesses.?*

Real-time physiological parameters obtained through wearable
technology can be used to improve traditional mental health
interventions such as therapy or medication It can also be used to guide
the selection of the most appropriate treatment.>>> These parameters
involve using objective data in diagnosis and treatment selection.
For example, Collier et al.>® reported that the motion measurement
technology used in the study helps clinicians with early diagnosis
by assessing gait, balance, and postural kinematics. Objective and
systematic data are important for developing and supporting evidence-
based psychiatric practice in diagnosis and care provision. Wearable
technology devices may also be useful in supporting interventions to
improve cardiometabolic health in patients with schizophrenia. It is
also reported that wearable devices support patient weight loss, and
may be effective in improving lifestyle.”

In addition to all these positive developments, Haines-Delmont et al.*®
used machine learning to analyze sensor and mobile data to assess the
suicidal thoughts of patients discharged from a psychiatric hospital
in the first week. The study results were reported as poor in terms of
overall predictive accuracy.
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CONCLUSION

Considering the historical problems in mental health services and the
burden of disability, economic challenges, and care needs in mental
illnesses, wearable technologies may promise hope for the development
of mental health services. Simultaneous and objective monitoring
of symptoms can contribute to evidence-based psychiatric care and
positively affect patient care. However, most wearable technologies
are still in the prototype stage. In a review of wearable technology in
child and adolescent psychiatry, most of the studies are pilot studies,
and randomized controlled studies are needed. The population in
which wearable technology is applied, the generalizability of patient
results, and patient feedback while using these devices will contribute
to the shaping of these studies. Issues such as acceptance of the applied
population, safety, ethics, privacy, and big data concerns in wearable
technology need to be addressed to improve the availability and
functionality of these devices for practical use.

Relevance Statement

Wearable technology provides us with objective data for monitoring
and controlling existing risks. These objective data can help psychiatric
nurses to make clinical decisions. It can help them recognize potential
risks earlier and shape their care accordingly.

MAIN POINTS

 Considering the advancements of wearable technologies impact the
mental health field, as they do in all other fields.

 Studies in this field and their results will be discussed, and current
shortcomings and developments will be revealed.

» Wearable technologies in psychiatry will be evaluated through a
strengths, weaknesses, opportunities, and threats (SWOT) analysis,
highlighting their practice potential and ethical concerns. Wearable
technologies in psychiatry will be evaluated through a SWOT
analysis, highlighting their practice potential and ethical concerns.
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