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Abstract

Wearable technology is an emerging technical field that integrates miniaturized
electronic devices with everyday wearable items. By integrating technical means
such as sensors, microprocessors, and communication modules, it can achieve
functions such as monitoring human physiological data, information interaction,
and environmental perception. In recent years, with continuous technological
progress, the application of wearable technology in the field of mental disor-
ders has gradually gained attention and demonstrated great potential. Unlike
previous studies that mostly focused on the application of wearable technology
for a single mental illness or a single function, this paper comprehensively and
systematically reviews the applications of wearable technology in the diagnosis,
symptom assessment, and treatment of mental disorders, and deeply analyzes
its potential advantages and challenges. Furthermore, this paper not only covers
mainstream applications but also prospectively points out innovative paths in
continuous monitoring of multi-dimensional physiological and behavioral indi-
cators, construction of digital phenotypes, and multi-modal interventions. This
aims to provide new ideas for the early identification and precision intervention
of mental disorders, and to offer references and insights for clinical diagnosis
and treatment practices as well as future research.
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Research Progress of Wearable Technology in the Diagnosis
and Treatment of Mental Disorders

Abstract

Mental disorders represent a significant global public health challenge, charac-
terized by high prevalence, high disability rates, and a heavy socioeconomic
burden. Traditional clinical assessments rely heavily on subjective self-reports
and periodic clinical observations, which often lack the continuity and objectiv-
ity required for precise management. In recent years, the rapid development
of wearable technology has provided a transformative approach to the objective
monitoring and intervention of mental health conditions. By integrating various
physiological sensors (such as heart rate variability, electrodermal activity, and
sleep patterns) and behavioral tracking (such as physical activity and speech
patterns), wearable devices enable the continuous, real-time collection of longi-
tudinal data in naturalistic settings. This paper reviews the current research
progress of wearable technology in the screening, diagnosis, monitoring, and
therapeutic intervention of major mental disorders, including depression, anxi-
ety disorders, bipolar disorder, and schizophrenia. Furthermore, we discuss the
existing challenges—such as data privacy, technical standardization, and clinical
validation—and provide perspectives on future development trends in the field
of digital psychiatry.

1. Introduction

Mental disorders are complex conditions that affect hundreds of millions of
people worldwide. Unlike many physical illnesses that can be diagnosed through
clear biological markers, the diagnosis and management of mental disorders have
traditionally relied on clinical interviews and standardized scales, such as the
PHQ-9 for depression or the GAD-7 for anxiety. While these tools are essential,
they are susceptible to recall bias and provide only a “snapshot” of a patient’ s
state during a clinical visit.

Wearable technology, encompassing smartwatches, fitness trackers, and special-
ized medical-grade sensors, offers a solution to these limitations. These devices
can capture “digital phenotypes” —objective, quantifiable behavioral and phys-
iological data—that reflect an individual’ s mental state in their daily life. The
integration of machine learning algorithms with this high-dimensional data al-
lows for the identification of subtle patterns that may precede clinical relapse
or indicate treatment response.
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2. Application of Wearable Technology in Specific Mental Disorders

2.1 Depression and Anxiety Disorders Depression and anxiety are the
most common mental health conditions globally. Research has demonstrated
that physiological indicators such as Heart Rate Variability (HRV) and Electro-
dermal Activity (EDA) are closely linked to autonomic nervous system dysregu-
lation in these patients. Wearable devices can monitor these parameters along-
side sleep quality and physical activity levels. Studies using machine learning
models have shown that combined data from accelerometers and heart rate

238000 Department of Psychiatry, The Fourth Affili-
ated Hospital of Anhui Medical University, Hefei, Anhui
Province

Research Progress of Wearable Technology in the Diagnosis
and Treatment of Mental Disorders

Authors: Feng Yachen, Liu Lewei, Xue Jinyue, Sun Xianlin, Liu Huanzhong
Affiliations: The Fourth Affiliated Hospital of Anhui Medical University, Hefei
238000, China; School of Mental Health and Psychological Sciences, Anhui Med-
ical University, Hefei 230000, China.

Abstract

Wearable technology is an emerging field that integrates miniaturized electronic
devices into everyday wearable items. By incorporating sensors, microproces-
sors, and communication modules, these technologies enable the monitoring
of human physiological data, information interaction, and environmental per-
ception. In recent years, continuous technological advancements have drawn
increasing attention to the application of wearable technology in the field of
mental disorders, revealing its significant potential. Unlike previous studies
that often focused on the application of wearable technology for a single mental
illness or a specific function, this paper systematically reviews its comprehen-
sive application in the diagnosis, symptom assessment, and treatment of mental
disorders. Furthermore, it provides an in-depth analysis of the potential advan-
tages and challenges associated with these technologies. Beyond mainstream
applications, this review prospectively identifies innovative pathways, such as
the continuous monitoring of multi-dimensional physiological and behavioral in-
dicators, the construction of digital phenotypes, and multimodal interventions.
The objective is to provide new perspectives for the early identification and pre-
cision intervention of mental disorders, serving as a reference and inspiration
for clinical practice and future research.

Keywords: Wearable electronic devices; Mental disorders; Diagnosis; Symp-
tom assessment; Treatment; Review
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Introduction

Wearable technology represents a transformative approach to healthcare by
bridging the gap between clinical environments and the daily lives of patients.
In the realm of psychiatry, where diagnosis and monitoring have traditionally
relied on subjective self-reports and periodic clinical interviews, the introduction
of objective, continuous data collection offers a paradigm shift.

1. Applications in Diagnosis and Symptom Assessment

The integration of sensors into wearable devices allows for the real-time tracking
of various physiological markers, including heart rate variability (HRV), electro-
dermal activity (EDA), sleep patterns, and physical activity levels. These met-
rics serve as critical indicators of a patient’ s psychological state. For instance,
changes in sleep architecture or circadian rhythms often precede the onset of
depressive or manic episodes. By leveraging machine learning algorithms to
analyze these data streams, clinicians can identify subtle patterns that may be
invisible during a standard clinical consultation.

Furthermore, wearable technology facilitates the development of “digital phe-
notypes” —a comprehensive digital footprint of an individual’ s behavior and
physiology. This multi-dimensional approach enables a more nuanced under-
standing of mental disorders, moving beyond categorical diagnoses toward a
more personalized, dimensional assessment of mental health.

2. Applications in Treatment and Intervention

Beyond diagnosis, wearable devices are increasingly utilized in the treatment of
mental disorders. These applications range from biofeedback mechanisms that
help patients manage anxiety in real-time to sophisticated closed-loop systems
that adjust therapeutic interventions based on physiological feedback.

Multimodal interventions, which combine wearable data with mobile health
(mHealth) platforms, allow for “just-in-time” adaptive interventions (JITAIS).
For example, if a wearable device detects physiological signs of escalating stress,
a connected smartphone application can prompt the user to engage in a mindful-
ness exercise or contact a healthcare provider, thereby preventing a full-blown
crisis.

3. Advantages and Challenges

The primary advantage of wearable technology lies in its ability to provide
objective, longitudinal data in a non-invasive manner. This reduces the recall
bias inherent in traditional assessment methods and allows for the monitoring
of treatment efficacy over time.

However, several challenges remain. Data privacy and security are paramount,
as the sensitive nature of mental health data requires robust protection. Ad-
ditionally, there is a need for standardized protocols for data collection and
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analysis to ensure clinical validity. The “noise” inherent in real-world data—
such as motion artifacts in physiological signals—also poses a significant techni-
cal hurdle for researchers and developers.

4. Future Perspectives

The future of wearable technology in mental health lies in the refinement of
multi-dimensional monitoring and the integration of artificial intelligence to pro-
vide predictive analytics. By identifying early warning signs of relapse through
digital phenotyping, the healthcare system can shift from a reactive to a proac-
tive model of care. This transition toward precision psychiatry promises to
improve patient outcomes and reduce the global burden of mental disorders.

In conclusion, while wearable technology is still an evolving field, its integration
into the diagnosis and treatment of mental disorders offers a promising frontier
for clinical innovation. Continued interdisciplinary research is essential to over-
come current limitations and fully realize the potential of these technologies in
improving mental health care.

Abstract

Wearable technology is an emerging technology field that combines miniaturized
electronic devices with daily wearable items. Through the integration of sensors,
microprocessors, and communication modules, it enables the monitoring of hu-
man physiological data, information interaction, and environmental sensing. In
recent years, with continuous technological progress, the application of wearable
technology in the field of mental disorders has gradually attracted attention and
shown great potential. Unlike previous studies that primarily focused on the
application of wearable technology for a single mental disorder or a single func-
tion, this paper comprehensively and systematically reviews the use of wearable
technology in the diagnosis, symptom assessment, and treatment of mental disor-
ders, while also conducting an in-depth analysis of its potential advantages and
challenges. Furthermore, this paper not only covers mainstream applications
but also prospectively highlights innovative pathways in continuous monitoring
of multidimensional physiological and behavioral indicators, constructing digi-
tal phenotypes, and implementing multimodal interventions. It aims to provide
new insights for the early identification and precise intervention of mental disor-
ders, offering references and inspiration for clinical practice and future research.

Key words: Wearable electronic devices; Mental disorders; Diagnosis; Symp-
tom assessment; Therapy; Review

Mental disorders are a class of diseases characterized by impairments in cog-
nition, emotion, volition, and behavior. Common types include schizophrenia,
bipolar disorder, depressive disorders, and anxiety disorders. According to the
World Mental Health Survey, the lifetime prevalence of mental disorders is 28.6%
for men and 29.8% for women. FENG Y C, LIU L W, XUE J Y, et al. Research
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progress of wearable technology in the diagnosis and treatment of mental dis-
orders [J]. Chinese General Practice, 2026. [Epub ahead of print] Editorial
Office of Chinese General Practice. This is an open access article under the CC
BY-NC-ND 4.0 license.

Mental disorders not only severely impact the physical and mental health of
patients but also impose a heavy burden on families and society. However,
due to the diversity of symptoms, the high subjectivity of clinical assessments,
and insufficient public awareness, these disorders are often overlooked or mis-
understood, resulting in many patients failing to receive timely and effective
diagnosis and treatment. In recent years, wearable technology has emerged as a
promising tool in the diagnosis and treatment of mental disorders, offering con-
tinuous real-time monitoring and portability. These devices can quantitatively,
objectively, and accurately measure an individual’ s physiological and behav-
ioral characteristics. This article aims to review the current application status
of wearable technology in the diagnosis, assessment, and treatment of mental
disorders, while discussing the advantages and limitations of its application in
this field, with the goal of providing a theoretical basis and practical guidance
for clinicians and technical personnel.

1 Overview of Wearable Technology

The concept of wearable technology was first proposed by the MIT Media Lab
in the 1960s. Its core principle lies in the deep integration of electronic tech-
nology, sensor technology, and wireless communication with everyday wearable
items to achieve functions such as health monitoring, real-time information in-
teraction, and environmental perception. Compared to traditional detection
methods, wearable devices overcome the technical limitation of “collection fol-
lowed by detection” by integrating sample collection and analysis into a single
process, thereby significantly improving monitoring efficiency. With continu-
ous advancements in electronics and sensor technologies, wearable devices have
evolved from early single-function forms into intelligent systems with diverse ca-
pabilities. Today, this technology demonstrates significant application value and
developmental potential across fields including healthcare, sports science, envi-
ronmental monitoring, military, and industry. In recent years, the application
of wearable technology in the field of mental health has attracted widespread
attention from researchers. A substantial body of research indicates that this
technology offers unique advantages in the early diagnosis, dynamic assessment,
and interventional treatment of mental disorders. Regarding diagnosis and as-
sessment, technologies such as smart bracelets, sensor patches, and portable
electroencephalogram (EEG) devices have become relatively mature. These de-
vices can collect patients’ physiological and behavioral data (such as heart rate
variability, galvanic skin response, and movement patterns) in real-time and
continuously, providing an objective and quantitative basis for clinical symp-
tom assessment. Examples include smartwatches and bracelets for real-time
monitoring of heart rate, heart rate variability, electrodermal activity, physical
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activity, and sleep parameters, as well as wearable transcranial magnetic stim-
ulation devices. Note: Fitbit is a type of smart fitness tracker; AS refers to
automated ingestion monitoring systems.

These technologies provide a reliable basis for clinical practice. In terms of
therapeutic intervention, the development of products such as wearable tran-
scranial magnetic stimulation (TMS) devices and smart glasses has introduced
new possibilities for the treatment of mental disorders (Table 1) [?].

2 Application of Wearable Technology in Auxiliary Diag-
nosis of Mental Disorders

Currently, the clinical diagnostic framework for mental disorders relies primar-
ily on traditional methods such as clinical symptom observation, medical his-
tory collection, standardized scale assessments, and mental status examinations.
However, these traditional approaches face numerous limitations, including high
subjectivity, poor reproducibility, time-consuming clinical interviews, and a
shortage of specialized personnel, which frequently lead to the underdiagnosis
of mental disorders.

Against this backdrop, developing objective, quantifiable, and clinically practical
auxiliary diagnostic technologies is of significant practical importance. In recent
years, the advancement of wearable technology has provided new possibilities for
the early identification and diagnosis of mental disorders. By continuously mon-
itoring multi-dimensional physiological and behavioral indicators—such as heart
rate variability (HRV), electrodermal activity (EDA), and movement patterns—
and integrating these with advanced machine learning algorithms, wearable de-
vices can construct “digital phenotypes” of mental disorders. This technological
paradigm not only achieves the objective quantification of disease characteris-
tics but, more importantly, provides a novel research methodology for the early
identification and subclinical state monitoring of mental disorders.

Schizophrenia

Schizophrenia is a highly heterogeneous neurodevelopmental disorder. Its core
pathological features encompass multiple dimensions, including positive symp-
toms (such as hallucinations and delusions), negative symptoms (such as affec-
tive flattening), and cognitive impairment.

Traditional diagnostic methods based on clinical symptomatology face signifi-
cant challenges in early disease identification and subtype differentiation. The
emergence of wearable technology provides a new technical pathway to overcome
these diagnostic dilemmas. For example, a wearable wireless ECG monitoring
system developed by INOUE can measure autonomic nervous system response
characteristics induced by yoga. When combined with a Linear Discriminant
Analysis (LDA) algorithm, this system achieves accurate differentiation between
patients with schizophrenia and healthy controls, reaching a sensitivity of 91%
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Table 1: Types of Wearable Technology and Their Clinical Applica-

tions

Wearable Technology
Type

Clinical Application
Scope

Representative Research

Physiological Sensors
(e.g., Heart rate, sleep,
activity)

Portable EEG
Devices (Continuous
EEG signal acquisition)

Light Therapy
Glasses (Regulating
melatonin via specific
wavelengths)

Wearable rTMS
(Generating pulsed
magnetic fields to
regulate cortical
excitability)

Smart Glasses
(Real-time facial
expression recognition
and social cues)

(1) Daily monitoring of
patients with mental
disorders; (2) Auxiliary
diagnosis and efficacy
evaluation; (3) Early
warning of symptom
fluctuations.

(1) Neurological
function assessment; (2)
Neurofeedback therapy;
(3) Monitoring of brain
functional states.

(1) Circadian rhythm
regulation; (2)
Improvement of
depressive symptoms;
(3) Intervention for
sleep disorders.

(1) Treatment of
depressive disorders; (2)
Neuromodulation
therapy; (3) Brain
function rehabilitation.

(1) Social skills training;
(2) Emotion recognition
assistance; (3)
Intervention for Autism
Spectrum Disorder
(ASD).

LIPSCHITZ et al.:
Aided bipolar disorder
diagnosis using heart
rate, sleep, and activity

data collected via
Fitbit.

AS et al.: Demonstrated
that EEG-based
neurofeedback training
significantly improves
symptoms of
Post-Traumatic Stress
Disorder (PTSD).

DU BOIS et al.:
Confirmed the definitive
efficacy of light therapy
glasses for postpartum
depression.

SWANSON et al.:
Developed a wearable
repetitive Transcranial
Magnetic Stimulation
(rTMS) device enabling
home-based treatment
for depression.
Superpower Glass
Project: Significantly
improved the social
abilities of patients with
Autism Spectrum
Disorder.
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Wearable Technology Clinical Application
Type Scope Representative Research
Wearable Cameras (1) Memory function DASSING et al.:
(Recording daily events) training; (2) Cognitive Improved
rehabilitation; (3) autobiographical
Reality orientation memory impairment in
therapy. schizophrenia patients
through scene
reconstruction.

The system achieved an accuracy of 81%. This system not only provides an
objective diagnostic reference but also quantitatively assesses illness severity
through standardized Z-scores and visual mapping, offering an innovative solu-
tion for the early screening and home monitoring of schizophrenia. However, the
study has certain limitations: it lacks external validation, and the participant
pool was restricted to schizophrenia patients and healthy volunteers, without
comparing schizophrenia patients against those with other mental disorders.

In contrast, the research by NGUYEN et al. demonstrated high efficacy in dis-
tinguishing schizophrenia from mood disorders (including bipolar and unipolar
disorders) by utilizing deep learning models and wearable device data, achieving
an accuracy of 88%. Notably, COTES et al. proposed an innovative theoretical
framework that integrates multimodal wearable data—such as motor activity,
speech features, facial expressions, and eye gaze—to achieve differential diagno-
sis across various clinical subtypes of schizophrenia; however, this concept has
not yet undergone clinical translation.

Making substantive progress in this direction, the study by DE BOER et al. suc-
cessfully differentiated between schizophrenia patients with predominantly pos-
itive symptoms and those with predominantly negative symptoms by analyzing
speech parameters, including pause duration, frequency, spectrum, and ampli-
tude characteristics.

In the future, further research is required to validate the reliability and effec-
tiveness of multimodal wearable data integration and analysis in the diagnosis
of schizophrenia.

Bipolar Disorder

Bipolar disorder is clinically characterized by alternating episodes of mania or
hypomania and depression, transitions that are often accompanied by signif-
icant physiological and behavioral changes. Wearable technology provides a
novel methodology for state identification and research in bipolar disorder by
continuously monitoring multiple physiological indicators. For instance, An-
mella et al. utilized the Empatica E4 wristband to record the electrodermal
activity (EDA) of patients with bipolar disorder. Their findings revealed that
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EDA was significantly lower during depressive episodes; however, there was no
statistically significant difference in EDA between patients in manic episodes
and the control group. This discovery suggests that EDA may serve as a poten-
tial objective biomarker for mood state transitions.

Furthermore, Lipschitz et al. collected heart rate, sleep, and activity data using
Fitbit devices to construct personalized machine learning models. These models
achieved accurate prediction of mood symptoms in bipolar patients, yielding an
area under the curve (AUC) greater than 85%. To ensure the stability and
reliability of the models, the researchers partitioned the dataset chronologically
into training and testing sets, employing time-series split cross-validation and
comparing multiple algorithms (Table 2 ). Nevertheless, the lack of external
validation limits the generalizability of these findings to some extent.

In another approach, Faurholt-Jepsen analyzed smartphone communication and
usage data combined with machine learning models to classify unipolar and bipo-
lar disorders. While the models showed promise, they performed poorly when
using leave-one-out cross-validation, indicating that their practical discrimina-
tive efficacy requires further verification. Consequently, due to the significant
heterogeneity in physiological responses between individuals, the diagnostic per-
formance of current wearable technology for bipolar disorder must be further
validated through large-sample studies.

Depressive disorder is a psychiatric condition primarily characterized by low
mood, anhedonia, and diminished volition. It is frequently accompanied by
characteristic physiological and behavioral alterations, such as circadian rhythm
disturbances and reduced physical activity. Wearable devices provide objective
data support for the auxiliary diagnosis of depressive disorder by continuously
monitoring physiological and behavioral indicators, including heart rate vari-
ability (HRV), electrodermal activity (EDA), physical activity levels, and sleep
patterns.

Recent research demonstrates that by collecting pulse wave, EDA, and accel-
eration data from the daily activities of patients with depressive disorder and
healthy controls, researchers can extract static and dynamic features to achieve
a 76% recognition accuracy within five minutes using machine learning models.
Furthermore, with longer data collection periods, this accuracy can reach 90%.
Another study utilized wearable devices to collect resting-state electroencephalo-
gram (EEG) data, which, when analyzed with an improved graph convolutional
neural network model, achieved a recognition accuracy of 96.5% for depressive
disorder. These findings suggest that the integration of wearable devices with
machine learning models can effectively assist in the diagnosis of depressive
disorder, offering new possibilities for rapid screening and routine monitoring.

Anxiety disorders are a class of psychiatric conditions characterized by excessive
and persistent fear, anxiety, and associated autonomic nervous system dysfunc-
tion. These disorders also manifest through specific physiological and behavioral
changes. Similar to their application in depressive disorders, wearable devices
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can assist in the identification of anxiety disorders by providing real-time mon-
itoring of these characteristic indicators. For instance, increased heart rate,
enhanced electrodermal activity (EDA), and irregular respiration rates may all
serve as potential signals of anxiety. Furthermore, research by Cheng et al. has
demonstrated that the resting-state heart rate variability (HRV) of patients with
anxiety disorders is significantly lower than that of healthy individuals.

Tomasi et al. further confirmed that Heart Rate Variability (HRV) can serve as
a potential biomarker for anxiety disorders, demonstrating that it can be mea-
sured non-invasively using electrocardiography (ECG) or photoplethysmography
(PPG) technology. In addition to physiological changes, patients with anxiety
disorders often exhibit altered behavioral patterns, such as reduced physical
activity and abnormal sleep architecture. Cox et al. found that these patients
experience increased subjective sleep disturbances, shortened total sleep time,
and decreased sleep continuity; consequently, these indicators can be effectively
utilized for the identification of anxiety symptoms.

Another large-scale study based on the Adolescent Brain Cognitive Develop-
ment (ABCD) project (N = 11,878) integrated multimodal data—including
wearable device monitoring data, genomic information, and clinical diagnoses
—to construct a diagnostic model using machine learning algorithms. Notably,
the study found that dynamic behavioral features (including sleep quality, sleep
stage transitions, energy expenditure, and gait characteristics) possessed higher
discriminatory power than static features. This finding provides a critical foun-
dation for developing objective recognition systems for anxiety disorders based
on wearable technology.

Furthermore, the research revealed significant differences in heart rate dynamic
characteristics between patients with attention deficit hyperactivity disorder
(ADHD) and those with anxiety disorders. Specifically, the heart rate dynam-
ics of ADHD patients were most pronounced during the afternoon, whereas pa-
tients with anxiety disorders exhibited more distinctive features in sleep-related
dynamics during the night. These physiological differences facilitate the use of
wearable device data to differentiate between individuals with different condi-
tions, thereby enhancing diagnostic precision.

The developed digital phenotypic models have significantly improved diagnos-
tic accuracy. Beyond the aforementioned mental disorders, wearable technol-
ogy has also demonstrated promising applications in the auxiliary diagnosis
of other psychiatric conditions. For instance, in research concerning obsessive-
compulsive disorder (OCD), NFELDT et al. [?] utilized wrist-worn biosensors to
continuously monitor patients’ physiological signals, including heart rate, skin
temperature, electrodermal activity (EDA), and blood volume pulse.

Chinese General Practice has established a predictive model for OCD episodes.
In the field of neurodevelopmental disorders, wearable devices utilize high-
precision inertial measurement units to quantitatively evaluate children’ s
motor characteristics, including movement complexity, the radius of curvature
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of movement trajectories, and the frequency of repetitive behaviors. These
parameters can be employed to assist in the diagnosis of autism spectrum
disorder (ASD). GONZALEZ et al. proposed that high-accuracy diagnosis of
ADHD can be achieved by measuring children’ s activity levels and movement
patterns combined with machine learning algorithms. Furthermore, wearable
technology has been investigated for its potential in the auxiliary diagnosis of
conditions such as post-traumatic stress disorder (PTSD) and panic attacks.

However, current research in this area is largely in the exploratory stage with
small sample sizes, which presents certain limitations. On one hand, due to
limited sample sizes and a lack of validation through multicenter randomized
controlled trials, most studies remain focused on the preliminary exploration of
model performance. These studies prioritize the improvement and optimization
of internal research and have not yet conducted external validation. Conse-
quently, the generalizability of these models remains unclear, and the universal-
ity of the research results is restricted. On the other hand, most studies only
compare patients with healthy control groups, resulting in insufficient efficacy
in distinguishing between different psychiatric disorders. This makes it difficult
to meet the demands of precise clinical diagnosis.

Therefore, to apply the research findings of wearable technology in the auxil-
iary diagnosis of mental disorders to clinical practice, it is necessary to further
expand sample sizes, enhance the ability of models to differentiate between var-
ious psychiatric conditions, and conduct rigorous external validation. It is also
necessary to integrate clinical assessment methods to enhance the accuracy and
reliability of the diagnosis.

3 Application of Wearable Technology in Symptom Assess-
ment of Mental Disorders

In addition to assisting in the diagnosis of mental disorders, wearable technology
can be applied to the assessment of clinical symptoms, primarily covering the
following key symptom dimensions: emotional symptoms, behavioral patterns,
sleep abnormalities, and the risk of self-harm or suicide.

Emotional State Assessment Wearable technology provides robust support
for the monitoring and evaluation of emotional states in patients with mental
disorders by real-time tracking of physiological data such as heart rate, heart
rate variability (HRV), electrodermal activity (EDA), and respiration rate. For
example, a multimodal monitoring system developed by Patlar et al. [?], which
encompasses various biological signals including electrocardiogram (ECG), EDA,
body temperature, and blood oxygen saturation, can effectively identify anxiety
or depressive emotional states in patients.

Transformer models constructed based on wearable physiological data have also
demonstrated that physiological signals such as heart rate, skin conductance,
and acceleration can effectively identify an individual’ s emotional state in daily
life. Beyond physiological data, wearable devices can incorporate voice and
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facial expression analysis to further enhance the accuracy of emotional state
assessment. For instance, a self-powered polyvinyl alcohol-gellan gum-glycerol
thermoelectric gel patch can perceive the activity of 11 facial muscles in real-time
and utilize machine learning algorithms for expression and emotion recognition.
Consequently, in clinical practice, this real-time and continuous emotional mon-
itoring helps physicians more accurately assess changes in a patient’ s condition
and formulate personalized treatment plans. For example, by monitoring emo-
tional responses in different contexts, doctors can better understand a patient’
s triggers, thereby designing targeted psychological interventions.

Behavioral Pattern Monitoring and Analysis In the clinical assessment
of mental disorders, objective monitoring of behavioral symptoms is crucial for
understanding a patient’ s overall condition and formulating treatment plans.
Wearable devices provide detailed information regarding individual behavioral
patterns by monitoring daily activity data—such as step counts, activity inten-
sity, and movement patterns—thereby offering an important basis for assessing
behavioral symptoms in patients with mental disorders. For example, Tchuente
et al. [?] utilized the built-in accelerometers and gyroscopes of smartwatches,
combined with a hybrid model integrating the k-nearest neighbors (kNN) and
ReliefF algorithms, to achieve precise differentiation between aggressive behav-
iors (e.g., punching, pushing) and non-aggressive behaviors (e.g., clapping, wav-
ing). The recognition accuracy exceeded 98%, validating the high reliability
of wearable devices in identifying aggressive behavior. Furthermore, Rad et
al. [?] employed multimodal wearable technology (including electrophysiological
activity sensors, skin temperature sensors, and accelerometers) to synchronously
monitor emotional stress responses, autonomic nervous system status, and move-
ment characteristics. Combined with machine learning algorithms, they success-
fully achieved automated recognition of challenging behaviors in patients with
autism spectrum disorder, providing technical support for the implementation
of precision behavioral interventions in clinical settings. In clinical practice,
this detection and analysis of behavioral patterns are of great significance. For
instance, by monitoring activity intensity and movement patterns, physicians
can evaluate whether a patient’ s activity level is consistent with their clinical
status and adjust treatment plans accordingly. Additionally, such monitoring
helps physicians assess treatment efficacy and provide patients with more accu-
rate rehabilitation guidance.

Sleep Abnormality Monitoring Sleep abnormality is a common symptom
among patients with mental disorders, and its monitoring is of great significance
for diagnosis, treatment, and rehabilitation. Wearable devices, such as smart-
watches and fitness trackers, leverage built-in sensors (e.g., accelerometers, heart
rate sensors, and respiratory sensors) to monitor various parameters during sleep
in a real-time and non-invasive manner. These parameters include total sleep
time, sleep onset and wake times, sleep stage distribution, heart rate fluctua-
tions, and respiration. For example, Di Credico et al. [?] used photoplethysmog-
raphy (PPG) sensors to measure HRV and combined this with infrared thermal
imaging to measure facial skin temperature, establishing a high-sensitivity sleep
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quality assessment model that provides a new method for the early identification
of sleep abnormalities in mental disorders. Furthermore, Lim et al. [?] utilized
Fitbit wearable devices to conduct long-term sleep-wake cycle monitoring in
168 patients with mood disorders, effectively assessing sleep abnormalities. By
combining these data with the XGBoost algorithm, the researchers successfully
predicted depressive, manic, and hypomanic episodes. These studies indicate
that wearable technology can not only accurately assess sleep quality but also
support the diagnosis and intervention of mood disorders by monitoring features
such as sleep and circadian rhythms.

Clinically, objectively recording sleep architecture parameters (such as the pro-
portion of slow-wave sleep and rapid eye movement sleep latency) can provide
a quantitative basis for the differential diagnosis of mental disorders. Secondly,
long-term dynamic monitoring can establish objective evaluation indicators for
treatment responsiveness; observing improvement trends, such as increased sleep
efficiency and reduced nocturnal awakenings, often signals the alleviation of
clinical symptoms, which provides critical guidance for adjusting treatment reg-
imens.

Suicide and Self-Harm Risk Assessment Suicidal and self-harming behav-
iors are among the most serious symptoms in patients with mental disorders.
Their early identification and precise intervention are of great clinical signifi-
cance for reducing mortality rates.

In recent years, objective monitoring systems based on multimodal wearable
technology, combined with machine learning analysis, have provided innova-
tive solutions for the dynamic assessment of suicide and self-harm risks. For
example, research has found that short sleep duration and decreased subjec-
tive sleep quality can predict an increase in suicidal ideation the following day;
this finding provides a theoretical basis for assessing suicide risk by monitoring
sleep disturbances via wearable devices. Zhu et al. [?] employed smart wrist-
bands combined with ecological momentary assessment (EMA) technology to
conduct a 28-day longitudinal study of 75 adolescents with mental disorders.
The results showed that objective data collected via wearables could not only
effectively identify dynamic fluctuations in suicide risk but also compensate for
recall bias inherent in traditional subjective reports, significantly enhancing as-
sessment reliability and clinical utility. Furthermore, Cantin-Garside et al. [?]
innovatively applied acceleration sensors to collect movement data, constructing
a self-harm behavior recognition model using Support Vector Machine (SVM)
algorithms that achieved an accuracy of 99.1%. This breakthrough provides a
technical paradigm for the automated monitoring of self-harm behaviors. In
summary, wearable technology combined with machine learning models offers
new perspectives and methods for the assessment of suicide and self-harm risks.
Future research should further optimize monitoring technologies and algorith-
mic models to improve assessment accuracy and reliability, providing stronger
support for the risk assessment and intervention of suicide and self-harm in
patients with mental disorders.
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In conclusion, in the clinical symptom assessment of mental disorders, behav-
ioral characterization serves as an important basis for identification and diagno-
sis, and the multidimensional data collected by wearable devices provide a new
pathway for the quantitative analysis of these characterizations. These data in-
clude physiological parameters reflecting the autonomic nervous system, such as
heart rate, HRV, and EDA, as well as behavioral data such as movement, sleep,
voice, facial expressions, and social interactions. Together, these data provide
robust support for the identification and dynamic monitoring of mental disor-
ders. However, it is important to note that fluctuations in these indicators may
be influenced by multiple factors, including physiological factors, environmental
factors, individual baseline differences, and measurement errors; thus, a single
data source is often insufficient for accurate judgment. Therefore, to achieve
a more scientific and precise assessment of mental disorders, it is essential to
integrate multimodal data and combine them with professional methods such as
clinical history taking and scale-based assessments to construct a comprehensive
evaluation system.

4 Application of Wearable Technology in the Treatment of
Mental Disorders

Wearable technology offers new possibilities for the treatment of mental disor-
ders. It not only provides real-time data support for clinical interventions and
enhances therapeutic efficacy through personalized treatment but can also serve
directly as a therapeutic device, offering patients innovative treatment solutions.

Schizophrenia

The treatment of schizophrenia relies primarily on pharmacological intervention;
however, some patients exhibit poor adherence, finding it difficult to maintain
a regular medication regimen, which subsequently leads to disease relapse. To
address this issue, wearable technology has significantly improved treatment
adherence through real-time monitoring and reminders. For example, research
has led to the development of integrated systems for depressive disorders, anxiety
disorders, schizophrenia, and ADHD.

Clinical Applications and Diagnostic Categories

The application of these technologies spans several critical psychiatric domains:
1. Depressive disorders and bipolar disorder (depressive episodes). 2. ADHD
and bipolar disorder (manic episodes). 3. Anxiety disorders and Post-Traumatic
Stress Disorder (PTSD). 4. Schizophrenia, often in comorbidity with depressive
disorders or ADHD. 5. Autism Spectrum Disorder (ASD) and Social Anxiety
Disorder.
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Association of Wearable Device Indicators with Behavioral Represen-
tations of Mental Disorders

Wearable devices provide objective physiological metrics that serve as proxies
for the behavioral representations of various mental disorders. The following
indicators are particularly salient:

Heart Rate Metrics and Emotional Regulation 1. Sustained Elevation
of Resting Heart Rate: This indicator suggests increased sympathetic ner-
vous system excitability, which is closely related to stress responses or emotional
fluctuations. It may reflect a state of chronic stress and a diminished capacity
for emotional regulation in the patient. 2. Increased Heart Rate Vari-
ability (HRV) Fluctuations: This often manifests as emotional instability.
3. Decreased HRV: A reduction in HRV indicates autonomic nervous system
dysfunction. Behaviorally, this manifests as weakened emotional regulation and
decreased behavioral adaptability when the individual is subjected to stressful
environments.

These physiological markers provide a continuous data stream that allows clin-
icians to monitor the behavioral states of patients with schizophrenia, bipolar
disorder, and anxiety disorders more accurately than traditional self-reporting
methods.

Abnormalities in these indicators may be associated with various psychiatric
disorders, particularly among patients exhibiting deficits in emotional regulation
and stress response.

Electrodermal Activity (EDA)

¢ Diminished EDA: This suggests a weakened autonomic nervous system
response to stimuli, manifesting as dullness or apathy toward environmen-
tal triggers. It may reflect clinical apathy or a profound lack of interest in
external stimuli.

e« Enhanced EDA: This indicates over-activation of the autonomic nervous
system, suggesting that the individual may be in a state of hypervigilance.

Movement-Related Data

¢ Decreased Activity: A sustained reduction in step count and movement
frequency, coupled with increased sedentary time, suggests anhedonia and
a lack of motivation. This may reflect the patient’ s insufficient drive or
diminished interest in activities.

e Increased Activity: A sustained increase in step count and movement
frequency, manifesting as an inability to sit still and excessive energy. This
may indicate that the patient is in a manic or hyperexcitable state.

o Disrupted Activity Rhythms: A lack of regularity in daily activities
is often closely associated with hypervigilance or avoidant behaviors.
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Sleep-Related Data

e Poor Sleep Quality: Characterized by prolonged sleep latency, shallow
sleep, frequent nocturnal awakenings, and short total sleep duration. This
manifests as daytime fatigue, drowsiness, and low productivity, potentially
reflecting circadian rhythm disruption or difficulty maintaining sleep.

e Circadian Rhythm Disruption: Significant fluctuations in wake-up
and sleep times, disordered sleep cycles, or even day-night reversal. These
patterns may be related to biological clock misalignment or emotional
regulation disorders.

Speech and Language Indicators

¢ Reduced Vocal Intensity and Disorganized Expression: These
signs suggest cognitive fragmentation and difficulty in expression, poten-
tially reflecting thought organization disorders or a decline in verbal com-
munication skills.

¢ Slowed Speech Rate, Monotonous Intonation, and Poverty of
Speech: These features are often indicative of affective flattening or apa-
thy.

e Frequent Pauses and Interruptions: These may result from thought
blocking or distractibility, leading to fragmented speech.

Facial Expression Data

¢ Diminished Facial Expression: Reduced facial muscle activity and a
lack of expressive diversity suggest affective flattening or blunting. This
may reflect a limited capacity for emotional expression.

e Incongruent Affect: Facial expressions that do not align with internal
emotional states suggest parathymia, which may be related to emotional
regulation disorders or cognitive dysfunction.

Social Interaction Data

¢ Reduced Eye Contact: Frequent gaze aversion or avoidance of eye
contact during social interactions suggests social avoidance behavior. This
may reflect social anxiety or a lack of interest in social engagement.

¢ Decreased Frequency of Calls and Messaging: This indicates social
withdrawal and avoidance, potentially reflecting social isolation or a lack
of motivation for interpersonal interaction.

¢ High Volatility in Communication Frequency: Large fluctuations in
the frequency of calls and messages suggest emotional or social instability,
potentially linked to mood swings or social functional impairment.

Note: PTSD = Post-Traumatic Stress Disorder; ADHD = Attention-
Deficit/Hyperactivity Disorder; HRV = Heart Rate Variability; EDA =
Electrodermal Activity; ASD = Autism Spectrum Disorder.
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The Abilify MyCite System (AS) is an intelligent medication monitoring system
consisting of aripiprazole tablets embedded with ingestible event marker sensors,
a wearable sensor patch, and a smartphone application. This system enables
real-time monitoring and recording of medication-taking behavior through sen-
sor signal transmission, which has been shown to significantly improve patient
medication adherence .

Further research has conducted in-depth analyses on how the frequency of dash-
board usage within the AS affects clinical decision-making and patient outcomes.
Findings indicate that physicians who frequently utilize the dashboard can more
promptly and accurately track patient adherence, thereby optimizing treatment
decisions. Comparative analyses of clinical assessment changes across different
dashboard usage frequencies reveal that patients managed by high-frequency
users show more significant symptom improvement and better overall prog-
noses. By providing adherence counseling or education, these physicians are
able to adjust treatment plans in a timely manner and implement targeted
interventions, which significantly improves long-term patient outcomes. Col-
lectively, these studies demonstrate that wearable technology holds substantial
value in supporting treatment decisions and prognostic evaluations for patients
with schizophrenia.

In addition to assisting with pharmacological treatments, wearable technology
can serve as an integral component of digital therapeutics. By providing real-
time monitoring, feedback, and behavioral interventions, these technologies aim
to improve the symptoms and functional outcomes of patients with schizophre-
nia. For instance, cognitive impairment is a core feature of schizophrenia, with
deficits in autobiographical memory being particularly prominent. Such mem-
ory impairments severely impact a patient’ s self-awareness and their ability to
function in daily life.

Dassing et al. [?] utilized wearable cameras to record the daily activities of
patients and implemented a cognitive intervention protocol combining visual
review with event cueing. Their findings indicated that this intervention sig-
nificantly enhanced patients’ ability to recall details of recent events, bringing
their memory function close to normal levels . Furthermore, wearable devices
enable clinicians to conduct comprehensive clinical assessments by monitoring
physiological indicators, behavioral patterns, and social interactions.

Specifically, wearable devices can monitor physiological metrics such as heart
rate, sleep patterns, and physical activity in real time. These data assist physi-
cians in the timely detection of abnormal states in patients with schizophrenia,
allowing for prompt adjustments to treatment plans. This comprehensive ap-
proach to monitoring and intervention not only improves patient treatment
adherence but also enhances symptoms and functioning through cognitive in-
terventions and real-time tracking. Consequently, these technologies offer novel
perspectives and methodologies for the clinical management of schizophrenia.
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Bipolar Disorder

In recent years, wearable technology has provided novel support for the treat-
ment of bipolar disorder. These wearable devices can monitor the physiological
and behavioral data of patients, assisting clinicians in more accurately assessing
changes in a patient’ s condition and developing personalized treatment plans.
For instance, Yeom et al. [?] developed a digital therapy focused on emotional cir-
cadian rhythms. By integrating multi-dimensional information collected from
wearable devices—including activity data, sleep parameters, heart rate indica-
tors, and light exposure levels—this system can not only accurately predict the
risk of mood episodes but also formulate individualized intervention plans based
on identified episode patterns and circadian characteristics. This approach ef-
fectively prevents mood episodes and improves the overall quality of life for
patients.

Similarly, another study utilized wearable devices to collect sleep data and em-
ployed mathematical models to indirectly infer light exposure, thereby estimat-
ing daily circadian phases. The results indicated that circadian phase distur-
bances in patients with Bipolar I Disorder typically precede changes in mood
symptoms, suggesting a significant causal relationship between the two. This im-
plies that clinicians can monitor disease progression based on circadian rhythm
data and determine whether mood symptoms are triggered by circadian disrup-
tions. Consequently, targeted interventions, such as sleep adjustment and light
therapy, can be implemented.

Long-term monitoring of sleep and circadian rhythm data also serves as a valu-
able tool for predicting patient prognosis. If a patient’ s circadian rhythm re-
mains persistently disrupted and difficult to correct, it suggests a high likelihood
of recurrent mood episodes and a poor prognosis. Conversely, an improvement
in circadian stability indicates a more favorable outlook. Furthermore, the in-
tegration of wearable technology with Virtual Reality (VR) has opened new
avenues for the psychological treatment of bipolar disorder. A systematic re-
view by Pablo et al. [?] demonstrated that VR interventions are significantly
effective in improving cognitive function, depressive symptoms, emotion regula-
tion, biological rhythm stability, and stress management in patients with bipolar
disorder, while maintaining high levels of safety and patient adherence.

This technological breakthrough provides an immersive alternative to traditional
psychotherapy, further expanding the comprehensive treatment models available
for bipolar disorder. Regarding depressive disorders, the application of wearable
technology has also extended into therapeutic interventions. These devices can
monitor physiological indicators such as heart rate and skin conductance in
real-time. Through instantaneous feedback, they help patients become aware
of their stress levels and assist them in learning relaxation techniques—such
as deep breathing or mindfulness meditation—thereby enabling more effective
stress management and emotional regulation.

Similarly, wearable devices such as smartwatches can assess a patient’ s mood,
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sleep, and activity levels in real-time, serving as an auxiliary tool for Cogni-
tive Behavioral Therapy (CBT). Furthermore, wearable technology can be in-
tegrated with treatments such as Electroconvulsive Therapy (ECT) to provide
new pathways for evaluating clinical efficacy in depression. For example, Powell
et al. [?] utilized a wearable device originally designed for motor monitoring in
Parkinson’ s disease (the Parkinson KinetiGraph, PKG) to monitor the degree
of bradykinesia and the proportion of immobility time in patients with major
depressive disorder before and after receiving ECT. This approach provides a
quantitative basis for judging the efficacy of ECT, effectively addressing the
limitations of traditional subjective assessment methods.

Wearable technology also plays a significant role in the prognostic assessment
of depression. One study utilized Fitbit devices to conduct a longitudinal ob-
servation of patients with recurrent depression over a period of 541 days. By
collecting sleep-related data, the results demonstrated that:

Increased sleep fragmentation is associated with the worsening of depressive
symptoms, while increased variability in sleep parameters is linked to a higher
probability of depression recurrence. Theoretically, if effective interventions are
implemented in a timely manner to reduce sleep variability, the risk of depression
relapse could be reduced by approximately 20%. This finding fully demonstrates
the significant value of wearable technology in assessing the risk of depression
recurrence.

Wearable devices are not only utilized for monitoring and auxiliary treatment
but can also serve directly as therapeutic instruments. For instance, clinical
trials conducted by Swanson et al. demonstrated that portable light therapy
glasses (used for 60 minutes per day over a period of 5 weeks) significantly
improved depressive symptoms in patients with postpartum depression. Fur-
thermore, participants exhibited high levels of acceptance and tolerance toward
the light therapy equipment .

In addition to light therapy, repetitive transcranial magnetic stimulation (rTMS)
is widely applied in the treatment of psychiatric disorders. However, the appli-
cation of traditional rTMS equipment has been severely restricted due to its
large physical footprint and high power requirements. Recently, Qi developed
the world’ s first battery-powered wearable r'TMS device, providing a more con-
venient therapeutic option for the treatment of psychiatric conditions such as
depressive disorders.

. Cutting-edge research progress further indicates that wearable brain-computer
interface (BCI) devices can achieve individualized closed-loop regulation for de-
pressive disorders. These devices are capable of both diagnostic detection and
real-time individualized therapeutic intervention. For instance, a wearable BCI
device developed by Zhao Guangli can accurately determine whether a patient
has depression with an accuracy rate of up to 90%, all under non-invasive con-
ditions that allow for rapid setup without the need for conductive paste. Fur-
thermore, this device attempts to perform clinical subtyping and precision inter-
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vention for patients with depressive disorders, achieving individualized physical
regulation through the precise decoding of brain signals.

In summary, wearable technology holds broad application prospects in the treat-
ment of depressive disorders. It can not only help patients better manage stress
and regulate emotions through real-time monitoring and feedback but also serve
as a direct therapeutic tool to provide individualized treatment plans for pa-
tients with depression. Future research must further validate the safety and
efficacy of these technologies to promote their widespread clinical application.

In the management of anxiety disorders, the application of wearable technol-
ogy provides patients with real-time and personalized intervention methods. A
primary challenge in treating anxiety disorders is that patients frequently ex-
perience sudden-onset anxiety attacks, which traditional intervention measures
often fail to address in a timely manner.

By monitoring physiological indicators such as heart rate and skin conductance
in real-time, wearable devices can rapidly initiate intervention protocols upon de-
tecting signs of anxiety. For instance, when an abnormal elevation in heart rate
is detected, the device can immediately guide the user through deep breathing
exercises. This form of instantaneous intervention not only effectively alleviates
acute anxiety symptoms but also assists users in establishing healthier long-term
coping mechanisms through consistent use.

Furthermore, beyond serving as auxiliary tools, wearable devices can be directly
applied to the clinical treatment of anxiety disorders. For example, TouchPoints
wristbands utilize gentle bilateral vibrations to generate alternating stimulation,
which modulates the electrical activity of brain networks and significantly re-
duces anxiety symptoms. This non-invasive therapeutic approach offers a novel
solution for anxiety management, particularly for patients who may have con-
cerns regarding pharmacological treatments.

Finally, wearable technology can provide an objective empirical basis for clinical
decision-making in the treatment of anxiety disorders through the continuous
monitoring of real-time physiological data.

Physicians can dynamically adjust medication regimens or implement psycho-
logical interventions based on data collected by these devices, thereby enhancing
the precision and effectiveness of treatment. Furthermore, long-term data track-
ing facilitates the evaluation of therapeutic outcomes and assists in prognostic
assessment. However, the application of wearable technology in the manage-
ment of anxiety disorders remains in an exploratory phase, and substantial
future research is required to drive its further development.

Wearable technology has also demonstrated significant clinical value in the
auxiliary treatment of mental disorders such as Obsessive-Compulsive Disor-
der (OCD), Autism Spectrum Disorder (ASD), Attention-Deficit/Hyperactivity
Disorder (ADHD), and Post-Traumatic Stress Disorder (PTSD). For instance,
Klein et al. developed a multimodal sensor system—comprising an electrocardio-
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gram (ECG) chest strap, motion sensors, and eye-tracking glasses—designed to
support cognitive behavioral therapy for patients with OCD. Similarly, Voss et
al. developed a wearable social learning aid for children with ASD. This tool
utilizes Google Glass and a smartphone application to detect facial expressions
and reinforce social cues, resulting in a significant improvement in the social
capabilities of children with ASD .

Du Bois et al. utilized wearable neurotechnology based on low-cost EEG to
conduct neurofeedback training. By increasing the amplitude of brain waves
during the resting state, they significantly alleviated symptoms in patients with
Post-Traumatic Stress Disorder (PTSD). This approach provides a feasible and
cost-effective therapeutic method for the improvement of PTSD symptoms .

However, the current body of research regarding the use of wearable technology
in the auxiliary treatment of other mental disorders remains limited. Future
studies must further explore the efficacy of these technologies across various
types of psychiatric conditions to optimize their application within clinical prac-
tice.

5 Advantages and Challenges
5.1 Advantages

Wearable technology holds broad application prospects in the field of mental
health, offering several key advantages. (1) Real-time and continuous monitor-
ing: Wearable devices can monitor and continuously collect biometric informa-
tion, such as heart rate, heart rate variability (HRV), and electrodermal activity
(EDA), in real time. This uninterrupted data collection facilitates the early de-
tection of abnormalities, enabling timely interventions. (2) Portability: Most
wearable devices are designed to be lightweight and easy to wear or carry, en-
suring they do not cause significant inconvenience to the user’ s daily life. (3)
Telemedicine support: Data can be transmitted to medical terminals in real
time to support remote monitoring and assessment. This significantly improves
medical efficiency, particularly for patients requiring long-term follow-up. (4)
Individualization and interactivity: Based on the user’ s individual character-
istics, wearable devices can provide personalized health recommendations and
early warnings, facilitating precision medicine and better meeting the diverse
needs of different patients.

5.2 Challenges

Despite the significant potential of wearable technology in the field of mental
disorders, several challenges remain. (1) Data quality issues: Factors such as
motion artifacts, environmental interference, and individual physiological differ-
ences can limit the data collection accuracy of wearable devices, thereby under-
mining the reliability and application value of research findings. To improve the
quality of wearable technology data, researchers can employ various methods
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to optimize data processing workflows. First, by setting thresholds, performing
artifact correction, and conducting signal quality assessments, abnormal data
can be effectively identified and removed, thus enhancing data reliability. Sec-
ond, the signal-to-noise ratio can be further improved through personal baseline
comparisons, filtering during similar activities, and Z-score normalization. Fur-
thermore, researchers should prioritize the use of externally validated wearable
devices and provide detailed reports on data quality and raw data in their stud-
ies, which helps in more accurately evaluating device performance. Currently,
comprehensive and unified industry standards specifically for physiological data
collection via wearable devices have not yet been established domestically or
internationally; however, ongoing research and practice in related fields are
laying the foundation for such standard-setting. (2) Technical applicability lim-
itations: Poor compliance among specific populations (such as patients in the
acute phase of psychotic symptoms) and reduced device tolerance during long-
term monitoring significantly limit the promotion of wearable technology across
various mental disorder groups. Consequently, device development must follow
a “patient-centered” design philosophy, enhancing clinical applicability by opti-
mizing human-computer interfaces and wearing comfort. (3) Barriers to clinical
translation: Most existing evidence comes from small-sample exploratory stud-
ies and lacks validation from multicenter randomized controlled trials. Future
large-sample empirical studies using standardized clinical validation frameworks
are needed to confirm clinical utility. (4) Regulatory and ethical dilemmas:
Currently, only 10% to 15% of wearable mental health devices worldwide have
achieved medical-grade certification, and the privacy protection systems for bio-
metric data remain incomplete. These data are highly identifiable and easily
collected; if misused, they could cause irreversible harm to individuals. There-
fore, there is an urgent need to establish specialized certification pathways and
ethical review mechanisms. At the international level, the regulatory systems
in the European Union and the United States are relatively mature. The EU’
s Medical Device Regulation (MDR) centers on comprehensiveness and patient
safety, providing a rigorous regulatory framework that emphasizes the integrity
of clinical trials and strict market surveillance. In contrast, the U.S. Food and
Drug Administration (FDA) employs the principle of “substantial equivalence,”
allowing some products to reduce clinical data requirements by comparing them
to already marketed products, resulting in shorter review times and higher flex-
ibility. Both models offer distinct advantages and provide important references
for the regulation of wearable mental health devices. Compared to these mature
international systems, China still faces gaps in the regulation of wearable men-
tal health devices. First, China has not yet issued specific laws, regulations, or
guidelines for such devices; current supervision relies primarily on general medi-
cal device regulations, leading to a lack of specificity and clarity in the oversight
of certain equipment. Regarding data privacy protection, China’ s current laws
have not yet formed a systematic protection mechanism and remain under the
general framework of personal information protection. Compared with the EU’
s General Data Protection Regulation (GDPR), there is a significant gap in the
refinement and systematization of biometric data protection in China, making
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it difficult to fully address the privacy risks posed by wearable mental health
devices.

6 Summary

Wearable technology has demonstrated significant application value and promis-
ing prospects in the diagnosis and treatment of mental disorders. By continu-
ously monitoring multi-dimensional physiological and behavioral indicators to
construct digital phenotypes, these technologies have opened innovative path-
ways for early identification, symptom assessment, and precision intervention.
However, current technological development remains in a critical stage of over-
coming core difficulties and faces numerous challenges that require urgent reso-
lution. Future research directions should focus on: (1) developing multi-modal
sensor arrays with high reliability and validity; (2) establishing large-sample
longitudinal databases; (3) optimizing deep learning algorithmic models; (4)
constructing cross-modal, multi-dimensional diagnostic models based on wear-
able data; (5) formulating guidelines for clinical translational applications; (6)
developing active intervention technologies, such as closed-loop feedback devices
based on real-time emotion monitoring (e.g., automatically triggering interven-
tion protocols upon detecting anxiety attacks), rather than remaining limited
to passive monitoring; and (7) specialized adaptation for pediatric and geriatric
populations, such as low-stimulation device designs for children with Autism
Spectrum Disorder (ASD) and usability optimization for elderly patients with
Alzheimer’ s disease, reflecting the need for age-appropriate technological mod-
ifications. With continuous technological breakthroughs and in-depth clinical
validation, wearable technology is expected to become a key component of the
mental disorder diagnosis and treatment system, driving mental health services
toward a preventive, precise, and intelligent future.
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