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Preface

The field of digital healthcare is undergoing a profound transformation, driven by the rapid

integration of artificial intelligence (AI), mobile health applications, telemedicine, and wearable

technologies into clinical practice. These innovations are demonstrating great potential to enhance

patient care, improve workflow efficiency, and support personalized medicine. Digital tools, including

AI-driven analytics, chatbots, virtual assistants, and telehealth platforms, are shifting healthcare from

traditional approaches toward data-driven, patient-centered, and accessible systems. At the same

time, these advancements raise important considerations regarding privacy, security, interoperability,

and ethical use of health data. Addressing these challenges is essential to ensure that technological

progress aligns with the principles of safe, equitable, and effective healthcare delivery.

This Special Issue provides a scientific forum for international scholars to share insights on

digital health innovations. It includes 13 contributions plus the concluding editorial, encompassing

original research and review articles that collectively highlight the transformative impact of

these technologies across multiple healthcare domains. Research articles explore mobile health,

electronic health, virtual reality interventions, AI-assisted patient care, home-based radiology,

and other solutions, demonstrating improvements in clinical outcomes, patient engagement, and

decision-making. Complementary review articles cover telerehabilitation, voice assistants, chatbots,

digital psychotherapy, wearable monitoring, and other digital health solutions offering broader

perspectives on current trends, challenges, and future directions in digital health.

I would like to sincerely thank all the authors, reviewers, and contributors whose outstanding

work made the reprint of this Special Issue possible. I also extend my gratitude to the editorial team

for their dedication and support, and to Managing Editor Vicky Luo for her exceptional dedication,

support, and continued guidance. Their combined efforts have been essential in bringing this Special

Issue to fruition.

Daniele Giansanti

Guest Editor
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Editorial

The Future of Healthcare Is Digital: Unlocking the Potential of
Mobile Health and E-Health Solutions

Daniele Giansanti

Centro Tisp, Istituto Superiore di Sanità, 00161 Roma, Italy; daniele.giansanti@iss.it; Tel.: +39-06-49902701

In the era of rapid technological advancement, healthcare is undergoing a profound
transformation driven by digital solutions. The integration of artificial intelligence (AI)
and conversational agents, such as ChatGPT, is reshaping the way healthcare is delivered,
offering innovative opportunities to enhance patient care, streamline workflows, and
improve overall efficiency.

The Special Issue “Healthcare Goes Digital: Mobile Health and Electronic Health
Technology in the 21st Century” [1] aimed to explore emerging themes, examining their in-
novative applications, challenges, and prospects. A crucial focus is on both telemedicine [2]
and mobile health applications and their impact on healthcare delivery, patient monitoring,
and disease management [3]. Another area of interest is wearable health technology [4]
and its role in continuously monitoring health metrics, offering new possibilities for per-
sonalized medicine. The evolution and effectiveness of telemedicine, particularly with
AI-driven diagnostic tools [5] and virtual consultations [6], also form a central part of the
discussion today. Furthermore, the integration of AI-driven analytics in electronic health
records (EHRs) [7] is crucial for clinical decision-making and interoperability.

Security and privacy concerns in digital healthcare [8], especially regarding AI-driven
applications nowadays, are key considerations that must be faced to ensure the responsible
deployment of these technologies. Patient engagement through digital platforms, including
AI-driven chat interfaces and virtual health assistants, is another significant topic in rapid
evolution [9]. Finally, the influence of AI, the Internet of Things (IoT) [10], and other
emerging technologies in healthcare is a field in need of special attention, both for its
potential and implications.

As digital healthcare continues to evolve, it is crucial to critically assess the potential
benefits and challenges of the integration of all this emerging technology.

Thanks to the contribution of numerous international scholars, this Special Issue has
collected, in addition to this editorial, 13 studies, including 7 scientific articles [11–17] and
6 reviews [18–23], 5 of which are systematic reviews [19–23].

Contributions of the Article studies
Table 1 provides a brief summary of the foci and contributions of the articles published

in this Special Issue.
Some studies have explored the intersection of healthcare technology, patient care,

and innovative solutions aimed at enhancing both accessibility and outcomes. One notable
study by Alzghaibi [11], investigates barriers to the adoption of the Sehaty mobile health
application, particularly for patients suffering from chronic diseases. It reveals challenges
in technical performance, user interface design, and privacy concerns. This research
provides valuable insights for improving mobile health platforms by enhancing stability,
user experience, and security to ensure higher user satisfaction and engagement.

Healthcare 2025, 13, 802 https://doi.org/10.3390/healthcare13070802
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Table 1. Sketch of the articles published in the Special Issue.

Study/Minititle Focus Brief Summary Contribution

[11] Sehaty App Usability
in Saudi Arabia

Mobile health
(mHealth) app

adoption and usability

This study investigates the
barriers hindering the

adoption of the Sehaty app
among chronic disease

patients in Saudi Arabia. It
identifies issues like technical

performance, navigation
difficulties, privacy concerns,
and accessibility challenges.

Provides actionable
insights for improving the

technical stability, user
interface design, and
security features of

mHealth platforms to
enhance user engagement

and satisfaction.

[12] Cross-Regional
Healthcare Choices

Online healthcare
services and patient

decision-making

The study examines how
online medical platform
signals (hospital ratings,

patient reviews) influence
patients’ decisions to seek
cross-regional treatment. It
explores how these signals

impact healthcare choices in
underserved regions.

Offers insights for
improving online

healthcare platforms by
optimizing hospital ratings

and review systems,
promoting healthcare

equity, and supporting
informed decision-making.

[13] Community-Acquired
Pressure Injuries (CAPIs)

in Elderly

Data-driven detection
and prevention of
pressure injuries

The study analyzes the
electronic medical records of

elderly patients to identify key
factors associated with

community-acquired pressure
injuries (CAPIs).

Highlights novel indicators
that can help detect and

prevent CAPIs in
community care settings,

providing valuable data for
clinical practice and

improving patient safety.

[14] Virtual Reality in
Office Hysteroscopy

Use of VR for pain and
stress management

This study evaluates the
effectiveness of virtual reality

(VR) in reducing pain and
stress during office

hysteroscopy procedures.

Demonstrates that VR can
significantly reduce pain

during medical procedures,
especially in patients with

lower baseline stress,
contributing to less

invasive,
patient-centered care.

[15] Virtual Music Therapy
for College Students

Mental health
intervention using

virtual music therapy

This study explores the
effectiveness of a virtual music

therapy program based on
positive psychology to

enhance mental health among
college students during the

COVID-19 pandemic.

Shows that positive
psychology-based virtual

music therapy can
significantly reduce stress,
anxiety, and depression in
college students, especially

during stressful times.

[16] Large Language
Models in

Postoperative Care

AI in patient care:
Postoperative

recommendations

The study compares the
performance of LLMs

(ChatGPT-3.5, GPT-4, Gemini)
in providing postoperative

care advice to plastic
surgery patients.

Highlights the potential of
LLMs in providing

accurate, readable, and
understandable

postoperative care
information, emphasizing
their role as adjunct tools

in patient care.
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Table 1. Cont.

Study/Minititle Focus Brief Summary Contribution

[17] Home Radiology
Integration

Shifting landscape of
diagnostic imaging

with home radiology

The study examines the
integration of home radiology
into healthcare, especially post

COVID-19. It explores the
experiences and challenges of
medical radiology technicians

with domiciliary imaging.

Offers insights into the
challenges and potential of

home radiology, urging
further research and

collaboration to enhance
patient-centric care

Lu et al. [12], delve into how online healthcare platforms influence patient decision-
making. Specifically, their study looks at how hospital ratings and patient reviews shape the
choices of patients seeking care across regions. The findings emphasize the need to optimize
these systems to promote healthcare equity, thereby improving informed decision-making
for underserved populations.

Shafran-Tikva et al. [13] propose a study taking a data-driven approach to preventing
pressure injuries in elderly patients by analyzing electronic medical records. It identifies
key factors that can help detect and prevent community-acquired pressure injuries, offering
practical data that can improve clinical practices and patient safety.

In the field of patient-centered care, the work proposed by Estadella et al. [14] investi-
gates the role of virtual reality (VR) in reducing pain and stress during medical procedures
like office hysteroscopy. The study demonstrates that VR can significantly enhance patient
comfort and reduce the need for invasive interventions, highlighting the potential of VR to
revolutionize procedural care.

For mental health, Han et al. [15] explore the effects of virtual music therapy, based
on positive psychology, on the mental health of college students during the COVID-19
pandemic. The findings underscore the effectiveness of such interventions in reducing
stress, anxiety, and depression, especially during challenging times.

Artificial Intelligence (AI) also plays a crucial role in patient care, as highlighted by
Gomez-Cabello et al. [16]. Their study evaluates the potential of AI models like ChatGPT-3.5
and GPT-4 in providing postoperative care advice to plastic surgery patients. It emphasizes
the potential of large language models to deliver accurate and accessible care information,
presenting them as valuable adjuncts in patient education.

Lastly, Lepri et al. [17] examine the shift toward home-based radiology services, partic-
ularly after the COVID-19 pandemic. The study uncovers the challenges and opportunities
faced by medical radiology technicians, highlighting the need for further research and
collaboration to integrate AI and improve patient care in a home setting.

Together, these studies shed light on the growing role of technology in enhancing
patient care, from mobile health apps and AI integration to innovative pain management
and virtual therapy solutions. The insights gained provide a foundation for the continued
evolution of healthcare services, ensuring that they remain accessible, patient-centered,
and efficient.

Contribution of the review studies
Table 2 focuses on the published review studies with a sketch. An overview of

the reviews published in this Special Issue highlights the diverse ways in which digital
interventions are transforming healthcare across various domains.

One of the most significant advancements is in telerehabilitation for chronic neck pain
as highlighted by Valenza-Peña et al. [18]. Their review confirmed the efficacy of virtual
consultations and remote exercise programs in reducing pain and improving functional
outcomes for patients suffering from chronic neck pain. This demonstrates the growing

3
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potential of telerehabilitation to provide effective pain management and rehabilitation,
particularly in remote or underserved areas.

Table 2. Sketch of the review studies published in the Special Issue.

Study/Minititle
(Type of Review)

Focus Brief Summary Contribution

[18] Telerehabilitation
for Chronic Neck Pain

(REVIEW)

Telerehabilitation
interventions in

managing chronic neck
pain, particularly
focusing on pain

reduction and
improving

functional outcomes.

This systematic review and
meta-analysis explore the

effectiveness of
telerehabilitation as a method

for managing chronic neck
pain, particularly through
virtual consultations and

remote exercise programs. It
evaluates studies that address
pain and disability reduction

in patients.

The review confirms the
efficacy of telerehabilitation in
reducing pain and improving
disability outcomes in patients

with chronic neck pain.
Remote interventions such as
exercise programs and virtual
consultations are highlighted

as key contributors to
positive outcomes.

[19] Voice Assistants in
Non-Communicable

Diseases
(SYSTEMATIC

REVIEW)

Investigating the role of
voice assistants (VAs) in

supporting the
management of

non-communicable
diseases (NCDs) such

as diabetes,
cardiovascular diseases,

and mental
health conditions.

This systematic review
analyzes studies on the use of
voice assistants in managing

NCDs. It looks at various
aspects such as usability,
acceptability, adherence,

behavioral outcomes, and
overall impact on clinical and
quality-of-life outcomes for

patients with
chronic conditions.

The review emphasizes the
potential of voice assistants to
enhance patient engagement,

improve self-management,
and facilitate behavioral

changes. However, it identifies
challenges such as privacy

concerns, speech recognition
errors, and barriers to
adoption that need to

be addressed.

[20] Chatbots for
Women and Expectant

Parents
(SYSTEMATIC

REVIEW)

The use of interactive
conversational agents

(chatbots) in supporting
women and expectant

parents during the
preconception,
pregnancy, and

postnatal periods.

This systematic review
synthesizes studies on the
application of chatbots in
healthcare for women and
their families, covering the

entire reproductive cycle from
preconception to 12 months
postpartum. It focuses on

chatbots’ impacts on health
behaviors, knowledge, and

service utilization.

The review demonstrates the
positive impact of chatbots in
improving health knowledge,
behaviors, and attitudes, as

well as facilitating better
access to health information

and interactions with
healthcare providers during

the perinatal period.

[21] Digital
Psychotherapy for

Suicide and Depression
(SYSTEMATIC

REVIEW)

The effectiveness of
digital psychotherapy,
particularly Cognitive

Behavioral Therapy
(CBT), in addressing

suicide ideation
and depression.

This study investigates the
effects of digital

psychotherapy on suicide
ideation and depression,
analyzing randomized

controlled trials that compare
digital interventions to

traditional therapy. It provides
a quantitative analysis of the

impact on suicide and
depression outcomes.

The findings suggest that
digital psychotherapy has a
significant positive effect on

reducing suicide ideation and
depression compared to

traditional face-to-face therapy,
making it a promising

alternative for
mental healthcare.

4
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Table 2. Cont.

Study/Minititle
(Type of Review)

Focus Brief Summary Contribution

[22] Smartwatches for
Arrhythmia Detection

(SYSTEMATIC
REVIEW)

The role of
smartwatches in

detecting and
monitoring cardiac

arrhythmias, especially
atrial fibrillation, and

their potential
integration into

clinical care.

This systematic review gathers
evidence on the use of

smartwatches for arrhythmia
detection, focusing on their

ability to monitor heart
conditions like atrial

fibrillation. It examines
various case studies and

cohort studies on
smartwatch-based

arrhythmia detection.

The review highlights the
potential of smartwatches as a
tool for the early detection and

continuous monitoring of
arrhythmias, offering the

possibility for timely
interventions and more

effective patient care,
particularly for those at risk of

heart-related complications.

[23] Digital
Technologies for Weight

Loss
(SYSTEMATIC

REVIEW)

Evaluating the
effectiveness of digital
interventions (such as

mobile apps, wearables,
and online programs) in
promoting weight loss
and improving lifestyle

behaviors related
to obesity.

This systematic review
investigates digital

interventions aimed at
promoting weight loss in

individuals with overweight
or obesity. It includes studies

that employ mobile
technologies to increase

physical activity and improve
dietary habits, focusing on

their impact on
weight management.

The review concludes that
digital technologies,

particularly those offering
personalized feedback, are

effective in promoting weight
loss and encouraging healthy
behaviors in individuals with

overweight or obesity,
enhancing the overall

effectiveness of
lifestyle interventions.

Another key area of digital health innovation is the use of voice assistants (VAs) in
managing non-communicable diseases (NCDs) as reported by Bramanti et al. [19]. The
systematic review examining the role of VAs in managing illnesses like diabetes, cardio-
vascular diseases, and mental health conditions found that these technologies enhance
patient engagement, improve self-management, and encourage behavioral changes. How-
ever, challenges such as privacy concerns and adoption barriers remain, which must be
addressed to maximize their potential in healthcare settings.

In maternal and perinatal care, chatbots for women and expectant parents based
on Amil et al. [20] have proven to be an invaluable resource. A systematic review of
studies on the use of chatbots in supporting women throughout the reproductive cycle
showed that these interactive tools significantly improved health knowledge, behaviors,
and attitudes. They also facilitated better access to healthcare information and services,
offering an effective way to engage expectant parents and women during preconception,
pregnancy, and postpartum periods.

The use of digital psychotherapy in addressing suicide ideation and depression has
also gained considerable attention as reported in Oh et al. [21]. This systematic review
found that digital interventions, particularly Cognitive Behavioral Therapy (CBT), signifi-
cantly reduced both suicide ideation and depression, providing a promising alternative to
traditional face-to-face therapy. This approach offers greater accessibility and convenience,
making it an increasingly important option for mental healthcare.

Bogár et al. [22], focused on the field of cardiac care, highlighting that smartwatches
for arrhythmia detection [22] have shown to play a crucial role in the early detection and
continuous monitoring of cardiac conditions such as atrial fibrillation. The systematic review
highlights the potential of these wearable devices to enable timely interventions and improve
patient outcomes, particularly for individuals at high risk of heart-related complications.

5
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Lastly Protano et al. [23] demonstrated that digital technologies have also proven effec-
tive in promoting weight loss and healthy behaviors [23]. The systematic review of studies
on mobile apps, wearables, and online programs for weight management demonstrated
their effectiveness in encouraging healthier lifestyles, particularly by increasing physical
activity and improving dietary habits. The personalized feedback provided by these dig-
ital tools has been shown to enhance weight loss efforts, offering significant benefits for
individuals with obesity or overweight conditions.

Together, these reviews underline the transformative role of digital health technologies
in modern healthcare. They highlight how virtual interventions, whether through telere-
habilitation, voice assistants, chatbots, digital psychotherapy, or wearables, can enhance
patient care, improve clinical outcomes, and provide accessible, personalized healthcare
solutions across various health conditions.

Conclusions and future routes
Based on the contributions presented in this Special Issue, it is evident that health-

care technologies, including mobile health applications, virtual interventions, and digital
platforms, are playing a transformative role in improving patient care, access, and overall
health outcomes. The articles and reviews provide valuable insights into the challenges, op-
portunities, and effectiveness of these technologies across various healthcare domains, such
as chronic disease management, mental health support, rehabilitation, and the monitoring
of cardiovascular conditions [11–17].

Looking ahead, several key areas have been detected for further exploration and
development. First, improving the usability, accessibility, and technical stability of mHealth
platforms is crucial for ensuring their broader adoption and sustained engagement among
patients, particularly those with chronic conditions [11]. In addition, focusing on the
challenges related to data privacy, security, and the integration of digital tools into existing
healthcare systems will be essential for maximizing their impact on patient care [12].

Future research should continue to focus on optimizing the integration of AI-powered
tools, such as voice assistants, chatbots, and large language models, to enhance patient–
provider communication, support self-management, and provide personalized care [19–23].
Moreover, the growing role of digital psychotherapy, telerehabilitation, and wearables in
mental health and physical rehabilitation underscores the potential for remote healthcare
interventions to complement traditional care models and offer more flexible, patient-
centered solutions [18,21,22].

Lastly, as the healthcare landscape continues to evolve, it will be essential to address
the ethical considerations surrounding the use of AI and digital technologies, ensuring that
these tools are used responsibly and in ways that enhance health equity, patient autonomy,
and trust in digital healthcare systems [19,23].

In conclusion, the ongoing advancement of digital health technologies promises to
revolutionize healthcare delivery and provide more efficient, accessible, and personalized
care. However, reaching the full potential of these technologies will require continued
innovation, interdisciplinary collaboration, and a commitment to addressing the challenges
that accompany their integration into real-world healthcare practices.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Background/Objectives: Patients in medically underserved regions often seek
cross-regional healthcare for high-quality medical services but face significant barriers due
to limited information about providers. Internet hospitals address this gap by offering
online consultations, remote diagnoses, and public service information. This study exam-
ines how such information shapes patients’ cross-regional healthcare choices. Methods:
A binary logistic regression model using signaling theory was employed to evaluate the
impact of platform-generated signals (e.g., hospital ratings) and patient-generated signals
(e.g., review quantity and polarity) on patients’ cross-regional healthcare choices. The
experimental data were sourced from a leading Chinese online medical platform, compris-
ing 1901 hospitals and 273,884 patient feedback records. Among these, 216,793 patients
(79.16%) sought cross-regional treatment, while 57,091 patients (20.84%) opted for local
treatment. Results: Platform-generated signals, such as hospital ratings (B = 0.406, p < 0.01)
and patient-generated signals, including review quantity (B = 0.089, p < 0.01) and polarity
(B = 0.634, p < 0.01), significantly and positively influence patients’ cross-regional healthcare
choices. Disease severity and local medical resource availability moderated these effects:
Patients with severe conditions rely less on hospital ratings (B = −0.365, p < 0.01), while
those in resource-limited areas depend more on hospital ratings (B = −0.138, p < 0.01) and
review quantity (B = −0.029, p < 0.01) but less on review polarity (B = 0.273, p < 0.01).
Conclusions: These findings offer actionable insights for policymakers and platform devel-
opers to optimize online healthcare services, facilitating informed cross-regional healthcare
decisions and advancing healthcare equity in the digital era.

Keywords: patient mobility; online medical service; cross-regional healthcare choices;
signaling theory; China online healthcare platforms

1. Introduction

The rapid rise of internet healthcare services has significantly expanded access to high-
quality medical resources, especially for patients in medically underserved regions [1]. For
individuals unable or unwilling to visit healthcare facilities in person, internet healthcare
offers efficient services such as online consultations and remote diagnostics, effectively
reducing the individual’s time and financial burdens [2–4]. Moreover, the importance of
internet healthcare cannot be overlooked for patients planning to seek in-person treatment.
With the widespread adoption of internet technology, the accessibility of medical service
information and doctor–patient communication has been significantly enhanced. Recent
studies have demonstrated that Internet healthcare has not only transformed traditional
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face-to-face communication models but also reduced information asymmetry by providing
patients with more comprehensive access to medical service information [5]. This shift has
empowered patients with greater autonomy and decision-making capabilities, thereby pro-
moting a more patient-centered approach to healthcare communication and engagement.

However, in traditional healthcare settings, patients often face significant challenges
in assessing the capabilities and quality of services offered by hospitals, which limits
their ability to make informed decisions. This issue is especially challenging for patients
seeking care in distant locations. The lack of information about out-of-area hospitals
creates uncertainty about whether traveling for treatment is worthwhile, complicating their
decision-making. The emergence of Internet healthcare services has the potential to address
this challenge by providing patients with a critical source of information. Through access
to publicly available online service information, patients can evaluate the performance,
reputation, and quality of healthcare providers, enabling them to make more informed
health-related decisions.

However, while the existing research on online medical services has primarily focused
on online doctor–patient interactions, such as behaviors, characteristics, motivations, and
benefits, there remains a significant gap in understanding how publicly available online
service information influences patients’ cross-regional healthcare choices. Specifically,
little is known about which types of online information are most impactful in reducing
information asymmetry and guiding patients’ decisions to seek care outside their local
regions. This study aims to fill this gap by exploring the role of publicly available online
service information, provided by internet hospitals via online medical platforms, in reduc-
ing information asymmetry for cross-regional medical decisions. Specifically, it seeks to
identify which types of information have the most significant impact on these decisions.
Signaling theory, which addresses the challenges of information asymmetry, offers a robust
theoretical framework for this investigation. Information asymmetry arises when one party
(e.g., healthcare providers) possesses more information than another party (e.g., patients).
To bridge this gap, signaling theory posits the informed party can convey credible signals
to reduce uncertainty and enhance trust. Online service information from Internet hospitals
acts as these signals, enabling patients to assess the quality and reliability of healthcare
providers. By applying signaling theory, this study examines how these signals alleviate
the consequences of information asymmetry and facilitate informed decision-making in
cross-regional healthcare contexts. Consequently, the core research questions of this study
are as follows:

How does the online service information provided by internet healthcare platforms influence
patients’ cross-regional healthcare choices, and more precisely, which types of online signals play a
critical role in shaping these decisions?

By developing an analytical framework grounded in signaling theory, this research
identifies key types of signals and evaluates their influence on patients’ cross-regional
healthcare choices. The insights from this study will enhance our understanding of how
internet healthcare platforms influence patient mobility. They will also contribute to
improving policy development and platform design in the digital healthcare era.

2. Literature Review and Hypothesis Development

2.1. Patient Cross-Regional Mobility

The cross-regional mobility of patients for medical treatment is a widespread global
phenomenon that is particularly prevalent in regions such as the European Union (EU),
the United Kingdom, and China [2–4,6–8]. To provide a broader perspective, similar
mobility patterns and challenges have been reported in the Gulf Cooperation Council
(GCC) countries, where disparities in healthcare quality and accessibility play a crucial
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role in shaping patient decisions [9]. The existing studies widely recognize the uneven
distribution of medical resources as a core factor driving this phenomenon [4,10]. A survey
in the EU reported that 71% of patients pursued cross-border care due to unavailable
treatments in their home country, whereas 53% sought higher-quality services [6]. These
findings suggest that the lack of local medical resources and the desire for higher-quality
medical services are the primary drivers of cross-regional mobility.

The cross-regional healthcare-seeking behavior of patients is influenced by a combi-
nation of individual characteristics and structural factors based on Andersen’s behavioral
model of health services [4,8]. Individual factors include demographics (e.g., age, gen-
der, education), socioeconomic status (e.g., income, health beliefs), and disease-related
attributes (e.g., severity) [2,4,11–15]. Structural factors refer primarily to factors within the
regional medical system, including medical resource availability, service quality, and medi-
cal insurance coverage [12]. The recent research has further expanded Andersen’s model
by categorizing factors that influence cross-regional medical choices into “availability”
(e.g., the sufficiency of hospitals, available beds, and medical professionals), “affordability”
(e.g., insurance coverage and reimbursement policies, income levels), “accessibility” (e.g.,
geographical distance, transportation), and “economic level” (e.g., financial ability to afford
travel expenses) [12,13]. Additionally, patients may also consider their familiarity with the
target region and their perception of medical quality when selecting cross-regional treat-
ment [13,14,16]. Overall, cross-regional healthcare choices are influenced by multifaceted
interactions of individual, systemic, and policy-related factors [2,11,17].

Despite these studies exploring the multidimensional and complex influencing factors
of cross-regional patient mobility, research indicates that patients often face challenges in
making rational decisions due to factors such as limited access to information, the unrelia-
bility or unavailability of data, and individual capability constraints [12,18]. First, patients
seeking cross-regional medical care face significant challenges due to restricted access to
essential information [18]. Without the support of familiar local networks and guidance sys-
tems, they struggle to obtain comprehensive and accurate details about medical institutions
in other regions, including service quality, processes, and treatment outcomes. The absence
of clear information decreases their ability to make informed choices, frequently resulting
in the selection of suboptimal healthcare options [19]. Second, patients are often confronted
with flawed information that is overloaded, untrustworthy, and poorly presented, making
it difficult to assess the quality of healthcare providers effectively [12]. Despite evidence
that comparative data on various aspects of available hospitals can help patients better
choose medical providers, this information is rarely applied in real-life situations. Patients
may perceive this information as irrelevant or too complex to understand, be unwilling to
dedicate further time to comparing options, or lack the capacity to judge complex informa-
tion. Finally, individual capability constraints are critical factors that limit patients’ ability
to make rational decisions. Rational healthcare choices require patients to possess high
levels of health literacy (including the ability to access, process, and understand health
information) and numeracy skills (the ability to apply numerical information in health man-
agement) [12]. However, many patients lack these essential competencies, which makes the
complex decision-making process difficult for them when selecting medical institutions.

Therefore, addressing the challenges of limited information accessibility, clarity, and
trustworthiness is essential for empowering patients to make more rational and informed
decisions. To achieve this, we must focus on improving the availability of reliable data and
presenting it in user-friendly formats. By doing so, we not only empower individuals to
make better informed decisions but also facilitate the optimization of patient mobility and
ensure equitable access to high-quality healthcare across regions.
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2.2. Signaling Theory for Online Service Information from Internet Hospitals

Signaling theory is a widely adopted analytical framework for understanding how
consumers, confronted with information asymmetry, evaluate the quality of products prior
to purchase. Consumers typically rely on various signals, such as product introductions
or word-of-mouth recommendations, to infer product quality, establish trust, reduce per-
ceived risk, and ultimately influence their purchasing decisions. Especially for goods
characterized by high levels of information asymmetry, such as experience goods and
credence goods, consumers often cannot evaluate quality solely on the basis of observable
characteristics and thus must rely heavily on external signals to make informed judgments
about product quality.

When patients consider seeking medical treatment in distant hospitals, they often
cannot visit the hospital in person. Instead, they gather information about these hospitals
from various sources to evaluate their medical services. On the one hand, patients can
obtain internal signals provided by hospitals from their official websites, promotional
materials, and news reports. However, such information is typically concise and homoge-
neous and lacks comparative data based on uniform standards, which poses significant
challenges for patients in making comparative decisions among multiple hospitals. On the
other hand, patients may turn to external signals, such as reviews shared by family and
friends or word-of-mouth recommendations from local social media. Unfortunately, given
that distant hospitals are relatively unfamiliar to patients and that friends or family may
not have comprehensive knowledge of the target hospital, these external signals are often
scarce, making decision-making even more difficult.

In this context, internet hospitals offer a unique solution by providing online medical
service information. This serves as a valuable external signal about their services that is
both comprehensive and easily accessible and can significantly reduce the cost of searching
for information and alleviate information asymmetry when hospitals are chosen for cross-
regional medical treatment [20,21]. The external signals provided by internet hospitals
can be categorized into platform-generated signals and patient-generated signals [22,23].
Platform-generated signals include comprehensive evaluations, rankings, certifications,
and recommendations provided by the online platform itself, which can offer patients
an intuitive understanding of a hospital’s overall medical capabilities. Patient-generated
signals, on the other hand, consist of feedback and reviews from individuals who have
previously utilized the hospital’s medical services. These signals reflect the hospital’s actual
performance and reputation from the perspective of its patients, thus providing reliable
insights into service quality and patient satisfaction (reflecting the actual patient experience
and the hospital’s reputation) [22,24–26].

2.2.1. Platform-Generated Signals

Platform-generated signals, derived from the aggregation of diverse hospital-related
metrics by online medical platforms, play a critical role in assisting patients with cross-
regional medical decisions. These signals combine internal attributes of hospitals—such
as grade, size, certifications, specialized departments, medical equipment, and doctor
teams—with historical service data available on the platform, including patient interaction
records, consultation transcripts, and offline follow-up visits [20,21,24,25]. By consolidating
these metrics into comprehensive evaluations, rankings, and recommendations, platforms
provide patients with an objective, accessible, and intuitive comparison of hospitals, thereby
reducing cognitive overload and facilitating informed decision-making, especially for
patients seeking healthcare in unfamiliar regions. Numerous prior studies have highlighted
the significance of platform-generated signals in influencing patient behavior. Metrics
such as comprehensive recommendations, overall ratings, and rankings have been shown
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to effectively attract patients, increase online consultation volumes, and enhance doctor
performance [27]. These findings suggest that patients rely heavily on such signals when
assessing the credibility and quality of hospitals.

When patients consider cross-regional medical visits and turn to online medical
platforms for information, platform-generated signals, such as comprehensive ratings
and recommendations, play a critical role in shaping patients’ perceptions of hospital
credibility [20]. These signals provide an accessible, objective, and reliable basis for eval-
uating hospitals, reducing the inherent uncertainty and perceived risks associated with
cross-regional medical decisions. Furthermore, drawing on health behavior models, it is
evident that perceived benefits, barriers, and self-efficacy play a critical role in shaping
health-related decisions. Platform-generated signals, such as comprehensive ratings and
recommendations, align with these constructs by offering patients clear and actionable
information, which strengthens their confidence and reduces uncertainty in cross-regional
medical decision-making. Based on the above, it is reasonable to hypothesize that platform-
generated signals—such as comprehensive recommendations, aggregated evaluations,
and ratings—serve as critical indicators of hospital credibility. These signals significantly
influence patients’ cross-regional medical decisions. Thus, we propose the following
hypothesis:

H1: Platform-generated signals, such as comprehensive recommendations, evaluations, and ratings,
have a significant positive effect on patients’ decisions about cross-regional medical decisions.

2.2.2. Patient-Generated Signals

Patient-generated signals stem from a feedback mechanism, where individuals who
have experienced a service provider’s quality can offer their insights to others who lack such
experience [20]. In the context of online medical platforms, these platforms allow patients
to share their consultation experience with other patients and provide valuable information
to those who lack first-hand experience with a hospital’s services. Such feedback acts as a
critical external signal, empowering potential patients to gain knowledge about hospitals,
evaluate the quality of their services, and ultimately influence their decision-making
processes [28]. From a trust theory perspective, patient-generated signals contribute to
the establishment of trust between potential patients and hospitals, as the aggregation of
patient experiences can foster a sense of reliability and credibility. Patient-generated signals
encompass two fundamental dimensions, namely, the quantity of patient reviews and the
polarity of patient reviews, which reflect a hospital’s influence and reputation, respectively.

(1) Review quantity
The review quantity, which represents the total amount of patient-generated feedback,

is a critical indicator of a hospital’s influence and popularity. A high review volume
signals that the hospital has a large service audience, indicating its widespread acceptance
and utilization by patients. When potential patients observe a substantial number of
reviews, they may infer that the hospital’s services are in demand and trusted by others,
which positively influences their perception of its service quality. From a trust theory
perspective, a high volume of reviews enhances the perceived credibility of the hospital,
as it suggests that the hospital has been widely evaluated by a wide range of patients.
Empirical studies support this notion, showing that a greater volume of online reviews is
positively associated with increased consultation volume in online healthcare settings. For
patients considering cross-regional medical visits, a hospital with a high review volume
conveys a sense of reliability and service acceptance, thereby increasing their confidence
in making cross-regional medical treatment decisions. Hence, the following hypothesis
is proposed:
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H2: The quantity of patient reviews, as an indicator of a hospital’s influence, positively impacts
patients’ willingness to choose cross-regional medical treatment.

(2) Review polarity
The review polarity, which represents the overall positivity of patient-generated

feedback, is a critical indicator of a hospital’s reputation and perceived word-of-mouth
regarding its services. High review polarity, characterized by favorable ratings, positive
comments, and expressions of gratitude, reflects a high level of patient satisfaction and
trust in the hospital’s services [29]. When potential patients observe consistently positive
feedback, they are likely to infer that the hospital provides high-quality and reliable
services, thereby reinforcing its reputation and perceived value [30]. Empirical studies
have demonstrated that higher polarity in patient reviews is significantly associated with
increased patient trust and appointment volumes in online healthcare settings. For patients
considering cross-regional medical visits, who often face greater uncertainty and additional
challenges in choosing a nonlocal hospital, review polarity plays an even more decisive
role. A hospital with high review polarity conveys a sense of exceptional service quality
and trustworthiness, thereby increasing the patient’s willingness to seek treatment from
such a hospital.

H3: The polarity of patient reviews, as an indicator of a hospital’s reputation, positively impacts
patients’ willingness to choose cross-regional medical treatment.

2.3. The Moderating Role of Individual Differences

The previous research has suggested that personal characteristics play a significant role
in determining how users interact with information technology and information systems,
including in the context of online medical platforms. This study examines two aspects of
the individual differences among patients that can affect their cross-regional healthcare
choices: disease severity [22,31–33] and medical resource availability [34].

2.3.1. Disease Severity

Disease severity significantly influences patients’ reliance on external signals during
medical decision-making [22]. Critically ill patients face greater risks associated with
inappropriate treatment or misdiagnosis, making the decision-making process more com-
plex and cautious. These patients often seek more reliable information to guide their
choices [22]. Online platforms provide patients with access to external signals, such as
hospital ratings, patient feedback, and other indicators of quality and expertise, which
are crucial in reducing decision-making uncertainty, particularly for severe cases [31,33].
For critically ill patients considering cross-regional healthcare, these signals are invaluable
in alleviating perceived risks, enhancing their confidence in making such decisions, and
providing psychological reassurance, thereby minimizing the uncertainties associated with
cross-regional healthcare choices.

(1) Disease severity and hospital rating

First, the platform-generated signals, such as hospital ratings, serve as an authoritative
reflection of a hospital’s overall performance and competence. These signals are especially
influential for patients with severe illnesses, who prioritize the credibility and authority of
information to minimize treatment risks and guide their decisions. Critically ill patients are
more likely to depend on such signals to make decisions about cross-regional healthcare.
Therefore, we propose the following hypothesis:
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H4a: Disease severity positively moderates the effect of platform-generated signals (e.g., hospital
ratings) on patients’ decisions to seek cross-regional healthcare. Specifically, patients with more
severe illnesses are more likely to be influenced by platform-generated signals and, consequently,
choose cross-regional healthcare.

(2) Disease severity and patient review quantity

Second, the quantity of patient reviews serves as a signal of the hospital’s popularity,
influence, and capacity to treat similar cases. Severely ill patients often perceive a larger
number of reviews as a reflection of the hospital’s extensive experience and reliability,
which provides them with a sense of security through the “herd effect”. This effect may
further reassure critically ill patients, enhancing their confidence in making cross-regional
healthcare choices. Therefore, we propose the following hypothesis:

H4b: Disease severity positively moderates the effect of patient review quantity on cross-regional
healthcare choices. Specifically, patients with more severe illnesses are likely to rely more heavily on
the quantity of patient reviews when making decisions about cross-regional healthcare.

(3) Disease severity and patient review polarity

Third, the polarity of patient reviews provides deeper insights into a hospital’s medical
capabilities, service quality, and treatment effectiveness, which are particularly critical for
patients facing high-risk conditions. For severely ill patients considering cross-regional
visits, review polarity is crucial for assessing the potential risks and benefits associated with
diagnosis and treatment. These patients are more likely to prioritize the polarity of reviews
as an essential extrinsic signal when evaluating cross-regional healthcare options. In
contrast, patients with less severe conditions are generally less sensitive to review polarity,
as their decisions may be driven more by convenience and cost rather than perceived
treatment risks. Therefore, we propose the following hypothesis:

H4c: Disease severity positively moderates the effect of patient review polarity on patients’ cross-
regional healthcare choices. Specifically, patients with more severe illnesses are likely to rely more
heavily on the polarity of patient reviews when making decisions about cross-regional healthcare.

2.3.2. Medical Resource Availability

In medically underserved areas, the scarcity of available medical resources significantly
increases patients’ reliance on external information signals when making cross-regional
healthcare choices [34]. Patients in these regions often encounter limited access to high-
quality medical resources and lack personal experience or exposure to such services, which
leads to greater dependence on external signals to assess hospital quality. As a result, they
are more likely to rely heavily on online signals, such as hospital ratings, reviews, and
rankings provided by online medical platforms. These signals are perceived as credible
and authoritative sources of information, especially when contrasted with the limited
availability of local medical resources. This contrast further amplifies the impact of such
signals on patients’ decisions to seek cross-regional healthcare.

(1) Medical resource availability and hospital rating

In regions with limited medical resources, patients exhibit a stronger dependence
on platform-generated signals, such as hospital recommendations based on comparative
rankings and perceived credibility. The scarcity of high-quality local options amplifies
the authority of these signals, making them a critical guide for patients lacking firsthand
experience with advanced healthcare. Compared with urban patients, those from medically
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underserved areas are more inclined to rely on these recommendations, which signifi-
cantly influences their willingness to seek cross-regional healthcare. Thus, we propose the
following hypothesis:

H5a: The availability of medical resources negatively moderates the effect of platform-generated
signals, such as hospital ratings, on cross-regional healthcare choices. Specifically, patients in
medically underserved areas are more likely to rely on hospital ratings when making cross-regional
healthcare choices.

(2) Medical resource availability and patient review quantity

Patients in medically underserved areas often lack firsthand personal or peer expe-
rience and exposure to high-quality healthcare, making them more dependent on the
experiences of others to guide their decisions. The quantity of patient feedback on online
platforms serves as an indicator of hospital influence and reliability, which helps reduce
the perceived risks associated with seeking care in unfamiliar regions. For these patients,
particularly those from medically underserved areas, a greater volume of peer reviews
significantly enhances their level of trust, encouraging them to seek care in hospitals outside
their immediate area and thereby enhancing their confidence in cross-regional healthcare
choices. Thus, we propose the following hypothesis:

H5b: The availability of medical resources negatively moderates the effect of patient review quantity
on patients’ cross-regional healthcare choices. Specifically, the quantity of peer patient reviews
has a more positive effect on the willingness of patients from medically underserved areas to seek
cross-regional healthcare from distant hospitals than do urban patients.

(3) Medical resource availability and patient review polarity

In addition to the quantity of reviews, the polarity of patient feedback becomes partic-
ularly valuable for patients in medically underserved areas. Owing to insufficient exposure
to high-quality medical services and lower medical literacy, these patients rely more heavily
on the polarity of feedback from other patients to evaluate the real medical capabilities of
hospitals. Especially when considering cross-regional healthcare choices, positive online
reputations of distant hospitals help effectively alleviate patients’ uncertainty about the po-
tential risks associated with cross-regional healthcare, thereby enhancing their confidence in
seeking treatment outside their local area. Therefore, we propose the following hypothesis:

H5c: The availability of medical resources negatively moderates the impact of patient review polarity
on patients’ cross-regional healthcare choices. Specifically, the polarity of peer patient reviews
has a more positive effect on the willingness of patients from medically underserved areas to seek
cross-regional healthcare from distant hospitals than do urban patients.

3. Materials and Methods

3.1. Research Context and Data Collection

One of the most popular online health platforms for Chinese patients, “Good Doctor
Online”, was chosen as the data source. This platform hosts over 10,000 registered hospitals,
offering a variety of online medical services to patients, including text-based consultations,
telephone consultations, online inquiries, and offline navigation services. Each hospital has
a dedicated profile page on the platform, providing detailed information, including hospital
qualifications, departments, areas of expertise, and the number of doctors. Additionally,
the profiles include records of the hospital’s online service activities, such as patient visits,
consultation volumes, the total number of patients served online, as well as paid and
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free medical services. Based on these records, the platform generates overall ratings and
recommendations for patients to consider when selecting suitable hospitals.

Patients can browse hospital profiles of interest on the basis of their medical conditions,
gather information about available services, and consult doctors for basic advice. However,
for certain medical conditions unsuitable for online diagnosis or for those preferring in-
person care, patients can use the platform’s basic consultation features to communicate
with the hospital and arrange offline visits for diagnosis, tests, or treatment. In such
cases, hospitals also offer online appointment services on the platform to facilitate patients’
offline visits. After visiting the hospital, they are encouraged to leave feedback and
ratings regarding their experience. This feedback system not only helps future patients
make informed choices but also allows patients to continue interacting with the hospital
through the platform for follow-up consultations and discussions about ongoing treatment
and recovery.

We collected empirical data from the website from 17 July 2006, to 31 August 2023,
based on data availability. Our initial dataset comprised 10,190 hospitals registered and
providing services on the platform, with a total of 613,282 patient evaluations and feedback
records following offline consultations. However, private hospitals were excluded from the
analysis due to the extremely limited availability of data, which would otherwise compro-
mise the sample size and diversity necessary for a comprehensive analysis. Additionally,
patient records with missing critical information, such as diagnoses, treatment processes, or
outcome assessments, were excluded to mitigate potential biases arising from incomplete
data, which could otherwise distort the study results. Taking these considerations into ac-
count, we conducted data preprocessing and ultimately retained records for 1901 hospitals,
along with 273,884 pieces of feedback from patients who had evaluated these hospitals.

The data available for empirical analysis in this study comprise two primary sources.
The first part is derived from hospital profile information, including institutional attributes
such as the hospital level, and online service metrics, including hospital ratings. The
second source originates from the patient evaluation system, which includes the quantity
and polarity of reviews patients have provided about the hospitals they visit, as well as
individual attribute information of the patients themselves, such as the type of illness they
experience, its severity, and their residential area. Considering the potential risk to privacy
and confidentiality, we only used the information that was available to the general public.
No user identification data, such as names and ID numbers, were used to ensure that there
was no risk of sensitive information disclosure.

3.2. Method

A binary logistic regression analysis was conducted to identify significant factors from
online medical platforms that influence patients’ decisions to seek cross-regional treatment
at hospitals in other locations. Binary logistic regression is particularly suitable for this
analysis because the dependent variable, cross-regional healthcare choice, is binary (1 for
choosing cross-regional treatment, 0 otherwise). It allows for the estimation of the proba-
bility of this decision based on various predictor variables, including platform-generated
and patient-generated signals. Moreover, this model can handle both continuous and
categorical predictors, which is essential given the diverse nature of the signals examined in
this study. Additionally, logistic regression allows for the interpretation of odds ratios that
quantify the strength of the relationship between predictors and the outcome, providing
insights into the relative importance of each independent variable in influencing patients’
decisions. In the empirical model, cross-regional healthcare choice (CRH) serves as the
dependent variable, whereas three extrinsic signals reflecting the quality of medical services
provided by internet hospitals are used as independent variables: one platform-generated
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signal, hospital rating, and two patient-generated signals, review quantity and review
polarity, as represented in Equation (1):

Logit(CRH) = α0 +α1 ∗Hosptial_level+α2 ∗Hospital_rating+α3 ∗Review_quantity+α4 ∗Review_polarity+ ε (1)

The dependent variable indicates whether patients who participate in the online
medical platform choose cross-regional treatment. It is measured as a binary variable, with
a value of 1 indicating the choice of cross-regional treatment and a value of 0 indicating
local treatment. Hospital_rating (HR) serves as an independent variable representing a
platform-generated comprehensive evaluation of a hospital’s medical service capabilities
and online service performance. This rating is derived from a weighted scoring system
that considers multiple factors, including medical quality, service attitude, and patient
satisfaction. Additionally, the platform may incorporate other metrics such as service
volume, service depth, response timeliness, and response satisfaction. The weights for
these components are determined based on their relative importance, which is calibrated
through expert consultation and platform-specific algorithms. Review_quantity (RQ) serves
as an independent variable reflecting the hospital’s online influence, which is measured by
counting the number of feedback entries and reviews explicitly linked to patients’ completed
offline visits, as verified through the platform’s tracking system. Review_polarity (RP) serves as
an independent variable reflecting the hospital’s word-of-mouth reputation. It is measured
by aggregating sentiment-weighted patient reviews. The sentiment weights are assigned as
follows: positive sentiments are assigned a weight of 1, and negative sentiments are assigned
a weight of −1. The aggregation process involves summing the sentiment-weighted review
lengths to compute the overall polarity score for a given hospital. The final review polarity
score is then normalized to account for differences in the number of reviews across hospitals.
In addition, this study introduces the level of the hospital (Hospital_level) as a control variable
that may influence patients’ cross-regional healthcare choices. Hospitals in China are classified
into a 3-tier system based on their ability to provide medical care, education, and research.
Accordingly, Hospital_level (HL) is measured as a dummy variable with a value of 1 for tertiary
hospitals and a value of 0 for other hospitals.

Furthermore, this study incorporates two moderator variables, defined as variables
that influence the strength or direction of the relationship between independent and
dependent variables, namely, Disease_severity (DS) and Medical_resources (MR), to examine
the moderating effects of patients’ illness severity and medical resource availability in
their location on their decision to seek cross-regional treatment. The moderator variable
DS is measured using a dummy variable, with a value of 1 representing severe illness
and 0 representing mild illness. The moderator variable MR is measured as a dummy
variable, with a value of 1 indicating abundant medical resources and a value of 0 indicating
inadequate medical resources, according to the China Health Statistics Yearbook. With the
inclusion of these moderator variables, the model equations are formulated as follows:

Logit(CRH) = β0 + β1 ∗ Hospital_level + β2 ∗ Hospital_rating + β3

∗ Review_quantity + β4 ∗ Review_polarity + β5

∗ Disease_severity + β6 ∗ Disease_severity
∗ Hospital_rating + β7 ∗ Disease_severity
∗ Review_quantity + β8 ∗ Disease_severity
∗ Review_polarity + ε

(2)

17



Healthcare 2025, 13, 484

Logit(CRH) = γ0 + γ1 ∗ Hospital_level + γ2 ∗ Hospital_rating + γ3

∗ Review_quantity + γ4 ∗ Review_polarity
+ γ5 Medical_resources + γ6 ∗ Medical_resources
∗ Hospital_rating + γ7 ∗ Medical_resources
∗ Review_quantity + γ8 ∗ Medical_resources
∗ Review_polarity + ε

(3)

4. Results

4.1. Preliminary Analysis

Table 1 presents the descriptive statistics of the independent and moderator variables.
The patients were categorized into two groups: the cross-regional treatment group and
the local treatment group. The cross-regional treatment group comprises 216,793 patients,
accounting for 79.16% of the total population, whereas the local treatment group includes
57,091 patients, accounting for 20.84% of the total population.

Table 1. Descriptive statistics of the independent variables and moderator variables.

Variable
Total (n = 273,884) Cross-Regional (n = 216,793) Local (n = 57,091)

Min Max Mean S.D. Min Max Mean S.D. Min Max Mean S.D.

HL 0 1 0.98 0.12 0 1 0.99 0.08 0 1 0.96 0.20
HR 1 5 4.31 0.52 1 5 4.37 0.50 2.6 5 4.09 0.52
RQ 2.92 51.22 31.92 12.42 2.92 51.22 34.58 11.70 2.92 46.90 21.84 9.55
RP 0 1 0.33 0.16 0 1 0.33 0.16 0 1 0.32 0.15
DS 0 1 0.36 0.48 0 1 0.40 0.49 0 1 0.23 0.42
MR 0 1 0.50 0.50 0 1 0.45 0.50 0 1 0.71 0.46

Note: S.D. = Standard Deviation.

On average, the hospitals visited by patients in the cross-regional treatment group
have a higher level than those visited by patients in the local treatment group (88.60
vs. 11.40). Compared with the local treatment group, the cross-regional treatment group
presented higher average values for hospital ratings provided by online platforms, the
quantity of patient reviews, and the polarity of these reviews (4.37 vs. 4.09; 34.58 vs. 21.84;
0.33 vs. 0.31). Moreover, for the two moderator variables, patients in the cross-regional
treatment group presented higher levels of disease severity but had lower average values
for the availability of medical resources in their regions than patients in the local treatment
group did (0.40 vs. 0.23; 0.45 vs. 0.71).

Table 2 displays the correlation matrix encompassing all the measured variables, which
includes the dependent variable, the independent variables, and the moderator variables.
The results show that the correlations among the variables are relatively low, suggesting
the absence of significant multicollinearity concerns.

Table 2. Correlation between the dependent variable (CRH), the independent variables (HL, HR, RP,
and RQ) and the moderator variables (DS and MR).

Variable (1) (2) (3) (4) (5) (6) (7)

(1) HL 1.000
(2) HR 0.048 ** 1.000
(3) RQ 0.186 ** 0.329 ** 1.000
(4) RP −0.055 ** 0.082 ** 0.030 ** 1.000
(5) DS 0.073 ** 0.112 ** 0.276 ** 0.048 ** 1.000
(6) MR 0.006 ** 0.032 ** −0.007 ** 0.035 ** −0.008 ** 1.000
(7) CRH 0.120 ** 0.220 ** 0.417 ** 0.037 ** 0.143 ** −0.208 ** 1.000

** Correlation is significant at the 0.01 level (two-tailed).
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To further validate this observation, we calculated the variance inflation factor (VIF)
for all explanatory variables. As shown in Table 3, the VIF values were all below 2 (Mean
VIF = 1.08), confirming that there is no substantial multicollinearity in our model.

Table 3. Variance inflation factor (VIF) calculation for the independent variables (HL, HR, RP, and
RQ) and the moderator variables (DS and MR).

Variable VIF 1/VIF

RQ 1.23 0.810
HR 1.13 0.885
DS 1.09 0.921
HL 1.04 0.961
RP 1.01 0.987
MR 1.00 0.997

Mean VIF 1.08

4.2. Hypotheses Tests

A logistic regression model was constructed to test all of the hypotheses. The basic
model regressed the dependent variable CRH on the three independent variables HR, RQ,
and RP to test the effects of the platform-generated signals and patient-generated signals
indicating the quality of the online medical services provided by internet hospitals on
patients’ cross-regional healthcare choices.

Table 4 presents the results of the logistic regression analysis. We found that all three
independent variables are significant predictors of cross-regional healthcare choice. The
detailed analyses are as follows. First, the coefficient of the independent variable HR is
significantly positive (B = 0.406, p < 0.01), indicating that the online ratings for internet
hospitals have a positive effect on patients’ decisions about cross-regional medical visits.
Thus, Hypothesis 1 is supported. Second, the coefficient of the independent variable RQ is
significantly positive (B = 0.089, p < 0.01), indicating that the volume of patient reviews
has a positive effect on patients’ willingness to choose cross-regional medical treatment.
Thus, Hypothesis 2 is supported. Finally, the coefficient of the independent variable RP is
significantly positive (B = 0.634, p < 0.01), indicating that the polarity of patient reviews has
a positive effect on patients’ willingness to choose cross-regional medical treatment. Thus,
Hypothesis 3 is supported. The likelihood-ratio chi-square statistic (LRχ2) for the model is
52,725.12, indicating that the independent variables in the model have a strong explanatory
power for the dependent variable, and the model fits the data well. The Prob > LRχ2 value
of 0.000, which is far below 0.05, suggests that the model is statistically significant and the
independent variables have a significant impact on the dependent variable. Additionally,
McFadden’s R2 value of 0.188 suggests that the model explains approximately 18.8% of the
variation in the dependent variable.

Next, the moderator variable DS and the interaction terms between this moderator and
the three independent variables were incorporated into the baseline model to examine how
the severity of a patient’s illness moderates the relationship between the external signals
provided by internet hospitals and patients’ willingness to choose cross-regional medical
treatment. Table 5 presents the results of the moderating effects of DS. First, the coefficient
of the interaction term between HR and DS was significantly negative (B = −0.365, p < 0.01),
which is the opposite of the main effect of HR. This finding indicates that the impact of
platform-generated signals on patients’ cross-regional healthcare choices is significantly
weaker for patients with high-risk illnesses than for those with low-risk illnesses. Hence,
H4a was not supported. Second, the coefficient of the interaction term between RQ and
DS was significantly positive (B = 0.004, p < 0.01), which is consistent with the main effect
of RQ. This suggests that the volume of patient reviews has a more positive effect on
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patients’ willingness to choose cross-regional medical treatment in high-risk patients than
in low-risk illnesses. Hence, H4b was supported. Third, the coefficient of the interaction
term between RP and DS was significantly positive (B = 0.337, p < 0.01), which is consistent
with the main effect of RQ. This finding indicates that the polarity of patient reviews has a
more positive effect on patients’ willingness to choose cross-regional medical treatment in
high-risk patients than in low-risk patients. Hence, H4c was supported. The LRχ2 value
for this model is 53,374.42, indicating strong explanatory power. The Prob > LRχ2 value
of 0.000 confirms that the model is statistically significant. Furthermore, McFadden’s R2

value of 0.190 suggests that the model explains approximately 19.0% of the variation in the
dependent variable.

Table 4. Results of logistic regression analysis examining the impact of three independent variables
(HL, HR, RP, and RQ) on the dependent variable (CRH).

Variable Coefficient Std. Err. z p > |z| [95% Conf. Interval]

HL 0.496 0.036 13.82 0.000 0.426 0.566
HR 0.406 0.011 38.25 0.000 0.385 0.427
RQ 0.089 0.001 170.3 0.000 0.088 0.090
RP 0.634 0.034 18.46 0.000 0.567 0.701
_cons −3.578 0.056 −63.45 0.000 −3.689 −3.468
Model Evaluation
LRχ2 52,725.12
Prob > LRχ2 0.000
McFadden’s R2 0.188

Table 5. Results of logistic regression analysis examining the moderating effects of disease severity.

Variable Coefficient Std. Err. z p > |z| [95% Conf. Interval]

HL 0.480 0.036 13.290 0.000 0.409 0.551
HR 0.501 0.012 40.580 0.000 0.477 0.525
RQ 0.086 0.001 135.360 0.000 0.085 0.088
RP 0.528 0.040 13.170 0.000 0.449 0.606
DS 1.579 0.100 15.840 0.000 1.384 1.775
HR × DS −0.365 0.024 −15.010 0.000 −0.413 −0.317
RQ × DS 0.004 0.001 3.110 0.002 0.001 0.006
RP × DS 0.337 0.078 4.310 0.000 0.184 0.491
_cons −3.924 0.063 −62.540 0.000 −4.047 −3.801
Model Evaluation
LRχ2 53,374.42
Prob > LRχ2 0.000
McFadden’s R2 0.1904

To further clarify the moderating role of disease severity, we have included Figure 1,
which presents the interaction effects of DS with HR, RQ, and RP. As shown in Figure 1,
the relationships between these variables vary significantly across different levels of dis-
ease severity.

Finally, the moderator variable MR and the interaction terms between this moderator
and the three independent variables were incorporated into the baseline model to examine
how the availability of medical resources in a patient’s location moderates the relationship
between the external signals provided by internet hospitals and patients’ willingness to
choose cross-regional medical treatment. Table 6 presents the results of the moderating
effects of MR. First, the coefficient of the interaction term between HR and MR was signifi-
cantly negative (B = −0.138, p < 0.01), which is the opposite of the main effect of HR. This
finding indicates that the impact of platform-generated signals on patients’ cross-regional
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healthcare choices was weaker for patients from regions with abundant medical resources.
In other words, patients from medically underdeveloped regions rely more heavily on
platform-generated signals. Hence, H5a was supported. Second, the coefficient of the
interaction term between RQ and MR was also significantly negative (B = −0.029, p < 0.01),
which is the opposite of the main effect of RQ. This suggests that the volume of patient
reviews has a less positive effect on the willingness of patients from regions with abundant
medical resources to seek cross-regional medical treatment. Conversely, patients from
medically underdeveloped regions place greater importance on the quantity of reviews
provided by other patients. Hence, H5b was supported. Third, the coefficient of the in-
teraction term between RP and MR was significantly positive (B = 0.273, p < 0.01), which
is consistent with the main effect of RP. This finding indicates that the polarity of patient
reviews has a stronger positive effect on the willingness of patients from regions with
abundant medical resources to choose cross-regional medical treatment. As a result, H5c
was not supported. The LRχ2 value for this model is 69,901.26, indicating strong explana-
tory power. The Prob > LRχ2 value of 0.000 confirms the model’s statistical significance.
Moreover, McFadden’s R2 value of 0.249 suggests that the model explains approximately
24.9% of the variation in the dependent variable.

   
(a) (b) (c) 

Figure 1. The interaction plots for the moderating effects of disease severity. (a) The interaction plot
for the moderating effects of DS with HR; (b) The interaction plot for the moderating effects of DS
with RQ; (c) The interaction plot for the moderating effects of DS with RP.

Table 6. Results of logistic regression analysis examining the moderating effects of medical re-
source availability.

Variable Coefficient Std. Err. z p > |z| [95% Conf. Interval]

HL 0.567 0.038 15.050 0.000 0.493 0.641
HR 0.554 0.020 28.380 0.000 0.516 0.592
RQ 0.117 0.001 108.440 0.000 0.115 0.119
RP 0.635 0.061 10.330 0.000 0.514 0.755
MR −0.288 0.096 −2.990 0.003 −0.477 −0.100
HR * MR −0.138 0.024 −5.840 0.000 −0.185 −0.092
RQ * MR −0.029 0.001 −22.940 0.000 −0.031 −0.026
RP * MR 0.273 0.075 3.640 0.000 0.126 0.420
_cons −4.044 0.087 −46.360 0.000 −4.215 −3.873
Model Evaluation
LRχ2 69,901.26
Prob > LRχ2 0.000
McFadden’s R2 0.249

To further clarify the moderating role of medical resource availability, we have in-
cluded Figure 2, which presents the interaction effects of MR with HR, RQ, and RP. As
shown in Figure 2, the relationships between these variables vary significantly across
different levels of medical resource availability.
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(a) (b) (c) 

Figure 2. The interaction plots for the moderating effects of medical resource availability. (a) The
interaction plot for the moderating effects of MR with HR; (b) The interaction plot for the moderating
effects of MR with RQ; (c) The interaction plot for the moderating effects of MR with RP.

5. Discussion

First, the findings of this study demonstrate that online service information from
internet hospitals positively influences patients’ decisions regarding cross-regional health-
care. Online medical services offer patients a new channel through which to understand
the service capabilities and quality of hospitals. This is particularly valuable for patients
considering cross-regional treatment but who are anxious due to a lack of knowledge about
hospitals in other areas. By effectively bridging the information gap, these platforms enable
patients to gain a deeper understanding of how specific hospitals can meet their healthcare
needs and address their concerns. Consequently, the availability of detailed online medical
information from internet hospitals increases patients’ confidence in the target hospitals
for cross-regional treatment, ultimately increasing the likelihood of their decision to seek
such treatment.

Second, this study identified some critical signals from online medical services pro-
vided by internet hospitals that reflect their ability to deliver high-quality healthcare. These
signals, which can be categorized as platform-generated or patient-generated, play a sig-
nificant role in influencing patients’ cross-regional healthcare choices. Platform-generated
signals, such as hospital ratings, serve as credibility indicators. Higher online ratings
are often interpreted by patients as evidence of the hospital’s competence and expertise.
This perception enhances their trust and confidence, increasing the likelihood of selecting
these hospitals for treatment. As noted by Victoor et al. [12], such signals are particularly
valuable in assisting patients who may lack comprehensive information or the cognitive
ability to evaluate all aspects of healthcare providers systematically. Simplified cues like
ratings serve as effective decision-making aids, especially for patients with limited health
literacy or numeracy. Patient-generated signals include the quantity and polarity of reviews
and provide further insights into the hospital’s influence and reputation. A large volume
of reviews suggest that the hospital is widely recognized and influential, which helps
alleviate patients’ anxiety and uncertainty about its service capabilities. This aligns with
the previous studies [12], which indicate that patients rely heavily on others’ previous care
experiences when making medical decisions, especially in the absence of easily accessible
information. Moreover, the polarity of reviews reflects a hospital’s reputation and serves
as social proof of its trustworthiness. Positive feedback from previous patients creates a
sense of assurance and strengthens patients’ confidence in the hospital’s ability to deliver
quality care. As Shah et al. [22] highlight, positive online word-of-mouth (WOM) not only
enhances patients’ trust but also directly influences their decision-making. In conclusion,
these signals have been shown to significantly shape patients’ trust and preferences when
healthcare providers are selected across regions.

Third, we further explored the moderating role of disease severity and obtained some
interesting findings. Specifically, patients with less severe conditions are more likely to
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rely on platform-generated signals, such as high online ratings of hospitals. They are
likely to use this indicator as a primary reference for deciding whether to seek treatment
locally or at an out-of-region hospital. In contrast, patients with more severe conditions
place greater emphasis on patient-generated signals, such as the volume and polarity of
patient reviews. In other words, the greater the number of reviews or the more positive the
reviews from other patients are, the more likely these severely ill patients are to consider
these hospitals for their cross-regional medical care. These differences suggest that disease
severity significantly impacts patients’ reliance on information sources and decision-making
behavior when considering cross-regional medical treatment. Possible reasons for this
include the following: First, patients’ attitudes toward risk directly affect their trust in
and reliance on various information sources. Severely ill patients, with heightened risk
perceptions, tend to be more cautious in their decision-making process. They prefer to
avoid the potential misjudgment risks associated with platform recommendations and
instead rely more on authentic feedback from other patients. Such patient-generated
signals are often perceived as more realistic, directly reflecting hospitals’ actual capabilities
and service quality, thus making them more credible. Conversely, patients with mild
conditions perceive lower health risks and are more willing to accept a certain level of
uncertainty. As a result, they are less sensitive to the authenticity of signals and are more
likely to trust straightforward, authoritative signals, such as platform recommendations.
For these patients, platform-generated signals, which are typically based on systematic
evaluations, are considered comprehensive and sufficient to facilitate quick and efficient
decision-making. Second, patients with varying levels of disease severity present distinct
information requirements. While platform-generated signals are authoritative, they may
be perceived by severely ill patients as too generalized, lacking relevance to their specific
and complex treatment needs. As a result, severely ill patients exhibit reduced reliance on
platform-generated signals and seek more personalized and detailed information, which is
often gathered from other patients’ reviews or alternative online and offline channels. In
contrast, patients with mild conditions find platform recommendations sufficient, as these
provide simple and clear guidance, enabling them to make decisions with minimal effort.
Finally, from the perspective of time and effort, patients with mild conditions, owing to the
lower severity of their illness, are more likely to accept platform recommendations to save
time and effort without conducting extensive analyses of other signals. In contrast, severely
ill patients facing greater health risks are more willing to invest considerable effort to gather
and analyze a wider range of signals, such as specific feedback from other patients, to
ensure they make the most informed and optimal decision possible. This aligns with the
view proposed by Shah et al. [22], who argued that patients with severe conditions are
more motivated to expend greater efforts and seek a broader range of information sources
to ensure that they make well-informed decisions that optimize their outcomes.

Finally, we focused on the moderating role of medical resource availability and ob-
tained some interesting findings. This study revealed that patients in regions with scarce
medical resources tend to rely more heavily on platform-generated signals, such as hospital
ratings, when hospitals are selected for cross-regional treatment. This reliance is partly
driven by the limited spatial accessibility of offline medical resources in these regions.
As Guo et al. [35] highlighted, geographic distance directly influences the availability
and accessibility of medical resources, making online channels a critical tool for patients
in remote or underserved areas to overcome these barriers. Additionally, these patients
place greater importance on one aspect of patient-generated signals: the volume of patient
reviews, as an indicator of the hospital’s influence, making them more inclined to choose
such hospitals for cross-regional visits. However, a contrasting result was observed: com-
pared with patients in areas with scarce medical resources, those in regions with more
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abundant medical resources tend to prioritize another aspect of patient-generated signals:
the sentiment polarity of patient reviews, as an indicator of the hospital’s reputation, thus
making them more likely to select these hospitals for cross-regional medical care. These
differences highlight the significant impact of medical resource availability on patients’
decision-making behavior regarding cross-regional medical care, which can be explained
from several perspectives. First, patients from regions with scarce medical resources pri-
oritize the practicality of signals. They tend to rely on comprehensive information such
as platform ratings and the volume of reviews, as these signals quickly reflect a hospital’s
credibility and influence. This helps them reduce the cost and risk of making cross-regional
healthcare choices. In contrast, patients from areas with abundant medical resources fo-
cus more on the quality of signals, especially the polarity of reviews, as they have more
options and are more inclined to pursue higher-quality medical services and optimize their
treatment experiences. Second, patients in areas with scarce medical resources, due to their
limited experience with diverse medical options, exhibit greater trust in platform-generated
signals and give more attention to hospital influence reflected by the amount of patient
feedback. These signals are perceived as authoritative and reliable, enabling them to filter
potential medical options efficiently. This aligns with the observation by Guo et al. [35] that
patients in remote areas may rely on online channels to compensate for the lack of local
familiarity with medical resources. Conversely, patients in areas with abundant medical
resources, with better access to high-quality healthcare and greater experience in evaluating
medical services, are more inclined to trust the authentic experiences reflected in patient
reviews. They may perceive platform recommendations as overly commercialized or gen-
eralized, making them less influential in their decision-making. Finally, psychological and
social factors play critical roles. Patients in areas with scarce medical resources rely more
on the sense of security provided by group consensus. They tend to use platform recom-
mendations and review volumes to gauge collective agreement (e.g., “hospitals chosen by
many are likely reliable”) to reduce the psychological burden of making the wrong choice.
Conversely, patients in areas with abundant medical resources, benefiting from a wider
range of choices, exhibit more individualized decision-making. They emphasize personal
experiences, prioritizing the online reputation of hospitals as reflected in patient reviews to
identify hospitals that offer greater value and enhanced experiences.

6. Implications

This study contributes to the field of internet healthcare by introducing a novel perspec-
tive on how online service information provided by internet hospitals influences patients’
offline cross-regional healthcare choices. Unlike the previous studies that focused primarily
on online doctor–patient interactions, including behaviors, characteristics, motivations, and
benefits, this study highlights the role of platform-generated signals and patient-generated
signals in reducing information asymmetry for cross-regional medical decisions. Further-
more, by leveraging signaling theory, the study develops a tailored analytical model that
identifies and categorizes critical signals, offering a systematic framework to understand
their differential impacts on patients’ decisions on the basis of disease severity and local
medical resource availability. These insights expand our understanding of the intersection
between digital information environments and offline healthcare behaviors, enriching the
theoretical discourse on patient decision-making in the digital era.

This study has significant practical implications for designers and managers of online
medical platforms and internet hospitals providing online medical services. By identifying
the critical role of platform-generated signals (e.g., hospital ratings) and patient-generated
signals (e.g., the quantity and polarity of patient reviews) in shaping cross-regional health-
care choices, online platform providers can optimize signal presentation strategies and
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tailor recommendations to meet the diverse needs of patients, particularly considering fac-
tors such as disease severity and local medical resource availability. For instance, platforms
can improve the reliability of hospital ratings by implementing multi-source rating systems
that aggregate data from patients, medical professionals, and certifications by medical au-
thorities. Additionally, platforms could incorporate verification mechanisms to detect and
filter out biased, fake, or fraudulent information, thereby enhancing the overall credibility
of the rating system. Furthermore, platforms could introduce features such as personalized
recommendation filters based on patient demographics (e.g., age, gender, and medical
history) and disease-specific support tools (e.g., symptom checkers or virtual consultations
for chronic conditions) to better serve diverse patient groups. For internet hospitals, these
insights highlight the importance of enhancing online signals to build patient trust, such as
improving the credibility of hospital ratings and showcasing high-quality patient reviews.
This, in turn, increases the likelihood of attracting potential cross-regional patients and
converting them into actual clients, thereby increasing cross-regional patient mobility. Fur-
thermore, this study provides valuable practical guidance for policy-makers and healthcare
administrators to address regional disparities in medical resources by leveraging digital
platforms to improve access to reliable and trustworthy information, ultimately promoting
equity and efficiency in cross-regional healthcare services. These practical contributions
collectively empower stakeholders to enhance patient decision-making, optimize platform
design, and foster a more equitable healthcare ecosystem in the digital era.

Furthermore, the findings provide actionable insights for policymakers and healthcare
administrators to enhance the effectiveness and equity of digital healthcare platforms
through specific policy interventions. First, to ensure equitable access to digital health-
care services, policies should incentivize collaborations between local governments and
digital healthcare platforms, focusing on improving internet infrastructure in rural and
underserved areas and providing subsidies for disadvantaged populations. Second, regu-
latory standards should be established to ensure the consistency, reliability, and accuracy
of platform-generated information, such as hospital ratings and patient reviews. Finally,
policies promoting transparency in patient-generated content can help mitigate the risks
of biased or misleading information. These policy interventions enhance trust, expand
access, and optimize digital healthcare platforms, enabling informed and equitable cross-
regional healthcare decisions in the digital era. Such strategies are particularly relevant for
addressing global health challenges, such as pandemics or chronic disease management,
where cross-regional collaboration and resource sharing play a critical role. By applying
these insights, low- and middle-income countries, where digital healthcare adoption is
accelerating, can prioritize infrastructure development and data accuracy to bridge gaps
in healthcare accessibility, promote equitable outcomes, and foster resilience in healthcare
systems worldwide.

While this study provides valuable insights into the impact of online service infor-
mation on cross-regional healthcare choices, certain limitations must be acknowledged.
One significant limitation is the potential presence of false, manipulated, or biased reviews,
which could distort perceptions and lead to misleading conclusions. Although the use of
large-scale aggregated data minimizes these effects, future research should focus on devel-
oping robust methodologies, such as advanced text analysis and semantic understanding
techniques, to detect and filter biased or false information. These efforts will enhance the
ethical and practical validity of conclusions based on online health information. Addi-
tionally, future studies could explore the generalizability of the findings across different
cultural and institutional contexts, particularly in low- and middle-income countries where
digital healthcare adoption is rapidly growing.
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Abstract: Background: Mobile health (mHealth) applications play a crucial role in en-
hancing healthcare accessibility, patient engagement, and chronic disease management.
However, technical, usability, accessibility, and privacy-related barriers continue to hinder
their widespread adoption. The Sehaty app, a government-managed mHealth platform
in Saudi Arabia, is widely used for scheduling medical appointments, accessing health
records, and communicating with healthcare providers. Understanding the challenges
associated with its utilization is essential for optimizing its functionality and improving
user experience. Aim: This study aims to identify and evaluate the key barriers affecting
the adoption and usability of the Sehaty mHealth application among patients with chronic
conditions in Saudi Arabia. Specifically, it examines challenges related to technical perfor-
mance, usability, accessibility, privacy, and security and their impact on user satisfaction
and engagement. Methods: A cross-sectional study was conducted using a structured ques-
tionnaire distributed to 344 participants selected through purposive sampling to ensure
the inclusion of active Sehaty users with chronic conditions. The questionnaire assessed
10 primary usability barriers, including technical issues, navigation difficulties, privacy
concerns, and accessibility limitations. Descriptive statistics and correlation analyses were
performed to evaluate the prevalence and interrelationships of these barriers. Results:
The findings indicate that technical barriers, including frequent application crashes, slow
responsiveness, and system instability, significantly hinder user satisfaction. Usability
challenges, such as difficulties in navigation and task completion, further impede engage-
ment. Moreover, privacy and security concerns emerged as significant deterrents, with
users expressing apprehensions about data safety and transparency. Accessibility barriers,
particularly for older adults and individuals with disabilities, were associated with insuffi-
cient support and training, making the app less user-friendly for these populations. The
study highlights the interconnected nature of usability challenges, suggesting that improve-
ments in technical stability and interface design could lead to enhanced user confidence,
engagement, and overall satisfaction. Conclusions: Addressing these barriers requires
targeted technical enhancements, user-centered design improvements, and strengthened
data security measures to promote trust and engagement. Additionally, implementing
comprehensive user support systems and accessibility features is essential to ensuring
equitable access to mHealth services. While the study’s generalizability is limited by its
focus on a single government-managed platform, its findings offer valuable insights ap-
plicable to broader mHealth initiatives. Future research should incorporate longitudinal
studies to assess the long-term impact of usability improvements on mHealth adoption
and healthcare outcomes.
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1. Introduction

Mobile health (mHealth) applications have emerged as transformative tools in health-
care, offering enhanced access to medical information, real-time monitoring, and seamless
communication with healthcare providers [1–5]. Despite their potential, the adoption and
sustained use of mHealth apps face substantial challenges spanning technical, usability,
financial, and psychological domains. These barriers limit the effectiveness and accessibility
of these technologies, particularly among diverse patient populations [5–7].

A significant barrier to mHealth adoption is usability. Many patients struggle with
complex interfaces and insufficient design considerations, particularly elderly users who
may have limited technological literacy, visual impairments, or dexterity issues [4,8]. The
time commitment required to learn and navigate these applications further discourages
engagement, especially among individuals with busy schedules or low motivation [8].

Digital literacy is another critical factor influencing mHealth adoption. A considerable
proportion of users are unaware of these applications or lack the technical skills to use them
effectively [8,9]. This digital divide is particularly pronounced among older adults and
underserved populations with limited access to technology and digital education [9,10].
Without targeted digital literacy initiatives, these groups remain excluded from the benefits
of mHealth solutions.

Privacy and security concerns also deter patients from using mHealth apps. Users
often express apprehension regarding unauthorized access to sensitive health data, par-
ticularly when dealing with stigmatized conditions such as mental health disorders or
HIV/AIDS [1,8]. Many applications lack transparent privacy policies and robust security
features, leading to decreased trust among potential users [1].

Another significant challenge is the lack of seamless integration with existing health-
care systems. Many mHealth apps function in isolation, lacking interoperability with
electronic health records (EHRs) or healthcare provider systems [8,9]. Patients often have
to manually input data, creating additional burdens and reducing engagement [1,11,12].

Financial constraints further impede widespread adoption. While some applications
are free, others require subscription fees or in-app purchases that may be unaffordable for
certain users [12,13]. Hidden costs within “free” apps, along with the need for high-speed
internet and modern mobile devices, add an indirect financial burden, particularly for
individuals in low-income settings [4].

The regulatory landscape surrounding mHealth applications remains fragmented
and inconsistent across regions. Patients often question accountability in their healthcare
management when using these tools, whether responsibility lies with app developers or
healthcare providers [1,4]. Ethical concerns related to informed consent, data ownership,
and patient autonomy further complicate widespread implementation [1].

Motivation plays a pivotal role in mHealth adoption. Many individuals do not engage
consistently with these applications due to a perceived lack of immediate benefits [8]. Time
constraints further exacerbate this issue, as busy schedules make it challenging to learn
new technologies or regularly input health data [8].

Infrastructure limitations also hinder the effective use of mHealth applications. Rural
and remote areas often lack reliable internet connectivity, preventing users from fully
utilizing teleconsultations and real-time monitoring features [9]. Poor internet access,
outdated mobile devices, and compatibility issues with different operating systems further
limit accessibility [1].

1.1. The Sehhaty App: A Case Study in Saudi Arabia

The Sehhaty app, developed by the Saudi Ministry of Health (MoH), exemplifies the
potential of mHealth applications in transforming healthcare delivery [14]. The Sehaty
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application (Version 1.3), a government-managed mHealth platform, aligns with this
vision by providing users with the ability to schedule medical appointments, access EHRs,
monitor test results, and communicate with healthcare professionals remotely. Given
its widespread adoption, a comprehensive examination of the usability challenges and
adoption barriers associated with Sehaty is crucial to optimizing its effectiveness and
ensuring it meets the diverse needs of its users [7,14,15]. Sehhaty played a critical role
in Saudi Arabia’s COVID-19 response, facilitating over 24 million testing appointments
and administering more than 61 million vaccine doses [16]. Saudi Arabia has prioritized
digital health innovations as a key component of its Vision 2030 strategy, which seeks to
modernize healthcare services through the integration of advanced digital platforms and
telemedicine solutions [16].

With over 24 million users, approximately 68.5% of Saudi Arabia’s population, the
Sehhaty app is integral to the country’s digital health transformation aligned with Saudi
Vision 2030 [16]. However, barriers to its utilization persist, including usability concerns,
digital literacy gaps, and integration challenges. Understanding these obstacles is essential
for optimizing the app’s functionality and ensuring equitable healthcare access across the
Kingdom [7,17].

1.2. Global Perspectives on mHealth Implementation

mHealth has emerged as a transformative tool in healthcare, enhancing patient en-
gagement and improving care delivery. In Europe and the United States, its adoption is
supported by strong regulatory frameworks, government initiatives, and advanced digital
infrastructure. Policies such as the HITECH Act (United States), DiGA (Germany), and
EHDS (Europe) facilitate the integration and reimbursement of digital health tools, foster-
ing widespread implementation [18]. A notable example is the Netherlands’ “The Box”
project, which provides cardiac patients with mHealth devices post-discharge, improving
remote monitoring and outpatient care. Despite these advancements, challenges remain,
including data privacy concerns, interoperability issues, digital literacy gaps, and socioe-
conomic disparities that hinder equitable access. Addressing these barriers is essential
to fully leverage mHealth’s potential in modern healthcare systems [18,19]. Similarly, in
Sub-Saharan Africa, mHealth systems have contributed to reducing data collection costs,
elderly care expenses, and maternal and perinatal mortality [20].

However, implementation challenges vary across countries. Technical barriers, such as
usability issues, system integration failures, and data security concerns, persist. Ensuring
user-friendly design and interoperability with existing health systems remains a major
challenge. Limited internet connectivity, particularly in rural areas, also constrains the
effectiveness of these solutions [1–3,5,9,20].

Socioeconomic and cultural factors further influence adoption. Limited access to
mobile devices, language barriers, and variations in digital literacy hinder widespread
use [20,21]. Cultural attitudes toward technology and healthcare practices also shape
acceptance levels [21]. Financial constraints, including the absence of sustainable business
models and limited insurance coverage for mHealth services, exacerbate implementation
difficulties, particularly in low-income nations [20].

Regulatory and policy inconsistencies present additional challenges. Many countries
lack clear digital health regulations, leading to uncertainties in implementation and data
governance issues [22–24]. The integration of mHealth into national healthcare systems
remains a complex process, often requiring parallel reporting structures and specialized
workforce training [24].

To address these challenges, several strategies have been proposed. Strengthening gov-
ernment coordination mechanisms, integrating vertical data systems into broader health
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information frameworks, and increasing transparency in mHealth funding and activities,
are crucial. Channeling resources through national institutional frameworks while sup-
porting capacity-building initiatives can further enhance mHealth adoption. Additionally,
prioritizing user-centered design is essential to ensure that mHealth interventions meet the
diverse needs of target populations [20].

While mHealth presents significant opportunities for improving healthcare accessibility
and delivery, its successful implementation requires addressing a complex set of techni-
cal, socioeconomic, and systemic barriers. Tailoring solutions to local contexts, fostering
multi-sectoral collaborations, and investing in digital health literacy initiatives are critical
for maximizing the potential of mHealth. As digital healthcare continues to evolve, ongoing
research and policy interventions will be essential in overcoming persistent challenges and
ensuring the effective integration of mHealth applications into global healthcare systems.

1.3. Aim of Study

To explore the barriers to the implementation of the mHealth application in Saudi
Arabia.

What this study adds:

• The research classifies obstacles into 10 factors comprising 45 operationalized items, pro-
viding a comprehensive framework for evaluating problems in mobile health applications.

• It underscores the interconnection of hurdles, such as technical difficulties and usability
challenges, highlighting the necessity for comprehensive solutions.

• The research delineates accessibility obstacles faced by elderly individuals and
marginalized populations, recommending targeted design enhancements to mitigate
the digital gap.

• It offers region-specific data for Saudi Arabia, linking enhancements in mobile health
applications with national healthcare objectives under Vision 2030.

2. Methods

2.1. Study Design

This research utilized a cross-sectional design focusing on patients who have uti-
lized the Sehaty app in Saudi Arabia. The cross-sectional approach facilitated a temporal
assessment of the barriers encountered by app users at a designated moment.

2.2. Population and Sampling

The study focused on patients with chronic diseases who frequently use the Sehaty
app in Saudi Arabia. To ensure the inclusion of individuals actively engaged in managing
their health through the app, a purposive sampling method was employed. This approach
allowed the study to gather insights from participants with firsthand experience using
Sehaty for chronic disease management. Eligibility criteria required participants to have
been diagnosed with at least one chronic disease, such as diabetes, hypertension, or cardio-
vascular conditions, and to demonstrate consistent engagement with the app for accessing
healthcare services, scheduling appointments, or monitoring their health. Patients with
infrequent app usage or limited digital health literacy were excluded to maintain a focus
on those who rely on Sehaty as a primary health resource. In total, 344 responses were
collected, serving as the foundation for subsequent data analysis.

2.3. Data Collection Instrument

This study employed a structured questionnaire to assess the barriers to the utiliza-
tion of the Sehaty mobile health application. The questionnaire was developed based
on an extensive review of the literature, identifying 10 primary variables recognized as
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key challenges in mHealth adoption. These variables included Technical Barriers (e.g.,
system crashes, slow responsiveness, and frequent bugs), Usability Barriers (e.g., ease of
navigation, task completion time, and interface complexity), Support and Training Barriers
(e.g., availability of user support and clarity of instructions), Accessibility Barriers (e.g.,
usability for individuals with disabilities and readability of text), and Privacy and Security
Barriers (e.g., concerns about data security and trust in information handling). Other key
variables assessed were Communication and Interaction Barriers (e.g., ability to contact
healthcare providers and responsiveness of messaging features), Functionality Barriers (e.g.,
availability of essential features and accuracy of medical data), User Satisfaction Barriers
(e.g., overall confidence in using the app and perceived usefulness), Cost and Accessibility
Barriers (e.g., internet access, device compatibility, and app memory requirements), and
Time and Productivity Barriers (e.g., efficiency of app tasks and additional steps required
for healthcare management).

Each of these variables was operationalized through 4 to 5 items, resulting in a total
of 45 structured items in the questionnaire. To supplement the quantitative data, an open-
ended question was included to allow participants to elaborate on specific barriers they
encountered while using the Sehaty app. This qualitative component provided contextual
depth, helping to identify emerging user concerns that may not have been fully captured
by the structured survey items.

The questionnaire was divided into four main sections to ensure clarity and compre-
hensiveness. The first section included an assurance letter outlining the purpose and scope
of the study. Participants were informed that their participation was voluntary and that
the estimated time required to complete the questionnaire was 10–15 min. The letter also
assured respondents of data confidentiality and security, emphasizing that all responses
would be anonymized and used exclusively for research purposes.

The second section focused on demographic information, capturing key characteristics,
such as age, gender, level of education, frequency of Sehaty app usage, and digital health
literacy levels. This section allowed for the analysis of potential variations in usability
perceptions across different user groups. The third section comprised 45 Likert scale items,
measuring the 10 usability and barrier-related variables. Participants were asked to rate
their level of agreement with each statement on a 5-point Likert scale (1 = Strongly Disagree,
5 = Strongly Agree). This section provided quantitative insights into the specific usability
challenges that influenced the adoption and effectiveness of the Sehaty application. The
fourth and final section featured an open-ended question, allowing participants to describe
additional usability barriers or challenges they faced while using Sehaty. This qualitative
component enriched the dataset by capturing user experiences and concerns that may not
have been fully reflected in the structured items.

Pilot Study

Before launching the full-scale data collection, the questionnaire underwent a pilot
study to test its reliability, validity, and clarity. A total of 13 participants, representative of
the target population, were recruited to complete the questionnaire and provide feedback
on its clarity, comprehensiveness, and ease of understanding.

Several key aspects were evaluated during the pilot study. Item clarity and wording
were assessed to ensure that all questions were clearly phrased and easily understood. The
relevance of the questions was reviewed to confirm that the questionnaire effectively captured
the intended barriers to Sehaty app usage. Additionally, the time required for completion was
measured to prevent respondent fatigue while maintaining a comprehensive assessment.

To ensure internal consistency and reliability, Cronbach’s alpha was calculated for
each of the 10 variables. All variables demonstrated acceptable reliability levels (α > 0.70),
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confirming the internal coherence of the scale. Furthermore, the questionnaire underwent
face and content validity assessments by experts in digital health and usability research,
who ensured the instrument adequately covered all relevant usability dimensions. Based
on the feedback received, minor modifications were made to improve question clarity and
optimize item wording before the full-scale implementation.

2.4. Data Collection and Analysis Procedure

Data analysis was conducted using SPSS v29 and R software (Version 4.3.0) to ensure
a comprehensive examination of the study’s findings. Descriptive statistics, including
frequencies, percentages, and means, were computed for each of the 45 items to summarize
participants’ responses. This analysis provided insights into the prevalence and intensity
of perceived barriers to the utilization of mobile health applications.

To assess the reliability of the questionnaire, Cronbach’s alpha was calculated for both
the entire instrument and the 10 key variables, each representing distinct dimensions of bar-
riers to Sehaty app utilization. The results confirmed that the questionnaire demonstrated
strong internal consistency, making it suitable for further statistical analysis. Addition-
ally, inferential statistics were applied to examine statistically significant differences in
participants’ responses across various demographic groups. Correlation analyses were
conducted to explore relationships among the main variables, offering deeper insights into
the interconnected nature of barriers to mobile health application utilization.

R software (Version 4.3.0) was employed for data visualization, particularly in repre-
senting correlations among the 10 primary variables (themes). Graphical representations
provided a clearer understanding of the relationships between usability, accessibility, pri-
vacy, technical challenges, and other barriers, highlighting potential areas requiring further
intervention. In addition to quantitative analysis, qualitative responses from open-ended
questions were analyzed using a thematic approach. Responses were coded and catego-
rized into distinct themes, with frequencies calculated to determine the most commonly
reported barriers. This thematic analysis provided valuable contextual insights, comple-
menting the quantitative findings and identifying specific user concerns that may not have
been captured through structured survey items.

To ensure the validity and reliability of the findings, collinearity diagnostics were also
conducted. Variance inflation factor (VIF) and Tolerance values were computed to assess
potential collinearity among independent variables. The results indicated that all VIF values
were below 10 and Tolerance values exceeded 0.1, confirming that collinearity was not a
significant concern. Therefore, all variables were retained in the analysis without modification.

3. Results

As seen in Table 1, the questionnaire’s reliability was evaluated using Cronbach’s alpha,
demonstrating robust internal consistency among all variables and the overall instrument.
The Cronbach’s alpha values for individual variables varied from 0.76 (Functionality
Barriers) to 0.92 (Accessibility Barriers), demonstrating strong reliability for each item
subset. The questionnaire exhibited exceptional reliability, evidenced by a Cronbach’s
alpha of 0.95, affirming that the tool is highly dependable for assessing barriers to the use
of the Sehaty app. The results indicate that the questionnaire is reliable and effectively
captures participants’ perceptions across several aspects.
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Table 1. Scale reliability using Cronbach’s alpha test.

Variables Number of Items Cronbach’s Alpha

Technical Barriers 5 0.85
Usability Barriers 5 0.88

Accessibility Barriers 4 0.92
Support and Training Barriers 5 0.85
Privacy and Security Barriers 4 0.89

Communication and Interaction Barriers 4 0.90
Functionality Barriers 4 0.76

User Satisfaction Barriers 5 0.83
Cost and Accessibility Barriers 5 0.83
Time and Productivity Barriers 4 0.89

Entire questionnaire 45 0.95

Figure 1 presents the demographic distribution of participants categorized by app us-
age frequency, smartphone experience, age, education level, and purpose of using mHealth
applications, illustrating key trends in mHealth adoption across different user groups. The
data indicate that younger adults, particularly those aged 26–35 years (105 participants,
25.1%), represent the largest group of mHealth users, followed by those in the 18–25 years
category (79 participants, 20.2%). The frequency of app usage also varies, with a sig-
nificant proportion of users engaging with the Sehaty app daily or weekly (144 users,
34.1%), reflecting a high reliance on digital healthcare services. Similarly, smartphone
experience data reveal that most participants have been using smartphones for over 6 years
(190 participants, 71%), demonstrating a well-established familiarity with mobile technol-
ogy. In contrast, only 31 participants (11%) reported having 1 to 3 years of smartphone
experience, suggesting that digital literacy is generally high within this sample.

Education level further influences mHealth adoption, as the majority of users hold
a bachelor’s degree (82 participants, 29.8%), followed by those with a master’s degree
(78 participants, 28.3%), while a smaller segment of respondents have only a high school
diploma (54 participants, 14.7%). This trend aligns with previous research, suggesting that
higher education levels correspond with greater engagement in digital health solutions.
The purpose of using mHealth applications varies, with the most common reason being
appointment booking (79 users, 39.5%), followed by accessing test results (29 users, 29.5%),
while fewer participants used it for teleconsultation or health record management. These
findings highlight the increasing role of mHealth applications in enhancing healthcare
accessibility and efficiency. They also emphasize the need for user-friendly interfaces and
improved usability features, ensuring that digital healthcare tools remain accessible and
efficient for diverse user demographics, particularly those with lower digital literacy levels.

Figure 2 illustrates the demographic distribution of participants categorized by gender,
health condition, and preferred language for mHealth applications, providing insights
into the user characteristics and language preferences that may influence mHealth adop-
tion and engagement. The first chart presents the gender distribution, revealing that the
majority of participants were male (194 participants, 56.4%), while females constituted
150 participants (43.6%). This suggests a relatively balanced gender representation among
the respondents, though with a slightly higher proportion of male users. The second chart
illustrates the distribution of health conditions among participants, with hypertension
being the most commonly reported condition (210 participants, 61%), followed by dia-
betes (134 participants, 39%). These findings indicate that a significant portion of Sehaty
users rely on the application for managing chronic diseases, reinforcing the importance of
mHealth platforms in supporting long-term disease management.

34



Healthcare 2025, 13, 665

 

Figure 1. Patient demographic distribution by app usage, smartphone experience, age, education,
and purpose of mHealth use.

The third chart highlights the preferred language for mHealth applications, demon-
strating a strong preference for Arabic (210 participants, 61%), compared to English
(134 participants, 39%). This emphasizes the need for mHealth platforms to prioritize Arabic
language support, ensuring that content, navigation, and user assistance are fully accessible
to Arabic-speaking users. The overall findings suggest that gender, health conditions, and
language preferences play a crucial role in shaping mHealth usability and adoption. Ensuring
that digital health services cater to linguistic diversity and chronic disease management needs
could enhance engagement and effectiveness for a broader user base.
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Figure 2. Patient demographic distribution by gender, condition, and the app language used.

Table 2 presents key findings on the challenges users face in utilizing the Sehaty
application, with a particular focus on technical and usability issues. The most significant
technical barrier identified was frequent crashes and application instability, which received
the highest mean score (mean = 4.02). Users also reported difficulties in locating information
within the application (mean = 3.84), indicating navigation challenges, while layout design
was comparatively less criticized (mean = 2.09).

Issues related to support, accessibility, and privacy were also notable. Many par-
ticipants highlighted a lack of instructional support or training for application use
(mean = 2.22), while accessibility concerns, particularly among older users, emerged as a
significant barrier (mean = 3.79). Additionally, privacy concerns regarding data security
and transparency were prominent, with the statement “The application does not provide
enough information about how my data is used” receiving a mean score of 3.93.

Challenges in communication and interaction further impacted the user experience.
Messaging and chat features were particularly problematic (mean = 4.01), while functional-
ity and user satisfaction barriers pointed to key areas needing improvement. Users reported
difficulties in tracking health data effectively (mean = 4.02) and expressed low confidence
in using the application (mean = 3.96). Although cost concerns were minimal (mean = 2.01),
consistent internet access was highlighted as a significant obstacle (mean = 3.99). Overall,
these findings underscore the need for enhanced usability, better support and training, im-
proved accessibility features, and greater transparency in data security to comprehensively
address these barriers.
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The correlation analysis, as illustrated in Figure 3, reveals moderate correlations
between accessibility and support barriers, as well as between time and productivity con-
straints and cost-related barriers. These findings suggest that accessibility challenges often
stem from insufficient training or support, while time management inefficiencies are closely
linked to broader accessibility limitations. In contrast, weak correlations between factors
such as cost and technical barriers indicate that certain challenges may operate indepen-
dently. These results underscore the need for a comprehensive approach to application
enhancement, with a focus on technical reliability, usability, security, and accessibility to
improve user satisfaction and effectively mitigate barriers.

Figure 3. Correlation between main variables.

Further examination of the correlation analysis highlights significant relationships
among the primary barriers faced by users. Notably, strong correlations were observed
among technical, usability, and functionality barriers, indicating that technical issues, such
as crashes and system instability, have a direct negative impact on the user experience and
essential application features. Additionally, user satisfaction was significantly associated
with privacy and security concerns, emphasizing the crucial role of data protection and
transparency in fostering user trust and confidence.

These findings reinforce the interconnected nature of user challenges, suggesting that
addressing one issue, such as enhancing technical stability or improving accessibility, can
lead to broader improvements across multiple aspects of the user experience.

As illustrated in Figure 4, the analysis of statistical differences across demographic
factors and perceived barriers reveals that most comparisons do not exhibit statistically
significant variation. The majority of p-values exceed the conventional threshold of 0.05,
indicating that demographic characteristics, such as gender, age, education, language,
and smartphone experience, do not significantly influence participants’ perceptions of
the identified barriers. However, a statistically significant difference was observed in the
relationship between gender and communication barriers (p = 0.018), suggesting that males
and females experience communication-related challenges in distinct ways.
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Figure 4. p-values for demographic differences.

Additionally, while not reaching statistical significance, the relationships between ed-
ucation and technical barriers (p = 0.069) and smartphone experience and usability barriers
(p = 0.083) approached significance, indicating potential trends that warrant further investi-
gation. In contrast, comparisons such as language and time productivity barriers (p = 0.991)
and smartphone experience and time productivity barriers (p = 0.989) yielded high p-values,
suggesting that perceptions of time and productivity barriers remain consistent across
participant groups.

The limited number of statistically significant differences suggests that the potential
bias introduced by convenience sampling is minimal. If significant bias were present,
greater disparities among demographic subgroups would be expected. The consistency
of responses across various categories strengthens the study’s validity, indicating that
demographic differences do not substantially influence the overall findings. However, the
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notable disparity in gender-based communication barriers highlights the need for further
exploration, potentially through qualitative studies or larger, more diverse sample sizes, to
better understand gender-specific communication challenges in mHealth applications.

The qualitative analysis of open-ended responses identified 12 key themes related
to the challenges patients face when using mHealth applications, including telehealth,
virtual consultations, and follow-up services (see Figure 5). The most frequently mentioned
themes were Technical Issues and Access and Equity, each cited in 15 responses (12.1%).
Patients frequently expressed dissatisfaction with recurrent application failures, prolonged
loading times, and unreliable internet connectivity. Similarly, concerns regarding equitable
access, including unstable internet connections and language barriers, were prominent,
emphasizing the need for improved infrastructure and inclusive application design.

Figure 5. Responses to open-ended question: what other barriers you face when using Sehatty app.
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Other notable themes included Privacy and Security Concerns (12 responses, 9.7%)
and Appointment Scheduling Issues (13 responses, 10.5%). Participants raised concerns
about the storage and protection of their medical data, as well as difficulties in securing
available appointment slots and obtaining timely booking confirmations. Additionally,
themes such as User Interface Design (12 responses, 9.7%) and Engagement with Virtual
Services (10 responses, 8.1%) highlighted challenges in navigating the application and a
reluctance to fully adopt virtual consultations due to a perceived lack of human interaction.

Less frequently mentioned but still significant themes included Cost and Resource
Barriers (8 responses, 6.5%) and Reliability of Data (8 responses, 6.5%), reflecting concerns
about affordability and occasional inaccuracies in health records. These findings provide
valuable insights into the barriers that patients face, underscoring opportunities for enhancing
application design, functionality, and accessibility to improve the overall mHealth experience.

4. Discussion

The findings of this study reveal significant barriers to the utilization of the Sehaty
app among patients with chronic diseases in Saudi Arabia, with technical and usability
issues emerging as the most critical challenges. Frequent app crashes, slow responsive-
ness, and navigation difficulties were identified as primary obstacles, contributing to user
dissatisfaction and reduced engagement. These findings align with the work of Giebel,
Abels [9], who identified technical instability as a major deterrent to digital health adoption,
negatively impacting user trust and engagement. Similarly, usability concerns, particularly
difficulties in locating essential features and the complexity of the user interface, support
the observations of Zhou, Bao [8], who emphasized the role of poor design and navigation
challenges in limiting mHealth adoption. Comparable results were reported by Nurgalieva,
O’Callaghan [25], who highlighted security and privacy concerns as additional obstacles in
mHealth use, leading to diminished patient confidence.

The findings of this study align with prior research on the usability of the Sehaty ap-
plication while also revealing important differences in user experiences. Similar to Ali [26],
the results indicate that although many users found Sehaty easy to use, a significant portion
remained neutral, suggesting that usability challenges persist, particularly in terms of navi-
gation and accessibility. Banwas, Ajina [27] further reinforce this observation, highlighting
that urban users reported higher ease of use and satisfaction, whereas provincial users faced
greater challenges, likely due to differences in digital literacy and access to high-speed inter-
net. Additionally, Dawood and Alkadi [17] provide a comparative assessment of Sehhaty’s
usability and reliability, demonstrating that while the application performed moderately
well, users remained skeptical about its ability to fully replace traditional in-person health-
care services. This finding is consistent with the usability barriers identified in the present
study, particularly regarding technical instability, slow responsiveness, and navigation
difficulties, which may undermine user confidence in mHealth solutions. While Ali [26]
noted that Tawakkalna was perceived as more user-friendly than Sehaty, the present study,
along with Banwas, Ajina [27], emphasizes that Sehaty’s usability varies across different
user demographics, with urban users reporting a more favorable experience compared to
those in underserved areas.

A similar trend is observed in European mHealth research, where studies have noted
that a lack of user-friendly technology and simple user interfaces remains a major barrier
to adoption. For example, Stefanicka-Wojtas and Kurpas [28] identified that even in well-
developed healthcare ecosystems, digital health platforms often struggle with accessibility
issues, leading to disparities in user experiences across different demographic groups.
Similarly, Hassanaly and Dufour [23] found that mHealth applications in Europe suffer
from usability challenges related to interface complexity and inconsistent user experiences,
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particularly for older adults and individuals with limited digital proficiency. Collectively,
these findings highlight the need for targeted usability improvements, including enhanced
interface design, system stability, and accessibility features, to ensure that Sehaty effectively
meets the needs of diverse user populations.

Beyond technical challenges, privacy and security concerns emerged as significant
barriers, as participants expressed apprehension regarding data safety and transparency.
This is consistent with findings from Kansiime, Atusingwize [1], who highlighted privacy
concerns as a major impediment to mHealth adoption, particularly when users lack clarity
about data collection and usage policies. A systematic review by Alhammad, Alajlani [29]
further corroborates these concerns, emphasizing that data confidentiality issues signif-
icantly impact user trust and willingness to engage with mHealth solutions. Another
systematic review conducted in the United States identified legal challenges, particularly
privacy regulations, as a significant barrier to mHealth adoption. The study emphasized
that stringent compliance requirements not only complicate implementation but also hinder
the scalability and widespread integration of digital healthcare solutions [23]. Moreover, a
study conducted in Europe by Iwaya, Ahmad [30] highlighted that inadequately imple-
mented security protocols not only jeopardize patient data but also erode trust in digital
healthcare applications.

Accessibility barriers were also evident, particularly among older adults and individu-
als with disabilities, reflecting challenges in interface design, navigation, and ease of use.
These findings are consistent with Byambasuren, Byambasuren, Beller [10], who noted
that underserved populations, including the elderly, often struggle with mHealth adoption
due to insufficient accessibility features and limited technical support. The study by Liu,
Lu [31] supports this, suggesting that self-efficacy and privacy concerns influence digital
health adoption, particularly for users with lower digital literacy. Enhancing accessibility
through larger fonts, simplified navigation, voice assistance, and multilingual support
could significantly improve usability for diverse user groups.

Interestingly, cost was not identified as a major barrier, contrasting with findings from
studies conducted in low-income settings, where financial constraints hinder mHealth
adoption. This discrepancy may be attributed to the subsidized nature of the Sehaty app
and its alignment with Saudi Arabia’s Vision 2030 initiative, which aims to expand digital
healthcare access. However, time-related barriers, such as inefficiencies in task completion,
redundant workflows, and slow processing speeds, were frequently reported, echoing the
concerns raised by [11], who found that poorly optimized mHealth applications fail to
streamline healthcare management tasks. This finding aligns with the study by Alenoghena,
Onumanyi [32], which discusses how technological limitations, including weak internet
infrastructure, can hinder the efficiency of digital health solutions.

These findings underscore the interconnected nature of user challenges, where im-
provements in technical stability and usability could also enhance time efficiency and
overall user satisfaction. Additionally, further research could explore the intersection of
security measures, usability enhancements, and accessibility improvements to create a more
comprehensive approach to overcoming mHealth adoption barriers. With the global expan-
sion of digital health solutions, addressing and mitigating barriers to mHealth adoption is
critical to ensuring their effective integration into healthcare systems. As governments and
healthcare providers increasingly incorporate digital health technologies, the findings of
this study provide valuable insights for the development of user-centered, secure, and ac-
cessible mHealth platforms. In the post-pandemic era, where reliance on telehealth services
has significantly increased, overcoming usability and security challenges has become more
essential than ever. By informing future policy and design improvements, this research can
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contribute to advancing digital health equity, ensuring that mHealth solutions effectively
serve diverse populations and enhance healthcare delivery at scale.

To enhance the practical applicability of the proposed improvements, a structured
approach is recommended, categorizing them into short-term, mid-term, and long-term
strategies to ensure systematic and sustainable enhancements. Short-term strategies should
prioritize addressing critical technical issues, including reducing application crashes, im-
proving system responsiveness, and optimizing navigation through immediate software
updates and user interface refinements. Mid-term strategies should focus on enhancing
data privacy measures, expanding accessibility features for individuals with disabilities,
and implementing comprehensive user training programs to improve digital literacy and
engagement. Long-term strategies should involve leveraging advanced analytics to monitor
user behavior, integrating AI-driven personalization to enhance usability, and conducting
regular user experience assessments to facilitate continuous improvements. By adopting a
phased and strategic approach, the Sehaty app can achieve progressive enhancements, ulti-
mately leading to higher user adoption, improved engagement, and long-term satisfaction
in the evolving digital healthcare landscape.

4.1. Strengths and Limitations

This study offers several strengths. It provides a comprehensive evaluation of barriers
to mHealth application adoption, focusing on the Sehaty app, a widely used digital health
platform in Saudi Arabia. By examining technical, usability, privacy, accessibility, and time-
related constraints, the study presents a holistic perspective on user challenges. Additionally,
the inclusion of diverse demographic groups, including older adults and individuals with
disabilities, enhances the study’s applicability to marginalized populations. The use of a
systematic questionnaire ensures consistency across participants, while the application of
statistical analysis, including correlation assessments, adds depth to the findings.

Nonetheless, some limitations should be acknowledged. The study’s reliance on
self-reported data may introduce response bias, as participants’ subjective experiences may
not fully reflect objective assessments of app performance. Furthermore, the cross-sectional
design limits the ability to establish causal relationships between perceived barriers and
app adoption patterns. While the sample size is substantial, it may not fully represent all
patient demographics, particularly those in rural or underserved regions. Additionally,
the findings are specific to the Sehaty app and may not be generalizable to other mHealth
platforms in different cultural or healthcare contexts.

4.2. Future Research Directions

Future research could address these limitations by adopting longitudinal study designs
to assess changes in user experiences over time. Incorporating objective performance
metrics, such as application log data and error reports, could complement self-reported
insights and provide a more accurate representation of usability challenges. Furthermore,
comparative analyses across various mHealth platforms could offer broader insights into
best practices for enhancing digital health adoption. Given the gender-based differences
observed in communication barriers, future studies could also explore these disparities
through qualitative methods or larger, more diverse samples to better understand how
communication preferences and challenges vary across user groups.

5. Conclusions

The findings of this study emphasize the critical need for targeted improvements in
technical stability, usability, security, and accessibility to enhance the adoption and effective-
ness of the Sehaty app. While technical and usability issues emerged as the most prominent
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barriers, privacy concerns, accessibility limitations, and time-related inefficiencies also
significantly affected user experiences. The study highlights the interconnected nature of
these challenges, suggesting that enhancing key aspects of the application, such as stability,
navigation, and security, could have positive ripple effects on user confidence, engagement,
and overall satisfaction.

To address these challenges, the study proposes actionable recommendations for im-
proving accessibility and security, including integrating assistive technologies for users
with disabilities, enhancing data transparency and security protocols, and streamlining
navigation and task completion workflows. Additionally, future research should incorpo-
rate longitudinal studies to assess the long-term impact of these improvements on user
adoption and satisfaction. A user-centered design approach, incorporating accessibility
enhancements, robust security measures, and optimized workflows, is essential for maxi-
mizing the impact of digital health initiatives and ensuring equitable healthcare access in
Saudi Arabia.
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Abstract: Purpose: To investigate community-acquired pressure injuries (CAPIs) in older
people by utilizing big data. Design: Retrospective data curation and analysis of inpatient
data from two general medical centers between 1 January 2016 and 31 December 2018.
Methods: Nursing assessments from 44,449 electronic medical records of patients admitted
to internal medicine departments were retrieved, organized, coded by data engineers,
and analyzed by data scientists. Potential explanatory patient characteristics tested were
gender, age, admission indices, nursing assessments including CAPIs, CAPI type and
location, vital signs, and the results of lab tests within the first 36 h of admission. Findings:
Most CAPIs were located in the buttocks (56.9%), followed by the sacrum (11.8%), ankle
(10.8%), trochanter (5.1%), and leg (3.9%). Tissue associated with CAPIs was described as
necrotic, serotic, bloody, granolithic, epithelial, and infected. There were 31% of first-degree
CAPIs, 41% second-degree, and 18% third-degree. Previously unacknowledged patient
characteristics associated with CAPIs are as follows: age, oxygen use, intestinal function,
the touch senses of heat and pain, albumin, RDW (red cell distribution width), and systolic
blood pressure. Conclusions: The novel indicators for CAPIs underscore the importance
of data-driven approaches in detecting and preventing CAPIs in community care. These
markers can detect and prevent pressure ulcers in the community, particularly among the
elderly. Relevance for Clinical Practice: Nursing management is called upon to integrate
information about novel patient characteristics associated with CAPI into clinical practice.
Assimilating the insights from this hospital nursing-led study into community nursing will
enhance the safety and quality of care for the elderly.

Keywords: big data; community-acquired pressure injuries; hospital; indicators; informatics;
nursing clinical data; nursing homes

1. Introduction

The increase in life expectancy and the expected growth of the elderly population
requires nurses to exploit data from various sources and healthcare facilities to improve
the quality of care for the elderly in long-term care settings. Nursing informatics, which
integrates nursing science with analytical science, can identify patients at risk and manage
and communicate data in the evolving healthcare environment [1]. For example, employing
predictive algorithms to identify high-risk situations can reduce readmissions and improve
elderly patient outcomes [2]. The current study focuses on pressure injuries (PIs).
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PIs are localized damage to the skin and/or underlying soft tissue due to intense
and/or prolonged pressure, possibly in combination with shearing or from the use of a
medical device. They are a frequent complication in patients with comorbidities and are
associated with a higher risk of mortality [3]. Indeed, PIs are acknowledged to be one
of the most significant signs of mistreatment and insufficient safety in the elderly [4,5].
Importantly, the associated morbidity, mortality, psychological distress, and vast annual
expense due to hospital care may be preventable [6–10].

In this context, previous studies have long associated PIs with low-quality care and
adverse health outcomes, especially among bedridden patients [5,11]. Several advisory
panels have concluded that addressing PIs is a high priority [5,12].

PIs in the home or nursing home are a common consequence of lack of mobility
support, insufficient methods of prevention, or poor understanding of skin breakdown and
its consequences [5,13]. PIs on admission refer to PIs that are acquired in the community
and are identified on hospitalization [14]. Such events are very common [5,12,15], with
77% of patients admitted to the hospitals presenting with community-acquired pressure
injuries (CAPIs), even though only 21.4% were receiving homecare services for these PIs
prior to their admission [4]. It should be noted that another study reported the prevalence
of CAPIs as 7.4%, of which 76.1% were admitted from the community and 23.9% were
admitted from long-term care institutions [16]. Still, other reports estimate the prevalence
of CAPIs between 3.3% and 11.1% [4,17]. Accumulated data from long-term care, nursing
homes, and rehabilitation facilities indicate a value ranging between 0.40 and 0.77 per
1000 adults [16,18]. Most CAPIs (58%) are superficial (Stage 1 or 2), 15% are deep-tissue
PIs, and 22% are full-thickness PIs (Stage 3, 4, or unstageable). The most common anatomic
locations for PIs are reported to be the ears (29%) and the feet (12%) [18].

A recent meta-analysis described the difficulty of prevention and treatment of PIs,
whose continuous impact on clinical outcomes has a considerable cost [19]. This has led
to growing efforts to prevent and treat PIs in hospitals. One study described a decision
support model for the prevention of CAPIs in veterans with a spinal cord injury [20].
However, while nurses are responsible for the risk assessment of PIs in hospitals where
they can use electronic health records to predict issues, the community lacks valid decision
support tools for PIs, and there is a paucity of research into the prevention of PIs in the
community [21,22]. Similarly, there is little information about CAPI-associated patient
characteristics that could be useful for prevention [4,8,13,16,18,19,22–24].

A review of the last decade of literature indicates that the development of CAPIs is
associated with a complex interplay of factors, but there remains a lack of understanding
of the components and outcomes associated with effective care of CAPIs in the commu-
nity [25]. Notably, most efforts to prevent PIs relate to events in acute care settings, and
no study on CAPIs in the last decade has included socioeconomic factors [25]. There is,
therefore, a consensus that developing comprehensive strategies to mitigate the occurrence
and impact of CAPIs would be of great use [25]. This nurse-led research project used a
big data analysis approach to examine the prevalence of CAPIs and identify predisposing
characteristics among elderly patients admitted to hospitals from community nursing
homes. To the best of our knowledge, this is the first study to use big data to identify risk
factors for CAPIs based on hospital clinical data and nurse assessments.

2. Methods

2.1. Study Design

This was a retrospective study of elderly hospitalized adults discharged from inter-
nal medicine wards. Data were collected from electronic medical records from various
departments in two general Israeli medical centers (900 and 350 beds) over 3 years (from
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1 January 2016 through to 31 December 2018). The data were anonymized to satisfy reg-
ulations protecting patient privacy and to reduce the ethical challenges, but this made it
impossible to analyze CAPI by socioeconomic status [26]. Patients with a comorbidity
known to be associated with the indicated diagnosis (e.g., metastatic cancer) were ex-
cluded. The database of hospital records provided a diverse and large collection of mostly
structured patient clinical data, including prior disease information, blood test results,
descriptions of procedures, and patients’ assessment by nurses upon admission.

2.2. Study Variables

A dataset was created for this study using a predetermined code for PIs to identify
patients with CAPIs at admission. Patients arrived at the medical centers from community
nursing facilities or nursing homes. The presence of CAPIs was ascertained by the first
skin assessment after hospitalization from the emergency department and/or within 36 h
of admission to an internal medicine department. While the standard timeframe for
CAPI identification is 24 h, preliminary analysis revealed no significant differences in
the results after 24 or 36 h post-admission. Therefore, following expert consultation, the
assessment window was extended to 36 h to reflect actual clinical practice while maintaining
assessment validity.

Potential explanatory variables included the following: demographics (gender and
age); clinical indicators (oxygen use, intestinal function, sensory impairments, e.g., heat
and pain perception) and vital signs; laboratory results (albumin levels, red cell distribution
width (RDW), and systolic blood pressure).

Patients readmitted within seven days of discharge (n = 2831, 6.3%) were excluded
to avoid confounding hospital-acquired pressure injuries with CAPIs. This exclusion
criterion was implemented because patients with recent hospitalizations have an altered
risk profile due to their recent exposure to the hospital environment, and any pressure
injuries identified upon readmission may have originated during their previous hospital
stay rather than in the community setting.

Additionally, incomplete skin assessments (46.6% of records) were excluded. Compar-
isons of included and excluded cases showed no significant differences in demographic or
clinical characteristics, suggesting random missingness. Due to the critical nature of the
skin assessment data, imputation was not applied.

We avoided imputation because the skin assessment data were considered crucial to
the primary outcome measure. Potential selection bias was examined by comparing the
demographic and clinical characteristics (age, gender, and admission indicators) of the
included and excluded cases.

2.3. Data Analysis

This study employed state-of-the-art big data analysis of patients with CAPIs upon
admission to the hospitals and during their hospitalization in internal medicine, cardiology,
hematology, and oncology departments. Data were retrieved and then organized and
coded by data engineers to a data cloud dedicated to this study. They were then analyzed
by data scientists to identify indicators for CAPIs that could be used for prevention and
early treatment in the community, thereby avoiding hospitalization.

Categorical variables are presented by frequencies and percentages, with medians and
interquartile ranges (IQR) used for continuous variables. Chi-squared tests were conducted
on categorical variables, with Kruskal–Wallis tests used for continuous variables. Logistic
regression was used to calculate the unadjusted odds ratio (OR), with a 95% confidence
interval (CI) for CAPIs. A multivariate model for estimating the adjusted ORs of the
clinical variables for CAPIs was assessed using logistic regression with a 95% CI. Data
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were collected and analyzed using Python software (version 3.6) and the Stats Models
package (version 0.12.1). The categorical variables were recorded using dummy coding
since one category for each was used as a reference category. An example is the binary
categorical variables such as “mobility,” where 0 stands for “no impairment” and 1 implies
“impairment.” For polytomous variables with greater than two categories, their levels are
contrasted in the logistic regression model.

This ensured the proper inclusion and interpretation of these variables in the multi-
variate model.

Multivariate logistic regression was used to assess the relationship between the ex-
planatory variables and CAPIs. Variables with clinical relevance and statistical significance
in univariate analysis were included in the final model. Adjusted odds ratios (ORs) with
95% confidence intervals (CIs) quantified the strength of associations. The final model
included pseudo-R2 (0.3244) as a measure of goodness-of-fit. Pseudo-R2 is used in logistic
regression to assess the explanatory power of the model. While it is not directly comparable
to R2 in linear regression, it provides a relative measure of how well the model explains the
variability in the outcome. Analyses were performed using Python (version 3.6) and the
StatsModels library (version 0.12.1).

3. Findings

A total of 44,495 medical records of hospitalized patients admitted to hospitals in the
3-year period were analyzed. We excluded 2831 (6.3%) for readmissions and 20,745 (46.6%)
for lacking full skin assessments. In the process of admission to the emergency department,
2448 (5.5%) patients were diagnosed with CAPIs, of whom 1178 were female (48%) and
1270 male (52%), with an age range between 71 and 80 years. Nearly half (49.8%) of the
patients were hospitalized for seven or more days. Table 1 presents the demographics,
including gender, age, admission indicators, nursing assessments reported by nurses, vital
signs, and the results of lab tests conducted within 36 h of admission.

Table 1. Study population.

Sub Population Events %

Positive Skin Assessment (Within 36 h) 2448 5.5%

Negative Skin Assessment (Within 36 h) 18,471 41.5%

Readmission 2831 6.3%

Missing Skin Assessment 20,745 46.6%

Total Basic Population 44,495

The prevalence of CAPI was analyzed by considering the location, attributes, and
degree/stage. Most CAPIs were located in the buttocks (56.9%), followed by the sacrum
(11.8%), ankle (10.8%), trochanter (5.1%), and leg (3.9%). Tissue associated with CAPIs
was described as necrotic, serotic, bloody, granolithic, epithelial, and infected. The most
common grade of CAPIs (41%) was second-degree, with 31% rated as first-degree and 18%
as third-degree. Table 2 presents the type, degree, and location of the observed CAPIs.

The results of regression analysis designed to identify indicators of CAPI are presented
after adjustment for extreme and missing values. Most variables were categorical, except
for individual continuous variables (e.g., age, number of CAPIs). Multivariate logistic
regression was used to estimate the adjusted OR of the clinical variables for CAPIs. Table 3
presents variables that were significantly associated with CAPIs.
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Table 2. Distribution of CAPIs based on assessment at admission (n = 2448).

Variable Missing * Number of Patients and %

Ulcer area

174 Less than 15 patients

Trochanter 126 (5.1)

Ear Less than 15

Abdomen Less than 15

Back 15 (0.6)

Chest Less than 15

Arm Less than 15

Foot 19 (0.8)

Shoulder Less than 15

Face Less than 15

Genitalia Less than 15

Sacrum 290 (11.8)

Buttock 1393 (56.9)

Spine Less than 15

Ankle 265 (10.8)

Neck Less than 15

Leg 96 (3.9)

Degree of pressure injury

1 254 681 (31.0)

2 901 (41.1)

3 396 (18.0)

4 216 (9.8)

Necrotic Tissue
No 2253 (92.0)

Yes 195 (8.0)

Serotic Tissue
No 2222 (90.8)

Yes 226 (9.2)

Bloody Tissue
No 2383 (97.3)

Yes 65 (2.7)

Granolithic Tissue
No 2266 (92.6)

Yes 182 (7.4)

Epithelial Tissue
No 1996 (81.5)

Yes 452 (18.5)

Infected Tissue
No 2285 (93.3)

Yes 163 (6.7)
* In big data analysis less than 15 is considered marginal and is not reported.

These results reveal significant variability in the effect sizes of different predictors.
For example, mobility exhibited the highest adjusted OR (6.263), indicating a very strong
association with CAPIs. Conversely, variables like age and systolic blood pressure had
smaller adjusted ORs, suggesting weaker, though still significant, relationships. These
findings emphasize the multifactorial nature of CAPIs and highlight actionable areas for
intervention, such as improving mobility and monitoring albumin levels in at-risk patients.
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Table 3. Patient characteristics associated with CAPI on admission.

Characteristics Adjusted OR Adjusted OR CI Adjusted p-Value Unadjusted OR Unadjusted OR
CI

Age on admission 1.0102 [1.01, 1.01] 0.0000 1.039 [1.04, 1.04]

Multi-pharmacy 1.0132 [1.01, 1.02] 0.0001 1.0224 [1.02, 1.03]

Albumin level (lab) 0.9459 [0.94, 0.95] 0.0000 0.9167 [0.91, 0.92]

Red cell Distribution Width 1.0623 [1.04, 1.09] 0.0000 1.1141 [1.1, 1.13]

Systolic blood pressure 0.9952 [0.99, 1.0] 0.0008 0.9871 [0.99, 0.99]

Intestinal functions 1.9262 [1.62, 2.29] 0.0000 10.1404 [9.2, 11.17]

Eating habits 1.6759 [1.41, 1.99] 0.0000 9.0266 [8.23, 9.9]

Mobility 6.263 [5.0, 7.84] 0.0000 20.3565 [17.71, 23.4]

Conscious state 1.1814 [1.0, 1.39] 0.0477 6.6144 [5.97, 7.33]

Assessment of Senses 1.8584 [1.56, 2.21] 0.0000 3.6194 [3.23, 4.05]

Notes: Pseudo R2 = 0.3244; First skin assessment within 36 h from admission.

4. Discussion

This study used big data to identify risk factors for CAPIs based on hospital clinical
data and nurse assessments. The results of this big data study shed light on the char-
acteristics and risks associated with CAPIs among elderly patients who arrived at the
hospitals from nursing homes. The findings represent valuable insights that can be used to
guide nursing practice in the community and inform future research and implementation
strategies. Since CAPIs are often underreported in the community and there is conse-
quently inadequate follow-up [27], our identification of new characteristics and risk factors
associated with CAPIs provides an essential foundation for the development of preven-
tive measures in community care [4,8,16,18,21–24]. A recent review of studies on CAPIs
published over the last decade indicates that the development of PIs has been associated
with a complex interplay of factors, although there remains a lack of understanding of the
components associated with PI care in the community [25].

Risk factors previously considered to be associated with CAPIs include older age,
impaired mobility, multiple comorbidities, and malnutrition [28,29]. A piezoelectric motion
sensor, which provides a movement score based on the mean number of movements per
hour, was used to assess patient mobility [30].

Interestingly, our findings identify polypharmacy as a key contributor to CAPIs.
Polypharmacy is defined as the use of multiple medicines, which is a common practice
in the older population and is associated with multimorbidity and adverse outcomes,
including mortality, falls, adverse drug reactions, increased length of stay in hospital, and
readmission to hospital soon after discharge [30]. Additional newly revealed contribut-
ing factors to CAPIs were poor albumin levels, RDW, systolic blood pressure, and poor
intestinal function. Our results also suggest new locations for the development of CAPIs,
namely in the buttocks (56.9%), sacrum (11.8%), ankle (10.8%), trochanter (5.1%), and leg
(3.9%) (Figure 1). Tissue descriptions associated with CAPIs were necrotic, serotic, bloody,
granolithic, epithelial, and infected. This new information can facilitate the ability of nurses
to detect and manage PIs in the community.

Our results identify a strong hospital–community linkage, which introduces the po-
tential for data-driven preventive measures and aligns with the principles of nursing
informatics, where evidence-based practices are translated from data analysis to improve
patient outcomes. Information about patients from nursing homes, gathered during hos-
pital admissions, can enable community nurses to prevent morbidity and complications
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in elderly patients. The integration of data between hospital and community settings
becomes ever more crucial, especially with the trend towards shorter hospitalizations and
the provision of more care in the community.

Figure 1. CAPI Distribution.

Without targeted efforts to prevent CAPIs, there is a risk of repeated cycles of deterio-
ration and readmission. Our results recommend informing clinical practice in community
care based on big data analysis of high-quality evidence from hospital nurses who priori-
tize the prevention of CAPIs in the elderly. Community settings for the elderly have long
been alerted to the need to provide safer care to patients through proactive diagnosis and
treatment [30].

4.1. Managerial Implications

The insights from this study support those within the existing literature, such as the
report by Friedman et al. [31] that elderly individuals with lower scores for daily activities
had the highest rate of CAPIs. The vital role of nurses in preventive care and promoting
quality of care makes an essential contribution to the economic and administrative aspects
of community healthcare [19]. Nurses, armed with data they record and manage, can
integrate effective preventive innovations, thereby enhancing patient safety and overall
care quality [32]. The results of our study reinforce the pivotal role of nurses as the primary
repository of patient knowledge and data, both in community settings and hospitals [33,34].

Previous studies have introduced various applications (Apps) for the prevention and
treatment of PIs in acute care, which classify PIs through image processing on mobile
devices [35]. The user uploads a photograph of the PI into the App, and the image is then
processed to evaluate the probable stage of the PI based on an implemented algorithm,
which then suggests cleaning procedures and provides the recommended treatment for
the tissue type [36]. Since PIs are more common at home and in nursing homes where
insufficient knowledge may hinder real-time care [4,13], we suggest that it may be useful
to transform the informatics presented in this study into an AI-based App for community
nursing care of PIs [1,37].
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4.2. Study Limitation

The big data utilized in this study were obtained from two medical centers (900 and
350 beds, respectively) in Israel, which limits generalizations and calls for repetition. While
these centers serve diverse populations and receive referrals from multiple community
settings, we acknowledge that patterns of CAPIs may differ in other contexts, particularly
in rural areas or smaller healthcare facilities with different resource levels and patient
populations. In addition, the centers included in our study are major referral hospitals
that may receive more complex cases and thereby affect the observed patterns and severity
of CAPIs. Future multi-center studies incorporating a broader range of hospital types
and geographical locations would be valuable to validate our findings across different
healthcare settings and patient populations.

The exclusion of 46.6% of records due to incomplete skin assessments also represents a
potential limitation. While our analysis of baseline characteristics suggests that the missing
data was random, we cannot completely rule out selection bias. Future studies should
emphasize complete documentation of skin assessments to minimize missing data and
should consider employing multiple imputation methods when appropriate.

4.3. Conclusions

As health systems endeavor to enhance care quality while managing costs, address-
ing and preventing CAPIs becomes ever more imperative [23,38]. Nurse managers play
a crucial role in promoting awareness of data-intensive analysis and knowledge-based
nursing management in both hospital and community settings. The shifting landscape of
patient care, with a trend towards shorter hospitalizations and increased community care,
emphasizes the need to integrate information seamlessly between these environments. Our
study advocates for the development of proactive measures to prevent CAPIs and encour-
ages routine PI assessments in the community. The identification of new characteristics
associated with CAPIs provides a foundation for targeted interventions. Nurse managers
are encouraged to prioritize the integration of these characteristics into routine assessments,
leveraging continuous data quantification for timely identification and prediction of PIs.

Our findings align with those of other studies on PIs in hospitals, thereby emphasizing
the value of routinely collecting and assessing data [21]. This approach tasks community
nurses with identifying patients at high risk of PIs and provides information for perfor-
mance improvement. As the healthcare landscape evolves, the insights from this study
underscore the pivotal role of data-driven strategies in preventing CAPIs, with the ulti-
mate aim of enhancing patient care, minimizing complications, and optimizing resource
utilization in both hospitals and the community [22,39].
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Abstract: Introduction: Office hysteroscopy (OH) offers a “see and treat” strategy, enabling
most gynecological conditions to be addressed outside the operating room without anes-
thesia. Despite its convenience, the associated pain and stress remain significant barriers to
its widespread success among women. Both pharmacological and non-pharmacological
interventions have been explored to mitigate these challenges, albeit with mixed outcomes.
Methods: This study aimed to evaluate the effectiveness of virtual reality (VR) in reducing
pain and stress associated with OH using objective measurements. Results: Our findings
indicate that VR significantly reduced pain during OH compared to the control group
(−1.08, 95%CI; −1.93–0.23, on the Visual Analogue Scale (VAS), p = 0.013) and 10 min post-
procedure (−1.24, 95%CI; −1.99–0.48, p = 0.001), without significant effects on stress-related
variables. Stratified analyses further revealed that the efficacy of VR in pain reduction
is influenced by individual patient characteristics, with greater effectiveness observed in
women with lower baseline stress, premenopausal status and a history of childbirth, regard-
less of vaginal delivery. Conclusions: VR represents a promising strategy for managing
OH-associated pain, with its effectiveness largely depending on patient-specific variables.

Keywords: office hysteroscopy; virtual reality; pain; anxiety; stress; gynecology; analge-
sia; trial

1. Introduction

Hysteroscopy is a minimally invasive endoscopic technique that enables direct vi-
sualization of the uterine cavity and constitutes the gold standard for the diagnosis and
treatment of most intrauterine pathologies, such as endometrial polyps, submucosal fi-
broids or uterine malformations [1]. Improvements in instrumentation and techniques have
enabled these procedures to be performed in an office setting without anesthesia [2]. Office
hysteroscopy (OH) marked a significant paradigm shift in gynecological interventions [3],
notably reducing the costs associated with traditional operating-room procedures [4] and
allowing for a “see and treat” approach, enabling therapeutic intervention immediately
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after observing any pathological condition in the same session [5]. Additionally, OH with-
out anesthesia provides a quick recovery and a faster reincorporation of the patient into
normal daily activities. OH has proven highly effective in addressing most gynecological
conditions [1,6] with a 90% success rate [7]. Despite its benefits, the primary limitation
of OH remains the pain associated with the procedure, reported in many cases as moder-
ate and severe [8]. This significantly affects patient’s tolerance and occasionally leads to
discontinuation of the technique [9,10].

Several factors may affect patients’ tolerance of the OH procedure, such as vaginal
delivery history, menopausal status or chronic pain [11–13]. In addition to these factors,
anxiety plays a crucial role in influencing the perception of pain and, therefore, in the
acceptance of the procedure [14,15]. Several studies have shown that longer waiting times
before the procedure [16] and the low expertise of the specialist performing OH [9] can
increase patient anxiety and pain perception. Therefore, addressing both factors is essential
for improving the overall acceptance and success of the procedure and highlights the need
for effective strategies applicable to all patients.

Efforts to alleviate pain and anxiety associated with OH have led to the exploration
of several pharmacological strategies, including nonsteroidal anti-inflammatory drugs
(NSAIDs), local analgesics, opioids and paracervical blocks [17]. However, given the
subjective nature of pain perception [17], there is extensive heterogeneity in the results
obtained for each therapeutic approach [5,18–21].

Relatively recent efforts have focused on non-pharmacological strategies for pain
reduction. A particularly promising innovation is the use of virtual reality (VR) devices that
can recreate three-dimensional (3D) immersive environments. This technology is becoming
increasingly accessible in medical settings, demonstrating success in reducing pain and
anxiety for patients undergoing treatments like burn wound care, dental procedures, labour,
and minor gynecological procedures [22–27]. However, when applied to OH, there are few
studies published on this topic, with a low number of patients and inconsistent results.
Some studies have highlighted its effectiveness in alleviating discomfort [8,28], while
others reported no significant improvements in pain and anxiety levels [29–31]. The overall
conclusion of these studies indicates the necessity for further research involving a larger
sample size to enhance the generalizability of the findings.

For this reason, in this study, we aimed to assess the efficacy of VR in OH patients,
focusing on pain and stress levels and using objective measures to overcome the limitations
of previous research. In the following sections, we will describe the materials and methods
used in the study, followed by the presentation of the results. Finally, a comprehensive
review and comparison of the relevant studies has been conducted and will be presented in
detail in the Section 4, providing the necessary context for the interpretation of the results.

2. Materials and Methods

2.1. Study Design

An unblinded, randomized, parallel-group and open clinical trial was conducted
at two tertiary hospitals (Santa Creu i Sant Pau Hospital. Barcelona, Spain; and Arnau
de Vilanova Hospital. Lleida, Spain) between February 2020 and June 2023 (Figure 1).
The study was approved by and regulated by the ethics committees of both centres and
registered on ClinicalTrials (code NCT04721587).
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Figure 1. CONSORT diagram of the study.

2.2. Study Participants and Eligibility Criteria

Patients scheduled for an office hysteroscopy were invited to participate in the study
and were selected based on the eligibility criteria: over 18 years of age, able to understand
and accept the study procedures (hysteroscopy, 3D VR protocol pre- and during the
procedure, physiological measurements of stress- and pain-related parameters, anxiety,
pain and satisfaction reports regarding the procedure), and not taking anxiolytic treatment.
All participants signed the informed consent and were excluded from the clinical trial
if they met one or more of the following exclusion criteria: inability to understand the
study’s characteristics and procedures; under 18 years of age; pregnant; and having a prior
diagnosis of an anxiety disorder (or being under anxiolytic treatment), psychosis, or other
severe mental disorders due to the close relationship between anxiety and the perceived
level of pain, as well as the modulation of these levels by anxiolytic drug,; additionally, as
recommended by VR device manufacturers, we excluded women suffering from vertigo,
epilepsy, or an active ear infection or with a diagnosis of arterial hypertension or the
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presence of cardiovascular diseases as they should not use this technology due to the
potential risk of exacerbating their underlying condition.

2.3. Recruitment and Randomization Process

After accepting participation in the study and signing the informed consent, partici-
pants were randomly allocated a group through a secure computer online system with a
randomization scheme based on a permuted block of random block sizes (Clinapsis soft-
ware v.1 [32], which was applied to assist in the design and management of epidemiological
and clinical studies and designed by the Statistics and Methodological support unit of
the Research Institute of Santa Creu i Sant Pau Hospital); this ensured equal probability
for both interventions. Due to the nature of the study, blinding of patients or healthcare
professionals was not feasible; however, the allocation was concealed until randomization.
Those patients in the intervention group were equipped with a portable, standalone VR
headset PICO G2 (Pico XR, Mountain View, CA). Women allocated to the control group
did not receive the VR headsets, and the OH was performed as a routine procedure. The
required sample size for this study was determined based on a minimum detectable dif-
ference of 1.5 points on the VAS for pain perception, with an assumed standard deviation
(SD) of 3 points. A potential rate of non-assessable cases below 10% was considered,
alongside a probability of a type I error set at the usual value of 5% (alpha of 0.05), with a
minimum required power of 80% (type II error, beta of 0.20). The sample size was calcu-
lated as 160 participants; however, due to recruitment constraints related to the COVID-19
pandemic, the final enrollment included 80 patients in the CTL group and 79 in the VR
group.

2.4. Hysteroscopy Procedure

All procedures were performed in an office setting according to the centres’ standard
clinical practice. The procedures were performed by four experienced consultant gyne-
cologists (JE, MB, MS, JP). Hysteroscopic instrumentation (scissors and graspers, tissue
removal devices, bioplar electrodes) was selected by the facultative based on patient’s
pathology and the specific procedure required, following clinical criteria. The different
hysteroscopes available were 5.0 mm (Truclear 5C) or 4.3 mm (Bettochi) rigid hysteroscopes.
Hysteroscopy was performed using a vaginoscopic approach (without speculum or cer-
vical tenaculum), with 0.9% saline solution used as a distension medium with pressures
ranging 80–100 mmHg. Thirty minutes before the hysteroscopy, all the participants were
administered a single 600 mg dose of Ibuprofen and a single 2.5 mg dose of Diazepam,
as per routine clinical practice. No additional local anesthesia or recovery analgesia was
administered beyond the standard protocol.

2.5. VR Intervention

Patients allocated to the intervention group underwent OH as stated above, with the
addition of a VR experience. VR environments were provided by a portable, standalone
VR headset PICO G2 (Pico XR, Mountain View, CA, USA), with a head-mounted display
with built-in audio speakers. Prior to the hysteroscopy procedure, patients in the VR group
viewed a 7 min conscious and guided relaxation “body-scan” procedure, a recognized
relaxation technique in mindfulness and meditation supported by scientific evidence [33]
(environment developed by XRHealth (R)). Once the OH procedure began, a different
scenario was displayed with patients immersed in a distracting 3D environment called
“Under the Sea”, representing a videogame-like environment where patients were asked
to look for specific sea life (environment developed by XRHealth (R)). Participants were
required to keep the VR device in place but could remove it if they experienced discomfort
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or any adverse effects. All equipment underwent proper cleaning with wipes before and
after each procedure.

2.6. Outcomes and Measurements

The primary outcome measures were patient-reported pain scores during the proce-
dure and 10 min after completion, measured using a Visual Analogue Scale (VAS) ranging
from 0 to 10, where 0 represented “Absence of pain” and 10 “The worst pain conceivable”,
which is a validated scale that is easy to use and able to detect significant changes [34].
The baseline characteristics of the participants were compiled and included the following:
age, pre or postmenopausal stage, pregnancy history, pre-hysteroscopy State-Trait Anxi-
ety Inventory (STAI) state (STAI-S) and trait (STAIT-T) scores, cervical and endometrial
preparation for the procedure, diagnosis and the protocol carried out in the patient.

Secondary outcomes included objective parameters related to pain and anxiety (heart
rate, blood pressure, sweating) before, during, and after the hysteroscopic procedure.
To collect these data, all participants underwent cardiac parameter monitoring before
and after the procedure using a validated blood pressure monitor (OMRON M2 Plus,
OMRON, Kyoto, Japan). Additionally, they were equipped with a Fitbit Charge 3 device
(Fitbit Inc., San Francisco, CA, USA) to measure average heart rate and an Esense Skin
Response device (Mindfield Biosystems, Gronau, Germany) to evaluate sweating through
increases in skin conductance, since changes in these parameters have been defined as
stress indicators [35–38].

Before the procedure, the participants’ anxiety status was evaluated using the vali-
dated STAI, a psychological tool divided into two questionnaires [39]. The STAI-S question-
naire defines the patient’s anxiety at a specific moment, describing the current emotional
state. On the other hand, the STAIT-T questionnaire defines anxiety as a personality trait,
describing the patient’s tendency to experience anxiety in diverse situations over time. Each
questionnaire includes 20 statements, with participants indicating their level of agreement
on a scale from 0 to 3, where 0 represents “Total disagreement” and 3 indicates “Total
agreement”. The total sum of the items was calculated and ranged between 0 and 60, with
relaxation-related items scoring in reverse. A threshold STAI score of 24 was established to
classify patients with normal or high anxiety status/trait. This threshold corresponds to
the average of Spanish women and also p50 of the STAI-T distribution [40].

After the process, all participants completed a final questionnaire assessing their expe-
rience with the hysteroscopic procedure and a separate questionnaire specifically related
to using the VR device and the environments displayed to evaluate patient satisfaction,
with this strategy as a potential alternative for reducing gynecological pain and discomfort
associated with OH.

2.7. Statistical Analysis

Quantitative measures were summarized using the mean and standard deviation (SD),
while qualitative measures were described using frequencies and percentages. The main
analysis focused on comparing quantitative outcomes between study groups using an
unpaired Student’s t-test. The t-test was applied under the assumption of independence of
observations and heteroscedasticity; therefore, the variance was estimated using the Welch
(or Satterthwaite) approximation. The analyses were performed using the compareGroups
R package (v.4.8.0) [41]. The effect size was computed using Cohen’s d approach.

The same approach was performed by stratifying the data based on the individual
characteristics of the participants to assess the impact of VR intervention in specific profiles.
Stratification factors included baseline STAI-T score (under or over 24 points), menopausal
status (premenopausal or postmenopausal), pregnancy history (parous or non-parous) and
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vaginal or non-vaginal delivery in childbirth. A complete case analysis was conducted,
excluding missing values from each analysis by removing data from participants with
incomplete information. A p-value of <0.05 was considered statistically significant, and
95% confidence intervals were applied without accounting for multiple testing corrections.
Data management and statistical analyses were performed using the R software package
(v.4.3.0) [42].

3. Results

3.1. Baseline Characteristics of the Study Groups

No baseline differences were observed between groups regarding clinical variables,
anxiety or stress levels of the participants. Both groups also presented similar distributions
in the diagnosis of the participants and the procedures performed (Table 1).

Table 1. Baseline characteristics of the study population.

Variable CTL (n = 80) VR (n = 79)

Age, mean years (SD) 45.6 (9.9) 43.3 (10)
Menopause, n (%):

Premenopause 57 (71.20) 63 (79.70)
Postmenopause 23 (28.70) 16 (20.30)

Pregnancy history, n (%):
Nulliparous 32 (40) 27 (34.20)
Parous 48 (60) 52 (65.80)

Initial STAI-T Score, mean (SD) 16.50 (8.65) 18.10 (7.34)
Initial STAI-S Score, mean (SD) 18.30 (9.69) 19.20 (9.85)
Cervical preparation, n (%):

No 72 (90) 72 (91.10)
Yes 8 (10) 7 (8.86)

Endometrial preparation, n (%):
No 73 (91.20) 66 (83.50)
Yes 7 (8.75) 13 (16.50)

Diagnosis, n (%):
Normality 10 (12.50) 13 (16.50)
Endometrial Polyp 44 (55) 39 (49.40)
Fibroid 9 (11.20) 8 (10.10)
Retention of IUD 7 (8.75) 9 (11.40)
RPOC 3 (3.75) 4 (5.06)
Intrauterine adhesions 2 (2.50) 2 (2.53)
Others 5 (6.25) 4 (5.06)

Procedure, n (%):
None 10 (12.50) 14 (17.70)
Targeted Biopsy 14 (17.50) 12 (15.20)
Polypectomy 45 (56.20) 39 (49.40)
RPOC removal 3 (3.75) 4 (5.06)
IUD removal 7 (8.75) 8 (10.10)
Oppium technique 1 (1.25) 2 (2.53)

Note: CTL, control; VR, virtual reality; STAI, State-Trait Anxiety Inventory; IUD, Intrauterine Device; RPOC,
Retained products of conception; SD, standard deviation.

3.2. Effects of VR on Pain Perception and Stress

Reported pain during and after the procedure is shown in Table 2 and Figure 2 (effect
sizes described in Table S1). Patients in the VR group reported significantly lower pain
levels compared to the control group during hysteroscopy (4.51 vs. 5.59 on the VAS,
p-value = 0.013). These differences became even more pronounced 10 min post-procedure,
with the VR group reporting significantly lower pain levels (2.09 vs. 3.33, p-value = 0.001).
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Table 2. Comparison of pain- and stress-related variables.

Variable Control (n = 80) VR (n = 79) p-Value Mean Diff (CI)

Pain intra, mean VAS (SD) 5.59 (2.50) 4.51 (2.90) 0.013 −1.08 (−1.93–−0.23)
Pain post, mean VAS (SD) 3.33 (2.57) 2.09 (2.24) 0.001 −1.24 (−1.99–−0.48)
Basal Heart Rate, mean bpm (SD) 74.70 (8.17) 76.60 (9.69) 0.170 1.97 (−0.86–4.81)
Final Heart Rate, mean bpm (SD) 70.10 (9.41) 73.60 (10.50) 0.027 −3.56 (0.41–6.71)
Basal Systolic Blood Pressure, mean
mmHg (SD) 125 (17.90) 124 (16.20) 0.641 −1.27 (−6.65–4.10)

Final Systolic Blood Pressure, mean
mmHg (SD) 119 (17.90) 120 (15.60) 0.759 0.82 (−4.47–6.12)

Basal Diastolic Blood Pressure,
mean mmHg (SD) 79.10 (12.40) 78 (11.10) 0.572 −1.06 (−4.77–2.64)

Final Diastolic Blood Pressure,
mean mmHg (SD) 79.20 (10.70) 79.40 (12.30) 0.951 0.11 (−3.52–3.75)

Maximum Skin Conductance, mean
μS (SD) 2485 (2667) 2264 (1866) 0.562 −221.24

(−973.44–530.966)
Increase in Skin Conductance, mean
μS (SD) 1367 (1921) 1070 (1139) 0.257 −297.16 (−813.79–219.48)

Note: CTL, control; CI, confidence interval; bpm, beats per minute; Mean diff, mean difference; VR, virtual reality;
VAS, Visual Analogue Scale; SD, standard deviation.

 
Figure 2. Boxplot of VR effects on perceived pain by patients in the control (orange) and VR group
(green) during and after office hysteroscopy (n = 179). (* p < 0.05 ** p < 0.001). Note: VR, virtual
reality; VAS, Visual Analogue Scale. The box represents the range in which the middle 50% of all
values lie, with the lower end indicating the 1st quartile and the upper end the 3rd quartile.

Both groups exhibited comparable basal systolic and diastolic arterial pressure before
hysteroscopy, which remained unaltered after the procedure without significant differences
between the control and the VR groups (Table 2). Skin conductance measurements in the
control group were comparable to those in the VR group, with VR not influencing this
parameter. However, while the baseline heart rate (HR) was identical in both groups, a
significant increase was observed in the VR group following the hysteroscopy (70.1 vs. 73.6,
p-value = 0.027) (Table 2).
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3.3. STAI-T Stratification

In total, 120 patients (63 from the control group and 57 from the VR group) scored
below 24 points, while the remaining 38 (17 from the control and 21 from the VR groups)
scored equal to or higher than 24. One patient did not complete the questionnaire properly
and was excluded from this analysis. In the low-anxiety group, pain perception during the
procedure was significantly lower in the VR group compared to the control group (5.56
vs. 4.56, p-value = 0.052), and these differences persisted 10 min post-intervention (3.29
vs. 1.95, p-value = 0.002) (Figure 3A, Table S2). Additionally, the final HR was higher in
the VR group than in the control group (69.9 vs. 73.8, p-value = 0.047). No significant
differences were observed between groups in arterial pressure or skin conductance. In
contrast, participants with high anxiety scores showed no significant differences in pain
perception or objective parameters between the control and VR groups, either during the
procedure or 10 min after its completion.

Figure 3. Boxplot of VR effects on perceived pain by patients in the control (orange) and VR group
(green) during and after office hysteroscopy across stratified subgroups. (A) According to STAI-T
score < 24 (up) or ≥24 (down). (B) According to the menopausal stage, premenopausal (up) or
postmenopausal (down). (C) According to pregnancy history, parous (up) or nulliparous (down).
(D) According to vaginal delivery, yes (up) or no (down). (* p < 0.05 ** p < 0.01 *** p < 0.001 ns: not
significant.) Note: VR, virtual reality.

3.4. Menopausal Stage Stratification

VR significantly reduced pain perception in premenopausal women (5.58 vs. 4.37,
p-value = 0.012) but did not affect postmenopausal patients (Figure 3B, Table S3). These
differences persisted in pain perceived after the procedure (3.63 vs. 2.05, p-value < 0.001),
while these changes were not statistically significant in postmenopausal women. Ac-
cording to menopausal stratification, cardiac and skin conductance parameters remained
unaffected.

3.5. Pregnancy History Stratification

A total of 100 patients had a history of pregnancy (parous), while 59 were non-parous
(Figure 3C, Table S4). In parous women, VR significantly reduced pain during the procedure
(5.29 vs. 4.08, p-value = 0.028). This effect was not observed in non-parous women. The
differences persisted post-procedure, with parous women continuing to report lower pain
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perception levels when submitted to VR (3.04 vs. 1.79, p-value = 0.01), while no significant
changes were observed in non-parous women. Additionally, VR significantly increased HR
in parous women (70.2 vs. 74.8, p-value = 0.019). No differences were observed in other
parameters of pregnancy history stratification.

3.6. Vaginal Delivery Stratification

Eighty-three women had a history of vaginal delivery, and seventy-six women had
no pregnancy history or the delivery route was through cesarian section (no vaginal
delivery). Unlike previous stratifications, no significant differences were observed in pain
perception during the hysteroscopy between the control and VR groups, regardless of
vaginal delivery history. However, a non-significant trend was observed in the no vaginal
delivery subpopulation (6.08 vs. 4.94, p-value = 0.059) (Figure 3D, Table S5). Nevertheless,
VR significantly reduced pain perception post-procedure in both groups (2.83 vs. 1.65,
p-value = 0.027 for vaginal delivery and 3.83 vs. 2.61, p-value = 0.031 for non-vaginal
delivery). The HR averages were comparable across both groups, and no significant
differences were identified in other cardiac parameters or in skin conductance.

3.7. Patient Satisfaction Regarding the Hysteroscopic Procedure and the Use of VR

No difference regarding overall procedure satisfaction, intimacy level, quality of the
information about the procedure or satisfaction with the duration of intervention was
observed between groups (Table 3). Although not statistically significant, 27 patients in
the control group (38.8%) and 16 in the intervention group (20,3%) experienced nausea or
dizziness at some point during the procedure.

Table 3. Patient’s satisfaction with the procedure.

Variable CTL (n = 80) VR (n = 79)

Overall satisfaction with the procedure, n (%)
Very satisfied 71 (88.80) 73 (92.40)
Somewhat satisfied 7 (8.80) 5 (6.30)
Little satisfied 0 (0) 0 (0)
Somewhat dissatisfied 1 (1.30) 0 (0)
Very dissatisfied 1 (1.30) 1 (1.30)

Assessment of nurse’s attendance, n (%)
Very kind 77 (96.30) 77 (97.50)
Relatively kind 3 (3.80) 2 (2.50)
Neutral 0 (0) 0 (0)
Relatively unkind 0 (0) 0 (0)
Very unkind 0 (0) 0 (0)

Assessment of gynecologist’s attendance, n (%)
Very kind 79 (98.80) 76 (96.20)
Relatively kind 1 (1.30) 3 (3.80)
Neutral 0 (0) 0 (0)
Relatively unkind 0 (0) 0 (0)
Very unkind 0 (0) 0 (0)

Level of intimacy during the procedure, n (%)
High 67 (83.80) 62 (78.50)
Good 12 (15) 16 (20.3)
Moderate 1 (1.30) 1 (1.30)
Scarce 0 (0) 0 (0)
Bad 0 (0) 0 (0)
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Table 3. Cont.

Variable CTL (n = 80) VR (n = 79)

Quality level of the information received, n (%)
High 73 (91.30) 75 (94.90)
Good 5 (6.30) 4 (5.10)
Moderate 1 (1.30) 0 (0)
Scarce 1 (1.30) 0 (0)
Bad 0 (0) 0 (0)

Duration of the procedure, n (%)
Very acceptable 68 (85) 62 (78.50)
Slightly acceptable 3 (3.80) 6 (7.60)
Correct 6 (7.50) 11 (13.90)
Slightly prolonged 2 (2.50) 0 (0)
Very prolonged 1 (1.30) 0 (0)

Presence of nausea or dizziness, n (%)
No 53 (66.30) 63 (79.90)
In certain moments 15 (18.80) 10 (12.70)
Slightly 8 (10) 6 (7.60)
Quite a few 4 (5) 0 (0)
During all the procedure 0 (0) 0 (0)

Note: CTL, control; VR, virtual reality.

Patient feedback regarding satisfaction with the VR device and the generated 3D envi-
ronment is listed in Table 4. Among VR users, most participants (72.2%) found the headset
very comfortable, while 21.5% described it as relatively comfortable. Only four patients
reported medium comfort, and one patient experienced relative uncomfortableness.

Table 4. Patients’ satisfaction regarding the use of VR devices and environments.

Variable Overall (n = 79)

VR headset comfort, n (%)
Very comfortable 57 (72.20)
Relatively comfortable 17 (21.50)
Somewhat comfortable 4 (5.10)
Relatively uncomfortable 1 (1.30)
Very uncomfortable 0 (0)

Quality of the mindfulness 3D
environment, n (%)

Very good 46 (58.20)
Good 30 (38)
Regular 2 (2.50)
Bad 1 (1.30)
Very bad 0 (0)

Quality of the 3D environment during the
procedure, n (%)

Very good 44 (55.70)
Good 27 (34.20)
Regular 7 (8.90)
Bad 1 (1.30)
Very bad 0 (0)
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Table 4. Cont.

Variable Overall (n = 79)

To what extent would use VR again in other
treatments, n (%)

Not for sure 3 (3.80)
Probably not 0 (0)
Maybe 8 (10.10)
Probably yes 24 (30.40)
Yes for sure 44 (55.70)

Overall satisfaction with VR experience, n (%)
Very satisfied 55 (69.60)
Somewhat satisfied 20 (25.30)
Little satisfied 2 (2.50)
Somewhat dissatisfied 1 (1.30)
Very dissatisfied 1 (1.30)

Overall satisfaction with VR procedure, n (%)
Very nice 55 (69.60)
Quite nice 20 (25.30)
Poor 3 (3.80)
Unpleasant 1 (1.30)
Very bad 0 (0)

Note: CTL, control; VR, virtual reality; 3D, three-dimensional.

In evaluating the quality of the mindfulness 3D environment, 58.2% of patients rated
it as very good and 38% as good, with two reports of regular quality and one case of bad
quality. The assessment of the quality of the 3D environments followed a similar trend:
55.7% rated it as very good and 34.2% as good, with seven participants describing it as
regular and one as bad.

Overall, the VR experience was highly satisfactory, with 55.7% of users indicating
they would definitively use it again and 30.4% considering it likely for future use. Eight
participants were undecided, while only three would not consider using it again.

Finally, 69.6% of the patients reported being very satisfied with the overall VR experi-
ence, while 25.3% were somewhat satisfied. Only two patients were slightly satisfied; one
was somewhat dissatisfied, and another was very dissatisfied.

4. Discussion

The present study demonstrates that VR significantly reduces pain associated with
OH, both during the procedure and 10 min post-procedure. Furthermore, our findings
underscore the importance of individual patient factors. Baseline anxiety and clinical
variables such as the menopausal state, the pregnancy history or vaginal delivery birth can
significantly influence the effectiveness of this therapeutic approach.

Non-pharmacological interventions like music or hypnosis have recently been used
in clinical settings to reduce perceived pain, though with mixed results [43–45]. Nev-
ertheless, VR has emerged as an effective option for alleviating perceived pain during
invasive medical procedures. The results of our study demonstrate that VR significantly
reduces the pain perceived during and after OH, aligning with previous studies [28]. In a
comparable work, Pelazas et al. also reported a decrease in pain levels in patients using
VR, although anxiety was not assessed [8]. However, some other contradictory results
have been published. Fouks et al. found no benefit of VR on pain during OH, though they
emphasized that their procedures were more prolonged, which may account for elevated
pain perception [29]. Furthermore, patients were asked about analgesic use, which may
have introduced a selection bias. Another study by Sewel et al. reported contradictory
outcomes, reporting no benefits of VR on pain perception [39]. This study also involved
the operator’s discretionary use of extra local anesthetics and analgesics, which may have
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influenced the observed results. Fouks and Sewel’s studies also had fewer participants
than ours, a limitation frequently described as crucial in this type of research.

In our work, we observed that the final HR significantly changed with the use of VR.
While strategies like music have been shown to decrease HR due to their calming effects [44],
VR has exhibited the opposite outcome [29]. This likely stems from the immersive nature
of the 3D scenarios, which are often unfamiliar to patients and have a stimulating and
excitatory impact that increases their HR [18]. This is consistent with previous findings that
report that VR can provoke solid psychophysiological sensations [46,47].

Our findings indicate that the efficacy of VR in reducing pain is associated with
some patients’ clinical characteristics, specifically their STAI-T score. The results showed
that VR significantly reduced pain in patients with an STAI-T score below the cut-off of
24 points (the median for the female Spanish population of the STAI-T score) [40]. This
result, although unexpected, supports the idea of VR functioning as a distraction tool.
According to the control gate theory [48], pain perception is multimodal and influenced by
additional stimuli; thus, high anxiety levels can impair an individual’s ability to focus on
a distraction, influencing pain perception. Therefore, patients with higher anxiety scores
may have more difficulty engaging with or paying attention to the 3D virtual environment,
diminishing VR’s analgesic effect. High-anxiety individuals often experience intrusive
thoughts and attentional interferences, which reduce their capacity to focus on VR as a
pain management tool [49]. This suggests that while VR can be effective in patients with
lower anxiety, its benefit might be reduced in those with high anxiety.

Secondly, our results showed that VR was associated with a significant decrease in
pain reported by premenopausal women, but this significance was not reached in the post-
menopausal group. Research indicates that postmenopausal women tend to report higher
pain levels during hysteroscopy due to physiological changes associated with menopause,
such as increased vaginal dryness and cervical stenosis, restricting hysteroscope access
through the cervical canal and increasing pain levels [50]. Given this, it is unsurprising that
postmenopausal women often require more anesthetics [51] and also respond better to local
analgesics [17]. These physiological factors likely contribute to the moderate but effective
pain relief observed with VR in premenopausal women, as this population may not fully
benefit from anesthetics but remains susceptible to non-pharmacological interventions
like VR due to their relatively lower overall pain. This makes VR a viable alternative
for managing pain in premenopausal women, offering an analgesic effect when standard
treatments may be insufficient.

A similar conclusion can be drawn from the pregnancy history stratification of our
study. The results showed that the use of VR significantly reduced OH-associated pain
in women with a pregnancy history. Nulliparous women are less likely to have cervical
canal expansion, making the hysteroscopy process more painful [12,52–54]. Their pain
levels may interfere with the efficacy of other approaches, but VR has proven effective in
reducing pain in this group. Our findings, in line with the existing literature, highlight
that women with a history of vaginal delivery generally experience less pain during
hysteroscopy due to a naturally more dilated cervical canal. This postulates the pregnancy
history of the patients as a crucial factor in determining VR effectiveness [50]. The results
strengthen the hypothesis that VR is more effective in populations experiencing lower
baseline hysteroscopy pain. In such cases, the subtle but noticeable analgesic effects of
VR can be better observed. Nevertheless, additional studies should clarify the clinical
relevance of the observed findings.

Our study incorporated skin conductance evaluations during the procedure to mea-
sure anxiety and stress in real time. This approach has been validated as a reliable marker
of anxiety across different settings [35–37]. However, our results showed no significant
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differences in skin conductance or the other cardiac parameters measured throughout the
procedure. These findings support the hypothesis that pain perception is more closely re-
lated to trait anxiety than to state anxiety, as suggested by Kokanali [16]. Previous research
has indicated that technologies like VR may help reduce OH-associated anxiety [28,31,55].
However, our analysis is the first to demonstrate with objective parameters that anxiety
levels do not fluctuate significantly during the procedure. Instead, it appears that baseline
anxiety levels influence how pain is perceived both during and after the procedure, which
might explain the conflicting outcomes in the literature regarding anxiety reduction.

This study represents the most comprehensive trial to date evaluating the efficacy of
VR in reducing OH-associated pain. Previous research on the topic had smaller sample
sizes [8,28–31], leading to inconsistent results and a call for larger trials involving more
participants to obtain robust evidence for VR effectiveness [55–57].

Our research also addressed critical points raised by previous works. For instance,
it has been proposed that different 3D environments could increase variability [55]. In
our study, participants were exposed to the same 3D environment, reducing heterogeneity
in the outcomes; however, Pelazas et al. suggested that more significant results could be
obtained by selecting a specific 3D reality by the patient. It is hypothesized that adapted
3D experiences, where patients can choose a 3D immersion based on their preferences,
can have more significant results. [8]. A comparable strategy was applied in music-based
interventions, where different styles were tailored to individual tastes [44]. Our study
groups also represented the general population, including patients undergoing a broad
spectrum of gynecological procedures instead of focusing on one intervention, a key factor
as exposed previously [31].

By stratifying the data according to clinical characteristics, we examined subpopu-
lations more likely to benefit from VR and/or to confirm the consistency of the overall
findings. Finally, analyzing anxiety during hysteroscopy remains a complex challenge
due to the characteristics of the study. Nevertheless, we have evaluated anxiety levels in
real-time for the first time during OH. Our study also adhered to recommendations by
Malaris et al., which encouraged the authors to gather patient feedback on the 3D environ-
ment used in VR interventions [22]. The results from the final satisfaction questionnaires
highlighted that the technique was widely regarded as comfortable and of high quality.
Most participants expressed a willingness to use the technology again and showed a high
likelihood of recommending it to others, reinforcing VR’s feasibility and patient approval
for future application in medical settings.

Limitations and Strengths of This Study

This study has certain limitations that should be considered when interpreting the
findings. First, the characteristics of the study impede the conduct of a blind trial, which
might result in the underreporting of pain by the VR group and overreporting by the
control group. Secondly, while we aimed to recruit more participants, the COVID-19 pan-
demic severely restricted the recruitment. Additionally, this protocol did not incorporate
headphones for sound stimulation, which some authors suggest enhances the immersive
and distracting qualities of the 3D environment. However, other authors consider that
complete isolation can have detrimental effects on pain perception and anxiety levels [31].
Another limitation was the variability in the hysteroscopic equipment used, as different
instruments were adapted to patients’ needs. Moreover, including various gynecological
procedures could contribute to the heterogeneity of results. Another concern is the possible
recall bias from patients completing the VAS questionnaire post-procedure. Fouks et al.
also highlighted the potential placebo effect of VR on post-procedure pain, suggesting that
further analysis is needed to clarify the full impact of VR [29]. Finally, the results obtained
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from the stratification should be cautiously considered since the separation into unbalanced
groups of patients might affect the statistical power of the study.

Despite these limitations, the study has several strengths that contribute to its validity
and relevance in clinical settings. First, the use of real-time anxiety measurement through
skin conductance represents a novel and objective method for evaluating anxiety during
medical procedures. These objective data enhance the reliability of our findings compared
to studies relying solely on subjective self-report measures.

Additionally, our large and diverse sample, including patients with a range of gyneco-
logical conditions, provides a more comprehensive view of VR’s effectiveness in different
clinical scenarios. By stratifying the data based on key clinical factors, such as anxiety
levels, menopausal status, and pregnancy history, our study offers valuable insights into
how individual patient characteristics could influence the effectiveness of VR interventions.
These data may help identify specific patient subgroups that may benefit most from VR
and individualize the analgesic strategy for OH procedures.

Furthermore, the high patient satisfaction with the VR experience, as indicated by
the post-procedure surveys, supports the feasibility and acceptability of VR as a non-
pharmacological pain management tool in medical procedures.

5. Conclusions

Virtual reality effectively reduces pain associated with OH, and its effectiveness
depends on patient-specific variables. The anxiety trait and the gynecological clinical
history, as well as the menopausal state, condition the efficacy of VR to decrease the pain
associated with hysteroscopy. Further development of VR devices and the environments
displayed may be an effective strategy for pain management that is affordable for medical
settings.
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Abstract: This study explored the effectiveness of a virtual music therapy program, based on pos-
itive psychotherapy principles, in college students during the COVID-19 pandemic. Twenty-four
undergraduate students with partial PTSD were initially assigned to either an experimental group
or a control group, with 11 participants in each group by the study’s end. The experimental group
underwent 15 video sessions of the therapy program, completing one session per weekday over
3 weeks. The program involved worksheets targeting goals aligned with positive psychology, such
as positive affect, life meaning, personal strengths, gratitude, hope, and happiness. The activities
included writing music autobiographies, creating and analyzing song lyrics, and exploring various
music pieces. The effectiveness of the intervention was measured using the 21-item Depression
Anxiety Stress Scale and the Korean Version of Positive Psychological Capital (K-PPC) before, imme-
diately after, and 3 weeks post-program. The experimental group showed significant improvements
in stress (F = 5.759, p < 0.05), anxiety (F = 4.790, p < 0.01), depression (F = 5.740, p < 0.01), self-efficacy
(F = 3.723, p < 0.05), resilience (F = 4.739, p < 0.05), and the K-PPC total score (F = 3.740, p < 0.05)
compared with the control group. These improvements were maintained at the 3-week follow-up.
The findings suggest that positive psychology-based virtual music therapy can significantly enhance
the mental health of highly stressed college students, especially during challenging times such as the
COVID-19 pandemic.

Keywords: virtual music therapy; positive psychotherapy; mental health; stress reduction; anxiety;
depression; self-efficacy; resilience; COVID-19

1. Introduction

The global crisis of coronavirus disease 2019 (COVID-19) has had a profound impact
on human lives, causing numerous infections and deaths [1]. The uncertainty surrounding
the situation and the experience of quarantine have adversely affected people’s mental
health. During the COVID-19 pandemic, the prevalence rates of various mental health
issues, including depression, anxiety, stress, sleep problems, and overall psychological
distress, were observed to be higher in the general population [2,3]. Resulting from the
COVID-19 situation, individuals were required to develop coping skills to respond to the
sudden changes, such as isolation, infection anxiety, employment restrictions, telecom-
muting, reduced working hours, and economic impacts [4]. Studies have shown that the
pandemic has exacerbated existing mental health conditions and triggered new ones across
diverse populations. A systematic review reported increased rates of anxiety, depression,
and stress-related symptoms, with healthcare workers, young adults, and individuals with
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pre-existing mental health conditions being particularly vulnerable [5]. The prevalence
of insomnia and sleep disturbances surged during the pandemic, further contributing to
the overall psychological distress [6]. The economic consequences, including job losses
and financial instability, have been identified as key stressors amplifying mental health
problems. Frontline healthcare workers experienced significant psychological distress,
including burnout and PTSD symptoms, due to prolonged exposure to high-risk environ-
ments and the moral dilemmas posed by resource limitations [7]. Furthermore, research
suggests that infectious disease outbreaks can induce stress and contribute to post-traumatic
stress disorder (PTSD) symptoms not only in directly infected individuals but also in un-
infected populations. For example, a study by Brooks et al. explored the psychological
impact of quarantine and isolation measures during infectious disease outbreaks, including
COVID-19 [8]. They found elevated levels of stress, anxiety, and PTSD symptoms among
individuals regardless of their direct infection status. This underscores the broad-reaching
psychological effects of infectious disease outbreaks on mental health.

While the COVID-19 pandemic negatively affected mental health across genders, ages,
and races, this study specifically targeted college students undergoing a crucial transition
from adolescence to young adulthood, marked by a newfound independence. During this
phase, they cultivate diverse relationships, pursue academic goals, and reflect on their iden-
tities and career paths. However, this period also correlates with an increased prevalence
of mental disorders, such as emotional distress, anxiety, and substance use [9]. Changes
in educational and employment landscapes have exacerbated challenges related to iden-
tity formation, emotional turmoil, and financial strain [10]. Consequently, stress, anxiety,
depression, alcohol consumption, and drug use have escalated among college students
during the pandemic, underscoring the urgent need for support and intervention [10–12].

To address the mental health challenges among college students, promoting positive
factors such as self-efficacy, optimism, hope, and resilience is crucial. Positive psychother-
apy, a method rooted in character strengths, emphasizes positive affect [13]. Positive affect,
which is a positive factor in personal development and achievement, encompasses inner
joy, physical and mental well-being, satisfaction, life balance, and practical aspects that
influence human thoughts, emotions, and behavior [14]. Studies have suggested that a
higher positive affect is associated with reduced stress, anxiety, and depression, as well as
a higher quality of life in college students during the COVID-19 pandemic [15,16]. Positive
affect is linked to positive thinking processes, which involve looking at difficult situations
in a favorable light and thinking positively about one’s own characteristics and current
emotional states [17]. Increased positive affect and positive rumination contribute to a
clearer emotional awareness, while employing positive affect as a coping strategy leads to
a decreased experience of negative affect in daily life events [17]. This suggests that the
principles of positive psychotherapy can serve as effective coping strategies for improving
mental health.

To foster resilience and well-being amidst the profound mental health challenges
wrought by the COVID-19 pandemic, there arises a pressing need for interventions grounded
in positive psychotherapy. In particular, positive psychology-based music therapy is an
intervention based on the principles of positive psychotherapy developed by Martin Selig-
man, aiming to improve an individual’s positive affect, such as strengths, gratitude, and
hope, while fostering a deeper sense of meaning in life and the pursuit of overall happi-
ness [18]. In addition, positive psychology-based therapy recognizes the significance of
social connections, where individuals can obtain intellectual and emotional satisfaction in
their relationships with others as an essential element for a happy life along with personal
growth [19]. Recently, there has been a steady increase in research on positive psychology-
based music therapy in various populations, such as infants, children, adolescents, patients,
and the older adults [20–22]. By incorporating activities such as singing, playing instru-
ments, listening to music, and writing lyrics, this approach enables clients to comfortably
and authentically engage in therapeutic experiences [23]. Through this process, they can cog-
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nitively identify their problems, deal with related emotions, and develop new perspectives
for applying and solving psychological problems.

Virtual music therapy emerges as a promising avenue for intervention, harnessing the
therapeutic potential of music to cultivate positive emotions, enhance coping mechanisms,
and facilitate psychological growth [24]. Furthermore, given the pandemic’s constraints
on face-to-face services and the limited mental health personnel, addressing individual
psychological difficulties consistently poses significant challenges [25]. In this context, the
digital realm affords unprecedented opportunities for the remote delivery of music therapy
interventions, enabling individuals to access therapeutic resources from the confines of
their homes.

Recently, the effectiveness of virtual music therapy as a coping strategy for mental
health during the COVID-19 pandemic has been reported. For example, clinical staff
working with patients with COVID-19 participated in a remote receptive music therapy
intervention over a 5-week period and indicated a significant decrease in the intensity
of tiredness, sadness, fear, and worry [26]. A study that conducted a 12-day program of
home-based music therapy in children with developmental delay reported a significant
improvement in children’s sleep quality and a reduction in parental distress [26]. However,
existing studies on music therapy during the COVID-19 pandemic have certain limitations.
These studies typically offered one-on-one personalized therapy sessions, limited experi-
ences to passive listening to music, and primarily focused on clinical populations [26,27].
Consequently, there remains a gap in research regarding the impact of virtual music ther-
apy on addressing the psychological challenges faced by healthy young adults during the
pandemic. Furthermore, in the previous studies of music therapy, the main activity has
been listening to specific music, which limited participants’ cognitive efforts to actively
identify and overcome their situation or problem.

Therefore, this study endeavored to address this gap by developing a self-administered
virtual music therapy program grounded in positive psychology principles. The aim of
the present study was to investigate the program’s effects on stress, anxiety, depression,
and positive affect in college students during the COVID-19 pandemic. By integrating
the principles of positive psychology and music therapy into a digital platform, the study
aimed to assess its effectiveness in providing collegiate participants with a comprehensive
approach to mental health, empowering individuals to navigate the challenges of the
pandemic with resilience and optimism.

2. Materials and Methods

2.1. Participants

Participants were recruited from four universities located in the J province and one
university located in the D metropolitan area in South Korea. To achieve the desired power
of the study, calculated using the software G*Power 3.1.9.7, the sample size was determined
based on an effect size of 0.50, a significance level of 0.05, and a power of 0.75. The
minimum number of participants required was found to be 11 for the experimental group
and 11 for the control group, totaling 22 participants. The inclusion criteria for this study
included college students aged 20 to 29 years enrolled in a regular undergraduate program
during the study period. Participants were required to score higher than 18 points on the
Impact of Event Scale-Revised Korean version (IES-R-K), indicating partial post-traumatic
stress disorder (PTSD) [28]. Additionally, participants needed to demonstrate the ability to
commit to the entire duration of the study, attending all the therapy sessions and completing
all the assessments. Applicants were excluded if they had undergone psychiatric treatment
in the past, were currently receiving psychiatric treatment, or were undergoing any type
of psychological counseling, including music therapy. A total of 45 individuals applied
to participate in this study, and after screening with the IES-R-K, 24 participants were
confirmed. All of these participants met the remaining inclusion and exclusion criteria
for the study and were non-randomly assigned to either the experimental group (n =
13), participating in the positive psychology-based virtual music therapy program, or
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the control group (n = 11), receiving no treatment. Two participants dropped out of the
experimental group during the study, resulting in a final count of 11 participants in both
the experimental and control groups (Figure 1). All the participants received a prior
explanation of the research, including its purpose, procedures, the positive psychology-
based virtual music therapy program, and the expected benefits, and provided written
consent. Approval for this study was obtained from the Institutional Review Board for
Ethics in Human Research at Wonkwang University (approval no. WKIRB-202102-HR-005).
This study’s clinical trial has been registered with the Clinical Research Information Service
(CRIS) associated with the WHO International Clinical Trials Registry Platform (ICTRP)
(registration number: KCT0009532).

Figure 1. CONSORT flow diagram of participant allocation and progression.

2.2. Measures
2.2.1. Impact of Event Scale-Revised Korean Version (IES-R-K)

The Korean Version of the Impact of Event Scale-Revised (IES-R-K) [24], which was
adapted from the original version, was employed as an inclusion criterion [29,30]. This scale
consists of 22 items that are restructured into six items for intrusion (e.g., intrusive thoughts,
nightmares), six for avoidance (e.g., avoidance of reminders of the traumatic event), five
for hyperarousal (e.g., heightened startle response), and five for sleep disturbance and
emotional numbing symptoms. This scale uses a 5-point Likert scale ranging from 0 (not at
all) to 4 (extremely high). The cutoff points for screening for full PTSD and partial PTSD
were 24/25 and 17/18, respectively. The overall Cronbach’s α for the items was 0.89.
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2.2.2. 21-Item Version of the Depression Anxiety Stress Scale (DASS 21)

To assess changes in depression, anxiety, and stress resulting from participation in the
positive psychology-based virtual music therapy program, we used the 21-Item Version
of the Depression Anxiety Stress Scale (DASS-21), which was adapted from the original
42-item version [31–33]. The scale consists of three subscales: depression, anxiety, and
stress, each with seven items. It utilizes a 4-point Likert scale (0 to 3), with subscale scores
obtained by doubling the raw scores. For depression, scores of 0–9 were considered normal
and 10–13, 14–20, 21–27, and ≥28 were considered as mild, moderate, severe, and extremely
severe depression, respectively. For anxiety, scores of 0–7 were considered normal and 8–9,
10–14, 15–19, and ≥20 were as considered mild, moderate, severe, and extremely severe
anxiety. For stress, scores of 0–14 were considered normal and 15–18, 19–25, 26–33, and ≥34
were considered as mild, moderate, severe, and >extremely severe stress. The Cronbach’s
alpha for the entire scale was 0.926, and for the depression, anxiety, and stress subscales,
the Cronbach’s alpha values were 0.81, 0.84, and 0.85, respectively.

2.2.3. Korean Version of the Positive Psychological Capital (K-PPC)

We evaluated the changes in positive psychological resources among participants
using the Korean Version of Positive Psychological Capital (K-PPC), adapted from the Posi-
tive Psychological Capital (PsyCap) [34,35]. Consisting of 18 items and four sub-factors,
the scale assesses an individual’s positive psychological state, characterized by belief in
their ability to pursue goals (hope), confidence in their skills (self-efficacy), capacity to
rebound from setbacks (resilience), and an optimistic outlook on future outcomes (opti-
mism), based on a 5-point Likert scale. Overall, Cronbach’s α of the scale was 0.93, with
the Cronbach’s α of each sub-factor as follows: self-efficacy 0.879, optimism 0.822, hope
0.837, and resilience 0.723.

2.3. Procedure

Prior to the first session of the positive psychology-based virtual music therapy pro-
gram, the purpose of the study was explained to the participants in both the experimental
and control groups, and informed consent was obtained. Sociodemographic characteristics,
IES-R-K, DASS 21, and K-PPC scores were obtained from both groups. The experimental
group participants received 15 sessions’ worth of video clips of the positive psychology-
based virtual music therapy program along with accompanying worksheets at the outset
of the research, which they could download onto their personal electronic devices. They
were instructed to complete one session per weekday over a 3-week period, granting them
autonomy to engage in the program without the constraints of time and space. The DASS
21 and K-PPC scores were reassessed in both groups immediately after the 3-week program
concluded, as well as at a 3-week follow-up. This study was conducted in two phases. The
first phase took place from 17 February to 20 April 2021, during which the pre, post, and
follow-up tests were administered. The second phase occurred from 27 May to 8 July 2021,
and followed the same procedure as the first phase, with the pre, post, and follow-up tests
conducted during this period.

2.4. Intervention: Positive Psychology-Based Virtual Music Therapy

Based on the Positive Psychotherapy Clinical Manual and the items of the DASS 21 and
K-PPC, we developed a virtual music therapy program incorporating elements of positive
psychology, such as positive affect, meaning of life, personal strengths, gratitude, hope, and
happiness [13,18–21]. The validity of the program was confirmed through consultations
with a psychiatrist and two music therapists. The program duration was 3 weeks, with
sessions held five times per week, totaling 15 sessions. Each session lasted for 20 min, and
all sessions were delivered to participants in a pre-recorded video format. Throughout the
program, participants were instructed to engage in tasks aligned with the session theme,
such as writing down thoughts, emotions, relationships, and reflections, as directed by the
therapist in the video.
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The structure of each session was as follows: sessions 1–4 focused on the cognitive per-
spective of self-awareness, sessions 5–8 on the emotional perspective of self-awareness, and
sessions 9–15 on exploring the meaning of life and relationships with others. In each session,
the consistent elements included the relaxation and presence phase to bring attention to the
here and now through breathing and muscle relaxation, the practice and reflection phase
to achieve session-specific goals, and finally, the stage of acceptance where the content
recognized during the practice and reflection stages is accepted without judgment.

Music served three purposes in this program. First, music was used to facilitate the
exploration of cognition, emotion, and relationships, enhancing the overall experience.
Second, it was used as a means for the participants to actively express and reflect on their
experiences, fostering insight and self-awareness. Finally, music provided enjoyment,
aiding in coping with anxiety or depression, and induced mood changes through aesthetic
experiences [13].

This program strategically incorporated musical elements including tempo, tonality,
melody, musical texture, timbre, and orchestration. Throughout the sessions, a piano
melody in a major key with a BPM of 65 and the sound of ocean waves were consistently
provided to the participants as part of the theme-related working process. The therapist
also provided piano and guitar accompaniments with a steady beat and a root note to
create a safe and predictable musical environment. In addition, depending on the theme of
each session, third and fourth chords were added during the music appreciation to provide
a richer musical experience. In addition to appreciating the music, the program included
activities such as music autobiography, creating new lyrics, analyzing song lyrics, and
comparing different pieces of music to help participants achieve session-specific goals. The
specific structure of the program, including session goals and content based on positive
psychotherapy, is detailed in Table 1.

Table 1. Structure of the positive psychology-based virtual music therapy program.

Elements of Positive
Psychotherapy

Positive Psychology-Based Virtual Music Therapy

Session Element Theme Focus Contents

1 Positive Introduction
and Gratitude Journal

Self-awareness
and introduction

Cognitive understanding
of myself

Write a music autobiography.

2 Character and
Signature Strengths

Finding
my strengths

Select strength keywords and
match them with my music
autobiography.

3 Practical Wisdom Using my strengths Write advice for a given story
using my strengths.

4 A Better Version of Me The future of me who
has grown up

Write a message (lyrics) to my
future self to a rap beat.

5 Open and Closed
Memories

Encounter with
emotions

Affective
understanding of myself

After listening to a song in two
different versions (major and
minor), discuss the feelings they
evoke.

6 Forgiveness A tolerant
attitude

Reflect on others’ mistakes
towards me and my emotions,
considering forgiveness.

7 Maximizing vs.
Satisficing A fulfilling life

Talk about music that brings me
satisfaction and the elements of a
fulfilling life.

8 Gratitude Expressing gratitude
Write a letter expressing
gratitude to someone I am
grateful for.
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Table 1. Cont.

Elements of Positive
Psychotherapy

Positive Psychology-Based Virtual Music Therapy

Session Element Theme Focus Contents

9 Hope and Optimism Door of Hope

The meaning of life and
relationship with others

Discuss experiences of finding
hope in despair and my
expectations for the future.

10 Post-traumatic Growth To grow beyond pain
Listen to songs about
overcoming pain and growth,
and reflect on their meanings.

11 Slowness and Savoring Speed control and
mindfulness

Listen to music with a slow
tempo to discover thoughts and
reflect on slowness in life.

12 Positive Relationships Positively connected
you and me

Find the strengths of the people
around me and write
instruments and lyrics for the
music.

13 Positive
Communication

Communication
with positivity

Write a positive letter to
someone with concerns.

14 Altruism Compassion
Recall misunderstandings with
others, past gifts, and associated
emotions.

15 Meaning and Purpose The meaning and
purpose of life

Write a letter to myself reflecting
on aspirations, desired legacy,
and how I want to be
remembered.

The elements of positive psychotherapy correspond to the session-based program components outlined in the
Positive Psychotherapy Clinician Manual by Tayyab Rashid and Martin Seligman [13]. Based on this framework,
the themes, focus, and contents of Positive Psychology-based Virtual Music Therapy were developed through
consultation with a psychiatrist and two professional music therapists.

2.5. Data Analysis

A homogeneity test between the experimental and control groups was conducted
prior to the study using an independent t-test. To analyze the differences in stress, anxiety,
depression, and positive psychological capital across the groups (experimental and control)
and time points (pre-test, post-test, and follow-up), separate repeated-measures analyses
of variance (ANOVAs) were conducted on the DASS 21 subfactors (stress, anxiety, and
depression) and the K-PPC subfactors (self-efficacy, optimism, hope, resilience, and total
score). All the statistical analyses were performed using SPSS 22.0, and an alpha value of
0.05 was set as the significance level.

3. Results

3.1. Homogeneity Test of Participant Characteristics

The homogeneity test results for the sociodemographic characteristics, IES-R-K, DASS 21,
and K-PPC variables between each group are presented in Table 2. There were no statis-
tically significant differences between the two groups in terms of the sociodemographic
characteristics for any of the items.
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Table 2. Homogeneity test results for the sociodemographic characteristics and pre-tested out-
come measures.

Variables
Experimental

Group
(N = 11)

Control
Group

(N = 11)
t/X2 p

Age
(years) M ± SD 21.18 ± 1.47 21.36 ± 2.25 −0.224 0.825

Sex
(N, %)

Male 1 (9.1) 1 (9.1)
0.000 1.000Female 10 (90.9) 10 (90.9)

Academic Year
(N, %)

First 0 (0) 2 (18.2)

4.467 0.215
Second 2 (18.2) 1 (9.1)
Third 4 (36.4) 1 (9.1)

Fourth 5 (45.4) 7 (63.6)

Religion
(N, %)

Christianity 9 (81.8) 5 (45.5)
03.429 0.180Buddhism 0 (0) 1 (9)

None 2 (18.2) 5 (45.5)

Sleeping Time
(hour) M ± SD 5.96 ± 1.46 6.36 ± 1.34 −0.685 0.501

IES-R-K 36.55 ± 13.02 32.18 ± 6.21 1.003 0.332

DASS 21

Stress 14.00 ± 8.94 9.45 ± 6.07 1.394 0.181

Anxiety 8.36 ± 8.66 3.64 ± 2.94 1.714 0.102

Depression 9.45 ± 6.46 5.09 ± 4.13 1.888 0.076

K-PPC

Total 60.73 ± 9.34 61.09 ± 9.09 −0.093 0.927

Self-Efficacy 16.27 ± 2.97 16.64 ± 2.84 −0.294 0.772

Optimism 17.73 ± 2.90 16.55 ± 3.14 0.916 0.370

Hope 17.55 ± 2.54 17.00 ± 3.41 0.426 0.675

Resilience 9.18 ± 3.06 10.91 ± 2.47 −1.457 0.161
To verify the homogeneity between the two groups, independent sample t-tests were conducted for age, sleeping
time, IES-R-K, DASS 21, and K-PPC. Chi-square tests were used for sex, academic year, and religion. N, number
of participants; M, Mean; SD, standard deviation; IES-R-K, the Impact of Event Scale-Revised Korean Version;
DASS 21, the 21-item version of the Depression Anxiety Stress Scale; K-PPC, the Korean version of positive
psychological capital.

3.2. Outcome Measures
3.2.1. DASS 21

In the analyses of the DASS 21 as a function of group and time, the statistically
significant main effects of time emerged in the stress (F = 19.907, p < 0.001), anxiety
(F = 9.487, p < 0.01), and depression (F = 10.472, p < 0.01) variables. In addition, significant
group-by-time interaction effects were observed in the stress (F = 5.759, p < 0.05), anxiety
(F = 4.790, p < 0.01), and depression (F = 5.740, p < 0.01) variables. The results revealed
a significant decrease in stress, anxiety, and depression within the experimental group
following the positive psychology-based virtual music therapy, with these improvements
sustained at the 3-week follow-up. However, no such changes were observed within the
control group (Table 3, Figure 2).
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Table 3. Comparisons of the DASS 21 and K-PPC as a function of group and time using repeated
measures ANOVAs.

Variables

Experimental
Group

(N = 11)

Control
Group

(N = 11)
Group Time Group

by Time

M ± SD M ± SD F F

DASS 21

Stress

pre 14.00 ± 8.94 9.45 ± 6.07

0.018 19.907 *** 5.759 *post 4.73 ± 3.26 7.09 ± 6.28

follow-up 2.73 ± 3.50 5.82 ± 7.67

Anxiety

pre 8.36 ± 8.66 3.64 ± 2.94

0.460 9.487 ** 4.790 *post 2.18 ± 1.89 2.18 ± 3.28

follow-up 0.73 ± 1.35 2.55 ± 4.48

Depression

pre 9.45 ± 6.46 5.09 ± 4.13

0.005 10.472 ** 5.740 *post 1.82 ± 3.63 3.27 ± 4.13

follow-up 2.18 ± 3.40 4.73 ± 7.00

K-PPC

Total

pre 60.73 ± 9.34 61.09 ± 9.09

0.920 17.235 *** 3.740 *post 70.00 ± 8.80 64.64 ± 9.12

follow-up 69.91 ± 8.25 64.27 ± 10.95

Self-efficacy

pre 16.27 ± 2.97 16.64 ± 2.84

0.643 14.381 *** 3.723 *post 19.82 ± 3.34 17.64 ± 2.50

follow-up 19.00 ± 2.49 18.00 ± 3.80

Optimism

pre 17.73 ± 2.90 16.55 ± 3.14

2.200 3.914 * 0.688post 19.64 ± 2.54 17.91 ± 3.75

follow-up 19.18 ± 2.75 16.64 ± 4.27

Hope

pre 17.55 ± 2.54 17.00 ± 3.41

1.420 7.317 ** 0.714post 19.55 ± 3.30 17.73 ± 2.20

follow-up 19.91 ± 1.92 18.64 ± 3.04

Resilience

pre 9.18 ± 3.06 10.91 ± 2.47

0.192 6.235 ** 4.739 *post 11.00 ± 2.68 11.36 ± 2.01

follow-up 11.82 ± 2.48 11.00 ± 2.37

N, number of participants; M, Mean; SD, standard deviation; DASS 21, the 21-item version of the Depression Anxiety
Stress Scale; K-PPC, the Korean version of positive psychological capital. * p < 0.05, ** p < 0.01, *** p < 0.001.

3.2.2. K-PPC

The analyses of the K-PPC as a function of group and time revealed statistically
significant main effects of time emerged in self-efficacy (F = 14.381, p < 0.001), optimism
(F = 3.914, p < 0.05), hope (F = 7.317, p < 0.01), resilience (F = 6.235, p < 0.01), and total
score (F = 17.235, p < 0.001). Additionally, significant group-by-time interaction effects were
found in self-efficacy (F = 3.723, p < 0.05), resilience (F = 4.739, p < 0.05), and total score
(F = 3.740, p < 0.05). These results suggest that the positive psychology-based virtual music
therapy program effectively enhanced the positive psychological capital of the participants,
particularly in terms of self-efficacy and resilience, with these improvements maintained
at the 3-week follow-up. However, significant changes were not observed in the control
group (see Figure 2 and Table 3).

83



Healthcare 2024, 12, 1467

Figure 2. Differences in stress, anxiety, depression, self-efficacy, optimism, hope, and resilience as
a result of two (groups: experimental and control) by three (time points: pre-test, post-test, and
follow-up) repeated measures ANOVAs. * p < 0.05, ** p < 0.01.

4. Discussion

This study investigated the effects of positive psychology-based virtual music therapy
on stress, anxiety, depression, and positive psychological capital (self-efficacy, optimism,
hope, and resilience) among college students experiencing high levels of stress during the
COVID-19 pandemic. Notably, participants enrolled in the 3-week program experienced
significant reductions in stress, anxiety, and depression, coupled with notable enhancements
in positive psychological capital, with a particular emphasis on self-efficacy and resilience.

The participants in this study were undergraduate students who showed a tendency
for post-traumatic stress disorder on the IES-R-K, indicating their vulnerability to stress.
High stress levels in a restricted environment can lead to negative thoughts and emotions
and can limit the perspective of looking at current problems in a positive light and thinking
about a hopeful future. The students in this study also highlighted the challenges they
encountered while adjusting to the educational and technological changes brought about
by the COVID-19 pandemic. They expressed feelings of stress and fatigue from coping with
the increased volumes of online information and assignments, as well as the considerable
time spent in front of computer screens on a daily basis. Consequently, reports of impaired
mental health among college students during the COVID-19 era have been consistently
documented on a global scale [10–12]. Primarily, the observed reductions in stress, anxiety,
and depression in the experimental group align with previous research highlighting the
therapeutic benefits of music therapy in promoting emotional well-being and reducing
psychological distress [36–39]. In this study, listening to music and participating in diverse
musical activities designed to offer enjoyable and meaningful experiences throughout
the 15 sessions proved to be effective strategies for coping with negative emotions. In
each session, the participants were encouraged to write down their honest feelings and
thoughts about the given theme on a worksheet and apply them to their daily lives as
actions. Previous research has reported the positive impact of expressive writing on
reducing symptoms of depression, anxiety, and stress, thus supporting the effectiveness of
the intervention in this study [40].
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For college students, heightened depressive symptoms and decreased well-being
during the COVID-19 pandemic have been linked to feelings of social isolation and lone-
liness [41]. In this context, engaging in virtual music therapy sessions may have offered
opportunities for participants to connect with the therapist and perceive themselves as part
of a collective endeavor with others, even if not physically present. This sense of social con-
nection and belongingness cultivated during the sessions could have served as a protective
factor against the negative psychological impacts of social isolation and loneliness. Studies
have suggested that practices such as meditation, mindfulness sessions, engaging in phone
or online counseling, and participating in digital mental health programs can serve as
effective alternatives for alleviating psychological distress and feelings of isolation [42,43].

This study also demonstrated the effectiveness of the positive psychology-based
virtual music therapy program in enhancing positive psychological capital, particularly
resilience and self-efficacy. Previous studies on the impact of music-based interventions on
resilience and self-efficacy have not been abundant. In addition, existing studies present
inconsistent findings regarding whether music therapy significantly enhances resilience
and self-efficacy, with study participants primarily comprised of clinical populations, par-
ticularly children or adolescents [44–50]. However, it appears that the elements of positive
psychology blended into the music therapy program in this study resulted in significant
improvements in resilience and efficacy in the undergraduate participants. As presented in
Table 1, the program was designed not only to provide relaxation and enjoyment through
music but also to enable participants to reflect on past, present, and future events, emotions,
and hopes, as well as their personal strengths and relationships through various activities.
Such an approach, combining elements of positive psychotherapy with the therapeutic
use of music to actively engage participants in activities, might be more conducive to
enhancing the overall positive psychological capital, including resilience and self-efficacy,
compared with the traditional receptive music therapy approach, which focuses on the pas-
sive experience of listening to or experiencing music. This interpretation can be supported
by previous studies that have reported the effects of positive psychotherapy on establish-
ing a psychologically safe environment, increasing social connectedness, raising internal
hope, and modifying perceptions of coping strategies, ultimately leading to behavioral
changes [18–31].

The experimental group participants in this study received 15 sessions’ worth of
video clips and worksheets at the outset of the research. They were instructed to complete
one session per weekday over a 3-week period, granting them autonomy to choose their
preferred time and location to perform specific tasks. This emphasis on self-regulation
aligns with the research suggesting that autonomy-supportive environments can bolster
resilience and self-efficacy through enhanced motivation and perceived competence [51,52].
According to Deci and Ryan’s self-determination theory, when individuals feel autonomous
and self-directed in their actions, they experience higher intrinsic motivation, which fosters
greater engagement, persistence, and overall psychological well-being [51]. Furthermore,
adhering to a daily routine has a positive impact on psychological resilience [53]. Engaging
in any regular activity voluntarily can provide a sense of routine and structure, helping
individuals to cope with negative emotions more effectively. Therefore, participating in the
virtual music therapy program as a structured daily routine might have promoted feelings
of control and predictability, thereby increasing resilience and self-efficacy.

The present study has several limitations. There may be selection bias along with the
limitation of a small sample size. Excluding individuals who have a history of psychiatric
treatment or are currently undergoing psychiatric or psychological counseling introduces
potential selection bias in this study. By excluding these participants, the study may
inadvertently sample individuals who are generally healthier or less prone to severe mental
health issues compared with the broader college student population. Moreover, participants
who voluntarily chose to be in the experimental group may have a heightened interest in
music therapy or mental health concerns. This self-selection could influence their responses
and outcomes, as their motivation and engagement with the therapy may differ from those
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who did not choose to participate in the intervention. Furthermore, since the intervention
delivered music therapy content to participants through pre-recorded video files, it may
have been somewhat limited in terms of its therapeutic effectiveness due to communication
constraints, such as the therapist’s inability to directly interact with and offer immediate
feedback to the client. Therefore, future research should examine how the impacts of
positive psychology-based music therapy on mental health differ from the outcomes of this
study when delivered in a virtual environment where therapists and clients can interact in
real time. In this study, participants were given the autonomy to engage in the program at
their preferred time and location. However, despite significant improvement, it is unclear
whether this autonomy played a role in enhancing (or diminishing) the effectiveness of
the intervention itself. Future research could provide stronger evidence by comparing
outcomes when participants have autonomy versus when they adhere to a researcher-
determined schedule. Additionally, while worksheets were utilized in the program, their
contents were not analyzed or provided with feedback in this study. Incorporating a
qualitative analysis of the worksheet data in future research would yield valuable insights.

In summary, this study delved into the effects of positive psychology-based virtual
music therapy on stress, anxiety, depression, and positive psychological capital among
college students amidst the backdrop of the COVID-19 pandemic. The results illuminated
significant reductions in stress, anxiety, and depression alongside notable enhancements in
positive psychological capital, particularly in terms of self-efficacy and resilience among
participants. These findings are significant given the documented challenges faced by
college students during the pandemic, including increased stress levels and mental health
issues. This study underscores the potential of positive psychology-based virtual music
therapy as a scalable intervention for addressing mental health challenges among college
students, particularly in the context of the COVID-19 pandemic, by leveraging technology
and evidence-based therapeutic approaches.

5. Conclusions

The findings of the present study suggest the potential of positive psychology-based
virtual music therapy as a promising and scalable intervention for addressing stress,
anxiety, and depression, and enhancing positive psychological resources among college
students. By leveraging technology and evidence-based therapeutic approaches, such
interventions have the potential to empower individuals to cultivate resilience and well-
being, particularly in challenging circumstances such as the ongoing COVID-19 pandemic.
The scalability of this approach is further facilitated by the nature of the program, which
allows participants to choose their preferred time and place of participation in a virtual
setting. This flexibility may enhance accessibility and effectiveness, making it a valuable
tool for promoting mental health in diverse populations. The observed positive outcomes
align with previous research highlighting the therapeutic benefits of music therapy in
promoting emotional well-being. Moreover, the integration of expressive writing and
virtual social connection within the therapy sessions contributed to the effectiveness of
the intervention. The emphasis on positive psychology principles, combined with the
therapeutic use of music, proved instrumental in fostering resilience and self-efficacy
among participants, a notable contribution given the limited research in this area.
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Abstract: Since their release, the medical community has been actively exploring large language
models’ (LLMs) capabilities, which show promise in providing accurate medical knowledge. One
potential application is as a patient resource. This study analyzes and compares the ability of
the currently available LLMs, ChatGPT-3.5, GPT-4, and Gemini, to provide postoperative care
recommendations to plastic surgery patients. We presented each model with 32 questions addressing
common patient concerns after surgical cosmetic procedures and evaluated the medical accuracy,
readability, understandability, and actionability of the models’ responses. The three LLMs provided
equally accurate information, with GPT-3.5 averaging the highest on the Likert scale (LS) (4.18 ± 0.93)
(p = 0.849), while Gemini provided significantly more readable (p = 0.001) and understandable
responses (p = 0.014; p = 0.001). There was no difference in the actionability of the models’ responses
(p = 0.830). Although LLMs have shown their potential as adjunctive tools in postoperative patient
care, further refinement and research are imperative to enable their evolution into comprehensive
standalone resources.

Keywords: large language models; artificial intelligence; plastic surgery; postoperative care; patient
resource; patient-centered outcomes; patient satisfaction

1. Introduction

The advancement of artificial intelligence (AI) offers new opportunities for healthcare
improvements and individualized patient care. Large language models (LLMs) represent a
breakthrough in applied AI and medical practice. They learn and understand the complex
patterns and structures in typical language by leveraging natural language processing
(NLP) and deep learning (DL) techniques, in particular, transformer architectures [1]. LLMs
can process, interpret, and summarize vast amounts of internet data in real time and
generate human-like text responses [2,3]. Since their release, LLMs have shown promise in
providing accurate medical knowledge throughout distinct medical fields, encouraging the
medical community to actively explore their potential applications and determine how to
best leverage their capabilities.

Plastic surgery is a constantly innovating field that relies on updated, accurate tools
to provide patient-centered outcomes [4]. In particular, cosmetic surgery is a major ever-
evolving field with a rising demand due to its growing social acceptance. In 2022, there were
26.2 million surgical and minimally invasive cosmetic and reconstructive procedures in the
United States, with a 19% increase in cosmetic surgery since 2019 [5]. Plastic surgeons are
challenged to provide comprehensive information and support to an increasing number of
patients [3]. LLMs, in particular, Open AI’s ChatGPT, have proved to be helpful throughout
the specialty, with the ability to generate and detect areas for improvement and potential
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research [4]. ChatGPT has even proved to have a comparable level of knowledge to 50% of
first-year integrated plastic surgery residents, as shown by in-service exam scores [6].

While most LLM research focuses on their clinical decision capabilities, such as di-
agnosis and treatment, one very promising application is as a patient resource. Given its
accessibility, patients already rely on the Internet as their primary source of information
and make decisions based on the information they find, risking themselves being misin-
formed [2,7]. Previous studies have shown that despite some inherent limitations, LLMs
can provide accurate information for patients seeking insights into cosmetic procedure
details, outcomes, risks, and benefits [2,3,8]. Additionally, they offer immediate, multilin-
gual, round-the-clock access to information, which is crucial for addressing concerns and
questions outside of regular office hours and ensuring equity.

In plastic surgery, the postoperative period is as important as the surgical procedure
itself, and in some cases even more so, as the patient’s final outcome and the procedure’s
long-term success depend on it [9]. Although surgeons offer clear verbal and printed
postoperative care recommendations, patients may struggle to retain or implement them
due to their postoperative emotional state. This forces them to keep looking for their
surgeons and their staff’s help outside of office hours, sometimes overburdening the
surgical staff. Approaches to decrease these burdens may include limiting notifications or
delegating responses to less-trained support staff [10]. These limit access to high-quality
care and lead to the common patient misconception that they are forgotten once their
surgery has finished. The immediate and accurate responses provided by LLMs can reduce
anxiety and improve patient satisfaction [11–13].

Building on previous work assessing LLMs’ use in the perioperative period [2,3,8,14,15], we
aimed to evaluate and compare the ability of the currently readily available LLMs, ChatGPT-3.5,
ChatGPT-4, and Google’s Gemini, formerly Bard, to provide postoperative care recommendations
to patients who underwent any one of the five most common cosmetic plastic surgery procedures
according to the American Society of Plastic Surgeons (ASPS) in 2022 [5] in the absence of utilizing
a retrieval-augmented generation (RAG) approach. As accessibility is fundamental to achieving
equal health distribution, we decided to include the publicly available version of ChatGPT in
our comparison.

2. Methods

2.1. Study Design

We created a set of 32 questions addressing the most common concerns patients have
at our clinic after liposuction (n = 7), breast augmentation (n = 6), abdominoplasty (n = 6),
mastopexy (n = 6), and blepharoplasty (n = 7). Each question was presented to each LLM
using a combination of specialized medical terminology and common language to reflect
the various ways in which a typical plastic surgery patient might phrase their questions.
Moreover, we did not employ any specialized prompting engineering techniques, such as
contextualization or role play, to ensure that the responses obtained were not a result of
these methods, as a typical patient may not be aware of them or be comfortably familiarized
with them. We only asked each question once and in different chats. After every question
was asked to one model, another was tested. Figure 1 portrays an example of the questions.
In addition, we have included the full set of questions provided to the LLMs and the
responses retrieved in Supplementary File S1 and in a Supplementary File S2, respectively.
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2.2. Employment of Language Models

Our goal was to evaluate the capabilities of the currently available LLMs to the public
without utilizing an RAG approach. To do this, we used the models’ responses based on
their current training. After learning grammar, vocabulary, and context during pre-training
with a vast dataset of internet text, the models are fine-tuned on specific datasets tailored
to specialized tasks such as text generation or conversation [1]. Models such as GPT
and Gemini are further trained using extensive internet-sourced text data, such as books,
articles, wikis, and websites, including high-level-evidence medical research [1,14,16]. This
training enables the models to provide accurate medical information.

2.3. Evaluation Tools

We evaluated and compared each LLM response’s accuracy, readability, understand-
ability, and actionability.

For medical accuracy, we utilized a 5-point Likert scale with the following values:
1 point: completely incorrect, 2 points: partially incorrect, 3 points: partially correct and
incorrect, 4 points: partially correct, and 5 points: completely correct. To score each answer,
we used as ground truth the ASPS’s webpage [17–21] and textbooks such as The Art of
Aesthetic Surgery [22] and Essentials of Plastic Surgery [23]. Three independent authors
(C.A.G.C., S.B., and S.A.H.) analyzed and graded the responses. Any discrepancies were
discussed to reach a consensus, and when not possible, the most common score assigned
by the authors was used.

We used the Flesch Reading Ease (FRE) score and the Flesch–Kincaid Grade Level
(FKGL) to assess readability. The FRE gives a score between 1 and 100, with scores around
100 meaning that the document is extremely easy to read. Scoring between 70 and 80 is
equivalent to school-grade level 8. The FKGL assesses the approximate reading grade
level of a text. If a text has an FKGL of 8, the reader needs a grade 8 reading level or
above to understand it. Both tests take into account the number of sentences, words, and
syllables to emit a score [24]. According to the American Medical Association (AMA) [25]
and the National Institute of Health (NIH) [26], readability scores should not exceed 6th
and 8th-grade levels, respectively. We calculated the FRE score and the FKGL for every
model’s response using a free online calculator.

We employed the Patient Education Materials Assessment Tool (PEMAT) [27] to
measure the understandability and actionability of the LLMs’ responses. While it is recom-
mended for the evaluation of printed or audiovisual materials, we decided to use it as it is
a systematic method designed to determine whether patients will be able to understand
and act on the information provided. According to the developers’ website, materials are
understandable when consumers can process and explain key messages regardless of their
backgrounds and level of health literacy. On the other hand, materials are actionable when
patients can identify what they can do based solely on the information provided, regardless
of their background and health literacy level. There are two versions of the PEMAT, for
printable and for audiovisual materials. We used the printable version, which consists of
17 understandability items and 7 actionability items. Each item was rated as agree (1 point),
disagree (0 points), or N/A (not applicable). The sum of the total points was divided by
the total possible points (excluding items with N/A), and the result was multiplied by 100.
A higher score indicates that the material is more understandable or actionable. We gave
an understandability and actionability score to every response given by the LLMs.

2.4. Statistical Analysis

We calculated and charted the mean, mode, standard deviation (SD), and range of the
evaluated metrics of the models’ responses using a Microsoft Excel spreadsheet (Version
2403 Build 16.0.17425.20236) 64-bit). To compare the models’ performance, we employed
the analyses of variance (ANOVA) and Tukey’s post hoc analysis when applicable. ANOVA
and Tukey’s post hoc test were calculated using Microsoft Excel’s statistical package. We
considered a p-value < 0.05 as statistically significant.
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3. Results

3.1. Medical Accuracy

Overall, the three LLMs provided accurate information, with no statistically significant
difference (p = 0.85). ChatGPT-3.5 obtained the highest mean score of 4.19 ± 0.93, followed
by GPT-4 with a mean of 4.16 ± 0.88 and Gemini with a mean of 4.06 ± 0.91. The three
models’ scores ranged between 2 and 5 points, with 81% of the answers provided by
ChatGPT-4 scoring higher than 4. The same was true for 78% and 75% of ChatGPT-3.5’s
and Gemini’s answers, respectively (Figure 2).

Figure 2. Likert scale scores per LLM.

3.2. Readability

Gemini’s responses were significantly more readable than those of ChatGPT-3.5 and 4.
The average FRE score for Gemini was 43.72 ± 10.2, which was significantly higher than
ChatGPT-3.5’s 33.7 ± 6.8 and ChatGPT-4’s 33.7 ± 6.2 (p = 0.001). This translated to a
significantly lower FKGL average for Gemini’s responses (10.92 ± 2.0) than those of
ChatGPT-3.5 (12.88 ± 1.0) and ChatGPT-4 (13.6 ± 1.3), with a p-value of 0.001. While
53% of the responses provided by Gemini required a college reading level, it was the
only model with responses requiring a 10th to 12th-grade reading level (31%). In contrast,
almost 72% of ChatGPT-4 responses required a college reading level, and 41% of those from
ChatGPT-3.5 were nearly at a college graduate reading level (Figure 3).

3.3. Understandability and Actionability

Gemini provided more understandable responses, with an average PEMAT under-
standability score of 90.97 ± 3.0%. This was statistically different from ChatGPT-4, with an
average score of 85.13 ± 4.9% (p = 0.001), and ChatGPT-3.5, which averaged at 88.31 ± 2.7%
(p = 0.014). ChatGPT-3.5 also obtained a significantly higher average understandability
score than GPT-4, with a p-value of 0.002. Regarding actionability, ChatGPT-4 provided the
most actionable responses, with an average of 58.7 ± 8.7%. Both ChatGPT-3.5 and Gemini
averaged 57.5%; however, Gemini’s responses ranged among higher scores, 40–80%, as
compared to ChatGPT-3.5, which scored as lower as 20% and only reached a maximum
score of 60%. Nevertheless, there was no statistically significant difference in actionability
among these models (p = 0.83) (Figure 4).
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Figure 3. A box and whisker plot of the readability scores per LLM. Each box represents the
interquartile range (25–75% of data), the line inside the box shows the median, and the whiskers
extend to the smallest and largest values within 1.5 times the interquartile range from the lower and
upper quartiles, respectively.

Figure 4. Understandability and actionability scores per LLM. Bars represent average score; error
bars represent standard deviation.
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4. Discussion

In this modern era, the vast, instantaneous access to medical information acts as a
double-edged sword. While patients can easily access helpful information to guide their
decisions, they can also easily be misinformed, risking making prejudicial decisions. As
they are publicly available, LLMs may present as a solution by offering accurate information
presented as a human-like conversation text. One study even showed that patients preferred
chatbot responses over physicians’ as they were perceived as more empathetic [10]. In
specialties with rising demands, such as plastic surgery, these models may be pivotal as
they can serve a vast number of patients simultaneously.

In plastic surgery, several studies have analyzed LLMs’ capabilities for answering
patient questions in the pre- and postoperative period for breast surgery [2,3,8], blepharo-
plasty [14], rhinoplasty [15], and oculoplastic surgery [28]. This underscores their potential
as extremely helpful and valuable adjunctive tools for patient management and the impor-
tance of exploring their capabilities, with further visualization toward independent tools
(Figure 5). To our knowledge, this is the first study comparing the two versions of ChatGPT
and Gemini.

Figure 5. Examples of prompts given to the LLMs and an illustration of the LLMs as adjunctive tools
for postoperative care. Created with BioRender [29].
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Optimally, LLMs would be able to provide accurate medical information and, when
not, at least provide non-harmful advice without over-alerting patients, which would
further burden physicians. In our study, the three LLMs provided accurate information at
least 75% of the time. Although ChatGPT-3.5 had entirely correct answers almost 47% of
the time, it also responded partially incorrectly nearly 22% of the time. The latter was also
true for 25% of Gemini’s responses. Conversely, ChatGPT-4 was at least partially correct
81% of the time. However, there was no significant difference in the accuracy among the
models. This was the opposite in Al-Sharif et al. [28] and in Abi-Rafeh et al. [2], where
GPT-3.5 outperformed Bard in providing comprehensive, accurate responses.

Even though there was no statistical difference, we identified that ChatGPT-4’s re-
sponses were more comprehensive and straightforward than those of ChatGPT-3.5 and
Gemini, as they were usually preceded or followed by unnecessary, unuseful content. It
was common for all of the models to recommend asking or visiting their surgeon, even
when the questions were unrelated to life-threatening scenarios. However, Gemini stated
four times that it was unable to provide any medical advice as it was just an LLM and
instead encouraged patients to visit a doctor. Similarly, ChatGPT-3.5 started its response by
saying it was not a doctor before providing an accurate response twice. This may be an
attempt to avoid accountability or a way to express their limitations as LLMs, but it was
not the case for ChatGPT-4.

Despite their impressive ability to process information, LLMs still struggle to provide
completely accurate responses, which remains the most prevailing concern in their use among
specialties [30]. ChatGPT-3.5’s latest update was in March 2022, which hinders its ability
to answer questions with updated information after that date. Although ChatGPT-4 was
last updated in April 2023, the same can still be true. Both GPT-4 and Gemini can access
the Internet to provide updated information; nevertheless, their responses are primarily
based on their training data [4]. This risks the models being biased as they cannot only
inherit but also amplify biases present in their training data [31,32], perpetuating inequalities
related to factors such as race, gender, and socioeconomic status [1,11]. Moreover, LLMs may
generate fabricated responses, often referred to as hallucinations, when lacking information,
which can result in deviations from established practices [30]. Statistical parity ensures
that the demographics used for training the models are the same as the demographics of
the population where they will be implemented, which can be achieved with specialized
training [31,32]. However, for now, it is crucial to analyze inaccurate responses and verify the
information generated by the models [30–32].

Our study determined none of the responses as completely incorrect, only partially
incorrect. This may be seen in the scenario of an acute postoperative period of a patient who
underwent an abdominoplasty and wanted to know how many days she had to stay in bed.
ChatGPT-4 suggested gentle walks around the house and no strenuous activities but failed
to mention the number of days. On the other hand, Gemini accurately mentioned that it
was not recommended to stay in bed as early ambulation was crucial for recovery. However,
it did not say why and then contradicted itself by recommending 2 days of strict bed rest
followed by short walks and light activity. While low Likert scores do not necessarily mean
that the responses might be harmful to the patient, encourage risky behaviors, or provide
misinformation, these inaccuracies make them unfit as independent tools.

Although medical accuracy is paramount, LLMs’ responses must be readable to
successfully serve their purpose as patient resources. The average adult in the United States
reads at approximately a 7th-grade reading level [33]. Additionally, one study identified
that in plastic surgery, 50.2% of patients had an education level lower than high school and
that 48% of attendings, residents, and PAs said it was challenging to make patients follow
postoperative instructions [34]. Moreover, patient materials in plastic surgery are often
above the recommended average reading level of 6th to 8th grade and may be too difficult
for the average patient [34–37].

Vallurupalli et al. [37] successfully used ChatGPT-3.5 to significantly simplify tradi-
tional patient education materials for craniofacial surgery by 3 FKGL points. Interestingly,
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in our study, ChatGPT-3.5 and 4’s average FKGL scores were far superior to the recom-
mended reading level. This was consistent with the results of Momenaei et al. [38], where
ChatGPT-4’s FKGL and FRE scores averaged at 14.3 and 31.6, respectively. Conversely,
Gemini proved to be significantly superior in terms of readability, with responses at an
average reading level of 10th grade and an average FRE score 10 points higher than that
of the other models. Al-Sharif et al. [28] identified similar results, with GPT having a
higher analytical reading inventory (ARI) score than BARD, indicating that a higher level of
education was required to understand its responses. Perhaps providing tailored prompts re-
questing a specific reading level might consistently improve the readability of the answers.
However, this might risk oversimplifying the responses and missing essential information.

Gemini also outperformed both ChatGPT models in providing understandable an-
swers. This was because the PEMAT contemplates the use of visual aids as part of its score.
Gemini created images for three responses, two of which helped improve understandability.
Additionally, in a question about breast augmentation complications, it provided a link
to the FDA information website. While ChatGPT-4 also has the ability to create images
due to its integration with DALL-E, it only does so when specifically asked to. The ability
to think when it would be appropriate to include images for an explanation instead of
waiting to be asked to is what determined Gemini’s superiority. Nevertheless, both GPT
models scored above 85%, proving that they provide understandable answers. Similar to
readability, tailoring the prompt so that it provides helpful images may improve further
ChatGPT-4’s understandability.

Overall, the three models performed poorly in actionability, scoring less than 60%
on average. This was a consequence of the format in which the models presented their
responses. A minimum of two out of the seven questions were not applicable, and while
most of the time they provided clear, broken down actions, they rarely provided tangible
tools such as checklists. As visual aids were also part of the actionability section, both GPT
models could only score as high as 80%. Although Gemini did provide images, they were
not useful for inspiring actionability, hence not showing any difference between the models.

5. Strengths and Limitations

To our knowledge, this is the first study comparing the two versions of ChatGPT and
Gemini in terms of providing postoperative care recommendations to patients who have
undergone cosmetic plastic surgery procedures. However, our study has some limitations.
First are the limited number of questions prompted per procedure. This limited the depth in
which we could analyze the models’ capacity to provide accurate, readable, understandable,
and actionable responses for any particular procedure, limiting their clinical applicability.
Furthermore, our findings may not generalize to other LLMs or fields within or outside of
plastic surgery and are limited by the current training data of the models. Further research
into the newest, more potent versions of Gemini may be paramount, especially considering
the current version’s superiority to ChatGPT models. Moreover, with additional research
constraining the LLMs to provide good-quality information, either through RAG, functional
tuning, prompt engineering, or parameterization, we can leverage language understanding
but restrict the answers to good, accurate information. Notably, as LLMs evolve rapidly and
constantly, our results will likely differ from those obtained in the near future. Nevertheless,
a continuous evaluation of model performance is crucial at all stages of development. The
limitations and weaknesses highlighted by our study can provide valuable insights to
guide future development and practice, especially toward specialty-specific models.

The present study evaluated the LLMs’ responses based on their textual contents
without considering the patient–physician interaction and feedback. The impact on patient
understanding, satisfaction, subsequent behavior, and real-life clinical settings remains un-
explored. Lastly, our study primarily focused on English-language responses, demanding
further research on the performance across different languages and cultural contexts.

99



Healthcare 2024, 12, 1083

6. Conclusions

Our study provides valuable insights into the efficacy of LLMs in delivering postop-
erative care recommendations to patients who have undergone cosmetic plastic surgery.
Although ChatGPT-4 is the most effective and latest updated version of OpenAI, the pub-
licly available 3.5 version and Google’s Gemini public version provided equally accurate
medical advice. However, Gemini proved to be superior in providing understandable and
more readable responses. While all three models demonstrated their potential as adjunctive
tools in postoperative patient care, their shortcomings in providing actionable and concise
guidance highlight the need for additional refinement and research to enable their evolution
into comprehensive standalone resources. Further experimentation is necessary to evaluate
the performance of a retrieval-augmented generation technique.
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Abstract: In recent years, the landscape of diagnostic imaging has undergone a significant trans-
formation with the emergence of home radiology, challenging the traditional paradigm. This shift,
bringing diagnostic imaging directly to patients, has gained momentum and has been further acceler-
ated by the global COVID-19 pandemic, highlighting the increasing importance and convenience of
decentralized healthcare services. This study aims to offer a nuanced understanding of the attitudes
and experiences influencing the integration of in-home radiography into contemporary healthcare
practices. The research methodology involves a survey administered through Computer-Aided Web
Interviewing (CAWI) tools, enabling real-time engagement with a diverse cohort of medical radiology
technicians in the health domain. A second CAWI tool is submitted to experts to assess their feedback
on the methodology. The survey explores key themes, including perceived advantages and challenges
associated with domiciliary imaging, its impact on patient care, and the technological intricacies
specific to conducting radiologic procedures outside the conventional clinical environment. Findings
from a sample of 26 medical radiology technicians (drawn from a larger pool of 186 respondents)
highlight a spectrum of opinions and constructive feedback. Enthusiasm is evident for the potential
of domiciliary imaging to enhance patient convenience and provide a more patient-centric approach
to healthcare. Simultaneously, this study suggests areas of intervention to improve the diffusion of
home-based radiology. The methodology based on CAWI tools proves instrumental in the efficiency
and depth of data collection, as evaluated by 16 experts from diverse professional backgrounds.
The dynamic and responsive nature of this approach allows for a more allocated exploration of
technicians’ opinions, contributing to a comprehensive understanding of the evolving landscape of
medical imaging services. Emphasis is placed on the need for national and international initiatives in
the field, supported by scientific societies, to further explore the evolving landscape of teleradiology
and the integration of artificial intelligence in radiology. This study encourages expansion involving
other key figures in this practice, including, naturally, medical radiologists, general practitioners,
medical physicists, and other stakeholders.

Keywords: radiology; home radiology; CAWI; technology assessment

1. Introduction

1.1. Background

Within the transformative realm of domiciliary radiology, illuminated by the exhaustive
scoping review led by Toppemberg et al. [1], a profound shift in healthcare delivery is
discernible. Spanning from the pioneering initiatives of Losev in 1958 [2] to contemporary
endeavors exemplified by Mark et al.’s establishment of a domiciliary-based X-ray response
team in 2022 [3], a palpable evolution toward a patient-centric ethos in radiological practices
unfolds. While an array of studies illuminates promising outcomes, encompassing noteworthy
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cost-effectiveness [4], intricate operational dynamics [5], and a resounding positive reception
from patients [6], a compelling necessity emerges for a meticulous exploration into the
experiential landscape of professionals within this dynamically evolving field.

The landmark survey conducted by Sawyer et al. in 1995 [7], resonating with the
unanimous acknowledgment among practitioners regarding the paramount significance
of domiciliary radiography, triggers a critical examination of the nuanced challenges en-
countered by these professionals. Recent inquiries led by Andersen et al. [5] and Dollard
et al. [6], offering invaluable insights into the operational nuances and patient perspec-
tives, further illuminate the multifaceted nature of assimilating radiological services into
the fabric of non-clinical settings. While economic analyses by Kjelle et al. [4] present
commendable evidence of cost reduction, Aldridge et al.’s scrupulous study [8] under-
scores the need for qualitative investigations to glean a comprehensive understanding.
The exhaustive analysis conducted by Kjelle and Lysdahl [9], reaffirming the potential
advantages of domiciliary radiology, accentuates reductions in hospital transfers and the
assurance of timely diagnoses. In a broader societal context, public–private partnerships,
as exemplified by Datta et al. (2017) [10], illustrate the potential impact of collaborative
efforts in addressing healthcare gaps. The success of this specific initiative in detecting
pulmonary TB highlights the broader role such partnerships can play in scaling up and
designing impactful interventions. This small sample of recent studies (although a specific
review study would undoubtedly provide an even broader perspective) already serves as
an illustration of how domiciliary radiology can be conducted in various locations and
settings, each with a different focus, as outlined in Table 1.

Table 1. An example of the locations/focuses of application of home radiology.

Study Location Focus

Andersen et al. (2023) [5] Community settings

Implementation initiatives for
patient-centered care through setting

up a mobile X-ray unit in
the community

Dollard et al. (2022) [6] Residential aged care
facility

Residents’ perspectives on mobile
X-ray services supporting

healthcare-in-place in aged
care facilities

Kjelle et al. (2019) [4] Nursing homes in
Southeast Norway

Cost analysis of mobile radiography
services for nursing home residents

Aldridge et al. (2015) [8] Homeless hostels
Effectiveness of peer educators on the

uptake of mobile X-ray
tuberculosis screening

Kjelle and Lysdahl (2017) [9] Nursing homes
Investigation on services in nursing

homes, examining residents’ and
societal outcomes

Datta et al. (2017) [10] Public–private
partnership

Detection of sputum-negative
pulmonary TB through digital chest
X-ray conducted via a mobile van

In navigating these intricately woven dimensions, it becomes imperatively clear
that a comprehensive technology assessment is not merely a desirable but an essential
undertaking. The narrative, gracefully meandering through historical foundations, the
intertwined perspectives of practitioners and patients, the intricacies of operational chal-
lenges, economic considerations, and collaborative models, resoundingly underscores the
transformative potential embedded within domiciliary radiology. This evocative landscape
underscores the need for a meticulous investigation into the experiences and perspectives
of professionals operating within this evolving field, as has been conducted in other fields
of digital radiology in several applications, including teleradiology and the integration of
artificial intelligence [11–27]. An overview of surveys provides a nuanced understanding of
various aspects of the field. Starting with a snapshot of teleradiology practice in Turkey, Di-
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cle et al. delve into the practicalities and challenges faced by radiologists [11]. Transitioning
to Ghana, Dzefi-Tettey et al. explore the perceptions of clinical medical students regarding
a career in radiology, shedding light on the factors influencing future professionals in
the field [12]. Vabo et al.’s survey focuses on patient-reported outcomes after fracture
treatment in primary healthcare, providing insights into the impact of initial conservative
approaches [13]. On the technological front, Macedo et al. evaluate the usability and
efficiency of an application in orthopedics, emphasizing the integration of technology
into diagnostic processes [14]. The socio-economic and psychological repercussions of the
COVID-19 outbreak on radiologists are investigated by Florin et al., offering a glimpse
into the challenges faced by practitioners [15]. In Japan, Yamashiro et al. present survey
results on work-style reform and technology utilization among diagnostic radiologists,
reflecting the evolving landscape of radiological practices [16]. A comprehensive survey
encompassing radiologists, medical students, and surgeons by van Hoek et al. under-
scores skepticism about artificial intelligence and the potential evolution of the radiology
field [17]. Turning to the realm of teleradiology, Coppola et al. present Italian survey
results, while Jacobs et al. explore patient satisfaction with teleradiology services in general
practice [18,19]. The on-call service of neurosurgeons in Germany is investigated by Brenke
et al., revealing organizational aspects and the acceptance of modern technologies [20].
Meanwhile, Kim et al. gauge the attitude of Korean primary care family physicians toward
telehealth, offering insights into the acceptance and perspectives of telehealth services [21].
Examining factors influencing clinician satisfaction with radiology services, Lindsay et al.
contribute to the discourse on service quality [22]. Winblad et al.’s nationwide survey in
Finland sheds light on the positive aspects found in healthcare information and commu-
nication technology implementation [23]. Finally, Ninos et al. focus on the development
and evaluation of a PDA-based teleradiology terminal, emphasizing advancements in
technology and diagnostic capabilities [24]. CAWI tools could be a valid aid, as demon-
strated under the COVID-19 pandemic [25] and in the investigation of the acceptance
of the integration with artificial intelligence [26,27]. Collectively, these surveys weave a
narrative that encompasses technological advancements, practitioner perspectives, pa-
tient outcomes, and the evolving landscape of radiological practices. The discourse not
only underscores the current state of the field but also hints at potential future directions,
emphasizing the need for continuous adaptation and innovation in the dynamic field of
radiology. The application of surveys in home/domiciliary radiology could provide a
nuanced understanding of various aspects of this specialized field. Such an exploration is
not merely an academic endeavor but a crucial undertaking to comprehend the intricate
challenges, gain unique insights, and consider the pragmatic aspects confronted by these
professionals. A dedicated investigation into their experiences could not only enhance our
understanding but also shape strategies and policies aligned with the dynamic nuances of
domiciliary radiology. This, in turn, contributes to fostering its seamless integration into
contemporary healthcare practices. Overall, the brief literature analysis highlights the need
for targeted surveys among professionals directly involved in home radiology practice to
gather valuable and structured information for enhancing and promoting this approach.
From a healthcare perspective, this practice can bring numerous advantages, as seen in this
brief review, by shifting the practice to the patient’s home and avoiding complex hospital
visits. Fragile and/or significantly disabled patients, for instance, can benefit significantly
from the spread of home radiology. The healthcare system can also gain several advantages,
as it prevents potential risks of worsening for these patient categories.

1.2. The Rationale for the Study and Purpose

Exploring home radiology involves addressing pivotal questions spanning logistical,
training, patient care, and technological aspects. Key inquiries include optimizing logistical
challenges, defining essential skills for technicians, assessing patient care impact, under-
standing technological requirements, implementing quality control, gauging technician
opinions, tracking industry evolution, leveraging patient feedback, and identifying spe-
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cific populations or scenarios where domiciliary imaging excels or faces challenges. This
comprehensive framework sheds light on the inherent opportunities and obstacles in the
dynamic field of home radiology.

The aim of the study is to conduct a pilot study facing a comprehensive investigation
into home radiology by scrutinizing the experiences, challenges, and perceptions of medical
radiology technicians, with the overarching goal of informing strategies for the optimal
integration of domiciliary radiology into modern healthcare practices.

2. Methods

The research methodology hinged upon the deployment of a comprehensive question-
naire facilitated by a cutting-edge CAWI tool. This instrument was strategically dissemi-
nated not only to citizens but also to other professionals potentially engaged in the realm
of home radiology practices in the health domain.

The participants in the pilot study were contacted using peer-to-peer methods, which
leveraged messenger/chatting groups and social media platforms. These methods were
used to select participants based on professions and on their affiliations with professional
associations. Throughout this outreach process, utmost care was taken both to ensure the
privacy of the participants was respected during all interactions and to reach the entire
national territory.

To facilitate the data-collection process, Computer-Assisted Web Interviewing (CAWI)
tools were employed. These tools were customized with different menus and sets of questions,
which were tailored to the specific professions declared by the participants in the initial survey
questions. This customization ensured that the questions were relevant and appropriate for
each participant group. The development of the CAWI tools was executed utilizing Microsoft
Forms, a deliberate choice owing to its seamless integration with the Office 365 (Version
2024) suite provided to the Tor Vergata University staff. Notably, Microsoft Forms boasts
certification for compliance with prevailing IT security regulations from a systems perspective.

This choice was, therefore, influenced by the tool’s integration within the university’s
Office 365 suite and its official approval for research purposes. Selecting an alternative
external tool would have necessitated additional approval processes, which were not
guaranteed and would have entailed a significant expenditure of time and resources.

Overall, these strategic decisions regarding participant outreach and data collection tools
were made to ensure the efficiency, reliability, and ethical integrity of the research process.

Within the confines of this pilot study, our analytical focus has been steadfastly di-
rected toward scrutinizing the outcomes derived from the detected perspectives of medical
radiology technicians (MRTs). As the linchpin figures in the delivery of home radiology
practices, their insights carry paramount significance. It is pertinent to note that our on-
going efforts extend beyond this specific cohort, encompassing a broader spectrum of
stakeholders. Furthermore, we introduced a secondary CAWI tool tailored for experts
affiliated with national scientific societies and the national associations of professionals
integral to this phase of the project.

The dissemination of both CAWI instruments occurred in a peer-to-peer fashion,
ensuring anonymity, and leveraged social networks and other channels affiliated with the
scientific societies and associations involved. This approach was meticulously crafted to
uphold the utmost standards of privacy and confidentiality. The following modules were
used in the CAWI:

• Single choice questions;
• Multiple choice questions;
• Evaluation (graded) questions (with a 6-level psychometric scale);
• Likert questions with a 6-level scale;
• Open-ended questions (in a few cases).

The principal CAWI tool is the electronic survey (ES), which allows the collection of
feedback from the actors related to the home radiology practice.
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The link and the QR code for the electronic survey are as follows: https://forms.office.
com/e/fW1w6YbwNr (accessed on 15 March 2024) (see Figure 1).

Figure 1. The QR code of ES.

The second tool, the CAWI tool, is the electronic feedback form (EFF) dedicated to the
experts of the scientific societies/scientific associations.

Below, we report the link and the QR code for the EFF: https://forms.office.com/e/
MW9M7aykWP (accessed on 15 March 2024) (see Figure 2).

Figure 2. The QR code of the EFF.

3. Results

The results are organized into sections and subsections.
Section 3.1, “The Outcome from the Electronic Survey”, presents the results of adminis-

tering the electronic survey to radiologic healthcare technicians. This section consists of
three subsections.

Section 3.1.1, “Insights into the Study Participants: Unveiling Characteristics of the Sample”,
characterizes the sample.

Section 3.1.2, “Findings from Graded, Multiple-Choice, and Likert Scale Questions”, reports
the outcome of quantitative data obtained from numerical responses (single-choice questions,
multiple-choice questions, graded questions, and Likert questions with a 6-level scale).

The last section, Section 3.1.3, “Unveiling Insights from Open-Ended Responses: A Dual
Perspective on Feedback and the Future of Home Radiology”, reports the outcome of open-
ended responses.

Section 3.2, “The Outcome from the Electronic Feedback Form”, presents the results of
administering the CAWI to experts to gather feedback on the devised tool. It is divided
into two subsections.

Section 3.2.1, “Identification of the Expert Observer Group”, identifies the group of experts
involved in this CAWI.
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Section 3.2.2, “In-Depth Feedback Through the Electronic Feedback Form”, reports the
outcome of the administration of the second CAWI:

Finally, Section 3.3, “Comprehensive Insights Summary”, provides a synthesis of the
results for the two CAWI administrations, organized into two corresponding subsections:
Section 3.3.1, “Insight summary from the Electronic survey”, and Section 3.3.2, “Insight summary
from the Electronic Feedback Form”.

3.1. The Outcome of the Electronic Survey
3.1.1. Insights into the Study Participants: Unveiling Characteristics of the Sample

One significant outcome derived from this study is the development of the CAWI
product, a result of careful consideration given to multiple perspectives. The individuals
involved in this endeavor comprised Bioengineers, Medical Engineers, and experts with a
background in health professions and diagnostic techniques, including training in medical radiology
techniques. Additionally, experts in economics and the development of Medical Devices were part
of this collaborative effort, with these first five competencies being among the authors
of the work. Furthermore, contributors from the fields of medical physics and radiological
medicine also played integral roles. Notably, no critical issues were identified across any of
the submissions. It is noteworthy that the survey was completed swiftly, with participants
taking an average of 79.7 s to open and complete it, never exceeding 120 s in the entire
process. After the survey was opened, every participant willingly provided their responses.
Notably, there are no inquiries related to cybersecurity, as the team has carefully evaluated
the incorporation of the Virtual Private Network (VPN) in this context, deeming the security
measures equivalent to those achievable within a local hospital setting. Consequently, the
examination of cyber risks, a well-recognized concern in the hospital domain, falls outside
the initial focus of this investigation.

The two tables (Tables 2 and 3) provide details on the overall sample of interviewed
Medical Radiology Technologists (MRTs) (Table 1) and the subset of those who, in some
capacity, have been involved with home radiology (HR) matters (Table 2). The first table
presents a comprehensive overview of the entire MRT sample interviewed, while the second
table specifically focuses on those within the sample who have encountered or dealt with
HR-related aspects.

Table 2. Sample of MRTs interviewed using the CAWI ES.

Participants Males/Females Min Age/Max Age Mean Age

186 80/106 34/59 45.6

Table 3. Subsample with experience in HR.

Experience in HR Males/Females Min Age/Max Age Mean Age

26 16/10 33/58 46.3

3.1.2. Findings from Graded, Multiple-Choice, and Likert Scale Questions

In the assessment, individually graded and Likert responses were employed, with a
scale ranging from a maximum score of 5 to a minimum of 1. An average score surpassing
3.0 = 1+5

2 signified a positive evaluation, with a higher score approaching 5 indicating
a more favorable response. Conversely, a score falling below 3.0 signaled a negative
evaluation, with a lower score approaching 1 indicating a more critical stance.

The following three multiple-choice questions (with four choices each) yielded compa-
rable outcomes, as depicted in Figures 3–5:

• “Do you believe that the examination conducted at home complies with the safety requirements
regarding exposure to ionizing radiation?”

• “Are the means and technologies (vehicle, PC, radiological equipment, etc.) provided by the
Health Authority suitable for delivering the service?”
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• “Do you believe it is important for the MRT to be part of the Integrated Home Care team?”

None of the three questions received negative responses. All three exhibited a pref-
erence for the response “Yes, enough”, followed closely by “Yes very much”. The χ2 test
indicated high significance (p < 0.01) in all three cases.

The graded question

• “How important do you consider listening to the problems of the patient or family/caregivers?”

received an average score of 4.83 (STD ± 0.21), with only 1 vote coinciding with 3
(neither positive nor negative), while all other votes were higher.

The graded question

• “Overall, how satisfied are you with the Home Radiology service?”

achieved an average score of 4.93 (STD ± 0.13), with all votes being ≥ 4.
Figures 6–8 show the outcome from the three module-Likert:
Giving a comprehensive view, the Butterfly diagrams vividly highlight the overall

minimal presence of the tail below 0% across all options. This observation signifies a
consistently high level of positive appraisal for each presented choice. Furthermore, an
approach was adopted by applying the χ2 test option by option, assessing the significance in
the frequency of positive and non-negative ratings in comparison to negative ones. Across
every option, the χ2 test yielded notably high significance levels (p < 0.01), reinforcing the
statistical robustness of positive evaluations over negative counterparts.

 

Figure 3. Answer to the multiple choice question, “Do you believe that the examination conducted at
home complies with the safety requirements regarding exposure to ionizing radiation?”.

Figure 4. Answer to the multiple choice question, “Are the means and technologies (vehicle, PC,
radiological equipment, etc.) provided by the Health Authority suitable for delivering the service?”.
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Figure 5. Answer to the multiple choice question, “Do you believe it is important for the MRT to be
part of the Integrated Home Care team?”.

Figure 6. Answer to the Likert, “Based on your experience, do you believe that the service can?”.

Figure 7. Answer to the Likert, “On which aspects do you think it is important to emphasize to
promote the adoption of Home Radiology services:?”.
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Figure 8. Answer to the Likert, “In your opinion, what are the obstacles preventing the widespread
adoption of this practice?”.

Details:
Within the Likert scale associated with the set of options for “Based on your experience,

do you believe that the service can:”, the most favored choice was “Minimize physical and
emotional harm to patients caused by travel”, garnering the highest average rating of 4.3
(STD ± 0.50)

Within the Likert scale associated with the set of options for “On which aspects do you
think it is important to emphasize to promote the adoption of Home Radiology services:”,
the most favored choice was “Promotion of the practice”, garnering the highest average
rating of 4.5 (STD ± 0.33)

Within the Likert scale associated with the set of options for “In your opinion, what
are the obstacles preventing the widespread adoption of this practice?”, the most favored
choice was “lack of foresight from politicians”, garnering the highest average rating of
4.4 (STD ± 0.42).

3.1.3. Unveiling Insights from Open-Ended Responses: A Dual Perspective on Feedback
and the Future of Home Radiology

We also present the insights derived from a global perspective through open-ended
questions. In this exploration, we delve into the valuable feedback gleaned from open-
ended responses, shedding light not only on the challenges and triumphs of home radiology
but also on the potential applications of surveys in shaping its future landscape.

Open Question: What types of challenges have you encountered?
In the realm of home radiology, challenges manifest as nuanced facets of our commit-

ment to providing quality healthcare. When working with individuals with significant
disabilities and/or frailties, several important challenges may arise and have been reported,
including communication, mobility, emotional sensitivity, accessibility, interaction with
the caregiver, and cultural sensitivity. However, all those who submitted open-ended
questions regarding these issues did not report any critical problems and stated that they
felt prepared to face the challenge, considering it a personal reason for professional and
human growth.

Open Question: What are the positive aspects that you have identified in providing
the service at the patient’s home?

The provision of home radiology services brings forth a spectrum of positive aspects
that profoundly impact both patients and healthcare practitioners. Conducting examina-
tions in the familiar setting of a patient’s home, especially for those in fragile conditions, is
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a transformative benefit. Beyond the inherent convenience, this approach ensures a higher
level of patient care by eliminating the need for them to traverse to a diagnostic center,
concurrently contributing to the reduction in healthcare costs.

Moreover, the unique rapport established during home visits fosters a sense of hospi-
tality and appreciation reminiscent of a bygone era. This not only enriches the patient’s
experience but also aligns with the broader mission of combatting disability, creating a
more holistic and patient-centric healthcare model.

Open Question: If you deem it appropriate, you can leave a comment on the topic of
home radiology.

The comments highlight that the potential of home radiology services remains un-
tapped without a comprehensive census, both in public and private spheres. A centralized
survey is imperative to gauge the extent of utilization and, consequently, unlock the
full potential of this diagnostic tool. With data-driven insights from a thorough census,
home radiology can be strategically harnessed, catering to the specific needs of the health-
care landscape.

Open Question: Respecting the patient’s privacy, share an experience of home radiol-
ogy that you consider significant.

As we collect data for a comprehensive report on home radiology’s contributions to the
national healthcare system, the experiences gathered during the COVID-19 pandemic stand
out as indelible markers. The challenges posed by the pandemic highlighted the critical
role of home radiology in ensuring healthcare continuity. The stories we are assembling
serve not only as a testament to the service’s importance but also as a guide for future
enhancements, solidifying its role in the ever-evolving healthcare landscape.

3.2. The Outcome of the Electronic Feedback Form
3.2.1. Identification of the Expert Observer Group

For the purposes of this investigation, we enlisted the expertise of a group consisting
of 16 observers chosen for their experience in the field. They were selected based on their
background in the sciences of diagnostic technical professions (training for a coordinating
role in this field) and with various primary professional focuses. This deliberate and
thorough selection process aimed to incorporate a diverse range of qualified perspectives,
ensuring a comprehensive and well-rounded evaluation of our research.

3.2.2. In-Depth Feedback through the Electronic Feedback Form

In the assessment, individually graded and Likert responses were employed, with a
scale ranging from a maximum score of 6 to a minimum of 1. An average score surpassing
3.5 = 1+6

2 signified a positive evaluation, with a higher score approaching 6 indicating
a more favorable response. Conversely, a score falling below 3.5 signaled a negative
evaluation, with a lower score approaching 1 indicating a more critical stance.

The response to the question “Please indicate your level of familiarity with the topic of
home radiology” received an average rating of 5.3, with a minimum of 4 and a maximum of
6 (STD ± 0.41).

The answer to the question “Provide your overall assessment of the proposed tool” received
an average rating of 5.1, with a minimum of 4 and a maximum of 6 (STD ± 0.52).

An intriguing aspect emerges in the responses to a question offering three distinct
choices, “I think that the proposed tool is:”. The graphical representation (Figure 9) highlights
a unanimous positive sentiment toward the ES, with every option reflecting a favorable
opinion. Notably, the most favored choice, selected by 88% of respondents, expressed that
the survey was “Valuable and efficient, serving as an excellent foundation for scientific
societies”. This overwhelming preference holds substantial significance, as demonstrated
by the χ2 test (p < 0.01), underlining a robust consensus among participants regarding the
commendable nature of the ES.
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Figure 9. Answer to the multiple choice question, “I think that the proposed tool is:”.

The Likert scale, in its findings (Figure 10), notably showcased a remarkably high level
of acceptance, consistently yielding ratings never falling below 5.1 on each individual item.
The Butterfly diagram further accentuates this positive trend by illustrating a complete
absence of ratings below 4 percent. This absence of lower ratings obviates the necessity of
applying the χ2 test, as it becomes apparent that the overwhelming majority of responses
align positively with the subject matter, reinforcing the robust acceptance of the surveyed
elements.

Figure 10. Answer to the Likert, “Provide a detailed evaluation of the following points concerning
the tool”.

3.3. Comprehensive Insights Summary

A study with two polarities was conducted using two CAWI tools. Through the
first CAWI tool, it was possible to capture feedback from medical radiology technicians
familiar with the practice. The second CAWI tool allowed for obtaining feedback on the
methodology used and its related perspectives.

3.3.1. Insight Summary from the Electronic Survey

The assessment, utilizing graded and Likert responses on a scale of 1 to 5, unveils a
favorable perspective for home radiology, where an average score exceeding 3.0 indicates
positive sentiments. Multiple-choice questions consistently received affirmative responses,
statistically significant at p < 0.01, reflecting a widespread positive perception.
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Graded inquiries about the importance of listening to patient concerns and overall
satisfaction garnered high average scores (4.83 and 4.93, respectively), underscoring their
pivotal role. Butterfly diagrams illustrating Likert scale responses showcased a unani-
mous positive outlook. Specific emphasis on minimizing harm during patient travel and
promoting home radiology services received high average ratings of 4.3 and 4.5.

Within the Likert scale, the question exploring obstacles to the widespread adop-
tion of home radiology services provided valuable insights. Respondents favored the
option “lack of foresight from politicians”, with a high average rating of 4.4, highlighting its
significance in the context of adoption challenges.

Open-ended responses delved into nuanced challenges, such as physical demands and
occasional biases, emphasizing the necessity for inclusivity. Conversely, positive aspects
highlighted the transformative benefits of home examinations, contributing not only to
patient comfort but also yielding cost reductions.

This study underscores the urgency of a comprehensive census to unlock the full
potential of home radiology. Insights from the COVID-19 pandemic underscore the service’s
indispensable role in maintaining healthcare continuity, offering valuable guidance for
future enhancements.

In summation, the findings offer a compelling narrative of home radiology’s positive
reception, supported by a blend of quantitative and qualitative assessments. These holistic
insights provide a robust understanding of the service’s strengths, challenges, and avenues
for continual improvement.

3.3.2. Insight Summary from the Electronic Feedback Form

Engaging 16 seasoned observers with diverse expertise, our study meticulously rep-
resented crucial roles in the medical field. This deliberate selection process enriched the
evaluation with a comprehensive range of qualified perspectives.

Utilizing a 1 to 6 scale, an average score above 3.5 indicated positive evaluations.
The responses demonstrated a high level of familiarity with home radiology (average
rating: 5.3) and a positive overall assessment of the proposed tool (average rating: 5.1).
Notably, a unanimous 88% consensus favored the tool’s value and efficiency, emphasizing
its excellence as a foundation for scientific societies, as confirmed by the χ2 test.

Consistently high ratings, never falling below 5.1, were observed across all Likert
scale items. The Butterfly diagram underscored the absence of ratings below 4, affirming
overwhelming positive consensus without the need for the χ2 test. In summary, seasoned
observers validate the commendable nature of the Evaluation Survey, highlighting its
efficiency and value. The consensus positions it as an excellent foundation for scientific
societies, showcasing robust acceptance and positive feedback.

4. Discussion

4.1. Key Discoveries: Opportunities, Challenges, and Issues

This study delved into the pivotal role of investigating professionals’ experiences
and opinions regarding home/domiciliary radiology within the health domain. A specific
CAWI-based tool was employed and submitted in a peer-to-peer mode to both citizens and
professionals. The focus of this work specifically concerns medical radiology technicians
involved in this radiology practice. Given the inherent complexity and heterogeneity of
the domains, the survey addressed various aspects. In a broader sense, this study has
illuminated how an expansive electronic questionnaire within this realm can emerge as a
valuable and indispensable tool. Expanding on the distinct values, this study brings forth
the following results:

• The CAWI ES Tool:

The first contribution of this study lies in the careful design of the CAWI ES tool
itself. This tool has been meticulously crafted to explore the intricacies of daily radiology
practices, allowing for a detailed examination of key points and the collection of valuable

114



Healthcare 2024, 12, 732

feedback. Its construction ensures that it serves as a potential instrument for understanding
and potentially improving the efficiency of radiological procedures in HR.

• High Acceptance Level of the ES CAWI tool:

Another significant aspect revealed by the study is the remarkably high acceptance
level of the ES tool. This finding comes from the perspectives of a panel consisting of
16 experts who not only recognize its current utility but also see its potential as a valuable
instrument in future applications. The unanimous agreement among these experts under-
scores the perceived credibility and effectiveness of the ES tool in the field of radiology.

• CAWI Tools:

Another noteworthy feature is the introduction of two CAWI tools, encompassing both
the ES and the EFF. This dual-tool approach represents a substantial and final enhancement
to the research methodology. Beyond their evident usefulness, these tools demonstrate
a commendable level of adaptability, being easily exportable. This not only adds to the
convenience of the research process but also emphasizes the practicality and versatility of
the applied methodology.

• Specific Outcome:

This study’s last contribution is the in-depth evaluation of outcomes derived from in-
terviews with medical radiology technicians. This thorough examination provides insights
into the practical implications of the implemented methodologies and sheds light on the
tangible impact on the daily practices of these healthcare professionals.

Regarding the outcome, it is essential to note that the obtained sample is not small,
considering the following factors. The health domain in Italy is organized on a regional
model, with the country divided into 20 regions. The use of Health Radiography (HR)
varies across these regions, with some utilizing it while others do not. According to
a survey [28], only four regions offered HR services in 2018. However, this landscape
changed post-pandemic, with more regions, including Umbria [29], adopting this service.
It is crucial to recognize that Italian regions are further divided into provinces, where
HR usage may vary. For example, in Umbria (approximately 1/50 of the entire national
population), HR is only used in the province of Perugia, involving an Opertavive Unit [29].
Considering these aspects, the identified sample of 26 Medical Radiology Technicians
(MRTs) is entirely reasonable. An indirect suggestion to the Ministry of Health, responsible
for mapping healthcare activities, is to initiate a census in this domain. A census, coupled
with raising awareness through scientific societies/associations, could collectively boost
both the monitoring and practice of HR. The feedback from MRTs reflects the enthusiasm
and, simultaneously, significant expectations surrounding this practice, which is viewed
as having promising and motivating prospects on a personal level. However, MRTs
acknowledge the need for various strategic initiatives (e.g., specific personnel training,
workflow revisions, technological resources, dedicated funds for activities such as salaries
and overtime, and the promotion of the practice). The lack of foresight among politicians is
considered an obstacle. Additionally, it is crucial to focus on the citizen and caregiver and on
all the key working figures involved in this practice. Notably, medical radiologists emerge
as central figures, bearing the responsibility in the medical act and playing a key role in the
overall medical process. From those overseeing remote diagnostics to general practitioners
managing complex eligibility identification procedures and medical physicists ensuring
radiological safety, each contributes indispensably to other key individuals organizing the
work, including stakeholders associated with HR practice.

It is also helpful to interpret these results in light of some historical studies in this field
focused on surveying the experiences. The uniqueness and innovation of our study lie in its
targeted exploration of the experiences of medical radiology technicians involved in home
radiology, achieved through the application of a Computer-Assisted Web Interviewing
(CAWI) survey method. From a general perspective, our approach continues that proposed
by Sawyer et al. in 1995 [7] to gather feedback on this practice, but now utilizing a
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methodology (CAWI) that was not available in 1995. We focus on the individuals actively
involved in the field, addressing new developments that have occurred over three decades.
In comparison to a broader overview of surveys [11–24] that focus on teleradiology in
general, of which home radiology can, in a sense, be considered an integral part, our
study specifically delves into the intricacies of this particular professional group and their
engagement with home radiology practices.

The other referenced overview of surveys encompasses a diverse range of inves-
tigations within the broader field of radiology but has not addressed home radiology.
These include examinations of teleradiology practices in Turkey [11], perceptions of clini-
cal medical students toward radiology careers in Ghana [12], patient-reported outcomes
after fracture treatment in primary healthcare [13], usability and efficiency evaluations
of an application in orthopedics [14], socio-economic and psychological impacts of the
COVID-19 outbreak on radiologists [15], work-style reform and technology utilization
among diagnostic radiologists in Japan [16], skepticism about artificial intelligence in the
radiology field [17], patient satisfaction with teleradiology services in Italy [18], patient
satisfaction with teleradiology services in general practice [19], on-call service of neuro-
surgeons in Germany [20], attitudes of Korean primary care family physicians toward
telehealth [21], factors influencing clinician satisfaction with radiology services [22], and
positive aspects found in healthcare information and communication technology imple-
mentation in Finland [23]. In contrast, our study focuses specifically on the experiences of
medical radiology technicians in the context of home radiology. The use of the CAWI as
a survey method provides a modern and efficient approach to gathering insights directly
from this professional group, allowing for detailed feedback on their perspectives, chal-
lenges, and contributions in this evolving field. By narrowing the scope to this specific
demographic, our study adds a targeted and specialized dimension to the broader land-
scape of radiology research [11–24]. In common with these studies, our research highlights
the importance of targeted questionnaire proposals rather than standardized ones. This is
evident when analyzing questionnaires proposed to investigate the introduction of inno-
vative technologies in radiology, such as artificial intelligence. Various surveys have been
proposed [30–40] to explore the perspectives of diverse stakeholders in this field, including
radiologists, radiographers, primary care providers (PCPs), students, and patients. Re-
search focused on patients [30–32] has shed light on their curiosity and general acceptance
of these techniques, emphasizing the need for awareness campaigns and educational efforts
and addressing cybersecurity concerns in tandem with eHealth and mHealth integration.
Among students [39], prevalent curiosity and optimism were observed, but in tandem
with dissatisfaction surfaced regarding the inadequacy of training, prompting a call for the
integration of specific modules into their training programs. Investigations into radiologists
and radiographers [34–38] uncovered a widespread openness to these innovative solutions.
Moreover, there was a strong desire among these professionals to actively contribute to
future workflow modifications, contingent upon receiving adequate training. In almost all
studies, with only rare exceptions like [32], researchers opted for free and non-standardized
questionnaires, employing validation processes. This implies that, in the current historical
context, scholars are leveraging their creativity to construct increasingly innovative and
adaptable survey instruments. Other standardized and more widely used instruments,
such as the Technology Acceptance Model, have seen more limited utilization [40]. Another
aspect that emerges when comparing studies conducted on teleradiology [11–24] and on
the integration of artificial intelligence in radiology [30–40] is the need to activate national
and international initiatives of this kind sponsored by societies and/or scientific federations
in the field and to focus more on the entire working domain [26].

4.2. Takeaway Message

This study, through the application of a CAWI survey method, specifically explores
the experiences of medical radiology technicians engaged in home radiology. The use
of CAWI tools is highlighted as a significant innovation, providing meticulous design,
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high acceptance levels, and a comprehensive impact evaluation. This study’s focus on
the specific professional group of MRTs, utilizing a modern approach, adds a targeted
dimension to the broader landscape of HR research. The need for national and international
initiatives in the field, supported by scientific societies, is emphasized to further explore
the evolving landscape of the integration of HR in the health domain.

4.3. Work in Progress

Future work will focus on the citizen and caregiver and on all the key working fig-
ures involved in this practice, from radiologists engaged in remote diagnostics, general
practitioners involved in complex eligibility identification procedures, and medical physi-
cists ensuring radiological safety to other key individuals organizing the work, including
stakeholders associated with HR practice. Concurrently, we will initiate a structured
transition process with the following objectives: effectively transferring our findings and
key insights to relevant scientific societies and raising awareness among key institutions
regarding census initiatives. This transition is vital to ensure that the wealth of information
we’ve gathered becomes an integral part of the broader scientific discourse. By fostering
collaboration with scientific societies, we envision a dynamic exchange of ideas, method-
ologies, and best practices that will contribute to the advancement of the field. This work
in progress signifies our commitment to not only conducting a comprehensive analysis
but also actively participating in the knowledge-sharing ecosystem. Through this dual
approach, we aspire to make meaningful contributions to both public understanding and
the scientific community, fostering a continuous dialogue that propels the field of home
radiology forward.

4.4. Key Recommendations for Advancing Further Research

We have proposed a pilot study that we hope will serve as a catalyst for future develop-
ments. Our envisioned direction for upcoming research recommends a focused exploration
of citizens, caregivers, and key figures within the field of home radiology. Notably, medical
radiologists emerge as central figures, bearing the responsibility in the medical act and
playing a key role in the overall medical process. From those overseeing remote diagnostics
to general practitioners managing complex eligibility identification procedures and medical
physicists ensuring radiological safety, each contributes indispensably.

Additionally, we aspire for this pilot study to inspire all scientific societies of the
involved professionals to continue in this direction. Among the suggestions indirectly
arising is the encouragement to persist through these initiatives, concurrently working on
refining and building consensus on these Computer-Assisted Web Interviewing (CAWI)
tools. Simultaneously, we aim to motivate and support institutions in targeted and precise
census initiatives.

5. Conclusions

In conclusion, this pilot study delves into the experiences and perspectives of medical
radiology technicians engaged in home radiology, utilizing a CAWI survey method. The
use of CAWI tools represents a significant innovation, providing a meticulously designed
approach with high acceptance levels and a comprehensive impact evaluation. The study’s
focused exploration of this specific professional group adds a targeted dimension to the
broader landscape of HR research.

This study acknowledges the need for strategic initiatives to optimize HR integra-
tion. It suggests recommendations for advancing further research by focusing on citizens,
caregivers, and key figures in home radiology. Medical radiologists are highlighted as
central figures, bearing responsibility in the medical act and playing a key role in the
overall medical process. From those overseeing remote diagnostics to general practitioners
managing complex eligibility identification procedures and medical physicists ensuring
radiological safety, each contributes indispensably. This pilot study aims to inspire scientific
societies to continue in this direction, encouraging the persistence and refinement of tools.
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Simultaneously, census initiatives are suggested. This transition is crucial for integrating
the findings into the scientific discourse and aligns with our desire for our study to actively
contribute to the knowledge-sharing ecosystem.
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Abstract: (1) Background: This systematic review and meta-analysis explores the effectiveness of
telerehabilitation in patients suffering from chronic neck pain, specifically on pain and disability.
The research delves into an area of growing significance within the realm of healthcare, aiming to
understand the impact of digital interventions on the rehabilitation process for individuals with
prolonged neck pain. (2) Methods: The comprehensive review encompasses a wide array of studies
evaluating the collective outcomes of numerous trials focused on telerehabilitation strategies. In this
systematic review, PubMed/MEDLINE, Scopus, and Web of Science databases were systematically
searched to identify studies on telerehabilitation’s impact on pain. (3) Results: Eight studies met
the inclusion criteria. Using the Downs and Black quality assessment, three studies were classified
as good and five as fair. The authors identify specific modalities within telerehabilitation, such as
remote exercise programs and virtual consultations, that contribute significantly to positive patient
outcomes. Meta-analysis indicated a significant overall effect of telerehabilitation on pain reduction
(MD = −1.27; 95% CI = −2.06; −0.47; p = 0.002). These findings support telerehabilitation’s efficacy
in pain management. (4) Conclusions: The synthesis of evidence presented in this systematic review
and meta-analysis underscores the potential of telerehabilitation as an effective and accessible means
of managing chronic neck pain, offering valuable insights for both healthcare practitioners and
policymakers in advancing patient-centered care.

Keywords: telerehabilitation; chronic neck pain; disability; review; meta-analysis

1. Introduction

Neck pain represents a significant health issue, affecting millions of individuals
worldwide and imposing a substantial burden in terms of disability and healthcare costs [1].
A significant number of individuals grappling with neck pain find that a full recovery
remains elusive. Among patients experiencing neck pain, a mere 6.3% perceive their
discomfort as persistently chronic. This highlights the enduring and often challenging
nature of neck pain, underlining the need for comprehensive and sustained approaches to
address the diverse factors contributing to its prolonged impact on individuals’ well-being [1].
This disorder, characterized by persistent pain in the cervical region over an extended
period, negatively impacts the quality of life and functionality of those affected [2].

Moreover, persistent and/or chronic pain is characterized by its continuous presence
for at least three out of the preceding six months. The origins of non-specific neck
pain remain elusive, with the onset and recurrence of such pain being acknowledged
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as multifactorial [3]. While the precise mechanisms initiating pain are not fully understood,
certain influences may be modifiable, whereas others may be attributed to personal and
environmental factors [4]. These factors encompass aspects such as occupation, headaches,
emotional issues, low job satisfaction, sedentary work postures, and a suboptimal physical
work environment [5].

The importance of understanding and addressing chronic neck pain lies in its pervasive
nature, often leading to disability and reduced quality of life for affected individuals [6].
Persistent neck pain can restrict mobility, hinder daily activities, and contribute to emotional
distress [7]. The presence of disability in chronic neck pain underscores the need for
comprehensive approaches to pain management, focusing not only on symptom relief
but also on enhancing functional capabilities and minimizing the long-term impact on
a person’s ability to engage in normal activities [8].

It has been previously stated that although pain and disability are interrelated, they
should be assessed separately and considered as two distinct aspects of pain [9]. Pain is
defined as a subjective experience, and the assessment tools are focused on what the person
reports about their pain. These assessment tools include the visual analog scale, which
is the most frequently used pain measure, and the numeric rating scale, which allows
better discrimination of small changes in pain or pain questionnaires that are reported
to be sensitive in detecting health improvement [10]. Regarding disability due to neck
pain, the most widely used tool is the neck disability index, published in 1991 [11]. This
index has appropriate psychometric properties and has been used in clinical and research
settings [12].

In the current landscape of healthcare [13], telerehabilitation has emerged as an innovative
strategy to address various chronic health conditions, including neck pain. The convergence
of information and communication technology with rehabilitation practices offers new
opportunities to deliver effective interventions remotely, overcoming geographical barriers
and enhancing access to care [14]. Exploring the potential of telerehabilitation can modify
a paradigm shift in how rehabilitation services can be delivered. By leveraging the
capabilities of telecommunication technologies [15], healthcare professionals can extend
their reach, providing timely and personalized interventions to individuals dealing with
chronic neck pain.

The premise that telerehabilitation [16] can not only provide a convenient approach to
rehabilitation service delivery but also has the potential to empower patients by enabling
active participation in their recovery process has been in the middle of controversy when
applied to chronic pathologies [17]. In this line, telerehabilitation has been defined as
a branch of telehealth and is set up as a system for the control or monitoring of remote
rehabilitation using telecommunications technologies. The purpose of telerehabilitation
is to increase accessibility and improve continuity of care in vulnerable, geographically
remote populations with disabilities, with the potential to save time and resources in
health care [18]. The detailed exploration of this treatment modality is essential to inform
healthcare professionals, patients, and policymakers about its viability and effectiveness
in the context of chronic neck pain. The relevance of telerehabilitation in transforming
healthcare delivery requires a growing and meaningful body of evidence for its effects that
go beyond the traditional boundaries of healthcare [18]. Specifically, the available evidence
can elucidate the results of telerehabilitation interventions, offering a comprehensive
perspective on their impact on pain management and functional outcomes.

At a time when healthcare is undergoing an accelerated digital transformation, under-
standing how telerehabilitation can contribute to the successful management of chronic
neck pain is crucial for optimizing care, improving patient outcomes, and ensuring
accessible and efficient healthcare [19]. However, it has not yet been demonstrated for
chronic neck pain. Furthermore, the up-to-date evidence base about the use of telerehabilitation
for chronic neck pain rehabilitation has not been reviewed. Therefore, this systematic review
and meta-analysis investigate the effects of telerehabilitation in patients with chronic neck
pain to improve pain and disability.
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2. Materials and Methods

2.1. Design

A systematic review and meta-analyses were performed to identify randomized
clinical trials reviewing the effects of telerehabilitation on pain and disability in patients
with chronic neck pain. The guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) were used [20]. The Cochrane Collaboration
guidelines for reviewing interventions were also closely followed [21]. We previously
registered the protocol of this systematic review on PROSPERO (CRD42023402445).

2.2. Search Strategy

A wide search of the literature was conducted for randomized controlled trials indexed
on PubMed/MEDLINE, Scopus, and Web of Science databases from their inception to
June 2023 in English (Figure 1). The following search strategy was developed for the
PubMed/MEDLINE database ((“Telerehabilitation” OR “telerehabilitation program” OR
“Telemedicine” OR ”telemedicine program” OR “telehealth” OR “Telehealthcare” OR
“telehealth program” OR “telecare” OR “telecare program” OR “electronic health” OR
“electronic health program” OR “Virtual Physical Therapy” OR “Tele-physical therapy”
OR “home exercise” OR “home exercise program”) AND (“Neck Pain” OR “Chronic Neck
Pain” OR “Chronic Pain” OR “Cervical Pain” OR “Cervical Chronic Pain”)). Then, this
strategy was adapted to the other databases. Additionally, we screened the reference lists
of relevant reviews related to the terms and considered non-English language studies for
inclusion if the translation was possible.

Figure 1. Flow chart of literature search and study selection [20].
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2.3. Study Selection

We applied the PICOS (participants, interventions, comparisons, outcome, and study
design) model to define the research question. The inclusion criteria were as follows:
(1) adult patients with chronic neck pain not related to a traumatic trauma or head
and neck cancer; (2) telerehabilitation programs as described by Seron et al. [18]; (3) no
intervention or a control intervention without telerehabilitation will be included; (4) pain
and disability were the main outcomes, but other pain-related variables will be extracted
as secondary outcomes when available; and (5) randomized controlled clinical trials and
pilot randomized clinical trials were included.

To reduce potential selection bias, two authors (G.V.-P. and M.C.V.) independently
performed the literature search, and the disagreements were resolved by further consultation
with a third author (A.C.-M.). The search process included removing duplicates and
screening titles, abstracts, and eligible full texts.

2.4. Data Extraction

The following data from the studies included were recorded: author, year of publication,
sample size, age (years), gender (percentage of women), disease etiology, and pain character-
istics. The full information is summarized in Table 1. Information about the characteristics
of interventions containing experimental group interventions, control group interventions,
session duration, frequency, program duration, outcome instrument, and main results is
summarized in Table 2.

When information was lacking or ambiguous, we tried to contact the study’s corresponding
author through email. If data remained unclear or if communication was not possible, we
analyzed the available data. The data extraction was independently conducted by two
independent reviewers (G.V.-P. and A.C.-M.).

Table 1. Characteristics of the studies.

Study (Year)
Study

Design/Groups

Sample Size per
Group n

(% Women)

Age
Years Mean ± SD

Duration of Pain
Months

Mean ± SD

Pain Intensity
Mean

(0–10) ± SD

Downs and
Black Score

Gialanella et al.
(2017) [22] RCT/2 Groups TG: 47 (89.3)

CG: 47 (89.3)
TG: 56.0 ± 14.0
CG: 60.1 ± 11.0 NR

TG: 6.8 ± 1.3
CG: 6.6 ± 1.5 23

Lee et al.
(2017) [23]

Pilot RCT/2
Groups

TG: 11 (55)
CG: 9 (45)

TG: 27.09 ± 4.83
CG: 27.56 ± 4.67

TG: 50.81 ± 71.72
CG: 35.33 ± 18.11

TG: 5.20 ± 2.19
CG: 4.02 ± 1.75 16

Thongtipmak et al.
(2020) [24] RCT/2 Groups TG: 50 (82)

CG: 50 (76)
TG: 22.86 ± 1.99
CG: 22.68 ± 2.23 NR

TG: 3.97 ± 0.74
CG: 4.06 ± 0.68 18

Abadiyan et al.
(2021) [25] RCT/3 Groups TG: 20 (50)

CG: 20 (50)
TG: 41.3 ± 8.1
CG: 37.4 ± 9.8 NR

TG: 7.3 ± 0.9
CG: 6.4 ± 1.8 21

Ozel et al.
(2022) [26] RTC/3 Groups

TG1: 22 (72.7)
TG2: 22 (77.3)
CG: 22 (59.1)

TG1: 36.23 ± 12.45
TG2: 34.18 ± 13.03
CG: 39.2 7 ± 15.46

NR
TG1: 6.77
TG2: 4.86
CG: 5.55

18

Pach et al.
(2022) [27] RTC/2 Groups TG: 110 (67.3)

CG: 110 (71.8)
TG: 37.9 ± 11

CG: 39.8 ± 11.6
TG: 79.2 ± 74.8
CG: 86.4 ± 97.7

TG: 5.7 ± 1.4
CG: 5.8 ± 1.3 20

Onan et al.
(2023) [28] RCT/2 Groups TG: 15 (73.3)

CG: 16 (68.7)
TG: 37.4 ± 10.58
CG: 39.5 ± 10.96

TG: 36
CG: 60

TG: 7.13 ± 1.92
CG: 6.75 ± 1.98 16

Peterson et al.
(2023) [29] RTC/2 Groups TG: 70 (79)

CG: 70 (79)
TG: 40.4 ± 11.6
CG: 40.5 ± 11.4

TG: 27.4 ± 21.0
CG: 25.2 ± 15.5

TG: 5.77 ± 1.87
CG: 5.86 ± 1.70 19

SD: standard deviation; RCT: Randomized controlled trial; n: number; TG: telehealth group; CG: Control group;
NR: not reported.
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2.5. Methodological Quality of Included Studies

After obtaining the eligible articles, data extraction and methodological quality assess-
ment were carried out by two independent reviewers (G.V. and A.C.). Methodological
quality assessment was evaluated using the Downs and Black Checklist [30], one of the
most used methodological quality assessment scales for clinical trials. This tool consists of
27 items, including five subscales, which are as follows: reporting, external validity, internal
validity (study bias and confounding), selection bias, and study power. Poor quality is
considered when a score of 14 or less is achieved, fair quality between 15 and 19, good
between 20 and 25, and excellent quality when the score is higher or equal to 26 [31,32].

2.6. Risk of Bias of Included Studies

The risk of bias for the included randomized controlled trials was assessed using the
Cochrane Risk-of-Bias tool version 2.0 (RoB-2) [33]. This tool consists of five domains that
focus on the randomization process, deviations from the intended interventions, missing
outcome data, measurement of the outcome, and the selection of the reported result. The
methodological quality depends on the risk of each of the following subscales: high quality
(low risk in all domains), fair quality (high risk in one domain or two unclear domains),
and poor quality (two or more unclear domains or there are important limitations that
could invalidate the results) [34].

2.7. Statistical Analysis

A quantitative synthesis of studies presenting means and standard deviations of pain
and disability was carried out using Review Manager (RevMan) software (Version 5.0. The
Cochrane Collaboration. Available at revman.cochrane.org). Quantitative data, including
the number of patients assessed, mean values, and standard deviations for each treatment
arm, was extracted to estimate the overall mean differences between the experimental and
control arms. When the studies did not present sufficient data to calculate the effect size
(e.g., no means provided, no standard deviation provided), the authors were contacted. We
calculated the missing standard deviations when n, p-values, or 95% confidence intervals
were given via the embedded Review Manager calculator.

We assumed to measure the same underlying symptom or condition, and therefore,
standardized mean differences were used as all the scales. The overall mean effect sizes
were estimated using random effect models or fixed effect models according to statistical
heterogeneity I2 tests (for sizes of less than 50%, fixed effect models were used) [35]. We
also undertook a visual inspection of the forest plots for outlier studies, explored sources of
heterogeneity, and conducted sensitivity analyses by excluding trials that were at a high
risk of detection or attrition bias.

3. Results

Figure 1 presents the process of the search, screening, and selection of studies. We
collected a total of 518 studies from the three electronic databases and 73 duplicate records
were removed before screening.

3.1. Search Selection

After that, 445 reports were assessed for eligibility. A total of 121 records were excluded
as they did not meet the inclusion criteria specified in our study. After screening the titles
and abstracts, 313 records unrelated to this review’s topic were also deleted (specifically,
population and intervention were not related to the PICOS strategy). Finally, 11 records
were full-text screened, and three were excluded due to the control intervention. Finally,
eight manuscripts were included in the review [22–29].

3.2. Characteristics of Studies

The characteristics of the sample and the methodological evaluation of the included
studies are shown in Table 1. The studies, published between 2017 and 2023, included
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randomized clinical trial designs [22,24–29] and a pilot randomized trial study [23]. The
total sample of patients included in the studies was 689, with a gender distribution in the
combined sample of 61.92% female. The mean age of the participants ranged from 22.68 to
60.1 years, with a mean duration of pain reported between 4.02 and 86.4 months. The mean
pain intensity reported ranged from 3.97 to 7.3 on a scale of 0–10. These results suggest
significant diversity in the demographic and clinical characteristics of the participants
included in the studies analyzed.

Regarding the methodological quality of the studies evaluated using the Downs and
Black quality assessment method, three articles were classified as good [22,25,26], while five
were classified as fair [23,24,26,28,29]. Additionally, the risk of bias in all the studies [22–29]
was assessed using the RoB-2 tool (Figure 2), which concluded that three of the articles had
a high risk of bias [22,24,28], and the remaining had some concerns [23,25–27,29].

Figure 2. Cochrane Risk-of-Bias tool version 2.0 scores [22–29].

The characteristics of the interventions carried out in the different studies are shown in
Table 2. This table includes information about the description of the different interventions,
their components, their duration and frequency, the modality, setting, and supervision, as
well as the comparator group and the main results found.

The most commonly used interventions are telerehabilitation programs based on
therapeutic exercise [22,23,25,26,28,29]. The intervention proposed by Thongtipmak et al. [24]
was based on stretching and breathing exercises. In addition, the intervention by Pach et al. [27]
consisted of relaxation exercises.

The most frequently repeated telerehabilitation components include tele-education
content, symptom, and mood monitoring, as well as physical activity monitoring with
personalized feedback to the patient. These elements suggest comprehensive care that
addresses both physical and psychosocial aspects of the patient.

The duration and frequency of interventions vary between studies, but on average,
interventions last about 8 weeks with a frequency of 4 days per week and a duration of
20 min per session. This indicates consistency in the duration and frequency of interventions
that may be optimal for meaningful results.

The most commonly used modality of telerehabilitation intervention is through
smartphone apps [23–25,27], followed by phone calls [23] and videoconferencing [26,29].
These results suggest a trend toward mobile technology for the delivery of telerehabilitation
services. Only Peterson et al. [29] used email as a communication method with patients.

In terms of setting, all the interventions were conducted in the patient’s home [22–29],
suggesting significant convenience and accessibility for participants. In addition, most inter-
ventions were delivered under supervision [22–28], either through scheduled calls, videocon-
ferences, or online consultations with healthcare professionals. Only Peterson et al. [29]
conducted an unsupervised telerehabilitation program.
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The most common comparator group is non-intervention [24,26] or usual care, [27]
allowing for an assessment of the specific impact of telerehabilitation interventions compared
with standard care. Other studies used a brochure to correct the posture [23], exercise
recommendations [22], physiotherapy, postural reeducation [25], and supervised presential
exercises as comparator groups [28,29].

Overall, the results suggest that telerehabilitation interventions have a positive effect
on reducing pain [22–25,27,29] and disability [22,23,25,29] compared with control groups.
This is evidenced in several studies where the telerehabilitation group showed significant
improvement in pain and disability compared with the control group, as indicated by
VAS and NDI scores. However, it is important to keep in mind that the results may vary
depending on the specific components of the intervention and the study population.

3.3. Results Obtained in Meta-Analysis

The results obtained in the meta-analysis concerning pain were analyzed as shown
in Figure 3. The pooled mean difference (MD) showed a significant overall effect of
telerehabilitation compared with the comparator groups (MD = −1.27; 95% CI = −2.06;
−0.47; p = 0.002). The results showed heterogeneity, detecting a significant variability of
I2 = 92%, not attributable to chance.

 

Figure 3. Results of pain [22–29].

A subgroup analysis was carried out. The first subgroup aimed to determine whether
telerehabilitation obtained better results than the no-intervention or control group. The pooled
MD showed a significant overall effect of telerehabilitation compared with the no-intervention
or control groups (MD = −1.67; 95% CI = −2.58; −0.75; p = 0.0003). The second subgroup
aimed to determine whether performing a treatment through telerehabilitation was not
inferior to performing the same treatment in a face-to-face modality. The pooled MD showed
a non-significant overall effect of telerehabilitation compared with face-to-face interventions
(MD = 0.09; 95% CI = −0.88; 1.07; p = 0.85).

The results obtained in the meta-analysis concerning disability were analyzed, as
shown in Figure 4. The pooled MD showed a significant overall effect of telerehabilitation
compared with the comparator groups (MD = −5.04; 95% CI = −9.69; −0.39; p = 0.03). The
results showed heterogeneity, detecting a significant variability of I2 = 92%, not attributable
to chance.
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Figure 4. Results of disability [22,23,25,26,28,29].

A subgroup analysis was carried out. The first subgroup aimed to determine whether
telerehabilitation obtained better results than the no-intervention or control group. The pooled
MD showed a significant overall effect of telerehabilitation compared with the no-intervention
or control groups (MD = −7.32; 95% CI = −12.93; −1.70; p = 0.01). The second subgroup
aimed to determine whether performing a treatment through telerehabilitation was not
inferior to performing the same treatment in a face-to-face modality. The pooled MD showed
a non-significant overall effect of telerehabilitation compared with face-to-face interventions
(MD = 0.30; 95% CI = −2.30; 2.90; p = 0.82).

4. Discussion

This systematic review and meta-analysis aimed to investigate the effects of telere-
habilitation on pain and disability in patients with chronic neck pain. Our results show
positive effects on pain and disability when considering telerehabilitation compared with
other interventions. However, our results should be interpreted with caution due to the
number of strategies implemented and the dosage of experimental interventions in the
studies analyzed.

This systematic review includes eight studies [22–29] that address the effects of
telerehabilitation on pain and disability in patients with chronic neck pain. This set of
studies provides valuable information on the utility and effectiveness of telerehabilitation
in this population, contributing significantly to the current knowledge about treatment
options for chronic neck pain.

The results obtained reveal significant findings that have important implications
for clinical practice and public health policy. The findings of this review indicate that
telerehabilitation interventions have a positive effect on reducing pain and disability
associated with chronic neck pain. Specifically, patients who received telerehabilitation
interventions were observed to experience a significant decrease in pain intensity and
a reduction in disability compared with control groups. These results support the idea that
telerehabilitation may be an effective and convenient option for the treatment of chronic
neck pain.

In addition, we found that telerehabilitation did not show a significant difference in
effectiveness compared with traditional face-to-face interventions. This suggests that
telerehabilitation can show no significant differences in its effects from conventional
in-person interventions in reducing pain and disability associated with chronic neck pain.
A possible reason is the focus on telerehabilitation components. For instance, in the study
of Onen et al. [28] the intervention was focused on muscle modifications, and the study
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of Petersen and Peolsson [29] was focused on self-management skills. Additionally, when
comparing face-to-face vs. telerehabilitation programs, the studies included have different
components for the intervention and control groups.

Regarding the characteristics of the sample included in the review, it is important
to highlight that the selected studies presented considerable variability in terms of the
participants’ age, pain duration, and pain intensity. Most of the included studies had a high
proportion of women in the sample, which is consistent with the reported prevalence of
chronic neck pain in the general population [36]. Compared with other reviews in the
field, this sample presents similar heterogeneity in terms of demographic and clinical
characteristics, allowing for better interpretation of the results [37,38].

The results of this review are consistent with the existing literature supporting the
efficacy of telerehabilitation in a variety of chronic health conditions [39–41]. In particular,
and due to the high prevalence of this symptom, telerehabilitation is increasingly important
in the management of chronic pain [17,42,43]. However, to the authors’ knowledge, this
is the first systematic review focused on evaluating the effect of telerehabilitation in the
management of patients with chronic neck pain.

If we compare the results of this review with those of other reviews in the field,
several consistent trends and findings are observed. First, most of the studies included in
this review reported significant improvements in pain and disability in the telerehabilitation
group compared with the control group. These findings are in line with previous
reviews that have highlighted the potential benefit of telerehabilitation in chronic pain
management [17,37,42]. However, it is important to consider that results may vary
depending on the specific components of the intervention and the study population.
For example, the duration and intensity of the intervention, as well as the participant’s
ability to use the technology, may influence the results [44,45].

Concerning disability, the results of this review demonstrate that telerehabilitation has
beneficial effects in reducing disability levels in patients with chronic neck pain. These
results are in line with those of other reviews previously conducted in other populations [46–52].

Telerehabilitation interventions were studied and separated according to the different
components they offered to patients [51,52]. The most highlighted components among
the different interventions included in this systematic review were tele-education content,
symptom and mood monitoring, as well as physical activity monitoring with personalized
feedback to the patient. These elements suggest comprehensive care that addresses both the
physical and psychosocial aspects of the patient. The results obtained in pain and disability
in favor of telerehabilitation are positive, but at the same time, we cannot assume the best
delivery method or the effects in the mid/long term due to the diversity among studies.

The results of this review have important clinical and public health policy implications.
First, they support the feasibility of telerehabilitation as an effective treatment option
for chronic neck pain. The ability to perform therapeutic exercises, monitor symptoms,
and receive personalized feedback from the comfort of home may significantly improve
accessibility and adherence to treatment for this population.

Furthermore, the findings of this study suggest that telerehabilitation may be a comparable
alternative to traditional in-person interventions. The lack of a significant difference between
the outcomes of telerehabilitation and face-to-face interventions in terms of pain and
disability reduction supports the validity and efficacy of this treatment approach. This is
particularly relevant in the context of the COVID-19 pandemic, where social constraints
have been applied that limit access to in-person health services, leading to increased interest
in remote health interventions [53–57].

Despite the promising results, it is important to consider several limitations of this
study. First, heterogeneity among the studies included in the review may affect the
generalizability of the results. Variability in the intervention methods, duration, and
frequency of telerehabilitation may influence the observed effects. In addition, despite
the effort to search for and select relevant studies, there is a possibility that some relevant
studies may have been omitted due to restrictions in the inclusion criteria or data availability.
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The exclusion of unpublished studies or studies in languages other than English could
also introduce bias into the results. In addition, the duration of follow-up in some studies
was limited, making it difficult to assess the long-term sustainability of the effects of
telerehabilitation on chronic neck pain.

Considering the limitations identified, further research is needed to consolidate
and extend the findings of this study. Future studies could further explore the specific
components of telerehabilitation that contribute to pain relief and decreased disability in
patients with chronic neck pain. Longitudinal studies evaluating the long-term effects of
telerehabilitation on chronic neck pain, as well as investigating patients’ experiences and
preferences regarding this treatment approach, would be beneficial.

5. Conclusions

In conclusion, this systematic review and meta-analysis show that telerehabilitation
is superior to other interventions to improve pain and disability in patients with chronic
neck pain. Specifically, the results were significant when compared with the no/control
intervention. No significant differences were found when compared with a face-to-face
intervention. These results suggest that telerehabilitation may be a useful alternative
for patients with chronic neck pain and no access to face-to-face approaches. However,
more high-quality research and studies with long-term follow-up are needed to confirm
these findings and establish clear guidelines for the implementation of telerehabilitation in
clinical practice.

Concerning the clinical implications of this systematic review, telerehabilitation may
be an effective and convenient option for the treatment of chronic neck pain, especially
in situations where access to in-person medical care is limited. Healthcare professionals
should consider integrating telerehabilitation interventions into their clinical practice
to improve accessibility and treatment adherence for this patient population. Health
policymakers should consider integrating telerehabilitation into healthcare systems to
improve access and quality of care for patients with chronic neck pain. Policies and
programs that promote the adoption and implementation of telerehabilitation as a viable
treatment option in the management of chronic neck pain are needed.
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Abstract: Background: Non-communicable diseases (NCDs) represent a leading cause of
global mortality, demanding innovative approaches to management. Voice assistants (VAs)
have emerged as promising tools in healthcare, offering support for self-management,
behavioral engagement, and patient care. This systematic review evaluates the role of
VAs in NCD management, analyzing their impact on clinical and behavioral outcomes,
quality of life, usability, and user experiences while identifying barriers to their adoption.
Methods: A systematic search was conducted in PubMed, Scopus, and Web of Science from
January 2014 to October 2024. Studies were selected based on predefined inclusion and
exclusion criteria using the PRISMA guidelines. Data extraction focused on outcomes such
as usability, acceptability, adherence, clinical metrics, and quality of life. The risk of bias was
assessed using the Cochrane Risk of Bias (RoB) 2 and ROBINS-I tools. Results: Eight studies
involving 541 participants were included, examining VAs across various NCD contexts
such as diabetes, cardiovascular diseases, and mental health. While VAs demonstrated
good usability and moderate adherence, their clinical and quality-of-life outcomes were
modest. Behavioral improvements, such as increased physical activity and problem-
solving skills, were noted in some interventions. Key challenges included privacy concerns,
speech recognition errors, and accessibility issues. Conclusions: VAs show potential as
supportive tools in NCD management, especially for enhancing patient engagement and
self-management, and their impact on clinical outcomes and long-term usability requires
further investigation. Future research should focus on diverse populations, standardized
metrics, and comparative studies with alternative technologies.

Keywords: voice assistants; non-communicable diseases (NCDs); healthcare technology;
artificial intelligence; chronic disease management; digital health tools
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1. Introduction

Noncommunicable diseases (NCDs) are responsible for 41 million deaths annually,
representing 74% of global mortality [1]. Each year, the deaths related to NCDs account for
17 million before the age of 70, and 86% occur in low- and middle-income countries [1,2].
Cardiovascular diseases are associated with the highest number of deaths among NCDs,
amounting to 17.9 million deaths annually, followed by cancers (9.3 million), chronic
respiratory diseases (4.1 million), and diabetes (2 million, including kidney disease linked
to diabetes) [1,2]. Together, these four diseases account for over 80% of premature deaths
caused by NCDs. Risk factors such as tobacco use, physical inactivity, harmful alcohol
consumption, unhealthy diets, and air pollution significantly increase the risk of NCD-
related deaths [3,4]. Addressing NCDs requires a comprehensive approach that includes
early detection, screening, treatment, and palliative care. In light of these considerations,
both the healthcare system and patients have begun to benefit from emerging technologies,
including voice assistants, particularly in telemedicine and telerehabilitation [5,6] Voice
assistant (VAs) gained popularity in commerce due to their usability; in fact, digital voice
assistants have become an essential part of everyday life [7]. By 2018, 15.4% of the United
States population and 5.9% of the German population owned an Amazon Echo, reflecting
the rapid adoption of voice assistants in private households, with smart home purchases
increasing by 116% in the third quarter of 2018 compared to the previous year [8].

Beyond commercial applications, VAs have emerged as valuable tools in healthcare
providing real-time medication reminders, virtual care, and e-monitoring, enhancing
patient engagement and self-management [9]. Studies have demonstrated the reliability of
commercial VAs, such as Amazon Alexa, Apple Siri, and Google Assistant, in responding
to health-related queries pertinent to NCD management. These VAs can provide accurate
information, supporting patients in making informed health decisions, and can be utilized
to augment health service delivery, particularly during times when traditional healthcare
access may be limited [10,11].

VAs are part of a broader category of conversational agents (CAs), which include
artificial intelligence-driven chatbots capable of engaging in dynamic and interactive
conversations. Unlike VAs, which primarily rely on voice commands and responses,
CAs can incorporate text-based interactions and more advanced dialogue management
to provide tailored healthcare support [5,12]. These technologies have gained significant
attention in healthcare, supporting telemedicine, self-management of chronic diseases, and
mental health interventions [13,14]. Integrating VAs and CAs into healthcare systems has
the potential to enhance patient engagement, improve access to health information, and
support behavioral change strategies, especially for individuals with NCDs [15].

Elderly individuals frequently face isolation, anxiety, and a feeling of helplessness,
both in their homes and in care facilities, which can have a substantial effect on their
physical and mental well-being [16]. Speech-based assistants can serve as a valuable tool
for individuals who struggle to use other technology-driven services requiring manual
dexterity, mobility, or good vision [17]. These systems have the potential to improve the
independence of individuals with chronic conditions and enhance their quality of life
(QoL), even in the presence of physical or cognitive impairments [18,19]. The aim of this
systematic review is to explore the integration of VAs in healthcare, particularly their
use in managing NCDs. By analyzing evidence from the included studies, this review
aims to assess the impact of VAs on clinical and behavioral outcomes, quality of life, and
user experiences, identifying the benefits and challenges associated with their adoption,
including usability, acceptability, and readiness to use these technologies. Furthermore,
this review provides insights into how VAs contribute to enhancing patient engagement,
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supporting self-management practices, and addressing broader healthcare needs across
different populations.

2. Materials and Methods

2.1. Study Protocol

This systematic review was performed according to the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) statement [20]; before starting the litera-
ture search and data analysis, the related study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) database of systematic review
(identification number: CRD42024604358).

The search strategy, research question, and study selection criteria were designed
using the PICO model, with the research question framed as follows [21]:

• Population (P): Subjects with NCDs;
• Intervention (I): Voice Assistants for healthcare support;
• Comparison (C): Digital Twins/Avatars or Textual Chatbots for healthcare support;
• Outcome (O): Outcomes related to QoL, Cost–benefit, Rehospitalizations, Adherence,

Accessibility, and any healthcare outcome measures.

2.2. Search Strategy and Study Selection

A literature search was conducted by three reviewers (AB, Massimo Giordano, Marina
Garofano) independently, across PubMed/MEDLINE, Scopus, and Web of Science (WOS),
systematically searched from January 2014 to October 2024 using the following keywords
combined by Boolean operators: voice assistant, virtual assistant, speech assistant, health-
care, health services. The selected keywords were chosen to ensure a comprehensive search
strategy, capturing relevant studies regardless of indexing with standardized MeSH terms.
This approach maximizes search sensitivity by including various terminologies used to de-
scribe voice assistants and digital health technologies, thereby reducing the risk of missing
pertinent literature. Complete search strategies are provided in Table 1.

Table 1. Search Strategy.

Database Search Terms Filters Applied Date of Search

PubMed

“Voice Assistant” OR “Virtual Assistant” OR “Vocal
Assistant” OR “Speech Assistant” OR “Voice-Activated
Assistant” OR “AI Assistant” OR “Digital Assistant” OR
“Conversational Agent” OR “Intelligent Personal Assistant”
OR “Smart Assistant” OR “Speech Recognition System”
AND “Healthcare” OR “Health Services” OR “Health Care
Quality” OR “Public Health” OR “Health Care” OR
“Health Policy”

Publication years: 2014–2024,
Article type: RCT, Clinical
Trial, Species: Humans,
Language: English, Age: 19+

28 October 2024

Scopus

“Voice Assistant” OR “Virtual Assistant” OR “Vocal
Assistant” OR “Speech Assistant” OR “AI Assistant” OR
“Digital Assistant” AND “Healthcare” OR “Health Services”
OR “Public Health”

Publication years: 2014–2024,
Article type: Research articles,
Others

28 October 2024

Web of
Science

“Voice Assistant” OR “Virtual Assistant” OR “Vocal
Assistant” OR “Speech Assistant” OR “Voice-Activated
Assistant” OR “AI Assistant” OR “Digital Assistant” OR
“Conversational Agent” OR “Intelligent Personal Assistant”
OR “Smart Assistant” OR “Speech Recognition System”
AND “Healthcare” OR “Health Services” OR “Health Care
Quality” OR “Public Health” OR “Health Care” OR
“Health Policy”

Publication years: 2014–2024,
Document types: Article,
Language: English

28 October 2024
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Citations obtained through the literature search were recorded, duplicates were elim-
inated using EndNote, and titles and abstracts were independently screened by three
reviewers (Massimo Giordano, Marina Garofano, AB). Available full texts, compliant with
inclusion and exclusion criteria, detailed below, were also independently reviewed for
potentially eligible studies (see Figure 1 for the study selection process). Any disagreement
between the reviewers was solved by discussion and consensus.

The inclusion criteria were as follows:

• Source: studies published in the English language from January 2014 to 28 October 2024;
• Study design: randomized controlled trial (RCT), observational studies, feasibility studies;
• Study population: subjects with NCDs (no age or gender restrictions);
• Study intervention: use of a voice assistant;
• Study outcomes: behavioral and clinical outcomes, quality of life, user experi-

ences (usability, readiness, acceptability), cost-effectiveness, rehospitalizations rate,
adherence, accessibility.

The exclusion criteria were as follows:

• Source: studies published before 2014 and after 28 October 2024;
• Study intervention: studies that do not involve the use of a voice assistant as the

primary intervention;
• Study outcomes: studies that do not report on at least one of the following out-

comes, behavioral and clinical outcomes, quality of life, user experiences (usability,
readiness, acceptability), cost-effectiveness, rehospitalization rate, adherence, acces-
sibility, or studies that lack any form of quantitative or qualitative measurement of
these outcomes.

2.3. Data Extraction

Two authors (Massimo Giordano, AB) independently reviewed the titles and abstracts
extracted from the database searches to assess their alignment with the inclusion criteria.
In cases where they agreed, studies were either included or excluded based on mutual
assessment. When discrepancies arose regarding the inclusion or exclusion of a manuscript
based on abstract evaluation, these were resolved through discussion and consensus. If
consensus could not be reached, a third reviewer (MPDP) was consulted to make the final
decision. The data extraction process was structured based on established methodologies
and tailored to the research questions of this review. Extracted information included
(a) author, year, country; (b) study design; (c) participants; d sample size, mean age;
(e) intervention and control group; (f) outcomes; (g) key results.

This systematic approach ensured a comprehensive and consistent collection of critical
data, enabling a thorough synthesis of evidence to address the research questions.

2.4. Quality Assessment

The risk of bias in the studies included in this systematic review was assessed by
two independent reviewers (Marina Garofano, AB), with assistance from another reviewer
(FDS) if necessary in case of disagreement to resolve the issue by discussion and achieve
consensus. The Cochrane risk-of-bias tool (RoB 2) [22] was used for the RCTs, evaluating
the following domains: bias arising from the randomization process, bias due to deviations
from intended interventions, bias due to missing outcome data, bias in the measurement of
the outcome, and bias in the selection of the reported result. The risk of bias was classified
as “low”, “high”, or ”unclear” (Table 2).

The ROBINS-I Tool [25] was used for the non-RCTs to evaluate the following domains:
bias due to confounding, bias in the selection of participants, bias in the classification of
interventions, bias due to deviations from intended interventions, bias due to missing data,
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bias in the measurement of outcomes, and bias in the selection of reported results. The risk
of bias for these studies was classified as “low”, “moderate”, or ”high” (Table 3).

Table 2. Cochrane risk of bias tool for the risk of bias in individual studies.

Glavas C. et al., 2024 [23] Kannampallil T. et al., 2024 [24]

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall

: Low Risk Of Bias; : Unclear Risk Of Bias; : High Risk Of Bias.

Table 3. ROBINS-I Tool for non-RCTs; abbreviations: PY (Probably Yes), P (Possibly), NY (Probably
No), N (No).

Article
Bias Due to

Confounding

Bias in
Selection of
Participants

Bias in
Classification

of
Interventions

Bias Due to
Deviations

from
Intended

Interventions

Bias Due to
Missing Data

Bias in Mea-
surement of
Outcomes

Bias in
Selection of

Reported
Results

Overall Risk
of Bias

Balsa J. et al.,
2019 [26] PY P P P NY PY N MODERATE

Baptista S.
et al., 2020

[27]
PY P P NY NY PY N MODERATE

Barbaric A.
et al., 2022

[28]
PY P P NY N PY N MODERATE

Kowalska M.
et al., 2020

[29]
PY P P NY NY PY N MODERETE

Roca S. et al.,
2021 [30] PY P P NY NY PY N MODERATE

Smith E. et al.,
2023 [31] PY P P P NY PY N MODERATE

3. Results

3.1. Study Selection and Characteristics

The study selection process followed the PRISMA 2020 guidelines [20]. A total of
1410 records were identified through database searches, including PubMed (66 records),
Scopus (427 records), and Web of Science (929 records). After removing 46 duplicate
records with EndNote, 1376 records remained for screening. Following the screening,
1348 records were excluded based on relevance, leaving 28 reports for retrieval. All reports
were successfully retrieved and assessed for eligibility. Of these, 17 were excluded for
various reasons, including the absence of non-communicable diseases [14], being review
articles [2], and lacking clinical trials [8]. Ultimately, eight studies met the inclusion criteria
and were included in the systematic review. These studies were critically appraised to
ensure they aligned with the research objectives and provided relevant data for analysis.
This selection process is summarized in the PRISMA flow diagram (Figure 1), and in
Table 4, there are the descriptive characteristics of the eight included studies, with a focus
on (a) author, year, country; (b) study design; (c) participants; (d) sample size, mean age;
(e) intervention and control group; (f) outcomes; (g) key results.
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before 

screening

Figure 1. Flow diagram of study selection.

3.2. Participant Demographics

The total sample consisted of 541 participants, including diverse populations:
Diabetes management: 178 participants across four studies [23,26,27,30];
Cardiovascular diseases and heart failure (HF): 257 participants across two studies [28,29];
Depression and anxiety: 63 participants across one study [24,28];
Intellectual disabilities: 44 participants across one study [31].
Participants varied in age, gender, and baseline health status, but all the studies

included NCDs management with VAs.

3.3. Outcome Measures

Studies specifically investigating cost–benefit analyses, rehospitalizations, and acces-
sibility concerning the use of VAs in the management of individuals with NCDs were
not identified in the literature. The studies included in this review assessed a variety of
outcomes, grouped into behavioral measures, clinical and medical outcomes, quality of life,
usability, acceptability, readiness, and adherence (Table 4).
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3.3.1. Behavioral Measures

Two studies analyzed behavioral changes, including physical activity and problem-
solving skills. For example, in an RCT by Glavas et al. [23], participants in the intervention
group showed a significant reduction in sedentary time (−67 min/day, p = 0.006) and an
increase in moderate activity (+24.7 min/day, p = 0.04) compared to the control group.
Kannampallil et al. [24] reported minor improvements in problem-solving behaviors,
measured through problem-solving indices, with small effect sizes and limited clinical
significance (Table 5).

Table 5. Behavioral measures.

Study Behavioral Outcome Measurement Tool Key Findings

Glavas et al., 2024 [23] Physical activity ActiGraph GT9XLink
(accelerometer)

↓ Decrease in Sedentary time: -67 min/day (p = 0.006)
↑ Increase in Mod. activity: +24.7 min/day (p = 0.04)
↑ Increase in MVPA: +30.9 min/day (p = 0.046)

Kannampallil et al., 2023
[24] Problem-solving skills SPSI-R:S, PPO, NPO, RPS, ICS, AS Minor improvements, Cohen’s d = 0.0–0.3

No clinically meaningful differences

Abbreviations: MVPA, Moderate to Vigorous Physical Activity; SPSI-R:S, Social Problem-Solving Index-Revised
Short Form; PPO, Positive Problem Orientation; NPO, Negative Problem Orientation; RPS, Rational Problem
Solving; ICS, Impulsivity in Problem Solving; AS, Avoidance Style.

3.3.2. Clinical and Medical Outcomes

Four studies evaluated clinical outcomes such as Hemoglobin A1c (HbA1c) levels,
depressive symptoms, and neural activity changes. Baptista et al. [27] observed a slight
reduction, not statistically significant, in HbA1c levels from 7.3% ± 1.5 at baseline to
7.1% ± 1.4 at 6-month follow-up (n = 66), also Glavas et al. [23] observed potential benefits
of the VA on glycemic management with a moderate effect size. Roca et al. [30] reported
significant improvements in both HbA1c (p = 0.02) and depressive symptoms (p = 0.002),
with high medication adherence (MPR ≥ 100% for several participants). Kannampallil [24]
et al. examined neural activity changes but found only minor, statistically insignificant
differences (Table 6).

Table 6. Clinical and medical outcomes.

Study Clinical Outcome Measurement Tool Key Findings

Baptista et al., 2020 [27] HbA1c Lab tests
↓ Decrease in HbA1c levels:
7.3% ± 1.5 → 7.1% ± 1.4 at 6M (n = 66)
Interviewed patients: 6.8% ± 0.9

Glavas et al., 2024 [23] Diabetes self-care DSMQ Moderate effect size, not significant

Roca et al., 2021 [30] HbA1c, depressive symptoms,
medication adherence HbA1c, PHQ-9, MPR

↓ HbA1c (p = 0.02)
↓ PHQ-9 (p = 0.002)
MPR ≥ 100% in several pts

Kannampallil et al., 2023 [24] Neural activation fMRI No significant changes

Abbreviations: HbA1c, Glycosylated Hemoglobin; DSMQ, Diabetes Self-Management Questionnaire;
PHQ-9, Patient Health Questionnaire-9; MPR, Medication Possession Ratio; fMRI, Functional Magnetic Resonance
Imaging.

3.3.3. Quality of Life

Three studies assessed quality of life using standardized tools such as the EQ-5D-5L,
WEBWMS, and custom surveys. Glavas et al. (2024) found no significant differences
in overall QoL scores but noted slight improvements in the intervention group’s visual
analog scale (VAS) ratings (79.2 ± 19.1 to 79.6 ± 21.7). Smith et al. (2023) reported that
80% of participants with intellectual disabilities felt more independent after using voice
assistants, even though no significant improvements were observed in well-being scores
as measured by WEBWMS. Kannampallil et al. [24] evaluated changes in positive and
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negative affect as proxies for quality of life. The Positive Affect Score showed a slight
increase in the intervention group (from 25.21 ± 6.26 to +4.83 ± 7.79), compared to the
control group (+2.43 ± 7.89), but with a negligible effect size (Cohen’s d = 0.1). Negative
Affect Scores decreased identically in both groups (−9.07 ± 7.58 in the intervention group
and −9.07 ± 5.56 in the control group, Cohen’s d = 0.1). No significant changes were
observed in worry levels as measured by the Penn State Worry Questionnaire (PSWQ),
with a reduction in the intervention group (−3.95 ± 11.01) and no change in the control
group (0.0 ± 10.95), yielding a Cohen’s d of 0.0 (Table 7)

Table 7. Quality of life (QoL) outcomes.

Study QoL Measure Measurement Tool Key Findings

Glavas et al., 2024 [23] General QoL EQ-5D-5L, VAS
No significant changes
Slight increase in ↑ VAS score: IG: 79.2 → 79.6,
CG: 70.6 → 72.9

Smith et al., 2023 [31] Well-being, independence WEBWMS, custom survey 80% felt more independent
No significant change in WEBWMS

Kannampallil et al., 2023 [24] Emotional well-being PA, NA Scores

↑ Increase in PA: +4.83 (IG) vs. +2.43 (CG),
Cohen’s d = 0.1
↓ Decrease in NA: −9.07 both groups
(Cohen’s d = 0.1)

Abbreviations: QoL, Quality of Life; EQ-5D-5L, EuroQol-5 Dimensions-5 Levels; VAS, Visual Analog Scale; WEB-
WMS, Warwick–Edinburgh Mental Well-Being Scale; PA, Positive Affect; NA, Negative Affect; IG, Intervention
Group; CG, Control Group.

3.3.4. Usability

Six studies evaluated the usability of digital and voice-assisted technologies, providing
insights into user experiences and challenges. Usability was generally rated positively,
with System Usability Scale (SUS) scores ranging from 70.4 to 92, indicating good to
excellent usability.

The “Vitória” virtual assistant for diabetes management [26] received SUS scores of
76.59 from end users and 70.2 from experts, highlighting its simplicity and ease of use;
similarly, the “Laura” app [27] was found helpful by 86% of users, with a moderate user
engagement (participants interacted with the app 18–36 times over the study period).
In contrast, the “Medly” voice app for heart failure management [28] achieved an SUS score
of 92/100 with 75% of users that prefer it over traditional methods, but 25% expressed
privacy concerns, highlighting the need for better data management.

Amazon Alexa paired with the “Buddy Link” software [23] scored 70.4 on the SUS,
reflecting good usability overall; nonetheless, some users faced challenges with specific
interface elements, underscoring the variability in user experiences. Among individuals
with intellectual disabilities, voice assistants like Amazon Echo and Google Home [31]
were rated as easy to use by 73% of participants; however, 41% required frequent assistance,
and 25% experienced frustration due to speech recognition issues. Despite these difficulties,
79% of users enjoyed using the devices and continued to engage with them. Among these,
a virtual assistant for medication and reminder management [30] demonstrated consistent
engagement, with 74.4% of reminders answered and 69% of users planning continued
use, despite occasional comprehension issues (2.6%). Retention was high (77%), and older
adults particularly appreciated its ease of use, reinforcing the importance of accessibility in
digital health solutions (Table 8).

3.3.5. Acceptability and Readiness

Four studies assessed the acceptability and readiness to adopt digital and voice-
assisted technologies, highlighting overall positive perceptions and areas for improvement.
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Baptista et al. [27] explored user satisfaction with the “Laura” app for diabetes manage-
ment. The study found that 86% of participants considered the app helpful and friendly, and
73% expressed trust in the virtual assistant. However, some users experienced frustration
due to mismatched verbal and nonverbal cues, which limited the overall user experience.

Table 8. Usability outcomes.

Study Usability Measure Measurement Tool Key Findings

Balsa et al., 2019 [26] Usability SUS
SUS: 76.59/100 (end-users), 70.2/100 (experts)
Feedback: UI issues (small buttons,
dialogue repetitions)

Baptista et al., 2020 [27] User feedback Survey 86% found helpful, but with issues: monotone
voice, gesture mismatch

Barbaric et al., 2022 [28] Usability SUS SUS: 92/100
75% preferred VA over smartphone

Glavas et al., 2024 [23] Usability SUS SUS: 70.4/100, high variability (SD = 16.9)

Roca et al., 2021 [30] Usability Acceptance
and real use of the virtual assistant.

Daily interactions: 2.7/day (88.5%
numeric-based); 74.4% of reminders answered;
77% retention (23% uninstalled); 69% planned
continued use. Older adults noted ease of use
despite occasional challenges.

Smith et al., 2023 [31] Usability

Ease of Use: Likert-scale survey and
staff observations.
Challenges: Open-ended feedback
and frustration ratings.

A total of 73% easy to use, 79% enjoy to use,
41% needed assistance,
25% had frustration (speech recognition issues).

Abbreviations: SUS, System Usability Scale; UI, User Interface; VA, Virtual Assistant.

Kowalska et al. [29] investigated readiness for telemedicine and voice technology in
cardiovascular patients. The study reported high readiness rates, with 83.9% of participants
open to telemedicine and 66.7% willing to use voice technology. This readiness was
particularly pronounced among individuals who had faced barriers to healthcare access
and was influenced by factors such as higher education levels, urban residence, and strong
family support.

Smith et al. [31] focused on individuals with intellectual disabilities using voice assis-
tants like Amazon Echo and Google Home. The study revealed that 79% of participants
enjoyed using the devices despite occasional frustration with speech intelligibility. How-
ever, 41% required frequent assistance, underscoring the importance of adequate training
and support to maximize usability and satisfaction.

Barbaric et al. [28] evaluated the acceptability of the “Medly” app for heart failure
management, with 75% of users preferring it over traditional methods (Table 9).

Table 9. Acceptability and readiness outcomes.

Study
Acceptability/Readiness
Measure

Measurement Tool Key Findings

Baptista et al., 2020 [27] Acceptability Survey 86% helpful, 85% competent, 73% trust VA

Kowalska et al., 2020 [29] Readiness Survey 83.9% open to telemedicine,
66.7% willing to use VA

Smith et al., 2023 [31] Acceptability and
Readiness

Pre-intervention survey (Likert-scale)
for readiness; user satisfaction survey
(Likert-scale) on enjoyment for
acceptability

79% enjoyed VA use, 41% needed assistance

Barbaric et al., 2022 [28] Acceptability Survey 75% preferred Medly VA over phone

Abbreviations: VA, Virtual Assistant.
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3.3.6. Adherence

Adherence, defined as the level of engagement with voice assistants, was reported
in only one study. Smith et al. [31] provided data showing that 57 out of 63 participants
actively used the devices, while 6 did not engage with any features. Music was the
most frequently used feature (~90%), followed by reminders and weather updates (~40%).
Perseverance in using the devices was high, with 79% of participants continuing to use the
voice assistants despite challenges such as intelligibility issues or phrasing commands.

Overall, the reviewed interventions demonstrated promising outcomes in usability, be-
havioral engagement, adherence, and clinical metrics, but challenges such as user training,
privacy concerns, and occasional frustration with interfaces were identified, emphasiz-
ing the need for iterative design improvements and tailored implementation strategies
(Table 10).

Table 10. Adherence outcomes.

Study Adherence Measure Measurement Tool Key Findings

Smith et al., 2023 [31]
Engagement with VA,
feature utilization,
perseverance

Self-reported usage and
engagement data

A total of 57/63 participants actively used the devices;
6/63 did not engage with any features;
Music was the most used feature (~90%);
Reminders and weather updates were used by ~40%;
79% continued using VA despite challenges.

Abbreviations: VA, Virtual Assistant.

4. Discussion

This systematic review highlights the potential and challenges of using voice VAs in
managing NCDs, emphasizing their role in supporting behavioral engagement, clinical
outcomes, and usability, while pointing out the need for improvements in accessibility,
privacy, and personalization [32]. An initial aim of this review was to compare the effec-
tiveness of VAs with other types of conversational agents (CAs) in NCD management.
However, the current literature lacks studies that directly perform such comparisons and
investigating this aspect in future research could provide valuable insights into user pref-
erences and inform strategies to enhance adherence to these technologies. As noted in
recent reviews [33,34], for example, incorporating anthropomorphic and context-aware
features in conversational agents may strengthen relational outcomes and foster greater
user adherence. Investigating these aspects further could guide the development of more
tailored and effective interventions.

Furthermore, an important aspect of VA implementation in healthcare is their spe-
cific functionalities and regulatory approval status. The applications included in this
review demonstrate a range of approaches to NCD management, from symptom tracking
and behavior change [23,24,26] coaching to medication reminders [26,30] and clinician
alerts [26,28]. For example, Amazon Alexa and Echo [23,29,35] integrates with wearable
devices and mobile health apps to provide personalized lifestyle tracking and health coach-
ing, making it a flexible tool for managing diabetes and obesity and cardiovascular disease.
Similarly, Medly Voice Assistant [28] is specifically tailored for heart failure management,
enabling remote symptom tracking, daily patient feedback, and clinician alerts when deteri-
oration is detected. Other applications, such as Vitória and Laura [26,27], focus on diabetes
self-management, offering medication reminders, dietary coaching, and emotional support
through conversational artificial intelligence. In addition, the Signal-based virtual assistant
studied by Roca et al. [30] is designed to enhance medication adherence in patients with
type 2 diabetes and depressive disorder by providing structured reminders and enabling
clinician monitoring through a secure messaging platform (Table 11).
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Table 11. Comparative overview of voice assistant applications.

Application Disease Key Features AI Capabilities User Interaction
FDA/MDR CE
Approval

Amazon Alexa,
Amazon Echo

Diabetes, Obesity,
CVD

Personalized coaching,
medication reminders,
lifestyle tracking

Natural Language
Processing (NLP),
integration with wearables

Voice-based Not specified

Medly CVD
Symptom tracking,
clinician alerts, remote
monitoring

AI-driven alerts, symptom
analysis Voice + app Not specified

Vitória Type 2 Diabetes
Medication adherence,
dietary support,
behavior change

Behavior Change
Techniques (BCTs), patient
feedback

Voice-based Not specified

Laura Type 2 Diabetes
Emotional support,
diabetes education,
self-management tools

Avatar-based
interactions, NLP Voice + text Not specified

Lumen Mental Health
Cognitive Behavioral
Therapy (CBT)-based
problem solving

AI-driven conversation,
NLP-based coaching Voice-based Not specified

Signal Platform Type 2 Diabetes,
Depressive Disorder

Medication reminders,
clinician monitoring,
patient self-reporting

AI-assisted chatbot or
call-based structured
messaging

Text- or call-based Not specified

Abbreviations: AI, Artificial Intelligence; BCTs, Behavior Change Techniques; CA, Conversational Agent;
CBT, Cognitive Behavioral Therapy; CE, Conformité Européenne; CVD, Cardiovascular Disease; FDA, Food
and Drug Administration; MDR, Medical Device Regulation; NCD, Non-Communicable Disease; NLP, Natural
Language Processing; SaMD, Software as a Medical Device; VA, Virtual Assistant.

A key aspect emerging from this systematic review is the lack of explicit mention of
regulatory approvals, such as FDA or MDR CE certification, in the included studies. None
of the analyzed voice assistants were reported to have undergone regulatory approval
processes, raising concerns about their compliance with established medical device regula-
tions. This omission suggests that many of these technologies may not yet meet the safety,
efficacy, and data protection standards required for clinical use.

The absence of regulatory approval may be attributed to several factors. First, some
of the voice assistants examined in this review are research prototypes or commercially
available AI-driven tools that have been repurposed for healthcare applications rather than
specifically designed as certified medical devices. Second, the regulatory classification of
voice assistants in healthcare remains an evolving area, and many interventions may not
yet fall under the category of Software as a Medical Device (SaMD), thus operating in a
regulatory gray zone.

This is further supported by the limited number of studies available, with only eight
included in this review, all involving a small patient population. Given the growing
emphasis on regulatory compliance for Software as a Medical Device (SaMD), future
research should investigate how voice assistants can meet FDA and MDR requirements
and explore strategies to ensure their clinical safety and effectiveness.

Regarding clinical and behavioral outcomes, the reviewed studies showed modest
improvements. For instance, Roca et al. [30] observed better glycemic control and reduced
depressive symptoms using a VA intervention. These findings align with broader evidence,
suggesting that personalized conversational agents can deliver behavior change strategies
effectively, as noted by Anisha et al. [33], who highlighted their role in promoting self-
management and behavioral modifications for NCDs. However, some interventions, such
as Kannampallil et al. [24], reported limited clinical impact, emphasizing the importance of
targeting intervention design to user needs. A promising opportunity for delivering tailored
interventions lies in the integration of artificial intelligence that enhances personalization
with more precise recommendations and interventions with a positive impact on clinical
and behavioral outcomes [36].

147



Healthcare 2025, 13, 517

User experience and usability are investigated in most of the studies included in this
review, highlighting their critical importance when discussing virtual assistants. This focus
underscores the central role that ease of use, interface design, and user satisfaction play in
determining the effectiveness and adoption of these technologies. In the included studies,
usability scores ranged from moderate to excellent [23,26–28], and participants frequently
reported ease of use but highlighted challenges such as speech recognition errors [31]
and interface complexities [26]. For elderly users, usability issues can pose significant
barriers, particularly when dealing with complex systems that fail to account for age-
related sensory or cognitive impairments [37]. Anisha et al. [33] also identified usability
as a key determinant of success for conversational agents, particularly in populations
with low health literacy, and Sawad et al. [38] highlighted that user satisfaction with
CAs often stems from their ability to provide nonjudgmental, easily accessible support.
However, some users found certain embodied agents annoying or difficult to engage with.
Improved designs incorporating adaptive learning and anthropomorphic features may
further enhance usability and user trust.

Finally, adherence to VA interventions was generally moderate. For instance, Smith
et al. [31] reported active engagement from 90% of users, with perseverance levels high,
despite challenges that underline the need for improved user-centric design, tailored
support systems, and rigorous testing to enhance the effectiveness and adherence to such
interventions in diverse populations.

4.1. Conclusions

This systematic review underscores the potential of VAs as an innovative tool in man-
aging NCDs, offering diverse benefits across clinical, behavioral, and usability domains.
While VAs demonstrate promise in promoting self-management, enhancing patient engage-
ment, and improving usability scores, their impact on clinical and quality-of-life outcomes
remains modest, reflecting variability in user experiences and intervention designs, also
with privacy concerns, speech recognition errors, and accessibility challenges that limit
widespread adoption. Future research should focus on including larger, diverse popula-
tions to improve the generalizability of findings and ensure underrepresented groups are
adequately studied, such as those with low health literacy or limited technological access.
Employing more rigorous study designs, such as multicenter RCTs, can provide stronger
evidence for the effectiveness of VAs. The adoption of standardized and validated outcome
measures across studies will enable better comparisons and synthesis of results.

4.2. Limitations and Research Gaps

This review underscores several limitations that need to be addressed to optimize
the effectiveness and adoption of voice assistants in healthcare. First of all, many of the
included studies involved small participant groups, which limits the generalizability of
findings. Observational and pilot studies formed a significant portion of the reviewed litera-
ture, reducing the ability to draw robust causal conclusions; secondly, the studies measured
diverse outcomes ranging from usability and adherence to clinical and behavioral improve-
ments, making direct comparisons challenging, and also the lack of standardized metrics
further complicates synthesizing results. Finally, the majority of studies focused on specific
demographic groups, such as adults with diabetes or cardiovascular diseases. Vulnerable
populations, including those with lower health literacy, limited access to technology, or
residing in rural areas, were underrepresented.
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Abstract: Background: Interactive conversational agents (chatbots) simulate human con-
versation using natural language processing and artificial intelligence. They enable dy-
namic interactions and are used in various fields, including education and healthcare.
Objective: This systematic review aims to identify and synthesize studies on chatbots
for women and expectant parents in the preconception, pregnancy, and postnatal period
through 12 months postpartum. Methods: We searched in six electronic bibliographic
databases (MEDLINE (Ovid), CINAHL (EBSCO), Embase, Web of Science, Inspec, and
IEEE Xplore) using a pre-defined search strategy. We included sources if they focused on
women in the preconception period, pregnant women and their partners, mothers, and
fathers/coparents of babies up to 12 months old. Two reviewers independently screened
studies and all disagreements were resolved by a third reviewer. Two reviewers indepen-
dently extracted and validated data from the included studies into a standardized form
and conducted quality appraisal. Results: Twelve studies met the inclusion criteria. Seven
were from the USA, with others from Brazil, South Korea, Singapore, and Japan. The stud-
ies reported high user satisfaction, improved health intentions and behaviors, increased
knowledge, and better prevention of preconception risks. Chatbots also facilitated access
to health information and interactions with health professionals. Conclusion: We provide
an overview of interactive conversational agents used in the perinatal period and their
applications. Digital interventions using interactive conversational agents have a positive
impact on knowledge, behaviors, attitudes, and the use of health services. Interventions
using interactive conversational agents may be more effective than those using methods
such as individual or group face-to-face delivery.

Keywords: conversational agents; chatbots; systematic review; maternal health care;
perinatal health care

1. Introduction

For many women, gender-related social and physiological inequalities significantly
impede the attainment of an overall state of health and, by extension, their ability to achieve

Healthcare 2025, 13, 363 https://doi.org/10.3390/healthcare13040363
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their full potential as individuals. Women’s health is thus a global priority [1]. Indeed,
although women have a higher life expectancy (74.2 years) than men (69.8 years), they
have a higher morbidity rate than men and have greater recourse to health and social
services, particularly for their sexual, reproductive, and mental health needs throughout
the preconception and perinatal periods [2].

The “preconception period” is most often defined as the three months prior to concep-
tion [3,4]. The “perinatal period” is defined as from conception to one year postpartum [5].
These life stages involve changes at the biological, psychological, social, and cognitive
levels that could negatively impact the health of women and babies before, during, and
after birth (perinatal health). It is thus essential to consider women’s needs specific to these
life stages in the provision of care and services [6].

To meet these needs, women are increasingly turning to websites, social media, and
smartphone apps for information [7]. The internet remains the most widely used tool for
finding information on perinatal topics [8], and is also used as a virtual space for sharing
experiences and peer support [9].

Recent studies have begun to explore the landscape of chatbot technology in maternal
health. For example, Kaneho et al. [10] conducted a survey of existing chatbots specifically
designed for maternal healthcare, providing valuable insights into current offerings and
their potential impact on perinatal health. The use of technology was amplified during
the COVID-19 pandemic, when most households worldwide faced restrictions and social
isolation, limiting expectant and new parents’ access to help and support [11].

In recent years, considerable technological advances have allowed for the development
of conversational agents (chatbots) capable of interacting with a human using artificial
intelligence. Chatbots are software packages that interact with users through text or voice
exchanges and generate speech through natural language processing [10,12,13]. With the
development of increasingly powerful and connected devices, smartphone chatbots are
now widely used by consumers for everyday tasks such as information retrieval [14].

Considering their growing capabilities, chatbots have the potential to play an in-
creasingly key role in the health care field, assisting women and expectant parents in the
perinatal period and making the pregnancy and childbirth experience positive, allowing
women and their babies to reach their full potential for health and well-being [14–17]. In-
deed, the perinatal period, from conception to one year postpartum, is a crucial time when
future parents and parents need health-care follow-up and information on many topics,
including maternal-fetal needs, the course of pregnancy and its complications, vitamin and
mineral supplementation, delivery and associated risks, postpartum, postpartum contra-
ception, breastfeeding, baby’s diet and dietary diversification, psychomotor development
of the baby, vaccination, psychological and social adjustment to parenthood, and infant
care abilities. They usually turn to electronic sources to find answers to their questions, but
the information found there is not always credible or is even contradictory [15,17]. It is thus
important to explore this question: What is the effectiveness and acceptability of interactive
conversational agents in supporting various aspects of perinatal health for expectant and
recent parents?

To our knowledge, no systematic review of chatbots in perinatal health has been
undertaken. Our objective was to systematically identify sources and synthesize the evi-
dence on chatbot interventions to support women and expectant parents in preconceptions,
pregnancy, and postpartum through 12 months postpartum.

To address our research question, we conducted a systematic review following the
PRISMA guidelines. A comprehensive search strategy was applied across six databases,
including studies published between 2000 and 2022 in multiple languages. Eligible studies
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evaluated the effectiveness and acceptability of conversational tools in perinatal health,
based on pre-defined PICOS criteria.

The paper is organized as follows: the Materials and Methods section describes the
study design, inclusion criteria, and data synthesis. The Results section presents the
findings, supported by four key tables summarizing study characteristics (Table 1), primary
outcomes (Table 2), secondary outcomes (Table 3), and quality ratings (Table 4). The
Discussion section analyses the implications of these findings and highlights research gaps,
while the Conclusion section highlights the contribution of the review to advancing digital
health interventions in perinatal care.

Table 1. Characteristics of the included studies.

Studies Country
Topics

Covered
Study Population

Study
Participants

Name of
Chatbot

Functionalities Study Design

Barreto,
2021 [18] Brazil Child health

promotion
Mothers of
new-borns 142 GISSA

Mother-Baby Text
Cross-sectional
research with
mixed study

Bickmore,
2020 [19] USA Preconception care

risks

Female, Black, or
African American
aged 18–34 years,

not pregnant

262 Gabby
Text

Voice
Avatar

Experimental
study:

randomized
clinical trial

Chinkam,
2021 [20] USA Mode of birth

after cesarean

Women with a
previous cesarean
and their prenatal

providers

20 –

Audio
Text

Voice
Avatar

Qualitative
study

Chung,
2021 [21]

Republic
of Korea

Obstetric and
mental

health care

Men aged between
38 and 40 years

and women aged
from 27 to 43 years

15 Dr. Joy Text
Voice

Observational
study:

descriptive
study

Edwards,
2013 [22] USA

Intent to breastfeed,
attitudes towards

breastfeeding,
breastfeeding
self-efficacy,

exclusive
breastfeeding
expectation

Primipara,
pregnant in the
third trimester

with one fetus, 18
years of age or

older

15 Tanya Text
Avatar

Experimental
study:

randomized
clinical trial

Gardiner,
2017 [23] USA Lifestyle changes Women,

18–50 years 57 Gabby
Audio
Text

Avatar
Mixed study

Gardiner,
2021 [24] USA Preconception

health risks

African American
or Black women,
ages 18–34 years

229 Gabby Text
Avatar

Experimental
study:

randomized
clinical trial

Jack,
2015 [25] USA Preconception

health risks

African American
or Black women,

18–34 years of age
77 Gabby

Audio
Text

Avatar

Experimental
study:

randomized
clinical trial

Jack,
2020 [26] USA Preconception

related risks
African American
or Black women 528 Gabby

Text
Voice

Avatar

Experimental
study:

randomized
clinical trial

Maeda,
2020 [27] Japan

Fertility and
preconception

health

Women aged
between

20 and 34 years
927 – Text

Experimental
study:

randomized
clinical trial
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Table 1. Cont.

Studies Country
Topics

Covered
Study Population

Study
Participants

Name of
Chatbot

Functionalities Study Design

Montenegro,
2022 [28] Brazil Preconception

health

Pregnant women
in the prenatal or
postnatal stages

20 Maria Text Mixed study

Wong,
2021 [29] Singapore Stress, sleep, infant

feeding
Parents (women)
aged ≥21 years 26 ClaimIt Text

Observational
descriptive

study:
multi-stage

Table 2. Primary outcomes.

Studies
Usability/
Feasibility

Preconception
Risks

Knowledge Breastfeeding

Barreto, 2021 [18] ∗ – – –

Bickmore, 2020 [19] ∗ – – –

Chung, 2021 [21]
√

– – –

Edwards, 2013 [22] – – –
√

Gardiner, 2017 [23]
√

–
√

–

Gardiner, 2021 [24]
At 6 months –

√
– –

At 12 months – 0 – –

Jack, 2015 [25] At 6 months –
√

– –

Jack, 2020 [26]
At 6 months –

√
– –

At 12 months –
√

– –

Maeda, 2020 [27]

Intervention vs. control 1 (no
chatbot) – –

√
–

Intervention vs. control 2
(PDF document on irrelevant

topic)
– – – –

Montenegro, 2022 [28] ∗ – – –

Wong, 2021 [29] ∗ – – –

Legend:
√

: Significant positive effect; 0: not statistically significant; ∗: positive correlation with no significant
effect; –: not evaluated.

Table 3. Other Outcomes.

Studies Antecedents Healthy Behaviors
Health Status or Health

Services Utilization

Barreto, 2021 [18] N/A – –

Bickmore, 2020 [19]

� Chatbot usability at 6 and 12 months:
62.9% and 67.9% (non-statistically
significant).

� Satisfaction with chatbot at 6 and
12 months: 80.0% and 85.7%
(non-statistically significant).

– –

Chinkam, 2021 [20]

� Feasibility/Acceptability: The chatbot
could support provider and patient
discussions and offer programmed
consistency in preparatory information.

– –
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Table 3. Cont.

Studies Antecedents Healthy Behaviors
Health Status or Health

Services Utilization

Chung, 2021 [21]

� Usefulness: Less than half (M
(SD) = 4.87 (1.11)) of the participants
find the chatbot useful.

� Ease of use: More than half of the
participants (M (SD) = 5.34 (0.73)) find
the chatbot easy to use.

� Ease of learning: More than half of the
participants (M (SD) = 6.35 (0.71)) find
the chatbot easy to learn.

� Satisfaction: Less than half of the
participants (M (SD) = 4.90 (1.26)) are
satisfied with the chatbot.

– –

Edwards, 2013 [22]

� Breastfeeding/Self-Efficacy: Higher for
intervention group (58.7) than control
group (54.1); p = 0.35.

� Satisfaction with the chatbot:
5.7/7-point scale for both the prenatal
visit and perinatal visit (SD = 1.38 and
1.37, respectively).

� Confidence with the chatbot:
5.9/6.7-point scale for the prenatal visit
(SD = 1.1) and perinatal visit 6.7
(SD = 0.5).

� Attitudes toward breastfeeding: No
significant differences between groups.

– –

Gardiner, 2017 [23]

� No significant difference in food
knowledge, food insecurity, and
breakfast consumption between groups
(p = 0.15, p = 0.99, and p = 0.11,
respectively).

� Physical activity: 52%
of women utilized
suggestions from
Gabby to increase
physical activity
compared to 49% of
women who utilized
information sheet.
This difference is not
statistically significant

–

Gardiner, 2020 [24]

� Total usage: 198 of the 240 women in
the IG interacted at least once with the
entire Gabby system.

� After 12 months:

- Median number of logins = 6.
- Median duration per

session = 13.7 min.

� Stage of change (food choices
subdomain):

- At 6 months: IG versus
CG = 62.76% versus 49.17%,
p = 0.165.

- At 12 months: IG versus
CG = 73.33% versus 62.38%,
p = 0.401.

– –
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Table 3. Cont.

Studies Antecedents Healthy Behaviors
Health Status or Health

Services Utilization

Jack, 2020 [26]

� Progressing forward on the stage of
change scale:

- At 6 months: IG versus
CG = 42.1% (SD = 26.2) versus
35.5% (SD = 23.2); p = 0.00012.

- At 12 months: IG versus
CG = 43.7% (SD = 27.1) versus
40.2% (SD = 5.4); p = 0.071.

� Regressing backward on the stage of
change scale:

- At 6 months: IG versus
CG = 18.9% (SD = 22.1) versus
22.3% (SD = 22.3); p = 0.01.

- At 12 months: IG versus
CG = 18.1% (SD = 20.4) versus
20.4% (21.4); p = 0.03.

� Use of the system Gabby: 76/118 (64%)
of respondents rated it easy to use.

� Trust: 75/110 (68%) respondents
trusted Gabby (much or very much).

–

� Clinical visits at
12 months: IG versus
CG (587 vs. 812;
p = 0.02).

Jack, 2015 [25]

� Average session lasted: 18.6 (SD = 12.1)
minutes.

� Average interaction time with Gabby
during the study: 63.7 (SD = 70.4, range
2.8–286) minutes per woman.

– –

Maeda, 2020 [27] – –

� Post-test state anxiety
scores on the STAI
(mean ± SD):

- IG: (43.2 ± 9.5),
p < 0.001.

- CG 1:
(47.5 ± 9.5) < CG
2: (46.2 ± 9.0),
p < 0.001.

Montenegro,
2022 [28]

� Self-efficacy:

- Mean according to feeling
intimidated by using the chatbot
for pregnant women:
(mean = 4.00).

- Mean for agreement on facilitating
conditions: (avg = 3.07).

– –
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Table 3. Cont.

Studies Antecedents Healthy Behaviors
Health Status or Health

Services Utilization

Wong, 2021 [29]

� Preterm and term groups: Scored
between «neutral» and «satisfied» with
the chatbot, respectively, 3.62
(SD = 0.96) and 4.0, (SD = 0.82).

� Length of interactions:

- Preterm group: Interaction was
between «long» to «neutral»
(mean = 2.92, SD = 1.19).

- Term group: Interaction was
between «manageable» and
«easily manageable» (mean = 4.31,
SD = 0.48).

� Experience of technical issues when
using the chatbot: 46% (6/13) of the
preterm parents and 23% (3/13) of the
term parents.

– –

Legend: IG: Intervention group; CG: control group.

Table 4. Quality assessment of included studies based on the Mixed Methods Appraisal Tool.

Authors Study Design Quantitative RCT
Quantitative
Descriptive

Mixed
Methods

Qualitative

Barreto, 2021 [18] Cross-sectional research
with mixed study (4/5) ****

Bickmore, 2020 [19] Experimental study:
randomized clinical trial (3/5) ***

Chinkam, 2021 [20] Qualitative study (5/5) *****

Chung, 2021 [21] Observational study:
descriptive study (2/5) **

Edwards, 2013 [22] Experimental study:
randomized clinical trial (4/5) ****

Gardiner, 2017 [23] Mixed study (2/5) **

Gardiner, 2020 [24] Experimental study:
randomized clinical trial (2/5) **

Jack, 2015 [25] Experimental study:
randomized clinical trial (4/5) ****

Jack, 2020 [26] Experimental study:
randomized clinical trial (5/5) *****

Maeda, 2020 [27] Experimental study:
randomized clinical trial (5/5) *****

Montenegro, 2022 [28] Mixed study (3/5) ***

Wong, 2021 [29] Observational descriptive
study: multi-stage (2/5) **

Legend: **: Two stars; ***: Three stars; ****: Four stars; *****: Five stars.

2. Materials and Methods

2.1. Overview

We used the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines to plan this review [30]. The protocol of this review was reg-
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istered on the International Prospective Register of Systematic Reviews (PROSPERO)
(CRD42023376991).

2.2. Eligibility Criteria

We followed the PICOS (Population, Intervention, Comparison, Outcome and Study)
framework to design the eligibility criteria.

Population: We included all trials that involved women in the preconception period,
pregnant women and their partners, and mothers and fathers/co-parents of babies up to
12 months of age.

Interventions: We included any intervention with a conversational agent that allows
participants to interact bidirectionally, either by voice or chat, or a combination of both. We
excluded any intervention with a conversational agent used only to collect information or
developed for the training of health professionals or students.

Comparator: We considered all comparators, including no intervention, usual care, or
any other type of intervention.

Outcomes: We considered all outcomes reported in the studies that are related to the
effectiveness of interactive conversational agents in any area of perinatal health or well-
being such as pregnancy-related information seeking, childbirth, breastfeeding, dietary
diversification, health, and support resources.

We were also interested in the non-clinical metrics such as user engagement, duration
of adherence and duration of individual interaction, user experience, and acceptability.

Setting: We included studies taking place in primary health care, hospitals, community
settings, third-sector organizations, or any other setting.

All types of studies were included (qualitative, quantitative, and mixed methods) if
they had health-related outcomes.

2.3. Search Strategy

In collaboration with a librarian (FB), we developed a search strategy in six electronic
bibliographic databases (MEDLINE (Ovid), CINAHL (EBSCO), Embase, Web of Science,
Inspec, and IEEE Xplore). The sensitivity of the search strategy was tested before starting
the screening process with five key articles.

Search strings combined free terms and, when supported, controlled vocabulary. The
reference lists of relevant articles were also screened to ensure that all eligible studies
were captured. All studies published from January 2000 to July 2022 in English, French,
Spanish, Portuguese, and Italian (languages understood by the reviewers) were considered
regardless of the study design.

We excluded the following types of publications: editorial comment, opinion, infor-
mative review, conference abstract, commentary, systematic review, and protocol. Grey
literature such as dissertations, theses, and conference proceedings were not included. (The
search strategy is presented in Appendix A).

2.4. Data Collection

We used the online platform Covidence to conduct the review (Covidence systematic
review software). We imported all references to the tool and most duplicates were auto-
matically removed. Two reviewers independently assessed the title and abstract of each
reference using the criteria. We then obtained the full text of included references, and two
reviewers independently assessed the studies for final inclusion. Two reviewers appraised
the quality the studies included with the Mixed Methods Appraisal Tool (MMAT) [31]. Any
disagreement was resolved by a third reviewer.
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2.5. Data Extraction

An extraction grid was used in Covidence for the abstraction of data from included
studies. The following data were collected for each study: first author, year of publication,
type of study, type of technology (chat, voice, or a combination of both), intervention
components and characteristics, study duration (if applicable), participants and setting
characteristics, and health outcomes and non-clinical outcomes (if applicable). Two review-
ers extracted data independently, and in case of missing data, direct requests were made to
the study authors to supply the information.

2.6. Data Synthesis

We conducted descriptive and thematic analyses and presented the results in the
form of a structured narrative synthesis of the main technologies used in perinatal care
by fields of application. We used a prespecified thematic analysis grid based on 3 main
categories of outcomes: 1, Antecedents; 2, Healthy behaviors; 3, Health status or health
services utilization. We also conducted a narrative synthesis of qualitative findings, and
we summarized the strengths and weaknesses reported for each conversational agent.

3. Results

A total of 162 publications were retrieved, and 36 duplicates were removed manually.
The remaining 126 publications were screened by independent reviewers using titles and
abstracts. Thirty-six publications were screened in full text, among which thirteen were
retained. Two publications related to the same study were considered jointly, resulting in
twelve studies suitable for inclusion in this review (see Figure 1).

A PRISMA flowchart describes the identification of studies, the screening process, and
the application of inclusion and exclusion criteria [32] (Figure 1).

The selected studies were conducted between 2013 and 2022 (see Table 1). Seven
studies were conducted in the USA, two in Brazil, one in the Republic of Korea, one
in Singapore, and one in Japan. These studies evaluated the use and effectiveness of
chatbots in various aspects of perinatal health. Most studies focused on the preconception
period, particularly fertility [27], preconception health [27,28], and preconceptional-related
risks [19,24–26]. Other studies focused on childbirth, specifically the mode of birth after
cesarean [20], stress [29], and parental mental health during the perinatal period [21].
Some studies focused on sleep and neonatal dietary diversification [29], and various
breastfeeding-related behaviors, including intentions, attitudes, and self-efficacy [22]. Only
one study focused on child health promotion [18], and another on lifestyle changes in
women of childbearing age [23].

The study population was generally female and ranged in age from 18 to 50 years.
Only two studies included men aged 38 to 40 years [21] or parents aged 21 years and
older [29]. Interventions to promote breastfeeding, dietary diversification, and infant health
were mainly aimed at young primiparous women (new mothers) or young parents. In
the trials that focused on the mode of birth after cesarean, the authors included women
who already had a cesarean. The number of participants recruited ranged from 15 to 927
participants. All the chatbots studied interacted with their users via text messages, four via
text messages and voice, three via audio, and seven integrated avatars into their chatbots.

Of the 12 studies included in our systematic review, 50% were randomized clinical
trials (6/12), 25% were mixed methods studies (3/12), 17% (2/12) were observational
descriptive studies (two or more phases), and only one study (0.9%) had a qualitative
research design.
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Figure 1. PRISMA flow diagram for inclusion of reviews.

3.1. Primary Outcomes Measured

The present review brings together heterogeneous studies with specific objectives and
therefore different but complementary results, as shown in Table 2, which summarizes the
main findings by topic.

Of the twelve included studies, six [18,19,21,23,28,29] assessed chatbot usability;
three [23,25,26] preconception risks defined as health and nutrition risk factors that can
have an impact on maternal and child health before conception; two studies [23,27] assessed
knowledge; and one [22] breastfeeding. To assess usability, Barreto et al. [18] measured
newborn mothers’ user experience and satisfaction with the chatbot. The results indicate
that women’s level of agreement with the simplicity, good quality of information, clarity
of content, usefulness, and overall satisfaction with the chatbot, was over 90%. In Wong’s
study [29], the usability assessment showed that parents found the chatbot easy to use
(mean = 4.08, SD = 0.74; 1 = very difficult, 5 = very easy) and that they were satisfied
(mean = 3.81, SD = 0.90; 1 = very dissatisfied, 5 = very satisfied).

Bickmore et al. [19] evaluated the acceptance, usability, and use of a chatbot to screen
women for preconception care risks and treat them via an animated web-based virtual
health advisor. Differences between younger (18–25 years old) and older (26–34 years old)
in relation to chatbot acceptance and utilization were explored. No significant differences
were found between the two age groups for either of these parameters. Chung et al. [21]
evaluated a chatbot based on a question-and-answer knowledge database for obstetric and
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mental health care for perinatal women and their partners. The results indicate that, apart
from ease of learning, total usability and the other three sub-factors (usefulness, ease of
use, and satisfaction) had significant positive associations with each other.

In Montenegro’s study [28], the usability assessment showed that the most significant
and positive construct was related to chatbot performance expectations (mean = 4.61,
SD = 0.74), while the construct with the least positive influence on pregnant women was
facilitating conditions (mean = 3.30, SD = 1.24). From these results, it emerges that pregnant
women believe that interaction with the chatbot has educated them and that their physician
would approve their use [28].

Edwards et al. [22] looked at the evaluation of an animated, interactive computer
agent designed to provide breastfeeding information and support mothers interested in
breastfeeding. The results show that mothers who used the chatbot were more likely to
breastfeed exclusively after being exposed to the chatbot (p < 0.05) [22].

Gardiner et al. [23] assessed the feasibility of using a chatbot to teach lifestyle modifica-
tions to urban women of childbearing age. In this regard, the results showed that after one
month, among women randomized to the chatbot, alcohol consumption to reduce stress
significantly decreased (p = 0.03) and daily fruit consumption increased by an average of
two servings compared with the control (p = 0.04) [23]. Regarding knowledge assessment,
this study compared food knowledge before and after the intervention, and the results
were not statistically significant between the two study groups [23].

Maeda et al. [27] assessed the impact of a chatbot on fertility knowledge and the
results indicate that fertility knowledge improved over time in the intervention group
(chatbot) (+9.1 points, p < 0.001), control group 1 (+14.9 points, p < 0.001), and control group
2 (+1.1 points, p = 0.24). Preconception risk assessment was carried out in the studies by
Gardiner et al. [24], and Jack et al. [25,26]. The results showed that the use of a chatbot
for preconception risk assessment had a statistically significant positive effect between
intervention and control groups at 6 months [24], as well as at 6 and 12 months [26].
However, the use of the chatbot had no statistically significant effect between groups at
12 months [24]. The results of Chinkam’s study [20] are not included in Table 2, as it is a
qualitative study with a small sample size (12 women). The findings of this study showed
that women with previous cesarean sections and antenatal care providers viewed positively
the use of an Embodied Conversational Agent (ECA) to support shared decision-making
about the mode of delivery after a previous cesarean section. Participants commented
that although the ECA might seem somewhat “robotic”, it could provide easy access
to information for patients and complement consultation with care providers. It was
suggested that improvements be made to the visual appeal of the ECA, and that the role
and timing of decision tools using ECA technology be clarified to improve the shared
decision-making process [20].

3.2. Other Outcomes Measured

We carried out an additional analysis by secondary outcomes, which we categorized
into three categories (Antecedents, Healthy Behaviors, and Health status or health services
utilization). By antecedents, we mean outcomes related to usability (usefulness, ease of
learning, feasibility, acceptability, engagement, trust, and satisfaction) as well as outcomes
related to knowledge, attitude, and behavioral intention. As presented in Table 3, some
authors evaluated the experience of using the technology [29] and usability [23,26,29],
while others assessed participant engagement with the chatbot by measuring the number
of interactions with the chatbot, the number of logins [29], and the duration of each
session [29]. Other outcomes documented were the impact of chatbot interactions on
improving levels of nutrition knowledge and adoption of dietary habits [23], knowledge
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related to food insecurity, and attitudes towards breastfeeding, confidence in breastfeeding,
and intention to breastfeed exclusively [22]. Chung et al. [21] focused on the ease of learning
with the chatbot. For their part, Jack et al. [26] and Gardiner et al. [24] were interested in
demonstrating how the chatbot can help its users navigate the behavior-change process
through the stages of change and achieving a sense of self-efficacy [22,28]. Other outcomes
assessed included feasibility and acceptability [20], trust [26], and satisfaction [19,21,22].
Details are provided in Table 3. Based on the results of our review, user experience and
the satisfaction of new mothers with the chatbot reports showed that women’s level of
agreement with the simplicity, good quality of information, clarity of content, usefulness,
and overall satisfaction with the chatbot, was over 90% [18]. The Gabby system was also
reported as usable for delivering lifestyle modifications and as easy to use and navigate [23].

Participants engaging with the chatbot demonstrated higher satisfaction levels in com-
parison to those utilizing patient education sheets, and they also expressed a willingness to
recommend the system to others. Nguyen et al. [33] and Suharwardy et al. [34] pointed in
the same direction by highlighting the high user satisfaction and usability of health chat-
bots, particularly among postpartum women seeking breastfeeding support. Despite some
technical issues, most users expressed overall satisfaction with the platform’s usability and
reported positive experiences with the chatbot interface. These findings underscore the
importance of chatbots as an accessible, user-friendly resource for maternal health support,
and offer promising potential for meeting user needs in this specific population.

3.3. Quality Assessment

We used the Mixed Methods Appraisal Tool (MMAT) to assess the quality of all
included studies [31]. After this analysis, we found that four of the six included RCTs were
of very good to excellent quality (4 or 5 stars). The other RCTs were of average quality
(from 2 to 3 stars). The most common methodological limitations for RCTs were: (1) lack
of certainty that participants would adhere to the interventions, or outcome data are not
complete, or information about the blinding of evaluators is not provided, or there was
no blinding.

The three mixed-method studies were from average (2 stars) to very good (4 stars)
quality, and the quality of the descriptive observational studies was average (2 stars).
The most common methodological limitations were: (1) divergences and inconsistencies
between quantitative and qualitative results that are not adequately addressed; (2) lack
of adherence to the quality criteria of each tradition of the methods involved; (3) lack of
adequate rationale for using a mixed methods design to address the research question. The
only qualitative study included in the review was of excellent quality (5 stars). (see Table 4).

4. Discussion

4.1. Main Findings

In the rapidly evolving landscape of digital health interventions, chatbots have
emerged as promising tools for supporting women’s health. This systematic review aimed
to identify and evaluate studies on chatbots designed to support women and expectant
parents throughout the reproductive journey, from preconception to 12 months postpartum.
Our review revealed the efficacy of chatbots in delivering perinatal care and promoting
healthy lifestyles. Studies consistently demonstrated the feasibility of providing advice
on physical activity, nutrition, mindfulness, and stress management through user-friendly
chatbots. These digital tools, developed using text-mining techniques and contextual us-
ability testing, proved particularly valuable in supporting women’s health across diverse
urban settings.
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The effectiveness of chatbots aligns with previous findings on mobile phone-based
interventions during pregnancy [35]. Both approaches have shown positive impacts on ma-
ternal behaviors, contributing to improved maternal- and fetal health outcomes. Specifically,
these digital interventions have been associated with increased self-reported physical activ-
ity, higher rates of smoking cessation, improved dietary habits including increased fruit,
vegetable, and folic acid intake, and reduced alcohol consumption among pregnant women.

The majority of studies in our review reported high feasibility and user acceptance
of chatbot interventions which is consistent with the literature. These digital tools have
been successfully implemented across various health domains, including mental health
support for young adults [36], HIV testing and pre-exposure prophylaxis promotion [37],
and COVID-19 guidance for pregnant and breastfeeding women [38]. Notably, users
expressed high satisfaction with both web-based and app-based chatbots, underscoring
their versatility and broad appeal [39].

Our findings extend beyond chatbots to encompass broader internet-based prenatal
interventions. These digital tools have demonstrated positive impacts on various aspects
of maternal health, including satisfaction, parent–child bonding, breastfeeding efficacy,
social support, and overall quality of life [40,41]. While these results suggest that chatbot
interventions could be an effective strategy for supporting perinatal women’s health and
well-being, we caution that careful consideration is needed when addressing anxiety in
this population.

Recent research on perinatal women’s engagement with digital emotional well-being
interventions [42] has highlighted the critical role of usability. Our review corroborates
these findings, emphasizing the importance of user experience and ease of interaction
in digital health tools. By prioritizing usability as a primary outcome, researchers and
developers can create more effective and engaging interventions that better address the
unique needs of women during the perinatal period.

Our review underscores the potential of chatbots as effective tools for promoting
healthy behaviors and engaging women in managing their well-being. The implementation
of chatbots has shown a significant impact on user engagement, particularly in reducing
stress-related alcohol consumption and increasing daily fruit intake. Users have reported a
greater utilization of stress management techniques, with many acknowledging that they
have adopted the chatbot’s suggestions to help improve their stress levels. This indicates
that chatbots not only provide valuable information but also encourage positive behavioral
changes, making them a promising resource for enhancing health outcomes among women
in urban settings.

These findings are further corroborated and expanded upon by a recent systematic
review and meta-analysis of AI chatbot interventions in women’s health [41,43]. This
comprehensive analysis has illuminated the significant potential of these technologies to
enhance healthcare outcomes across a broader spectrum of women’s health issues. Chatbots
have shown considerable promise in delivering health education, supporting mental health,
managing chronic diseases, and providing targeted interventions for reproductive health
and prenatal education. Notably, these interventions have been effective in improving both
physical and mental health outcomes, particularly in reducing anxiety, underscoring the
value of integrating AI chatbots into healthcare strategies for women.

The importance of leveraging digital technologies for preconceptional care was further
emphasized by studies highlighting the role of chatbots in providing essential precon-
ception information. These digital tools offer comprehensive support throughout the
reproductive journey, empowering users to make informed health decisions and encourag-
ing proactive health behaviors. Several studies in our review addressed preconception care
risks both directly and indirectly. For instance, the Gabby system demonstrated effective-
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ness in delivering healthy lifestyle recommendations and addressing preconceptional risks
among diverse populations, including African American and Black women [23–25]. Other
studies focused on developing chatbots for perinatal care and parental support [21,29],
indirectly contributing to preconceptional care through the promotion of maternal and
infant health. For example, “Dina” a chatbot developed to inform and empower pregnant
women with gestational diabetes mellitus promotes stable blood glucose and thereby pre-
vent the development of adverse outcomes for the mother and the fetus [44]. In the same
vein, “Wysa” is an AI-based emotionally intelligent mobile app aiming to build mental
resilience and promote mental well-being in women with a self-reported maternal event,
and its evaluation showed significant reductions in depressive symptoms [43].

However, it is important to recognize that equitable access to digital technologies is not
guaranteed for all populations [45]. Disparities related to digital literacy, access to connected
devices, and high-quality internet connections can limit adoption. These challenges are
particularly pronounced in low-resource settings or among vulnerable groups such as
migrants and refugees, or neurodiverse individuals [46–48]. Future research is needed
to explore these issues and ensure that digital solutions are accessible and inclusive for
all users.

In conclusion, our review reveals the multifaceted benefits of chatbots in improving
health outcomes and enhancing user engagement across various stages of reproductive
and maternal health. From preconception care to postpartum support and breastfeeding
guidance, chatbots serve as valuable tools for disseminating knowledge and promoting
proactive health behaviors. Their ability to provide anonymous, non-judgmental interac-
tions makes them particularly effective in addressing sensitive health issues. As digital
health continues to evolve, chatbots represent a promising avenue for delivering personal-
ized, accessible, and effective support to women throughout their reproductive journey.

4.2. Strengths

This systematic review is underpinned by several methodological strengths that en-
hance its reliability and comprehensiveness. To ensure transparency and reproducibility,
we pre-registered the study protocol with the International Prospective Register of System-
atic Reviews (PROSPERO) and adhered strictly to the PRISMA guidelines throughout the
review process, minimizing potential bias in our findings.

Our search strategy, developed and implemented by an experienced librarian, was
both robust and comprehensive. We conducted searches in six databases, supplemented
by hand searches to identify additional relevant studies. Notably, our literature search
included five languages (English, French, Spanish, Portuguese, and Italian), allowing for a
broad and inclusive review of the published literature on the topic.

To further reduce the risk of bias, two independent reviewers performed study selec-
tion and data extraction, with a consensus process for conflict resolution. This approach
ensured agreement on the included studies and increased the reliability of our data syn-
thesis. We used the Mixed Methods Appraisal Tool (MMAT) to critically appraise the
methodological quality of the included studies, providing a standardized assessment of
study rigor across our sample.

A key strength of our review is its comprehensive scope, covering the entire perinatal
period from preconception through pregnancy and up to 12 months postpartum. This broad
temporal range provides a holistic portrait of chatbot use across critical periods of maternal
and infant life, allowing for a comprehensive understanding of their use and impact.

Together, these methodological strengths enhance the validity and reliability of our
findings and provide a solid foundation for understanding the current state of chatbot use
in perinatal care. By adhering to these rigorous standards, we aim to provide a trustworthy
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and comprehensive synthesis of the available evidence that can inform future research,
clinical practice, and policy decisions in the area of digital health interventions for maternal
and infant care.

4.3. Limitations

Despite our rigorous methodology, this systematic review has some limitations that
should be considered when interpreting its results. The primary limitation was the limited
number and heterogeneity of the included studies, which precluded the ability to perform
a meta-analysis. This limitation hinders our ability to quantify the effect size of chatbot
interventions on specific outcomes in perinatal care.

The paucity of qualitative studies in our sample, with only one such study included,
limits our ability to provide a more nuanced, in-depth synthesis of user experiences and
perspectives on chatbot interventions. This gap in qualitative data highlights the need for
more diverse research approaches in this area.

Although our initial protocol included plans to search the grey literature, we ultimately
decided to focus solely on peer-reviewed publications. This decision was made due to time
constraints and the desire to ensure a high level of scientific rigor in our included studies.
While this approach may have resulted in the exclusion of some relevant unpublished data,
it allowed us to focus on evidence that has undergone rigorous peer review. We acknowl-
edge that this departure from our original protocol may limit the comprehensiveness of
our findings. Future reviews on this topic may benefit from including grey literature to
capture a broader range of evidence on chatbot interventions in perinatal care.

Another limitation is the lack of data collection on the source of funding (private
versus government) of the included studies. This information could provide important
context for understanding the goals and focus of different interventions. For example,
funding sources may influence whether an intervention targets a specific phase of the
perinatal period (e.g., pregnancy) rather than the entire continuum, due to budgetary
constraints or alignment with specific program goals.

In addition, our review did not include an analysis stratified by country income level.
Such an analysis could have provided insights into how economic factors may influence the
outcomes of maternal and child health interventions using chatbots, potentially revealing
important differences or trends across economic contexts.

These limitations highlight areas for improvement in future research and reviews in
this area. They underscore the need for more diverse and comprehensive studies of chatbot
interventions in perinatal care, including more qualitative research, consideration of fund-
ing sources, and analysis of economic factors that may influence intervention outcomes.

4.4. Future Research Prospects

This systematic review highlights several key areas for future research in chatbot
interventions for perinatal care. There is a notable lack of studies that include male partners
and both parents in perinatal health interventions. Given the positive impact of male
support on maternal and newborn health, it is crucial to develop chatbot interventions that
engage fathers and assess their influence on health outcomes.

Additionally, the variability in defining the perinatal period calls for a standardized
definition to enhance consistency across research. This will help clarify how different
definitions affect intervention design and outcomes.

The preconception period also requires more attention, as it significantly impacts fetal
development. Future studies should focus on designing chatbot interventions for this
phase and exploring their long-term effects on maternal and child health.
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Longitudinal research is essential to understand the sustained impacts of chatbot
interventions, tracking participants from preconception through to postpartum. Finally,
culturally adapting chatbot interventions for diverse populations will ensure their effec-
tiveness across various contexts.

The chatbots included in our review are primarily second-generation systems, which
predate the integration of large language models (LLMs). These earlier systems represent
a significant shift from first-generation chatbots, limited to predetermined question-and-
answer scripts. Second-generation chatbots incorporate more advanced rule-based logic
and can simulate more dynamic interactions, but their capabilities are still constrained
compared to recent LLM-powered systems. The latest generation of conversational agents
powered by LLMs—such as ChatGPT—have revolutionized human–computer interactions
by enabling more realistic and context-aware dialogue [49].

Therefore, our review serves as a critical baseline assessment of these second-
generation chatbots, allowing for the identification of their limitations and potential. The
rapid progress in perinatal care conversational agents calls for future research to evaluate
the impact of advanced AI technologies on maternal and infant health outcomes. Addi-
tionally, studies should explore how LLM-powered tools affect user engagement, access to
care, and digital inclusion across diverse populations, especially considering disparities in
healthcare access [50–52].

5. Conclusions

Research on interventions using digital technologies is booming, but the use of in-
teractive conversational agents in the perinatal period is still in its infancy, with a limited
number of studies that are highly heterogeneous. Our analysis shows that digital interven-
tions using interactive conversational agents have a positive impact on several aspects of
perinatal health, including knowledge, behaviors, attitudes, and the use of health services.
These interventions appear to be more effective than traditional methods, highlighting the
transformative potential of chatbots in perinatal care.

As we look to the future, chatbots represent a paradigm shift in how we deliver
perinatal health support. Their ability to provide personalized, accessible, and timely
information has the potential to revolutionize prenatal education, increase maternal and
paternal engagement in health behaviors, and ultimately improve outcomes for mothers,
fathers, and infants. By providing continuous, nonjudgmental support, chatbots can
address critical gaps in care, particularly in underserved areas or for sensitive topics that
individuals may be reluctant to discuss with healthcare providers.

However, realizing this potential requires overcoming current challenges. Innovative
strategies are needed to increase engagement, reduce attrition, and engage partners at
all stages of the perinatal period. In addition, integrating behavior-change theories and
techniques into chatbot design is critical to optimizing their effectiveness, particularly in
preconception interventions.

As we continue to refine and expand the use of chatbots in perinatal care, we are on
the cusp of a digital revolution in maternal and child health. By harnessing the power of
artificial intelligence and personalized digital support, we have the opportunity to create a
future where every parent and child benefits from accessible, high-quality perinatal care,
ultimately leading to healthier families and communities worldwide.
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Appendix A

Databases Search Strategy

Medline (OVID)
Date of the search: 09 November 2022

Database Limit: Limit Results to

Publications Date Between 23 July

2021 and 9 November 2022

Search Strategy Results

1
(“chat bot?” or chatterbot? or chatbot? or medbot? or “chatter

bot?” or smart bot? or smartbot?).ti,ab,kw,kf
574

2
(Conversational adj2 (host or coach or avatar or advisor or

“Artificial Intelligence” or interface or avatar or agent? or system
or computer or humanoid or character or bot? or AI)).ti,ab,kw,kf

475

3
((virtual or intelligent or chat or computer or AI or “artificial

intelligence” or relational or embodied) adj2 agent?).ti,ab,kw,kf
1022

4
((Conversational OR Virtual OR Voice OR “Artificial Intelligence”

OR Digital) adj2 assistan*).ti,ab,kw,kf
1528

5 1 or 2 or 3 or 4 3186

6
Exp perinatal Care/OR Perinatology/OR exp “Infant, Newborn”/

OR Pregnant Women/OR Pregnancy/OR Obstetrics/
1451583

7

newborn?.ti,ab,kw,kf OR Neonat*.ti,ab,kw,kf OR
Pregnan*.ti,ab,kw,kf OR Perinat*.ti,ab,kw,kf OR

Matern*.ti,ab,kw,kf OR Postpartum.ti,ab,kw,kf OR
Postnatal.ti,ab,kw,kf OR Childbirth?.ti,ab,kw,kf OR

Obstetric?.ti,ab,kw,kf OR “post natal”.ti,ab,kw,kf

1268687

8 6 or 7 1907674

9 5 AND 8 77

10 limit 9 to ed = 20210723-20221109 8
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Embase (Embase.com)
(accessed on 09 November 2022).
Database limit: limit results to publications date between 23 July 2021 and 09 Novem-
ber 2022

# Search Strategy Results

1
(“chat bot$” OR chatterbot$ OR chatbot$ OR medbot$ OR “chatter bot$” OR

“smart bot$” OR smartbot$):ti,ab,kw
576

2
(Conversational NEAR/2 (host OR coach OR avatar OR advisor OR “Artificial
Intelligence” OR interface OR avatar OR agent$ OR system OR computer OR

humanoid OR character OR bot$ OR AI)):ti,ab,kw
419

3
((virtual OR intelligent OR chat OR computer OR AI OR “artificial intelligence”

OR relational OR embodied) NEAR/2 agent$):ti,ab,kw
1054

4
((Conversational OR Virtual OR Voice OR “Artificial Intelligence” OR Digital)

NEAR/2 assistan*):ti,ab,kw
1841

5 #1 OR #2 OR #3 OR #4 3566

6
‘perinatal care’/exp OR ‘newborn’/de OR ‘pregnant woman’/de OR ‘obstetric
procedure’/de OR ‘postnatal care’/exp OR ‘pregnancy’/de OR ‘hildbirth’/de

OR ‘perinatology’/de OR ‘puerperium’/de
1,481,462

7

newborn$:ti,ab,kw OR Neonat*:ti,ab,kw OR Pregnan*:ti,ab,kw OR
Perinat*:ti,ab,kw OR Matern*:ti,ab,kw OR Postpartum:ti,ab,kw OR

Postnatal:ti,ab,kw OR Childbirth$:ti,ab,kw OR Obstetric$:ti,ab,kw OR “post
natal”:ti,ab,kw OR puerperium:ti,ab,kw

1,633,076

8 #6 OR #7 2,168,193

9 #5 AND #8 98

10 #9 AND [23-07-2021]/sd 16

CINAHL
Date of the search: 09 November 2022
Database limit: limit results to publications date between 23 July 2021 and 09 Novem-
ber 2022

# Search Strategy Results

1
TI (“chat bot?” OR chatterbot? OR chatbot? OR medbot? OR “chatter bot?” OR smart
bot? OR smartbot?) OR AB (“chat bot?” OR chatterbot? OR chatbot? OR medbot? OR

“chatter bot?” OR smart bot? OR smartbot?)
306

2

TI (Conversational N2 (host OR coach OR avatar OR advisor OR “Artificial
Intelligence” OR interface OR avatar OR agent? OR system OR computer OR

humanoid OR character OR bot? OR AI)) OR AB (Conversational N2 (host OR coach
OR avatar OR advisor OR “Artificial Intelligence” OR interface OR avatar OR agent?

OR system OR computer OR humanoid OR character OR bot? OR AI))

194

3
TI ((virtual OR intelligent OR chat OR computer OR AI OR “artificial intelligence” OR

relational OR embodied) N2 agent?) OR AB ((virtual OR intelligent OR chat OR
computer OR AI OR “artificial intelligence” OR relational OR embodied) N2 agent?)

306

4
TI ((Conversational OR Virtual OR Voice OR “Artificial Intelligence” OR Digital) N2
assistan*) OR AB ((Conversational OR Virtual OR Voice OR “Artificial Intelligence”

OR Digital) N2 assistan*)
981
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# Search Strategy Results

5 S1 OR S2 OR S3 OR S4 1637

6

MH “Perinatal Care” OR MH “Maternal-Child Care” OR MH Perinatology OR MH
“Expectant Mothers” OR MH “Infant, Newborn+” OR MH “Postnatal Care” OR MH

“Prepregnancy Care” OR MH “Obstetric Care” OR MH “Childbirth” OR MH”
Postnatal Period” OR MH Puerperium OR MH Pregnancy

367,369

7

TI newborn# OR AB newborn# OR TI Neonat* OR AB Neonat* OR TI Pregnan* OR
AB Pregnan* OR TI Perinat* OR AB Perinat* OR TI Matern* OR AB Matern* TI

newborn# OR AB newborn# OR TI Neonat* OR AB Neonat* OR TI Pregnan* OR AB
Pregnan* OR TI Perinat* OR AB Perinat* OR TI Matern* OR AB Matern*

307,158

8 S6 OR S7 471,873

9 S5 AND S8 36

10 S9 AND DT 20210723-20221109 2

Web of Science
Date of the search: 09 November 2022
Database limit: database limit publications date between 23 July 2021and 09 Novem-
ber 2022 has been applied

# Search Strategy Results

1
TS = (“chat bot$” OR chatterbot$ OR chatbot$ OR medbot$ OR “chatter bot$” OR

smart bot$ OR smartbot$)
7667

2
TS = (Conversational NEAR/2 (host OR coach OR avatar OR advisor OR “Artificial

Intelligence” OR interface OR avatar OR agent$ OR system OR computer OR
humanoid OR character OR bot$ OR AI))

940

3
TS = ((virtual OR intelligent OR chat OR computer OR AI OR “artificial intelligence”

OR relational OR embodied) NEAR/2 agent$)
1389

4
TS = ((Conversational OR Virtual OR Voice OR “Artificial Intelligence” OR Digital)

NEAR/2 assistan*)
949

5 #1 OR #2 OR #3 OR #4 10,146

6
TS = (newborn$ OR Neonat* OR Pregnan* OR Perinat* OR Matern* OR Postpartum

OR Postnatal OR Childbirth$ OR Obstetric$ OR “post natal” OR puerperium)
91,419

7 #5 AND #6 39

Inspec (Engineering Village)
Date of the search: 09 November 2022
Database limit: database limit publications date between 23 July 2021 and 09 Novem-
ber 2022 has been applied

# Search Strategy Results

1 chatbots WN CV 527

2

“chat bot*” WN TI OR chatterbot* WN TI OR chatbot* WN TI OR medbot* WN TI OR
“chatter bot*” WN TI OR smart bot* WN TI OR smartbot* WN TI OR “chat bot*” WN AU OR

chatterbot* WN AU OR chatbot* WN AU OR medbot* WN AU OR “chatter bot*” WN AU
OR smart bot* WN AU OR smartbot* WN AU

591
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# Search Strategy Results

3

(Conversational NEAR/2 host) WN TI OR (Conversational NEAR/2 coach) WN TI OR
(Conversational NEAR/2 avatar) WN TI OR (Conversational NEAR/2 advisor) WN TI OR

(Conversational NEAR/2 Intelligence) WN TI OR (Conversational NEAR/2 interface) WN TI
OR (Conversational NEAR/2 avatar) WN TI OR (Conversational NEAR/2 agent*) WN TI OR
(Conversational NEAR/2 system) WN TI OR (Conversational NEAR/2 computer) WN TI OR
(Conversational NEAR/2 humanoid) WN TI OR (Conversational NEAR/2 character) WN TI

OR (Conversational NEAR/2 bot*) WN TI OR (Conversational NEAR/2 AI) WN TI OR
(Conversational NEAR/2 host) WN AU OR (Conversational NEAR/2 coach) WN AU OR

(Conversational NEAR/2 avatar) WN AU OR (Conversational NEAR/2 advisor) WN AU OR
(Conversational NEAR/2 Intelligence) WN AU OR (Conversational NEAR/2 interface) WN
AU OR (Conversational NEAR/2 avatar) WN AU OR (Conversational NEAR/2 agent*) WN
AU OR (Conversational NEAR/2 system) WN AU OR (Conversational NEAR/2 computer)

WN AU OR (Conversational NEAR/2 humanoid) WN AU OR (Conversational
NEAR/2 character) WN AU OR (Conversational NEAR/2 bot*) WN AU OR (Conversational

NEAR/2 AI) WN AU

224

4

(virtual NEAR/2 agent) WN TI OR (intelligent NEAR/2 agent) WN TI OR (chat
NEAR/2 agent) WN TI OR (computer NEAR/2 agent) WN TI OR (AI NEAR/2 agent) WN TI
OR (“artificial intelligence” NEAR/2 agent) WN TI OR (relational NEAR/2 agent) WN TI OR

(embodied NEAR/2 agent) WN TI OR (virtual NEAR/2 agent) WN AU OR (intelligent
NEAR/2 agent) WN AU OR (chat NEAR/2 agent) WN AU OR (computer NEAR/2 agent)
WN AU OR (AI NEAR/2 agent) WN AU OR (“artificial intelligence” NEAR/2 agent) WN

AU OR (relational NEAR/2 agent) WN AU OR (embodied NEAR/2 agent) WN AU

115

5

(Conversational NEAR/2 assistan*) WN TI OR (Virtual NEAR/2 assistan*) WN TI OR (Voice
NEAR/2 assistan*) WN TI OR (“Artificial Intelligence” NEAR/2 assistan*) WN TI OR

(Digital NEAR/2 assistan*) WN TI OR (Conversational NEAR/2 assistan*) WN AB OR
(Virtual NEAR/2 assistan*) WN TI OR (Voice NEAR/2 assistan*) WN AB OR (“Artificial

Intelligence” NEAR/2 assistan*) WN AB OR (Digital NEAR/2 assistan*) WN AB

1402

6 #1 OR #2 OR #3 OR #4 OR #5 2386

7

newborn* WN TI OR newborn* WN AB OR Neonat* WN TI OR Neonat* WN AB OR
Pregnan* WN TI OR Pregnan* WN AB OR Perinat* WN TI OR Perinat* WN AB OR Matern*
WN TI OR Matern* WN AB OR Postpartum WN TI OR Postpartum WN AB OR Postnatal
WN TI OR Postnatal WN AB OR Childbirth* WN TI OR Childbirth* WN AB OR Obstetric*

WN TI OR Obstetric* WN AB OR “post natal” WN TI OR “post natal” WN AB OR
puerperium WN TI OR puerperium WN AB

16,208

8 #6 AND #7 5

IEEE Xplore
Date of the search: 09 November 2022
Database limit: limit results to publications date between 23 July 2021 and 09 Novem-
ber 2022

# Search Strategy Results

1 “All Metadata”:chatbot AND (Pregnant OR pregnancy OR perinatal) 3

Google Scholar (https://harzing.com/resources/publish-or-perish)
(accessed on 9 November 2022).
Database limits: only up to the 20 first results per string have been considered;
publications between 2021 and 2022 limit has been applied; citations and patents
options have been removed
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# Search # Results Screened

1 “Conversational agent” AND (Pregnant OR pregnancy OR perinatal) 20

2 Conversational AND assistant AND (Pregnant OR pregnancy OR perinatal) 20

3 chatbot AND (Pregnant OR pregnancy OR perinatal) 20

4 chatbots AND (Pregnant OR pregnancy OR perinatal) 20

Total number of results 80
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Abstract: Previous studies reported that digital psychotherapy was a clinically beneficial intervention
for suicide ideation. However, the effects of digital psychotherapy on other aspects of suicide beyond
ideation remain unclear. Therefore, this study investigated the effects of digital psychotherapy on
suicide and depression. Articles were identified by searching Cochrane, Google Scholar, Medline,
PubMed, Web of Science, and PsycINFO in line with the PRISMA statement, yielding nine random-
ized controlled trials. The difference between conditions regarding suicide and depression in the
effect size of the individual article was calculated using Hedges’ g. Most digital psychotherapy
interventions were based on cognitive behavioral therapy and delivered via apps or the web for
at least six weeks. Suicide outcomes primarily focused on suicide ideation. The findings showed
digital psychotherapy achieved a significantly larger effect size for suicide (g = 0.488, p < 0.001) and
depression (g = 0.316, p < 0.001), compared to controls. Specifically, digital psychotherapy showed
a significant effect on both suicide ideation (g = 0.478, p < 0.001) and other suicidal variables (g =
0.330, p < 0.001). These results suggest the effectiveness of digital psychotherapy in reducing suicide
and depression compared to traditional face-to-face therapy. Future research should consider a
wider range of outcomes and examine the long-term effectiveness of digital psychotherapy to better
understand its effects on suicide prevention.

Keywords: suicide; psychotherapy; digital psychotherapy; depression; meta-analysis

1. Introduction

Suicide is the most severe consequence of mental health issues, impacting not only
individuals but also their families and friends, both directly and indirectly [1]. According
to the World Health Organization’s 2019 Suicide Worldwide data, over 700,000 people
die by suicide annually, highlighting troubling increases in global suicide rates [2]. These
statistics underscore the urgent need for enhanced mental health care to prevent suicide.

Notably, the COVID-19 pandemic has further exacerbated the global demand for
mental health care. However, the existing supply of mental health services has struggled to
meet this increased demand, prompting many individuals to seek alternative solutions,
such as digital mental health services. Advances in information and communication
technology have driven the growth of the digital health market, offering new avenues
for mental health care [3,4]. Digital mental health services encompass a wide range of
offerings, including suicide prevention, mental health promotion, and treatment for drug
and alcohol addiction, all delivered through digital platforms such as websites and mobile
applications [4].

Digital mental health services offer several advantages: they are not limited by geo-
graphic location and can make mental health knowledge more accessible, thereby reducing
barriers to care and encouraging wider uptake [4,5]. Consequently, digital psychotherapy
has been increasingly applied to various clinical populations with mental health issues.
Specifically, digital psychotherapy has proven beneficial for suicide prevention, particularly
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for individuals with suicidal ideation, for whom face-to-face treatment may pose significant
barriers [6].

A prior meta-analysis on digital psychotherapy for suicide prevention included
16 randomized controlled trials to evaluate its efficacy [7]. Among these, 10 studies focused
directly on suicide, while six addressed depressive symptoms. The interventions, primarily
based on cognitive behavioral therapy or dialectical therapy, were delivered via web or
mobile applications. The number of sessions ranged from 4 to more than 10, with the main
outcome measures including suicidal ideation and depression. The findings indicated that
digital psychotherapy significantly reduced both suicidal ideation and depression com-
pared to waitlist or placebo control groups. Another recent meta-analysis reviewed nine
randomized controlled trials of digital psychotherapy for suicide prevention [1]. Of these,
three trials were guided by clinical teams and six were self-guided, all utilizing cognitive
behavioral therapy. The interventions were delivered via web or mobile applications, with
sessions ranging from 2 to 10. The main outcome measures included depression, anxiety,
and hopelessness. The findings demonstrated that digital psychotherapy significantly
outperformed waitlist or conventional care control groups in reducing depression. Taken
together, these studies suggest that digital psychotherapy could be effective in preventing
suicide and improving mental health.

However, previous meta-analyses have primarily focused on suicidal ideation and
depression, overlooking other critical suicidal variables such as suicide risk, behavior, or
severity [1,7]. In the process leading to suicide, not only suicide ideation but also suicide
planning and execution are important. Consequently, it is crucial to investigate other
suicidal variables alongside suicide ideation. Therefore, this study aimed to conduct a
systematic review and meta-analysis of randomized controlled trials to investigate the
effects of digital psychotherapy on a broader range of suicidal variables.

2. Materials and Methods

This systematic review and meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Statement (PRISMA).

2.1. Search Strategy

A literature search was completed in April 2024. This search focused on articles
published from 2014 to 10 April 2024 to exclude outdated methods. Six databases were
searched (Cochrane, Google Scholar, Medline, PubMed, Web of Science, and PsycINFO) in
accordance with a previous meta-analysis [7]. The search terms were “suicide” or “suicidal”
or “self-injurious behavior” and “psychotherapy” or “therapy” and “web” or “internet” or
“online” or “mobile” or ”smartphone” or “phone” or “app” or “mhealth” and “randomise*”
or “randomize*”. This study was registered with PROSPERO (ID: CRD42024537058)

2.2. Eligibility Criteria

The eligibility criteria for this study were as follows:

1. Study design: randomized controlled trials (RCTs).
2. Population: no restrictions were placed on population.
3. Intervention: (a) interventions related to suicide prevention; (b) interventions that

were digitally delivered (web or app); (c) interventions that delivered theory-based
therapeutic content (e.g., cognitive behavioral therapy or dialectical behavioral ther-
apy); (d) interventions that were directed toward subjects.

4. Control: controls received treatment-as-usual or minimal attention (e.g., psychoedu-
cation) or were on a waitlist.

5. Outcomes: (a) primary outcomes were pre- and post-test measures of suicidal thoughts
and behaviors, and (b) secondary outcomes included the symptoms of depression.

6. Language: studies written in English or Korean.
7. Full-text articles.
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2.3. Article Selection

The article search and selection processes reviewed the titles and abstracts of the
searched articles following a database search. Then two independent authors finalized the
article selection based on the eligibility criteria. Disagreements between the authors were
resolved through consultation with a third author.

2.4. Risk of Bias and Methodological Quality

To investigate the risk of bias in the selected studies, the Risk of Bias Assessment tool
for randomized trials with the Review Manager (RevMan) program (version 5.4.1, The
Cochrane Collaboration, 2020) was utilized. The risk of bias was determined by selection
bias, allocation, detection bias, performance bias, attrition bias, and reporting bias. Three
levels of bias (low, unclear, and high) were assigned. The methodological quality of the
selected studies was assessed by the PEDro scale. Two authors independently assessed the
risk of bias and methodological quality, resolving discrepancies through discussion with a
third author.

2.5. Data Extraction and Statistical Analysis

Data extraction from the selected studies was performed by two independent authors.
Extracted data included: population characteristics, features of digital psychotherapy,
control conditions, and primary and secondary outcomes. All data were coded using
means, standard deviations, p-values, and t-values for both experimental and control
groups at pre-test and post-test.

Statistical analysis was conducted using Comprehensive Meta-Analysis 2.0 (Biostat,
Englewood, NJ, USA). Heterogeneity was considered acceptable when I2 < 50%. For I2

values less than 50%, a fixed-effects model was used. Pooled effect sizes were analyzed
using Hedges’ g with 95% confidence intervals (CI). Hedges’ g adjusts for intervention
differences between experimental and control groups (where Hedges’ g < 0.3 indicates a
small effect, 0.3 ≤ g < 0.6 indicates a moderate effect size, and g ≥ 0.6 indicates a large
effect size). Mean, standard deviation, and sample size were utilized for result calculations
and analyses.

The pooled effect sizes and directions of the selected articles were visually represented
using a forest plot. Statistical heterogeneity was assessed by I2. Egger’s regression test was
employed to evaluate publication bias, with a p-value above 0.05 indicating no publication
bias [8]. Sensitivity analysis, conducted through Hedges’ g, verified the robustness of
results across varying conditions, excluding studies with outlier results.

3. Results

3.1. Study Selection

A total of 394 studies were identified in the initial literature review. Among them,
256 duplicate articles were excluded. The titles and abstracts of the remaining 138 articles
were reviewed for preliminary screening. Out of these, nine articles that met the inclusion
criteria were finally selected (Figure 1).

3.2. Characteristics of the Included Studies

A total of 1779 subjects were included (intervention: n = 887, mean group size: n = 98.5,
control: n = 892, mean group size: n = 99.1), with ages ranging from 14.8 to 47.46 years
(Table 1). The subjects in the included studies were adolescents, adults, or veterans with
suicide ideation in the past month. The educational levels of the subjects were not reported
uniformly, leading to disparities in reporting.

Most interventions in the study utilized cognitive behavioral therapy (CBT), dialectical
behavioral therapy (DBT), or a combination of treatments. Specifically, there were eight
CBT-based interventions: Frame-IT program, ibobly program, LEAP, Virtual Hope Box
(VHB), LifeApp’tite, Think Life, Online Self-Help for Suicidal Thought, and Living with
Deadly Thought (LwDT). Additionally, two interventions were DBT-based: iDBT-ST and
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LwDT (Living with Deadly Thought) combined with CBT. Regarding delivery methods,
the majority of interventions (66.7%) were web-based, while three were app-based. This
indicates a preference for web-based programs over app-based ones in the studies.

The intervention periods ranged mostly from at least 6 weeks to 12 weeks, with some
studies extending up to 4 months. Various assessment tools were used to evaluate suicide
and depression outcomes, including the Beck Scale for Suicide Ideation (BSS), Suicidal
Ideation Attributes Scale (SIDAS), Suicidal Ideation Questionnaire (SIQ), Depressive Symp-
tom Inventory-Suicidality Subscale (DIS-SS), Suicide Status Form (SSF), Columbia Suicide
Severity Rating Scale (C-SSRS), and Scale for Suicidal Ideation (SSI). The majority of studies
focused on assessing suicide ideation, with eight out of nine studies using these measures.
Only one study each utilized assessments for evaluating suicide risk (SSF) and suicide
severity and suicide behavior (C-SSRS).

Figure 1. PRISMA Flow chart of the study selection process.
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Table 1. Characteristics of studies included in meta-analysis.

Reference Study Design Participants Intervention Duration Outcomes PEDro-Scale

Denneson et al.,
2019 [9] RCT

Veterans
N = 117

(EG = 58,
CG = 59)

App-based
CBT

Virtual Hope
Box(VHB)

12 weeks (Suicide) BSS 7

De Jaegere
et al., 2019 [10] RCT

Adults
N = 724

(EG = 365,
CG = 359)

Web-based
CBT, DBT, and
Mindfulness
Think Life

12 weeks

(Suicide)
BSS/SIDAS
(Depression)

BDI-II

6

Hill & Pettit
2019 [11] RCT

Adolescents
N = 80

(EG = 31,
CG = 30)

Web-based
CBT

LEAP
6 weeks

(Suicide) BSS
(Depression)

RADS-2
7

O’Toole,
Arendt, and

Pedersen,
2019 [12]

RCT

Adults
N = 129

(EG = 60,
CG = 69)

App-based
CBT

LifeApp’tite
4 months

(Suicide) SSF
(Depression)

MDI
7

Van Spijker
et al., 2018. [13] RCT

Adults
N = 323

(EG = 160,
CG = 163)

Web-based
CBT, DBT, and
Mindfulness

LwDT

6 weeks

(Suicide)
C-SSRS/SIDAS

(Depression)
CES-D

9

Wilks et al.,
2018 [14] RCT

Adults
N = 59

(EG = 30,
CG = 29)

Web-based
DBT

Idbt-ST
8 weeks (Suicide) SSI 7

Hetrick
et al., 2017 [15] RCT

Adolescents
N = 50

(EG = 26,
CG = 24)

Web-based
CBT

Reframe-IT
10 weeks

(Suicide) SIQ
(Depression)

RADS-
2/CDRS-R

8

Tighe et al.,
2017 [16] RCT

Youth
N = 62

(EG = 31,
CG = 30)

App-based
CBT

ibobbly
6 weeks

(Suicide)
DIS-SS

(Depression)
PHQ-9

6

Van Spijke,
Straten, &

Kerkhof, 2014
[17]

RCT

Adults
N = 236

(EG = 116,
CG = 120)

Web-based
CBT, DBT, and
Mindfulness

Online Self-Help for
Suicidal Thoughts

18 weeks
(Suicide) BSS
(Depression)

BDI-II
7

Note: EG = experiment group; CG = control group; CBT = cognitive behavior therapy; DBT = dialectical
behavior therapy; BSS = Beck Scale for Suicide Ideation; RADS-2 = Reynolds Adolescent Depression Scale-2;
SIDAS = Suicidal Ideation Attributes Scale; BDI-II = Beck Depression Inventory-second edition; SSF = Suicide
Status Form; MDI = Major Depression Inventory; C-SSRS = Columbia Suicide Severity Rating Scale; CES-
D = Centre for Epidemiological Studies Depression Scale; SSI = Scale for Suicidal Ideation; SIQ = Suicidal
Ideation Questionnaire; CDRS-R = Children Depression Rating Scale Revised; DSI-SS = Depressive Symptom
Inventory-Suicidality Subscale; PHQ-9 = Patient Health Questionnaire.

For depression assessment, tools such as the Children Depression Rating Scale Revised
(CDRS-R), Reynolds Adolescent Depression Scale-2 (RADS-2), Patient Health Questionnaire-
9 (PHQ-9), Major Depression Inventory (MDI), and Beck Depression Inventory (BDI)
were employed.

The mean PEDro score was 7.1 out of 10, with all nine studies rated low for random
sequence generation and incomplete outcome data (Figure 2). However, most of the
included studies showed unclear or high risk in blinding of participants and personnel,
blinding of outcome assessment, and selective reporting (Figure 2).
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Figure 2. Summary of the risk of bias in the included studies in this meta-analysis. Overall, the risk
of bias in the included studies is low. Green with plus mark indicates a low risk of bias, yellow with
question mark indicates unclear bias, and red with minus mark indicates a high risk of bias. Van
Spijker et al. (2014) [17]; Tighe et al. (2017) [16]; Hetrick et al. (2017) [15]; Van Spijker et al. (2018) [13];
Wilks et al. (2018) [14]; De Jaegere (2019) [10]; Hill et al. (2019) [11]; Denneson et al. (2019) [9];
O’Toole et al. (2019) [12].

3.3. Effect Size of Digital Psychotherapy
3.3.1. Effect on Suicide

The analysis revealed significant heterogeneity across the included studies regarding
the effect of digital psychotherapy on suicide (I2 = 88.73%, p < 0.001). Therefore, a random-
effects model was used to determine effect sizes. The pooled effect size was found to
be moderate and statistically significant (k = 11, g = 0.488, 95% CI = 0.224–0.752, p <
0.001) when compared to control groups (Table 2). Additionally, Egger’s test indicated no
significant publication bias (Egger’s intercept = 1.40, p = 0.52).
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Table 2. The summary of the pooled effect size on outcomes.

Overall Suicide
Suicide
Ideation

Other Suicidal
Variables

Depression

Hedge’s g
(95% CI)

0.488 ***
(0.224–0.752)

0.478 ***
(0.379–0.578)

0.330 ***
(0.182–0.477)

0.316 ***
(0.207–0.426)

I2 88.73% 88.02% 92.90% 12.64%

Egger’s intercept 1.40 0.81 6.01 −0.06
Note: *** p < 0.001; CI = confidence interval.

Sub-group analyses were conducted for each pooled effect size, distinguishing between
suicide ideation and other suicidal variables. Significant heterogeneity was observed across
the sub-grouped studies (suicide ideation: I2 = 88.02%, p < 0.001; other suicidal variables:
I2 = 92.90%, p < 0.001). A random-effects model revealed that the pooled effect size on
suicide ideation (k = 8, g = 0.478, 95% CI = 0.379–0.578, p < 0.01) and other suicidal variables
(k = 2, g = 0.330, 95% CI = 0.182–0.477, p < 0.001) was moderate and statistically significant
(Figure 3). Additionally, Egger’s test indicated no significant publication bias (suicide
ideation: Egger’s intercept = 0.81, p = 0.73; other suicidal variables: Egger’s intercept = 6.01,
p = 0.65).

Figure 3. Forest plot for a meta-analysis of the effect of digital psychotherapy on (a) suicide and
(b) other suicidal variables (suicide behavior, risk, and severity). The pooled effect size of digital
psychotherapy on suicide and other suicidal variables was moderate and statistically significant. Van
Spijker et al. (2018) [13]; Van Spijker et al. (2014) [17]; Tighe et al. (2017) [16]; De Jaegere (2019) [10];
Hetrick et al. (2017) [15]; Hill et al. (2019) [11]; Wilks et al. (2018) [14]; Denneson et al. (2019) [9];
O’Toole et al. (2019) [12].

3.3.2. Effect on Depression

Regarding the effect of digital psychotherapy on depression, the included studies
showed no significant heterogeneity (I2 = 12.64%, p = 0.333). Therefore, a fixed-effect
model was utilized. The pooled effect size was moderate and statistically significant (k = 6,
g = 0.316, 95% CI = 0.207–0.426, p < 0.001) compared to control groups (Figure 4, Table 2).
Egger’s test also indicated no significant publication bias (Egger’s intercept = −0.06,
p = 0.94).
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Figure 4. Forest plot for meta-analysis of the effect of digital psychotherapy on depression. The
pooled effect size of digital psychotherapy on depression was moderate and statistically significant.
Van Spijker et al. (2014) [17]; Tighe et al. (2017) [16]; De Jaegere (2019) [10]; Hetrick et al. (2017) [15];
Hill et al. (2019) [11]; O’Toole et al. (2019) [12].

4. Discussion

4.1. Overall Results

This study is a systematic review and meta-analysis investigating the effects of digital
psychotherapy on suicide and depression. The findings indicate that digital psychotherapy
was more effective than control conditions in preventing suicide and alleviating depression.
The effect sizes ranged from small to moderate with statistical significance, which is
consistent with findings from previous systematic reviews and meta-analyses [1,18,19].

4.2. Characteristics of Digital Psychotherapy

The digital psychotherapy utilized in the included studies primarily employed CBT, a
widely recognized intervention for addressing suicide-related behaviors in young individu-
als. CBT for suicide prevention targets suicidal thoughts and behaviors through several core
modules [1,2]. Firstly, it includes strategies for developing skills to identify and distance
oneself from thoughts, feelings, and behaviors associated with suicide. Secondly, it focuses
on managing emotions and behaviors using relaxation techniques. Thirdly, it emphasizes
problem-solving and cognitive restructuring. Previous research has consistently shown
that CBT, particularly when tailored for suicide prevention, effectively reduces suicidal
thoughts, decreases the frequency of suicide attempts, alleviates symptoms of depression,
hopelessness, and anxiety, and enhances problem-solving skills, which aligns with the find-
ings of our study [1–4]. In addition to CBT, DBT was utilized in four of the included studies.
DBT is another well-established intervention for treating adolescent depression and is
specifically designed for high-risk groups prone to suicide, characterized by emotional dys-
regulation and behavioral dysfunction [20]. Studies applying DBT have demonstrated its
effectiveness in reducing behaviors associated with emotional dysregulation [20,21], which
is consistent with our study’s findings. Previous meta-analyses suggest that DBT may have
greater efficacy than CBT in some contexts of suicide prevention. Furthermore, acceptance
and commitment therapy, therapeutic evaluative conditioning, and mixed-component
approaches have also shown effectiveness in addressing suicide-related issues [18]. In our
study, three of the included studies incorporated these alternative approaches alongside
CBT, highlighting the need to further explore their efficacy. However, due to the limited
number of studies applying these treatments in a manner conducive to comparison with
CBT, our analysis did not permit a definitive assessment of their relative effectiveness.

4.3. Suicide and Depression Outcomes

To evaluate the effects of digital psychotherapy, the studies included assessments for
suicidal variables and depression. Most assessments focused heavily on suicide ideation,
indicating that digital psychotherapy primarily targeted reducing suicidal thoughts. Only
a few studies included assessments of suicide risk and severity, suggesting that digital
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psychotherapy addressed more than just ideation. Additionally, we observed differences in
how depression assessments were utilized compared to assessments for suicidal variables.

4.4. Effectiveness of Digital Psychotherapy

Previous studies have shown that transitioning face-to-face treatment to a digital
format positively impacts the reduction of suicidal ideation and depression. as well as
lowering suicide risk and improving overall mental health [18]. In another meta-analysis,
the effectiveness of digital psychotherapy was assessed by distinguishing between studies
that directly targeted suicide prevention and those that indirectly addressed suicide-related
factors. The findings indicated that direct interventions for suicide-related issues were more
effective in reducing suicidal ideation [7]. Consistent with our findings, previous meta-
analyses consistently demonstrate that digital psychotherapy effectively prevents suicide
and reduces depression, particularly when directly targeting suicide prevention [7,18].

4.5. Comparison with Previous Literature

Unfortunately, previous meta-analyses have only focused on the effect of digital
psychotherapy on suicide ideation, without encompassing other aspects of suicide risk or
severity. Indeed, most previous studies did not consider suicidal severity, possibly due
to the perception that digital psychotherapy can only be applied to individuals with low
suicidal severity [21]. In contrast, the significance of this study lies in its analysis of the
effects of digital psychotherapy by including not only suicidal ideation but also suicide
risk and severity as outcomes. Suicidal ideation is crucially important in predicting suicide.
However, in the progression from suicidal ideation to actual suicide planning and execution,
there are also various factors related to suicidal risk and severity [10,16,17]. Therefore, to
effectively prevent suicide, it is essential to consider not only suicidal ideation but also
diverse variables like suicidal risk and severity, comprehensively examining the entire
process of suicide. Our study uniquely addresses this gap by holistically analyzing the
entire spectrum of suicide, thus providing a more nuanced understanding of the potential
of digital psychotherapy in suicide prevention.

4.6. Significance of Digital Platform

In this study, digital psychotherapy was delivered via a web- or app-based program,
which is more accessible compared to traditional face-to-face approaches. Digital psy-
chotherapy reduces social stigma and has been found effective in treating depression and
anxiety in adolescents, offering a cost-effective approach [22]. Furthermore, the internet
is easily accessible to individuals experiencing suicidal thoughts and holds the potential
to prevent these thoughts from escalating into suicidal behavior or suicide attempts [23].
Therefore, in settings where face-to-face psychotherapy is limited, digital psychotherapy
could be an alternative. Specifically, web-based digital psychotherapy is cost-effective and
ensures anonymity and confidentiality. Additionally, compared to face-to-face approaches,
web-based digital psychotherapy could offer the advantage of providing service by period-
ically checking client information in addition to real-time services [10,11,14,15,17]. On the
other hand, app-based programs follow a similar approach to web-based programs but
offer the added benefit of being more accessible on mobile devices, which are easier to carry
and use compared to computers [9,12,16]. However, the proportion of web-based digital
psychotherapy was higher in the included studies. This suggests that despite the increased
number of smartphone users compared to the past, a significant number of people still
access the internet via computers. Furthermore, while the differences are not substantial,
it is hypothesized that this could be due to the higher development costs associated with
app-based digital psychotherapy.

4.7. Clinical Implication

In this meta-analysis, we aimed to overcome the limitations of previous meta-analyses
by analyzing the effects of suicidal variables without restricting them to suicide ideation.
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However, most of the included studies primarily assessed suicide ideation, which limits
our ability to demonstrate significant differences from prior studies. Nevertheless, our
study is significant as it confirmed that digital psychotherapy targeting suicide risk and
severity did not differ significantly in content from digital psychotherapy focusing solely
on suicide ideation [1,7]. Furthermore, the effect size of digital psychotherapy remained
significant even when these additional variables were included. Therefore, this study
suggests that effective suicide prevention requires a comprehensive examination of the
entire suicide process, considering not only suicide ideation but also various variables
such as suicide risk and severity. Consequently, the clinical implication of this study
is that digital psychotherapy should be implemented from early interventions aimed at
preventing suicide ideation to later interventions designed to mitigate suicide risk and
severity, utilizing content based on multiple theories.

4.8. Limitation

Although this study analyzed the effects of digital psychotherapy by broadly includ-
ing suicidal variables, unlike previous meta-analyses, it has several limitations. Firstly,
since considerable heterogeneity was observed in the findings related to suicide, its in-
terpretation requires caution. Secondly, while the included studies were selected with
careful consideration of various suicidal variables, they did not analyze variables encom-
passing the entire suicide process, such as suicide plans and attempts. Future studies
should expand their scope to include variables that cover the complete trajectory of suicide.
Thirdly, digital psychotherapy was proposed as an alternative to face-to-face therapy, but its
comparative effectiveness was not conclusively demonstrated. However, given that digital
psychotherapy primarily differs in delivery methods, it is anticipated that effectiveness may
not significantly differ. Fourthly, this study did not assess the long-term effects of digital
psychotherapy. By focusing solely on immediate post-intervention effects, it is limited in
its ability to determine the duration of treatment effects. Therefore, future research should
adopt a broader perspective by considering a wider range of variables and examining the
long-term impacts of both face-to-face and digital psychotherapy to better understand
the effects of digital psychotherapy across the entire spectrum of suicide prevention. In
addition, since the number of studies on other theories is relatively small compared to CBT,
further validation of its effectiveness is necessary in the future.

5. Conclusions

This study explored the effects of digital psychotherapy on suicide and depression.
The findings demonstrate that digital psychotherapy is more beneficial to prevent suicide
and ameliorate depression. These findings suggest that digital psychotherapy could be
an alternative option when face-to-face psychotherapy is not available. Future research
should consider a broader range of suicide variables and examine the long-term impact of
digital psychotherapy to better understand its effects on suicide prevention.
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Abstract: Smartwatches represent one of the most widely adopted technological innovations among
wearable devices. Their evolution has equipped them with an increasing array of features, including
the capability to record an electrocardiogram. This functionality allows users to detect potential
arrhythmias, enabling prompt intervention or monitoring of existing arrhythmias, such as atrial
fibrillation. In our research, we aimed to compile case reports, case series, and cohort studies from
the Web of Science, PubMed, Scopus, and Embase databases published until 1 August 2023. The
search employed keywords such as “Smart Watch”, “Apple Watch”, “Samsung Gear”, “Samsung
Galaxy Watch”, “Google Pixel Watch”, “Fitbit”, “Huawei Watch”, “Withings”, “Garmin”, “Atrial
Fibrillation”, “Supraventricular Tachycardia”, “Cardiac Arrhythmia”, “Ventricular Tachycardia”,
“Atrioventricular Nodal Reentrant Tachycardia”, “Atrioventricular Reentrant Tachycardia”, “Heart
Block”, “Atrial Flutter”, “Ectopic Atrial Tachycardia”, and “Bradyarrhythmia.” We obtained a total of
758 results, from which we selected 57 articles, including 33 case reports and case series, as well as
24 cohort studies. Most of the scientific works focused on atrial fibrillation, which is often detected
using Apple Watches. Nevertheless, we also included articles investigating arrhythmias with the
potential for circulatory collapse without immediate intervention. This systematic literature review
provides a comprehensive overview of the current state of research on arrhythmia detection using
smartwatches. Through further research, it may be possible to develop a care protocol that integrates
arrhythmias recorded by smartwatches, allowing for timely access to appropriate medical care for
patients. Additionally, continuous monitoring of existing arrhythmias using smartwatches could
facilitate the assessment of the effectiveness of prescribed therapies.

Keywords: arrhythmia; atrial fibrillation; smartwatch

1. Introduction

Among the challenges encountered in emergency departments, cardiovascular dis-
orders stand out as the most common and severe conditions, contributing significantly
to global morbidity and mortality [1]. Globally, cardiovascular diseases are recognized
as a leading cause of death, accounting for an estimated 17.9 million lives annually, con-
stituting approximately 45% of all deaths [2,3]. In Europe, over 1.4 million premature
deaths occur annually due to cardiovascular diseases in individuals under the age of 75 [3].
Common cardiovascular conditions include myocardial infarction, stroke, heart failure,
cardiac arrhythmias, and heart valve issues [4].
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Among cardiac arrhythmias, atrial fibrillation (AF) is the most prevalent, affecting
8.8 million individuals aged 55 and older in Europe in 2010. Projections indicate that this
number will increase to more than double to 17.9 million by 2060 [5]. However, various
other arrhythmias may develop, posing potential threats to patients’ lives, including sinus
tachycardia, atrial flutter, supraventricular tachycardia, ventricular fibrillation, ventricular
tachycardia, sinus arrest, sick sinus syndrome, or atrioventricular blocks [6]. Arrhythmias
are associated with 15–20% of all deaths, particularly sudden cardiac death, emphasizing
the need for heightened attention to these conditions [7].

Fortunately, advancements in technology have introduced wearable smart devices,
such as smartwatches, capable of assisting in the detection and management of cardiac
arrhythmias and various health conditions [8,9]. Wearable smart devices have become one
of the fastest-growing sectors in the technology industry, with major tech companies like
Apple (Apple Watch), Google (Fitbit), and Samsung (Galaxy) developing smartwatches
capable of monitoring biometric data, including heart rhythm, pulse rate, oxygen saturation,
blood pressure, and sleep pattern [10]. Some devices utilizing photoplethysmography (PPG)
can register patients’ electrocardiography (ECG) within a 30-s interval, playing a crucial
role in monitoring AF [11–13].

Beyond detecting AF, smartwatches can prove valuable in identifying other ECG
abnormalities, such as bradyarrhythmias, tachyarrhythmias, or deviations indicative of
ischemia [14]. With their current capabilities, smartwatches can provide excellent support
for healthcare professionals in recognizing and managing various ECG abnormalities [8].
In our current research, we systematically aim to compile literature that specifically focuses
on the registration of ECG abnormalities via smartwatches, particularly those relating
to arrhythmias.

2. Methods

Our systematic literature review gathered available case reports, case series, and
cohort studies. The literature review was conducted following the 2020 PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, utilizing the
PRISMA 2020 Checklist for the article’s preparation [15].

2.1. Procedure for Literature Search

The search encompassed four databases: Web of Science, PubMed, Scopus, and Em-
base. Specifically, we sought articles and research focusing on the detection or monitoring of
arrhythmias and other ECG abnormalities utilizing smartwatches. The systematic literature
review included scientific works published from 1 January 2019 to 1 August 2023.

During the research, we utilized the following keywords: “smart watch” OR “smart-
watch” OR “smart watches” OR “smartwatches” AND “Apple Watch” OR “Samsung
Gear” OR “Samsung Galaxy Watch” OR “Google Pixel Watch” OR “Fitbit” OR “Huawei
Watch” OR “Withings” OR “Garmin” AND “Atrial Fibrillation” OR “Supraventricular
Tachycardia” OR “Cardiac Arrhythmia” OR “Ventricular Tachycardia” OR “Atrioventricu-
lar Nodal Reentrant Tachycardia” OR “Atrioventricular Reentrant Tachycardia” OR “Heart
Block” OR “Atrial Flutter” OR “Ectopic Atrial Tachycardia” OR “Bradyarrhythmia”. We
experimented with various combinations of keywords and utilized Boolean operators to
refine the search results. These searches were complemented with keywords and MeSH
terms to broaden the scope of the findings. Additionally, we examined the bibliography of
the selected literature to identify further relevant articles for inclusion.

Initially, we filtered articles based on titles and abstracts. Subsequently, we selected
scientific works that were written in English or German and identified arrhythmias or
other ECG abnormalities using smartwatches. We excluded conference abstracts, editorials,
letters, guidelines, literature reviews, and meta-analyses from this systematic literature
review. Studies issued by tech companies that manufacture smartwatches were also
excluded.
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2.2. Quality Assessment

Using the Newcastle-Ottawa Scale, we assessed the methodological quality and ap-
propriateness of all case reports, case series, and cohort studies [16,17].

2.3. Data Organization

From the selected articles, we organized data by author(s), place of origin, publication
year, study type, detected arrhythmia(s)/ECG deviation(s), sample size, average age of
participants, and the smartwatches employed.

3. Results

We included a total of 57 articles in our research. Among the scientific works, there
were 33 case reports or case series, and in addition, we selected 24 cohort studies where
various arrhythmias and ECG abnormalities were recorded (Figure 1).

 

Figure 1. PRISMA Flow Diagram.

188



Healthcare 2024, 12, 892

3.1. Case Reports

We selected 33 articles from case reports and case series detailing events involving a
total of 44 patients. Most of the reports come from the United States (n = 12). In the selected
articles, the youngest subject was 10 days old, and the oldest was 72 years old. In most cases
(n = 30), the Apple Watch was used, while Samsung Galaxy Fit was used for arrhythmia
registration in one patient. The smartwatch type was not precisely specified in two articles.
Atrial fibrillation was recorded in 6 patient cases, and atrial flutter (AFL) was observed
in 3 patients. The most frequently recorded arrhythmia was supraventricular tachycardia
(SVT) (including atrioventricular re-entry tachycardia (AVRT) and atrioventricular nodal
re-entry tachycardia (AVNRT), occurring a total of 13 times. Ventricular tachycardia
(VT) was recorded in 7 patients. Third-degree atrioventricular (AV) block occurred 5
times. Other arrhythmias or ECG abnormalities (sinus bradycardia, sinus tachycardia, sick
sinus syndrome (SSS)/tachycardia-bradycardia syndrome, Wolff–Parkinson–White (WPW)
syndrome, bigeminy, ST-segment elevation/depression, ventricular fibrillation (VF) was
described once each. (Table 1: Summary table of case descriptions).

Table 1. Summary table of case descriptions.

Authors Country Year
Arrhythmia
Type/ECG

Abnormality

Number of
Patients

Age Smartwatch
Type

Sanchez et al. [18] USA 2022 Sinus bradycardia 1 32 NA

Kasai et al. [19] Japan 2021 AVNRT, AVRT 1 52 Apple Watch

Ocher et al. [20] USA 2023 VT 1 36 Apple Watch

Hawrysko et al. [21] Poland 2022 AVNRT 1 35 Apple Watch

Al-Sudani et al. [22] USA 2023 Third-degree AV
block 1 44 Apple Watch

Siddeek et al. [23] USA 2020 AVNRT 1 16 Apple Watch

Wu et al. [24] Taiwan 2022 SVT 3 59, 60, 48 Apple Watch

Leroux et al. [25] France 2021
Sinus tachycardia,
SVT, Third-degree

AV block
3

10 days,
4 months,
16 months

Apple Watch

Kassam et al. [26] Tanzania 2021 AVRT 1 42 Apple Watch

Ringwald et al. [27] Switzerland 2020 VT 1 45 Apple Watch

Goldstein and
Wells [28] South Africa 2019 AFL 1 56 Apple Watch

Bedi et al. [29] USA 2023 AF 1 25 NA

Bogossian et al. [30] Germany 2020 AVNRT 1 65 Apple Watch

Gu et al. [31] Canada 2022 VT 1 64 Apple Watch

Burke et al. [32] USA 2020 VT 2 60, 63 Apple Watch

Jeong [33] South Korea 2022 AVNRT 1 23 Apple Watch

Ahmed et al. [34] USA 2020 AFL 1 54 Apple Watch

Yeo et al. [35] Singapore 2021 SVT with aberrant
conduction 1 NA Apple Watch

Russo et al. [36] Italy 2023
“Narrow-wide-
narrow” QRS
tachycardia

1 NA Apple Watch

Glöckner et al. [37] Germany 2022 NSVT, ST-segment
elevation 1 44 Apple Watch

Leroux et al. [38] France 2022

SVT, WPW
syndrome,

Third-degree AV
block

6 5, 6, 7, 9, 11, 13 Apple Watch

Overbeek et al. [39] USA 2019 Third-degree AV
block 1 60 Apple Watch
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Table 1. Cont.

Authors Country Year
Arrhythmia
Type/ECG

Abnormality

Number of
Patients

Age Smartwatch
Type

Yerasi et al. [40] USA 2020 Third-degree AV
block 1 68 Apple Watch

Itoh [41] Japan 2022 AF 1 60 Apple Watch

Mun et al. [42] South Korea 2021 WPW syndrome 1 26 Samsung
Galaxy Fit

Delinière et al. [43] Switzerland 2021 ST-segment
depression, VT 1 45 Apple Watch

Walker et al. [44] USA 2023 AFL 1 37 Apple Watch

Weichert [45] UK 2019 AF 1 59 Apple Watch

Samal et al. [46] USA 2020 AF 1 39 Apple Watch

Jariwala and
Jadhav [47] India 2021

AF, SSS
(tachycardia-
bradycardia
syndrome)

2 72, 69 Apple Watch

Pasli and
Imamoglu [48] Turkey 2023 Bigeminy 1 41 Apple Watch

Patel and Tarakji [49] USA 2021 AF 1 70 Apple Watch

Provencio and Gil [50] Spain 2022
ST-segment

depression, PVCs,
VF

1 72 Apple Watch

NA = Not available.

3.2. Cohort Studies

Among the cohort studies, 24 articles met the inclusion criteria. Most of these studies
originated from the United States (n = 6). The cardiac arrhythmia investigated most often
was atrial fibrillation, documented in a total of 1294 cases throughout the studies. Other
arrhythmias included atrial flutter (77 cases), atrioventricular nodal reentrant tachycardia
(64 cases), atrioventricular reentrant tachycardia (36 cases), (paroxysmal) supraventricular
tachycardia (PSVT) or sinus tachycardia (27 cases), ventricular tachycardia (5 cases), and second-
or third-degree atrioventricular block (49 cases). Sinus bradycardia was recorded in 27 cases.

The cohort studies showed that the smartwatch that was used the most for ECG
recordings was the Apple Watch, which was employed in 4479 cases. Additionally, ECGs
that used Samsung (n = 978) were recorded 2743 times, Withings (n = 942), Fitbit (n = 360),
Garmin (n = 223), Acer (n = 116), Huawei (n = 100), and Polar (n = 24) devices. (Table 2:
Summary table of cohort studies).

Table 2. Summary table of cohort studies.

Author(s) Country Year
Arrhythmia
Type/ECG

Abnormality

Number of
Patients

Average Age Smart-Watch
Type(s)

Seshadri et al. [51] USA 2019 AF 50 61.4 ± 10.4 Apple Watch

Hwang et al. [52] South Korea 2019 PSVT 51 44.4 ± 16.6

Apple Watch,
Samsung Galaxy

Gear, Fitbit
Charge

Ploux et al. [53] France 2022

Sinus bradycardia,
Second-,

Third-degree AV
block, AF, AFL/AT,

ST-, T-wave changes,
RBBB, LBBB,
Pathological

Q-wave

260 66 ± 6 Apple Watch
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Table 2. Cont.

Author(s) Country Year
Arrhythmia
Type/ECG

Abnormality

Number of
Patients

Average Age Smart-Watch
Type(s)

Sequeira et al. [54] Canada 2020 AVNRT, AVRT 52 52.3 ± 17.2

Apple Watch,
Fitbit Charge,

Garmin
Vivo-Smart,
Polar A360

Leroux et al. [55] France 2022
BBB, AV block,

WPW, SVT,
Long-QT

110 1 week–16 years Apple Watch

Koshy et al. [56] Australia 2018 AF, AFL 102 68 ± 15 Apple Watch,
Fitbit Blaze

Abu-Alrub et al. [57] France 2022 AF 200 62 ± 7

Apple Watch,
Samsung Galaxy
Watch, Withings

Move

Han et al. [58] USA 2021 AF 35 50–91 Samsung

Mannhart et al. [59] Switzerland 2023 AF 201 66.7

Apple Watch,
Samsung Galaxy
Watch, Withings

Scan-watch,
Fitbit Sense,

AliveCor
Kardia-Mobile

Racine et al. [60] Canada 2022

AF, AFL/AT, VT,
SVT, sinus

dysfunction,
second-and

third-degree AV
block, ventricular

ectopic beats, RBBB,
LBBB

734 66 Apple Watch

Pengel et al. [61] Netherlands 2022 AF 222 40 ± 17 Withings
Scan-watch

Pepplinkhuizen et al.
[62] Netherlands 2022 AF 74 67.1 ± 12.3 Apple Watch

Rajakariar et al. [63] Australia 2020 AF 200 67 ± 16 Apple Watch

Wasserlauf et al. [64] USA 2023 AF 30 65.4 ± 12.2 Apple Watch

Chang et al. [65] Taiwan 2022 AF 200 66.1 ± 12.6 Garmin

Wyatt et al. [66] USA 2020 AF 264 55 Apple Watch

Badertscher et al. [67] Switzerland 2022 AF 319 67 Withings
Scan-watch

Ford et al. [68] Australia 2022 AF 125 76 ± 7 Apple Watch

Lee et al. [69] Canada 2022 AF 200 65.6 ± 14.6 Apple Watch

Roelle et al. [70] USA 2022

SVT, Arrhythmia
Syndrome, Syncope,
Sinus arrest, Sinus

tachycardia

30 11.6 Apple Watch

Liao et al. [71] Taiwan 2022 AF 116 59.6 ± 11.4 Acer Leap Ware

Dörr et al. [72] Germany 2019 Paroxysmal
Fibrillation (PF) 508 76.4 Samsung

Liu et al. [73] China 2022

Brady-arrhythmia,
Mobitz I, Mobitz II,

Third-degree AV
block, LBBB,

Tachy-arrhythmia,
AF, AFL

100 73.1 ± 7.6 Huawei

Feldman et al. [74] USA 2022 Paroxysmal
Fibrillation (PF) 1802 45.96 Apple Watch
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Of the cohort studies, the first was conducted by Seshadri et al. They aimed to evaluate
the precision of the Apple Watch during exercise of fifty patients with common cardiac
arrhythmias like atrial fibrillation. They compared its accuracy against telemetry. The
findings of this preliminary clinical investigation revealed a correlation coefficient of 0.7
between all Apple Watch readings and telemetry. Additionally, the Apple Watch exhibited
greater accuracy in assessing heart rate among patients with atrial fibrillation compared to
those without (rc = 0.86 for patients in AF, versus rc = 0.64 for patients not in AF) [51].

Hwang et al. conducted a study to evaluate the precision of three smartwatch models:
the Apple Watch Series 2, the Samsung Galaxy Gear S3, and the Fitbit Charge 2. This re-
search involved 51 patients with a history of paroxysmal supraventricular tachyarrhythmia
(SVT) or paroxysmal palpitations. Patients were randomly assigned to wear two different
devices. The initial heart rate measurements showed accuracies of 100%, 100%, and 94%
for Apple, Samsung, and Fitbit, respectively. During induced SVT, in which heart rates
ranged from 108 to 228 beats per minute, the accuracy was 100%, 90%, and 87% for Apple,
Samsung, and Fitbit, respectively. While the devices demonstrated acceptable accuracy, it
tended to decrease as heart rate increased and exhibited variations between the different
models [52].

Ploux et al. evaluated the sensitivity and specificity of the Apple Watch Series 4 among
260 patients, both with and without a history of cardiovascular disease. Their findings
indicate that the Apple Watch Series 4 can detect ECG abnormalities with a sensitivity of
91% and a specificity of 94% (95% CI) [53].

Sequeira et al. investigated the precision of four common wearable devices (Apple
Watch, Fitbit Charge HR, Garmin VivoSmart HR, and Polar A360) in monitoring heart rate
during episodes of paroxysmal supraventricular tachycardia (SVT). Their study involved
52 patients. The researchers concluded that all wearable devices showed inaccuracy for
short-duration (<60 s) SVT episodes. Only the Apple Watch (23 out of 23) and Polar (19 out
of 21) devices demonstrated an accuracy exceeding 90% for long-duration (≥60 s) SVT
episodes [54].

Leroux et al. evaluated the sensitivity and specificity of the Apple Watch in 110 chil-
dren, ranging from 1 week to 16 years old, who had either normal (n = 75) or abnormal
(n = 35) 12-lead ECGs. The smartwatch tracings showed a sensitivity of 84% and specificity
of 100% in detecting abnormal ECG [55].

Koshy et al. assessed the accuracy of heart rate measurement using the Apple Watch
Series 1 and Fitbit Blaze among patients diagnosed with atrial fibrillation (AF) and atrial
flutter (AFL). The Apple Watch demonstrated accuracies of 86%, 100%, and 99% for AF,
AFL, and both conditions, respectively, when compared to an ECG monitor. Similarly,
the Fitbit showed accuracies of 87%, 99%, and 98% for AF, AFL, and both conditions,
respectively, when compared to an ECG monitor [56].

Abu-Alrub et al. conducted a comparison of the diagnostic capabilities for detecting
atrial fibrillation (AF) among three commercially available smartwatches. Their study
involved 100 patients with AF and 100 patients with sinus rhythm. They found that the
Apple Watch Series 5, the Samsung Galaxy Watch Active 3, and the Withings Move ECG
exhibited sensitivities/specificities of 87%/86%, 88%/81%, and 78%/80%, respectively
(p < 0.05) [57].

Han et al. developed an algorithm aimed at detecting atrial fibrillation using a
Samsung Simband 2. Their study involved 35 participants. The sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy for subjects with atrial
fibrillation were 92%, 96%, 85%, 98%, and 95%, respectively [58].

Mannhart et al. conducted a study to evaluate the accuracy of five smart devices in
detecting atrial fibrillation compared to a physician-interpreted 12-lead electrocardiogram.
They prospectively analyzed 201 patients, among whom 62 had atrial fibrillation. The
sensitivity and specificity for atrial fibrillation detection were similar across devices: 85%
and 75% for the Apple Watch 6, 85% and 75% for the Samsung Galaxy Watch 3, 58% and
75% for the Withings Scanwatch, 66% and 79% for the Fitbit Sense, and 79% and 69% for
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the AliveCor KardiaMobile, respectively. In terms of patient preference, the Apple Watch
ranked highest (preferred by 39% of participants) [59].

Racine et al. wanted to evaluate the precision of the Apple Watch ECG in detecting
atrial fibrillation (AF) among 734 patients, of whom 21% were diagnosed with AF and had
various ECG abnormalities in their study. Upon excluding unclassified ECGs from the
analysis, the sensitivity was found to be 88% (95% CI 82–93%), and specificity was 98%
(95% CI 97–99%). However, when unclassified ECGs were considered as false results, the
sensitivity and specificity for AF detection were 69% (95% CI 61–76%) and 81% (95% CI
76–84%), respectively [60].

Pengel et al. evaluated the diagnostic precision of various ECG-based devices in
comparison to the standard 12-lead ECG in a cohort of 222 patients. Their study found
that for atrial fibrillation (AF) detection, the Withings Scanwatch achieved 100% accuracy,
sensitivity, and specificity. Additionally, only 5% of cases were deemed uninterpretable
with this smartwatch. The Kardia 6L demonstrated 97% accuracy, 100% sensitivity, and
97% specificity, albeit with 31% of cases were uninterpretable [61].

Pepplinkhuizen et al. investigated the effectiveness of the Apple Watch (AW) ECG in
detecting atrial fibrillation (AF) among patients scheduled for electrical cardioversion (ECV).
Their study involved obtaining AW ECGs before and after ECV, with up to three attempts
made in case of unclassified recordings. Sensitivity, specificity, and kappa coefficient
were calculated for analysis. A total of 65 AF and 64 sinus rhythm measurements were
recorded. The initial AW measurement showed a sensitivity of 93.5% and a specificity of
100% (κ = 0.94). Subsequent measurements yielded a sensitivity of 94.6% and specificity
of 100% (κ = 0.95) for the second attempt and a sensitivity of 93% and specificity of 96.5%
(κ = 0.90) for the third attempt [62].

Rajakariar et al. assessed the accuracy of using an Apple Watch with AliveCor Kar-
diaBand (KB) for diagnosing atrial fibrillation (AF) in comparison to a 12-lead ECG. The
KB, when paired with a smartwatch, provided an automated diagnosis of either AF or
sinus rhythm. The sensitivity and specificity of KB were 94.4% and 81.9%, respectively,
with a positive predictive value of 54.8% and a negative predictive value of 98.4%. The
agreement between the diagnosis from the 12-lead ECG and KB was moderate, especially
when including unclassified tracings (κ = 0.60, 95% CI 0.47 to 0.72) [63].

Wasserlauf et al. recruited thirty participants for their study, aiming to evaluate
the precision of the Apple Watch in detecting atrial fibrillation. Their primary goal was
to ascertain the accuracy of the irregular rhythm notification (IRN) among individuals
previously diagnosed with non-permanent AF. The study found no instances of false
positive IRN detections, achieving a sensitivity of 72%, a specificity of 100%, a PPV (Positive
predictive value.) of 100%, and a NPV (Negative predictive value) of 90% [64].

Chang et al. examined the precision of the Garmin Forerunner 945 smartwatch in
identifying atrial fibrillation (AF) in comparison to a Holter electrocardiogram. Their
study involved 200 participants. The sensitivity, specificity, positive predictive value, and
negative predictive value for AF detection among participants were 97.3%, 88.6%, 91.6%,
and 96.3%, respectively. The accuracy of the Garmin smartwatch was reported at 93.5% [65].

Wyat et al. aimed to characterize the assessments of patients who seek medical
attention after detecting an abnormal pulse using the Apple Watch. They conducted a
retrospective analysis of patients evaluated for an abnormal pulse detected via the Apple
Watch over a four-month period. Out of the 264 patients included in the study, clinical
documentation explicitly noted an abnormal pulse alert in 41 patients (15.5%). Preexisting
atrial fibrillation was identified in 58 patients (22.0%). Only 30 patients (11.4%) received a
clinically actionable cardiovascular diagnosis of interest, with 6 out of 41 patients (15%)
who received an explicit alert among them [66].

Badertscher et al. made a prospective observational study involving patients attend-
ing a cardiology service at a tertiary referral center. Their objective was to evaluate the
diagnostic accuracy of the intelligent ECG feature of the Withings Scanwatch in detecting
atrial fibrillation (AF) compared to a concurrently obtained cardiologist-interpreted 12-lead

193



Healthcare 2024, 12, 892

ECG. In total, AF was diagnosed in 34 patients (11%). Among the ECG tracings analyzed
by the algorithm, it demonstrated a sensitivity of 76% (95% CI 55–91%), a specificity of
99% (95% CI 97–100%), and a Kappa coefficient of 0.72 when compared to cardiologist-
interpreted 12-lead ECGs [67].

Ford et al. conducted a comparative analysis between the Apple Watch Series 4 (AW)
and the AliveCor KardiaBand (KB) for the detection of atrial fibrillation (AF) in a cohort of
125 patients. The results showed that AW automatically detected AF with an accuracy of
93%, a sensitivity of 50%, a specificity of 100%, a positive predictive value of 100%, and a
negative predictive value of 92%. KB automatically detected AF with an accuracy of 94%, a
sensitivity of 96%, a specificity of 93%, a positive predictive value of 84%, and a negative
predictive value of 99% [68].

Lee et al. compared the Apple Watch Series 4 (AW) and KardiaMobile (KM), involving
200 participants in their study. The accuracy of rhythm detection for sinus rhythm was
found to be 100% for AW and 99.03% for KM. In detecting atrial fibrillation, AW exhibited
an accuracy of 90.48%, whereas KM achieved 100% accuracy. Regarding heart rate accuracy
for sinus rhythm, KM showed 94.39% accuracy, while the AW photoplethysmography
function had 90.65% accuracy, and the AW ECG function had 96.26% accuracy. For heart
rate accuracy during atrial fibrillation, KM demonstrated 91.30% accuracy, while the AW
photoplethysmography function showed 82.61% accuracy, and the AW ECG function
exhibited 86.96% accuracy [69].

Roelle et al. assessed the effectiveness of digital health technologies in pediatric
electrophysiology telehealth consultations. Providers evaluated the data quality from these
devices using a post-visit usability survey. Regarding ECG devices, providers reported
high-quality tracings from KardiaMobile (62%; 18/29), Apple Watch (93%; 28/30), and
Coala monitor (86%; 24/28) [70].

Liao et al. evaluated the Acer Leap Ware smartwatch for its ability to detect atrial
fibrillation (AF). Data were gathered from patients undergoing radiofrequency or cryother-
apy ablation for AF. A total of 116 patients were enrolled, of which 76 had previously been
diagnosed with paroxysmal AF and 40 with persistent AF. The overall accuracy of the
smartwatch was summarized as 95.02%, with a sensitivity of 95.68% and specificity of
93.66% [71].

Dörr et al. utilized the photoplethysmography algorithm and discovered a sensitivity
of 93.7% (95% CI: 89.8% to 96.4%), a specificity of 98.2% (95% CI: 95.8% to 99.4%), and an
accuracy of 96.1% (95% CI: 94.0% to 97.5%) for detecting atrial fibrillation with a Samsung
Gear Fit 2 [72].

Liu et al. employed a Huawei Watch GT 2 Pro ECG edition to identify arrhythmias
in a cohort of 100 patients. Throughout their investigation, they recorded 52 instances of
bradyarrhythmias, encompassing Mobitz I, Mobitz II, and third-degree atrioventricular
block, as well as 16 occurrences of tachyarrhythmias, including atrial fibrillations and atrial
flutters [73].

Feldman et al. aimed to provide real-world insights into the proportion of individuals
who would potentially benefit from anticoagulation therapy if diagnosed with atrial fib-
rillation using data from wearable devices. This study utilized electronic health records
(EHR) and Apple Watch data obtained from an observational cohort comprising 1802 pa-
tients. Utilizing this dataset, they estimated the number of high-risk patients eligible for
anticoagulation based on their medical history, Apple Watch usage patterns, and atrial
fibrillation (AF) risk determined by a validated model. Considering the characteristics
of this cohort, they found that, on average, 0.25% (n = 4.58, 95% CI, 2.0–8.0) of patients
could be considered suitable candidates for initiating anticoagulation therapy due to AF
detection through their Apple Watch [74].

4. Discussion

Numerous studies have explored the capability of various smartwatches, including
Apple Watch Series 4®, Samsung Simband®, Samsung Galaxy Watch 3®, Huawei Watch GT
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2 Pro®, Fitbit Sense 2®, Withings Scanwatch®, Garmin Venu 2®, Polar A360®, Acer Leap
Ware®, and their subsequent generations, to detect both brady- and tachyarrhythmias. Ad-
ditionally, there are non-invasive devices such as AliveCor KardiaMobile®, ATsens®, Polar
H10®, or Coala Heart Monitor®, and invasive measurement methods, such as Implantable
Loop Recorder or Implantable Cardiac Monitor, for continuous heart rhythm monitoring.

The systematic literature review aimed to collect articles on how smartwatches were
utilized for detecting arrhythmias.

The case reports and case series highlight key demographic information such as the
age range of patients, the geographic distribution of cases, and the prevalence of specific
arrhythmias recorded. The inclusion of patients spanning from 10 days old to 72 years old
emphasizes the broad applicability of smartwatch-based arrhythmia monitoring across
different age groups. Most of the cases originated from the United States, suggesting a
potential concentration of research and clinical use of smartwatches for cardiac monitoring
in this region. Atrial fibrillation and supraventricular tachycardia were the most recorded
types of arrhythmias. This reflects the known prevalence of these arrhythmias in clinical
practice and presents the importance of early detection and monitoring, particularly in
high-risk populations. The smartwatch model that is used most often is the Apple Watch,
which suggests its popularity and reliability.

In the cohort studies, our focus was on understanding the effectiveness of smart-
watches in arrhythmia detection. The most studied arrhythmia was atrial fibrillation, with
Apple Watch being the predominant device used for its detection. Studies revealed that
the Apple Watch, either standalone or supplemented with KardiaBand, demonstrated
over 90% accuracy in AF detection [53,63,68,69]. Diagnostic sensitivity and specificity
were also consistently around 90% [53,57,60,62–64,68]. Moreover, the Apple Watch proved
effective in accurately determining heart rate, even during tachyarrhythmias [51,52,56].
Similar results were observed with smartwatches from other manufacturers, including
Samsung, Withings, Fitbit, Garmin, Huawei, and Acer [52,56–58,61,65,67,71,72]. Apart
from AF, these devices demonstrated capability in detecting various other arrhythmias,
such as second- and third-degree atrioventricular block, atrial flutter, atrial tachycardia,
supraventricular tachycardia, atrioventricular nodal reentrant tachycardia, atrioventricular
reentrant tachycardia, or ventricular tachycardia [52–55,60,70,73]. In addition to having
good accuracy, as well as high sensitivity and specificity, smartwatches can be used easily
and conveniently, which is why the majority of research participants prefer smartwatches,
above all the Apple Watch, over other ECG-capable devices [59,61,70]. Their wide appli-
cability is also facilitated by the fact that they can be used not only for adults but also for
children where necessary [55,70]. Despite the convenience and accuracy of smartwatches,
they are still underutilized in clinical practice for prevention and therapy adjustment. This
is despite potential benefits, such as aiding in initiating anticoagulant therapy in patients
with detected atrial fibrillation [74]. It is important to acknowledge false-positive events, as
smartwatches may incorrectly indicate arrhythmias, potentially contributing to the burden
on the healthcare system [66].

5. Conclusions

Our systematic literature review presents a comprehensive overview of the utilization
of smartwatches for monitoring cardiac arrhythmias, focusing on both case reports and
cohort studies. Let us delve into some key points drawn from these findings:

1. Diversity in patient demographics and arrhythmias: The study encompassed a wide
range of patients, spanning from a 1-week-old infant to a 91-year-old individual,
showcasing the applicability of smartwatch technology across various age groups.
Moreover, the diversity of recorded arrhythmias, including atrial fibrillation, atrial
flutter, supraventricular tachycardia, ventricular tachycardia, and others, highlights
the versatility of smartwatches in detecting different cardiac anomalies.

2. Prevalence of Apple Watch usage: The Apple Watch emerged as the most utilized
and most reliable smartwatch for arrhythmia monitoring in both case reports and
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cohort studies. This prevalence might be attributed to its widespread availability,
user-friendly interface, and integration with healthcare systems.

3. Accuracy and precision across different studies: Several cohort studies evaluated the
accuracy of smartwatch models in detecting cardiac arrhythmias. Findings varied
across studies, with some reporting high sensitivity and specificity, particularly for
atrial fibrillation detection, while others noted variations in accuracy depending on
the smartwatch model and type of arrhythmia.

4. Comparison studies: Comparative studies, such as those assessing different smart-
watch models or comparing smartwatch performance with standard ECG monitoring,
provided valuable insights into the strengths and limitations of each device. These
comparisons aid in guiding clinicians and patients in selecting the most suitable
device for their specific monitoring needs.

5. Clinical implications: The study’s findings have significant clinical implications, par-
ticularly in the early detection and management of cardiac arrhythmias. Smartwatches
offer the potential for continuous monitoring outside clinical settings. It could be
helpful for monitoring a patient in need or who underwent a major intervention, to
improve the patient’s outcome.

6. Challenges and future directions: Despite promising results, challenges such as
accuracy during high heart rates and variability across different smartwatch models
underscore the need for further research and technological advancements. Future
studies may focus on enhancing the accuracy, reliability, and usability of smartwatch-
based arrhythmia detection systems.

In summary, this study provides insights into the evolving role of smartwatches in
cardiac arrhythmia monitoring. While advancements in wearable technology hold promise
for revolutionizing healthcare delivery, continued research and validation are essential to
optimize their clinical utility and ensure patient safety and efficacy.
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Abstract: Digital technologies have greatly developed and impacted several aspects of life, including
health and lifestyle. Activity tracking, mobile applications, and devices may also provide messages
and goals to motivate adopting healthy behaviors, namely physical activity and dietary changes. This
review aimed to assess the effectiveness of digital resources in supporting behavior changes, and thus
influencing weight loss, in people with overweight or obesity. A systematic review was conducted
according to the PRISMA guidelines. The protocol was registered in PROSPERO (CRD42023403364).
Randomized Controlled Trials published from the database’s inception to 8 November 2023 and
focused on digital-based technologies aimed at increasing physical activity for the purpose of weight
loss, with or without changes in diet, were considered eligible. In total, 1762 studies were retrieved
and 31 met the inclusion criteria. Although they differed in the type of technology used and in
their design, two-thirds of the studies reported significantly greater weight loss among electronic
device users than controls. Many of these studies reported tailored or specialist-guided interventions.
The use of digital technologies may be useful to support weight-loss interventions for people with
overweight or obesity. Personalized feedback can increase the effectiveness of new technologies in
motivating behavior changes.

Keywords: digital technologies; wearable devices; weight loss; overweight; obesity

1. Introduction

Obesity was classified as a disease as early as 1948, and due to the rising epidemic, the
World Health Organization (WHO) has since defined obesity as “abnormal or excessive
fat accumulation that may impair health”, recognizing the need for action against this
epidemic growth [1,2]. In the past two decades, the rates of obesity have rapidly increased
across the developing world, and new statistics show that the prevalence of obesity is
still growing [3]. It is also estimated that by 2030, obesity will affect over one billion
people worldwide [4,5]. The continuous increase in the prevalence of overweight and
obesity represents a major public health issue because scientific evidence has demonstrated
that these conditions are a risk factor for several diseases, mainly chronic ones, such as
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diabetes, musculoskeletal disorders, cardiovascular diseases or even some cancers, such
as gastroesophageal, breast, endometrial, ovarian, kidney and colon cancer [6–9]. Since
the start of the International Obesity Task Force (IOTF) in 1995 [10], obesity has been
calculated based on the body mass index (BMI) which is calculated based on the weight
(in kg)/height (in m2) ratio [11]. This measurement allows us to classify individuals into
the “underweight”, “normal weight”, “overweight”, or “obese” category. The WHO often
classifies adult obesity in subclasses [Obese I, II, III] using BMI cutoffs [12]. This WHO
classification is beneficial in distinguishing individuals who may have an increased risk
of morbidity and mortality due to obesity [2]. Different determinants of health have been
associated with obesity, such as individual, socio-economic, lifestyle and environmental
factors [13]. It is widely acknowledged that there is a strong correlation between socio-
economic status and malnutrition [14]. Some authors state that rapid urbanization can
lead to “incorrect food choices” due to high consumption of ultra-processed food. The lack
of time and education, in combination with the issue of poverty in this fast-paced world,
can lead to poor food choices with a lack of nutritional value and quality and excessive
sugar intake, along with a lack of physical activity (PA), which can lead to obesity [15,16].
Different methods for managing weight loss in individuals with overweight or obesity
have been developed. These include different types of diets, pharmacotherapy and lifestyle
interventions, alone or in combination. However, there is no one-size-fits-all approach,
and new strategies are constantly being developed to keep up with changing population
trends [17]. Furthermore, notwithstanding their effectiveness in determining weight loss,
these methods may be ineffective in long-term body weight maintenance.

The introduction of new technologies has had a huge impact on lifestyle choices
and health. In this modern era, in which connectivity and technological innovation are
in, smartphones and wearables have rapidly gained popularity. Most of the population
have their smartphones on or close to them throughout the day [18,19]. This increase
in technology use has also contributed to the increasing adoption of sedentary lifestyle
and to the consequent decrease in PA, which can be related to premature mortality and
morbidity and an increased risk of major noncommunicable diseases [20]. On the other
hand, many researchers have studied different ways to show how the use of digital eHealth
or mHealth and new technology, such as wearable sensors, can actually enhance health
promotion and prevention [21]. The term mHealth was first invented to describe emerging
mobile communications and network technologies for healthcare [22], but later, the WHO
defined mHealth as an integral part of eHealth, which refers to the cost-effective and
secure use of information and communication technologies in support of health and
health-related fields [23]. Good use of mobile phones and related apps can be effective in
the delivery of information and improve the impact of treatment and healthcare delivery
processes [24]. Likewise, wearable activity trackers such as fitness trackers, activity-tracking
smartwatches and pedometers have shown to be very useful tools for overcoming physical
inactivity and obesity. Many studies have shown that the use of these devices has been
associated with increased PA, since they can support behavior-change techniques like self-
monitoring and goal setting, as well as with improved BMI and lower risk of developing
obesity [25–30]. In 2021, Berry et al. published a systematic review on the effectiveness
of digital self-monitoring for weight loss in overweight and obesity, providing positive
results in favor of new technologies [31]. In order to add further evidence to this field, the
present review was performed to systematically analyze the available literature regarding
behavioral weight loss interventions which aimed to increase participants’ PA level by
using digital technologies.

2. Materials and Methods

2.1. Selection Protocol and Search Strategy

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines [32]. The protocol was then
registered in PROSPERO with the number CRD42023403364. The research question of the
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present systematic review was: “Are digital technologies effective to support weight loss in
behavioral interventions for individuals with overweight or obesity?”. Thus, the review
question was conceived using the “PICOS” Framework (P = Patient, problem or population;
I = Intervention; C = Comparison, control or comparator; O = Outcome(s); S = Study type)
according to the following eligibility criteria: (P) population: humans with overweight or
obesity; (I) intervention: weight loss behavioral intervention based on electronic devices,
mobile apps, artificial intelligence or smartphones/watches; (C) comparison: obese and
overweight patients who did not undergo weight loss intervention based on electronic
devices, mobile apps, artificial intelligence or smartphones/watches; (O) outcome: weight
loss, BMI changes, anthropometric measures or body composition; (S) study: clinical trials.
After a preliminary assessment of the literature, we decided to restrict the analysis to
humans with obesity or overweight without any other comorbidities and to randomized
clinical trials in order to obtain more consistent outcomes. Three electronic databases
(PubMed, Scopus and Web of Science) were then scrutinized using the following search
string: (obesity OR overweight) AND (“artificial intelligence” OR “machine learning” OR
“mobile applications” OR “wearable electronic devices” OR smartphone OR smartwatch)
AND (“dietary interventions” OR “nutritional status” OR “personalized nutrition” OR
“weight control” OR “diet control” OR “weight loss”). Table S1 reports the search strategy
for PubMed.

All databases were searched by title, abstract, and MeSH terms and keywords. The
last search was performed from database inception to 8 November 2023.

2.2. Inclusion and Exclusion Criteria

This review was based on the use of electronic devices and new technologies to increase
physical activity with the aim of achieving weight loss. In order to be eligible, studies were
selected based on the following inclusion criteria: studies must be in English or Italian;
weight loss must be associated with the use of electronic devices, mobile apps, artificial
intelligence, or the use of a smartphone/smartwatch to manage/promote physical activity.
Only randomized clinical trials were included. Furthermore, all studies which included
underage individuals (<18 years) or patients who had other comorbidities or did not present
with obesity or overweight were excluded from this systematic review. Reviews, meta-
analysis, observational studies, case studies, proceedings, qualitative studies, editorials,
commentary studies, pilot studies and any other type of article were also excluded. The
references of reviews and meta-analyzes regarding the same issue were checked in order to
identify further articles that did not come up on the baseline research results.

All results, from the beginning until to 8 November 2023, were then retrieved to
reference software Zotero Systematic Review Manager v 6.0.26 for further screening and
for the removal of duplicates. Ten authors (A.D.G., S.Z., E.M., F.U., V.V., L.C., M.S., G.D.A.,
I.P., A.H.) then proceeded with the selection of studies by Title and Abstracts according to
the selection criteria listed above. All full texts were then read, independently, by the same
authors and discussed further. Doubts and disagreements were settled by the other three
authors (C.P., F.G., F.V.).

2.3. Data Extraction and Quality Assessment

Data were extracted from the selected studies by ten authors (A.D.G., S.Z., E.M., F.U.,
V.V., L.C., M.S., G.D.A., I.P., A.H.), according to specific characteristics which were previ-
ously approved by all authors. The data extraction table was constructed as follows: author,
year, country, study design, study population, sample size, type of device, type of interven-
tion, duration, frequency, comparison, main outcomes and secondary outcomes and results.
These data were then arranged according to the type of study and the confounding factors.

Each included article was assessed using the Checklist to Evaluate a Report of a Non-
pharmacological Trial (CLEAR NPT) [33]. This checklist has been specifically developed
for measuring the quality of randomized clinical trials assessing nonpharmacological treat-
ments. Indeed, the evaluation of nonpharmacological treatments such as technical devices,
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behavioral or psychological therapy involves some specific methodological considerations.
For example, in nonpharmacological treatment trials, it is frequently impossible to carry
out the blinding of care providers and participants, and the success of the treatment often
depends on the experience and skill of the care providers. Besides, this kind of study
is difficult to standardize [33]. Thus, according to several systematic reviews evaluating
nonpharmacological treatment [34–37], the CLEAR NPT checklist was used [33]. This
checklist contains 10 parameters, and for each item the choice was between “Yes”, “No” or
“Unclear”. By adding up the answers, all authors could attribute a score. The score was
between 10 and 8 for a low risk of bias, between 7 and 5 for a median risk of bias and lower
than 5 for a high risk of bias.

The quality assessment was performed independently by ten authors (A.D.G., S.Z.,
E.M., F.U., V.V., L.C., M.S., G.D.A., I.P., A.H.) and the score was then verified by the other
three authors (C.P., F.G., F.V.).

3. Results

A total of 1762 studies were retrieved from the following databases: PubMed, Web of
Science, and Scopus. Of these, 796 duplicates were removed and 966 were screened by title
and abstract. After the full-text assessment of the 133 articles that remained, 102 articles
were excluded, 42 of them because they did not pertain to our question, 12 because the
individuals were affected by other comorbidities, 16 because they were a different type of
study from RCT, 7 because they considered a young age population (<18 years), 4 because
did not have control groups, and 21 because they did not consider the assessment of changes
in PA. Finally, we included 31 articles that met the inclusion criteria (Figure 1) [38–68].

Figure 1. PRISMA flowchart for search strategy.

The main characteristics and findings of the interventions, as well as the primary and
secondary weight-related outcomes assessed alongside weight loss, are shown in Table 1.
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The included articles were published between 2013 [54] and 2023 [61,68], and 15 of
them were performed in the USA [40–42,45,46,51,54,55,58,62–65,67], 9 in
Europe [38,39,47,49,56,57,59,61,66], 5 in Asia [43,47,52,60,68] and 2 in Australia [44,50].
Both genders were represented in most studies, except in two studies that did not report
this information [50,54], and two studies that included only women [47,48]. The overall
sample size had a range from 28 [67] to 650 [57]. As for participants’ age, individuals
aged 18–80 years were included [48]. All of the studies assessed a BMI mean value with
standard deviation, except for that of Hong et al. [48], which reported only the population
mean weight.

In concern to quality assessment, 14 studies were considered with a “Low Bias Risk”,
12 with a “Medium Bias Risk” and 5 with a “High Bias Risk”.

Many of the evaluated studies used smartphone apps to carry out the interven-
tion, matched with other procedures such as motivational phone calls [41] and text mes-
sages [50,62], and a good number of them also assessed the use of wearable devices such as
smartwatches, smart bands or accelerometers [44,48,51,54,56–58,63,67].

The majority of the studies included a specific duration of each session and frequency
of intervention, with a minimum of 8 weeks [40] and a maximum of 24 months [51] for the
duration, and with frequency varying from three times daily [42] to monthly [51], except
for a few where these characteristics were kept generic, specifying neither duration nor
frequency [47,58,59,64].

All but one [48] of the studies were aimed at achieving weight loss through improve-
ments in both diet and PA.

In six studies, no activity was assigned to the control group [39,47,49,50,59,61], and in
two studies, the control group had the only task of self-monitoring [42,51].

As for the results, a weight reduction related to the technologies used was observed
in the majority of the studies [39,41,43,45,46,49,52–54,56–61,64–68]. Additionally, six stud-
ies described a reduction in body fat among participants [39,41,57,58,64,67] and in nine
papers, a decrease in BMI was also showed beyond weight loss [41,49,52,54–57,64,66,68].
Moreover, some authors reported waist or hip circumference reductions in the interven-
tion groups [39,41,46,57,58,64,67]. Ten studies reported no significant differences in the
outcomes between users and controls [38,40,42,44,47,48,50,55,62,63]. Hernandez et al. re-
ported a decrease in body fat, despite no significant difference in weight loss [47], while the
study by Jakicic et al. reported a significantly different weight loss in the favor of standard
treatment [51].

4. Discussion

The findings of this review suggest that using digital technologies may be useful for sup-
porting interventions aimed at reducing excess weight when employed to modify weight-related
behaviors, namely PA and diet. In fact, the majority of the controlled trials analyzed reported
significantly better outcomes related to weight loss among participants who used some kind of
electronic devices or applications than among non-users [39,41,43,45,46,49,52–54,56–61,64–68].

The adoption of new technologies is rapidly spreading in several areas of our lives,
such as in health promotion and control [69]. In this context, several devices and applica-
tions have been proposed as digital solutions to improve health-related behaviors, such
as PA and diet, especially since the beginning of the COVID-19 pandemic [70]. As for PA,
nowadays, the use of even more sophisticated wearable devices goes beyond the mere
tracking of steps or other movements and may help users to reach their activity goals,
increase their PA levels and reduce health risk related to inactivity [71]. The integration of
gamification and/or social support elements can increase their effectiveness in movement
promotion, both in adults and children [72–74].

With regard to diet monitoring and management, several digital technologies have
been developed and evaluated in different subgroups, with inconsistent results [75,76].
Digital resources can reach many people at a low cost and have the potential to support
lifestyle changes, enabling individuals to self-regulate their behaviors [77–79]. As for
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employing these technologies for weight loss, a systematic review and meta-analysis
published by Berry et al. in 2021 analyzed the potential role of a digital diet and PA
self-monitoring in supporting weight loss among adults with overweight or obesity [31].
Their results showed a statistically significant effect of digital self-monitoring in weight
loss, moderate PA increase and calorie intake reduction. Furthermore, they reported that
tailored interventions were significantly more effective than nontailored ones, highlighting
the importance of tailored advice. In line with this, the review by Irvin et al., which was
aimed at examining the status of digital exercise program delivery, found that apps may
be useful for a low-intensity approach and can improve adherence to programs through
self-monitoring [70]. However, the authors stated that tailored interventions can produce
significant findings for weight loss and that individuals need specialist support to achieve
their weight goals. Interestingly, this has also been proven for digital interventions used
in studies aimed at dietary behavior change [80]. Although it was established that digital
interventions have the potential to determine proper changes in the eating behavior of
individuals, the efficiency of these interventions increases when coupled with tailored
feedback and counseling. This should be considered in the perspective of the long-term
maintenance of healthy habits after the conclusion of weight loss interventions.

Keeping this in mind, the evidence coming from our review underlines the usefulness
of digital technologies in supporting weight loss, since two-thirds of the analyzed studies
showed that their usage resulted in significantly greater weight loss. Furthermore, eighteen
of the included studies reported tailored interventions, and only four of these did not
find significant differences between participants and controls [42,47,50,63]. In addition,
only three [48,50,63] out of the eleven interventions which involved specialists in their
implementation reported non-significant differences. The study published by Jakicic
et al. was the only reporting that the digital technologies employed for physical activity
monitoring and feedback did not offer an advantage over standard behavioral approaches,
since the weight reduction observed in its intervention group, although significant, was
lower than that observed in controls [51]. Notably, this intervention was not tailored or
specialist-driven.

Digital self-monitoring enables individuals to monitor their health behaviors, either
through the input of their own data or through the automatic tracking of sensors or
wearable technology. Such solutions can allow individuals to receive tailored, automated
and real-time feedback. The integration of these systems into usual weight management
services may also inform obesity treatment and address service provision, increasing their
effectiveness in weight loss and long-term maintenance [31].

However, some considerations are needed in this regard. In general, internal (i.e., mo-
tivation and self-efficacy), social (i.e., supporters and saboteurs) and environmental (i.e., an
obesogenic environment) factors have been shown to influence the outcomes of a weight
loss program, as well as the acceptability of the intervention [81]. Considering the barriers
to exercise and PA that people with overweight or obesity may encounter, digital solutions
have the potential to provide convenient and equitable support in weight loss based on
behavior change [70]. However, as evidence shows that individualized and interactive
tools may improve adherence to intervention and facilitate behavior change, those fac-
tors which can drive or hinder the use of digital technologies should be also considered
when designing a digital-based intervention. In 2022, Jakob et al. reported that user-
friendly and technically stable app design, customizable push notifications, personalized
app content, passive data tracking, integrated app tutorials, gratuitousness and personal
support represent intervention-related characteristics, which can positively influence ad-
herence to mHealth apps for preventing or managing noncommunicable diseases [82].
As for individual-related factors, lack of technical competence, low health literacy, low
self-efficacy, a low education level, mental health burden, lack of experience with mHealth
apps, privacy concerns, low expectations of the app, low trust in healthcare professionals
conducting the intervention, lack of time, age, gender and pre-existing conditions were the
user characteristics frequently associated with low mHealth app adherence [82].
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In addition, due to the availability of different technological solutions, it should also
be considered that some of them can be more effective in supporting certain categories
than others in behavior change. In a review published in 2018, Cheatham et al. assessed
the efficacy of wearable activity tracking technology in assisting behavior change and
weight loss, showing that its use in short-term interventions may lead to better results
in middle-aged and older adults, but not in younger adults [83]. Belegoli et al. showed
that web-based digital health interventions can be more effective in short-term but not
in long term weight loss and lifestyle habit changes interventions with respect to offline
interventions for overweight and obese adults [84].

Therefore, further research in this field should focus on the individualization of digital-
based interventions based on subjects’ characteristics. This could imply the choice of the
most adequate behavior change technique to motivate people, but also the implementa-
tion of educational interventions to increase their digital literacy, and subsequently their
adherence to the weight loss program.

This review has some limitations. First of all, the heterogeneity of the studies examined
was high due to the characteristics of the interventions and, in particular, due to the variety
of technologies employed and the type of activity (or non-activity) assigned to controls.
This did not allow us to compare the studies and to perform a meta-analysis of their results.
Furthermore, it should be noted that, in a part of the studies, digital technologies were used
to address participants’ dietary behaviors together with PA, while in other interventions,
diet was only self-reported or in some cases not controlled at all. This may limit the
reliability of the findings related to the effectiveness of each technology in determining a
specific behavior change and then weight loss, due to possible confounding bias. Moreover,
it should be noted that participants in the studies showed differences in gender, age and
health conditions. Although we selected only those studies which involved healthy subjects,
it is possible that different categories of subjects, mainly those who perceived themselves
as at risk for some disease, complied differently with the intervention and this may have
influenced the outcomes. In order to obtain stronger evidence about the effectiveness
of technology in weight loss, future research should be focused on specific population
subgroups and type of device/application. However, it is also possible to highlight the
strengths related to this review. In particular, the analysis was specifically focused on
randomized controlled studies involving healthy subjects in order to obtain more reliable
evidence. Furthermore, this review was intended to explore the possible employ of digital
technology in the context of behavioral interventions aimed at reducing body weight,
besides the exclusive use of monitoring devices such as activity trackers.

5. Conclusions

As the development of digital technologies advances, their use in healthcare settings
increases. Electronic devices and mobile applications may be useful to support weight loss
lifestyle-based interventions for people with overweight or obesity. However, evidence sug-
gests that tailored automated feedback or specialists’ advice can increase the effectiveness
of these resources by enhancing individuals’ motivation to change their behaviors.
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