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Abstract

Objective: Chronic disease is the leading cause of morbidity and mortality on a global scale. Recent use of intelligent home
environments for remote health monitoring has allowed patients to feel safe at home. By encouraging patient engagement
and, if necessary, care delivery, smart home environments may be a useful method for managing chronic diseases at home.
The purpose of this study is to synthesize the evidence on the usage of smart healthcare in the home for chronic illness
management.

Methods: We conducted a scoping review using the Joanna Briggs Methodology and searched three databases from 2017 to
2022 for original research papers on smart healthcare, smart home technology, home-based technology, home monitoring,
and physiological monitoring for chronic illness management. We did a descriptive study on the pertinent data we collected,
as well as an analysis of whether the devices met its objectives.

Results: The final analysis included nine papers, the majority of which were randomized controlled trials. All of the studies
were carried out in developed countries. The gadgets or smart healthcare in these studies are categorized based on the
technology used and the outcomes measured. Respiratory, weight, and ballistocardiograph measurements, as well as
changes in questionnaire ratings, hospitalization, activity monitoring, device acceptability, medication adherence, exercise
capacity, and body function, were all measured.

Conclusion: Smart healthcare applications boost health by monitoring health and wellness, recording physical activity and
rehabilitation, and improving overall quality of life. Not all smart home applications, however, served their intended pur-
pose. As a result, more research into the efficacy of smart healthcare is needed to improve its application for chronic illness
treatment.
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Introduction

Globally, chronic disease is the primary cause of morbidity
and mortality." The World Health Organization (WHO)
estimates that 41 million people die each year, accounting
for 71% of all mortality globally.> Chronic illness risk
factors affect people of all ages. According to research,
more than 15 million chronic disease-related mortality
occur between the ages of 30 and 69.> Additional data indi-
cate that approximately 25% of adults have one or more
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chronic health issues, putting a significant strain on indivi-
duals, families, and the healthcare system.l Chronic dis-
eases are described broadly as issues which persist a year
or longer and necessitate continuing medical attention,
impede daily activities, or both. Heart disease, cancer,
lung disease, stroke, Alzheimer’s disease, diabetes, and
chronic kidney disease are examples of chronic diseases,
with heart disease, cancer, and diabetes being the primary
causes of death and disability in industrialized countries.’
Chronic disease-related costs are currently increasing at
an alarming rate’ motivating the advancement of home
healthcare. Addressing chronic disease is a major challenge
for global healthcare systems.’

Smart home environments have recently been employed
to provide remote health monitoring, allowing patients to
feel safe at home.®’” A smart home is a home with a net-
worked sensor and device network that provides intelli-
gence, automation, control, contextual awareness,
adaptability, and functionality to improve occupant health
and healthcare delivery both remotely and locally.® The
combination of healthcare and smart homes has given rise
to a new term: “smart home healthcare.” Smart home
healthcare aims to help users by providing information
about their health status and condition.” It was first pro-
posed in 1984, and it refers to homes with interactive
smart technology including smart home, robotic assistants,
also telemonitoring and tele support. Robotic assistants typ-
ically do the most fundamental tasks that contribute to
increased patient independence.® For example, duties such
as forgetting to eat, taking medication, or using the rest-
room are real issues that can be resolved. Monitoring vital
signs, monitoring activities of daily living (ADL), monitor-
ing emergency aid, and social contact are the four key areas
of concern in telemonitoring.

Smart home healthcare is widely regarded as a cost-
effective and technologically advanced solution for enhan-
cing healthcare.” The utilization of smart home healthcare
involves the regular monitoring of patients’ conditions
using various devices such as sensors, cameras, and micro-
phones.” These devices are continuously capturing valuable
data regarding patients’ health status, interactions, and daily
activities within their homes. This information can be lever-
aged by healthcare professionals through multimodal
inputs, including speech and video capture, to provide
patients with guidance and support through voice com-
mands, video consultations, or service instructions. '°

Smart home environments offer an effective approach to
managing chronic diseases by promoting patient engage-
ment and, when necessary, facilitating care delivery.''
Many instances of ineffective chronic disease management
can be attributed to outdated care delivery models.'* Recent
advancements in home-based wireless devices, applica-
tions, and wearables have created opportunities for health-
care systems to closely monitor health indicators and
physiological data in almost real time. For instance,

wearable devices equipped with finger sensors can
monitor cardiovascular and respiratory systems to manage
chronic diseases.'> Additionally, there are smart home
healthcare devices that offer a diabetes monitoring
system, providing automatic feedback messages and
recording crucial data such as blood glucose levels,
dietary habits, blood pressure, and physical activity.'*
Leveraging a WeChat account equipped with multiple func-
tional modules can also serve as a proactive prevention plat-
form, offering users a robust tool capable of ensuring an
efficient self-monitoring process for managing chronic
obesity. !>

Smart home healthcare technologies offer a foundation
for increased patient engagement and introduce a novel
care delivery model built upon integrated practice units.
These innovations are essential for addressing the evolving
healthcare landscape by shifting the focus from a hospital-
centric to a patient-centered approach, with the potential to
enhance the management of chronic illnesses.' Recognizing
the need to consolidate and synthesize smart healthcare
research and evidence, there arises an opportunity to
elevate functionality and broaden the acceptance of smart
healthcare, which holds great promise in improving the
management of chronic diseases.'” Consequently, this
study embarks on a comprehensive scoping review,
aiming to explore the practical applications of smart health-
care within the home setting for individuals managing
chronic diseases.

Methods

We used the Joanna Briggs Institute’s (JBI)'® scoping
review framework to evaluate, explain, and synthesize the
available data on the implementation of smart healthcare
in the home for chronic disease patients. The review was
then reported on in accordance with the PRISMA-P
principles. '

Search strategy

The research question was: what smart healthcare or smart
home application could be used to offer physiological mon-
itoring on patients with chronic disease? This study utilized
the phrases “chronic disease” AND “smart healthcare” OR
“smart home technology” OR “home-based technology”
OR “home monitoring” AND “physiological monitoring.”
The Boolean operators “OR” and “AND” were used to
connect keywords. PubMed, CINAHL, and ScienceDirect
were among the databases used. The study was carried
out in December 2022. Original studies written in
English, papers published between 2017 and 2022, and
research that investigates the deployment of smart health-
care in the home environment, with an emphasis on physio-
logical monitoring (outcomes measured and results), were




Dhamanti et al.

Table 1. Literature search strategy.

#1 AND #2 AND #3 Chronic disease

the inclusion criteria. Table 1 shows the literature search
strategy.

Eligibility criteria and data selection

A total of 214 titles were discovered by examining data-
bases. Mendeley was used to filter and choose titles and
abstracts. After removing duplicates, 210 titles and
abstracts were reviewed for eligibility. One reviewer
(IMN) looked at the title and abstract to see if they were
relevant to smart home healthcare and chronic disease. ID
examined the extraction at random to check its accuracy
and applicability. Any disagreements were resolved by dis-
cussion. For the full texts, ID and IMN reviewed all 27 pub-
lications independently, analyzing each one and discussing
any disagreements. Finally, this analysis contained nine
papers. The included article must explain the implementa-
tion of a smart home device used for physical monitoring
of chronically ill patients with measured outcomes.
Eighteen papers were discarded because they were not con-
ducted at home or did not measure any result. As a conse-
quence, nine articles were selected for the final scoping
review. Figure 1 PRISMA flow diagram depicts the
stages and includes articles in each stage (see supplemental
file for details).

Data extraction and analysis

Data extraction was carried out in accordance with the JBI
methodology, and the search strategy was determined using
the wide population, concept, and context (PCC) frame-
work recommended by the JBI for Scoping Reviews (as
shown in Table 1). The following information was
retrieved: author, year of publication, research aims,
country and location, study participants, study design, tech-
nology used, outcomes measured, and results. We deter-
mined the device’s effectiveness by determining if each
smart home application’s function could achieve the
desired objective. We conducted a descriptive analysis on
the relevant data that we collected. Because this review

Smart healthcare Physiological monitoring

Smart home technology
Home-based technology

Home monitoring

did not contain any personally identifiable medical informa-
tion about a living person, the patient’s specific consent is
not required.

Results

Upon conducting the search using the provided search
terms, multiple results were generated. All of the research
conducted in this study was limited to developed countries,
such as the United States,zo‘23 France,24 the Netherlands,25
China,23’26 Spa1ir1,27’28 the United Kingdom, Slovenia,
Estonia, and Sweden.?’ No studies conducted in developing
countries were identified. According to the year of publica-
tion, the majority of articles (33.33%, n = 3) were published
in 2018.2°?% The study design of the majority of the

studies”*****?” was randomized clinical trials: two
studies were longitudinal studies,”®* one pilot study,*'
one prospective observational study,”> and one

quasi-experimental study.”® The primary context and objec-
tives of the investigations were identical. The goal of the
study is to define, investigate, validate, and evaluate smart
health care in the management of chronic disease in patients
at home.?*~*® The majority of the research were conducted
in patients’ homes, with the exception of four studies that
were conducted in a combination of medical facility and
patient home settings.?>>>-%-28

Among the diseases addressed were heart failure, chronic
obstructive pulmonary disease (COPD), central congenital
hypoventilation syndrome, asthma, chronic cerebrovascular
sickness, and hypertension.”**® The outcomes measured
also varied, such as respiratory measurement; weight meas-
urement; ballistocardiograph measurement; change in ques-
tionnaire scores; hospitalization; activity tracking; device
acceptance; medication adherence; exercise capacity; body
function measurement such as respiratory rate, heart rate,
lung function, and chronic disease treatment; or control
such as sleep apnea diagnosis, obstructive sleep apnea diag-
nosis, and hypertension control.?>~2%

Devices or smart healthcare used in these studies had
different function, such as alarms, displays, data
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Figure 1. PRISM flow diagram.

storage, data transmission, and data recording. Alarm
devices include vibrating wristbands (“Feeltact®”,
Novitact Lacroix-Saint-Ouen, France), phone applica-
tions to trigger vibrating alarms,* ECG monitors,*® and
Resmon Pro Diary using forced oscillation technique
(FOT) measurement.”’ Display system devices include a
remote care management system®' and cardiologists and
monitoring reports.”® Data storage devices include cell-
phones from Elephant Medical’s heart healthcare cloud
service platform.26 Bed scales,20 ECG monitors, internet

of things (IoT) technology,?® and a mobile modem?’
were examples of data transmission equipment. Bed
scales,20 activity or smart sensors,ZI’ZS‘28 the handheld
Spirobank, wireless activity tracker, Cohero health
smart inhalers, the Emotion Faros 180",21 and portable
polysomnography?>?* and also spirometer’ were all
examples of data recording devices. However, most of
the devices have more than one function. The majority
of studies uses automatic sensors for vital sign
measurements,>0-!-23-2%-26.28
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Discussion

This research focused on the use of smart healthcare for
chronic disease management including heart failure,
COPD, central congenital hypoventilation syndrome,
asthma, chronic cerebrovascular illness, and hypertension
(Table 2). Two major findings emerged from this review.
First, the application has a broad scope and has the ability
to improve the quality of life of chronic patients. Smart
healthcare uses different types of technology (Table 3) for
example the [oT, big data, cloud computing, and artificial
intelligence to fundamentally revolutionize the old
medical system, making healthcare more efficient, conveni-
ent, and personalized.?” Smart healthcare has a great impact
on well-being, especially in the management of chronic dis-
eases by facilitating the control of worsening condition and
boosting patient safety through disease management assist-
ance.”® It also gave a positive effect on the management of
diabetes, hypertension, and rheumatoid arthritis.*' These
intelligent technologies can aid in the active monitoring
of patients’ adherence and are capable of reducing various
possible errors.*?

The use of smart healthcare in the home from the studies
found was mostly for patient with chronic cerebrovascular
disease and hypertension (COPD) disease. The technology
that used was based on automatic sensor both active and
passive motion of patients daily live activity.?"**-*’ The
vital sign of patients with COPD was also measured using
the automatic sensors and a remote care management
system.”*?® Another study revealed that the vibrating wrist-
band gadget used to awaken central hypoventilation
patients and COPD patients was much less effective than
healthy people.** Furthermore, researchers discovered that
employing a platform that includes a device that monitored
within-breath respiratory mechanical impedance had no
influence on overall time to first hospitalization, admission
rate, or patient quality of life.”’CHROMED also provides
COPD telemonitoring solutions.?” A device that employed
the FOT to measure within-breath respiratory mechanical
impedance, a touch-screen computer, and a mobile
modem was all part of the platform.>” Wireless spirometry
can also be used to monitor lung health.”

A smart phone-based handheld wireless spirometer is
simple to use and suited for medical diagnostic testing for
asthma and COPD at home.> Asthma is also the most
common chronic respiratory disease in the world after
COPD; hence enhancing respiratory assessment is
crucial.?*>  According to a study conducted in the
Netherlands, respiratory physiology sensors such as the
Spirobank I Advanced are utilized for respiratory assess-
ment and asthma control.”> Wearable devices with
sensors technology for vital sign was also evidence the
use of smart healthcare in patient with asthma chronic
disease.”> Health remote monitoring systems are another
way for smart healthcare to monitor important signs that

collects patient data via sensors and wearable devices.>*
The activity sensor, which comprises of a communications
hub and many sensors installed on household objects,
detects patterns of daily activities using passive motion-
sensing technology.”' The employment of a collection of
wireless wearable medical equipment and sensors allows
for the periodic assessment of a patient’s biometric para-
meters as well as the automatic recognition of the patient’s
daily physical activity, assuring an effective telemonitoring
service for the patient independent of his or her location.*

Smart healthcare applications for patients with sleep apnea
chronic disease provide health monitoring such as bed scales,
remote care management systems, portable polysomnography,
portable monitor sensors, the handheld Spirobank II Advanced,
the two Cohero health smart inhalers, the Emotion Faros 180°, a
wearable ECG monitor, and a platform that comprises a device
that measures within-breath respiratory and a smart sensor
device integrated with a smart vest?>>**2% Bed scales
assess not only weight but also breathing rate.” Body weight
measurements obtained with bed scales may aid in determining
fluid status in patients suffering from acute renal damage, which
is typically accomplished by monitoring fluid balance.”® As a
patient sleeps in bed, episodic musculoskeletal movements
are separated by relatively long movement-free intervals
during which low variance physiological signals like respira-
tions can be captured using Bed scales.*”

At home, mechanical ventilation can be used to treat per-
sistent respiratory failure.* Because of their critical illness,
care for a person receiving home mechanical ventilation is
extremely complex, requiring technological assistance and
skilled nursing services to provide personal care, a variety
of daily medical and therapeutic procedures, and educa-
tional and psychosocial support for the patient and their
family.36 The research, carried out at the Pitie-Salpetriere
respiratory rehabilitation clinic in Paris, discovered that
vibrating wristbands provide a good backup to a home
mechanical ventilator audio alert for healthy family care-
givers.>* Other than that, a study also carried out the appli-
cations of smart healthcare technology use automatically
and continuously sensors to collect vital signs for monitor-
ing via non-contact adherence (passive).20

Smart healthcare applications of patients with cardiac
dysfunction were used wearable ECG monitors that can
evaluate whether patients reach the intensity based on the
heart rate and promptly alert the patients to ensure that exer-
cise intensity is within the preset range.”® Remote ECG
monitoring system (REMS) is used to detect risky arrhyth-
mia and provide an early warning to both the patients and
their doctors, which can encourage patients to overcome
fear and adhere to exercise.”® Cardiopulmonary exercise
testing (CPET) also can be used to evaluate patient exercise
capacity and exertional symptoms and can provide numer-
ous physiological parameters.*®

In addition, smart healthcare for ballistocardiograph
(BCG) measurement is a non-invasive method for
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producing a graphical depiction of the heartbeat-induced
repeated motions of the human body.** Heartbeat monitor-

2;

o <
% ; %E Z ing is especially important today because cardiovascular
=B i s disease is the leading cause of death worldwide.”’
é 53 = ;”‘l’l‘ Bandpass filtering bed scale signals (5 Hz and 50 Hz
=8 < §- éi cut-offs) revealed individual scale BCG morphologies,
29 = 5 Z 3 and the raw BCG signal from each scale was converted
2 § % é E En into an absolute measure of BCG energy to create a single-
2 25 g, E = peak BCG morphology.?® Another study discovered that
2 = o I’ E employing miniature springs to transfer matter vibrations
% g v= é o to an optical detecting module was an effective method
el g 3 29 for tracing BCG curves.”® Monitoring vital signs, which
P = can help assess the health of the human body, is important

in many healthcare applications.®”

Some technologies may be used to monitor physical
activity as well as for rehabilitation.>*® Physical activity
can also be measured with the ActiGraph wGT3X-BT wire-
less activity tracker.”> ActiGraph LLC is a well-known
manufacturer of high-performance accelerometers like the
wGT3X-BT (with extra battery capacity and wireless
Bluetooth features).** The ActiGraph wGT3X-BT can
store data for up to 43 days and sync wirelessly with the
ActiLife mobile application to maximize battery life, and
the wireless capability will be disabled.*' However, we dis-
covered that not all smart home applications served their
intended purpose. The use of portable polysomnography
revealed that it was less successful in detecting sleep
apnea than unattended polysomnography in control
patients.22 Furthermore, in a cohort with well-controlled
baseline blood pressure, the intervention using home-based
polysomnography did not enhance hypertension control.**

The studies included in this review also have some lim-
itations due to the small sample size, focused only on
certain population, short-term follow-up, and the variation
on the pattern of healthcare that may not be generaliz-
able. 21232627 Ip addition, result bias may found in the
smart healthcare system technology measurements accord-
ing to the non-patient individuals triggering the motion
sensor making it impossible to differentiate activity patterns
between individuals.”**' Some of the results were also
measured in more than two people that may be slightly dif-
ferent because there was no independent study endpoint
committee to review.”**> Those limitations were worth
accepting and provide opportunities for further in-depth
research.

However this review also had some limitations. The
findings may not have captured all of the evidence in the lit-
erature due to the constraints of the keywords, database, and
publication year. As a result, we obtained just a restricted
number of publications. The research stated above was
mostly undertaken in developed nations and may not be
applicable in other countries. Nonetheless, this study has
the potential to contribute to the mapping of information
on smart home healthcare for individuals with chronic
diseases.

clinical trial
Quasi-experimental studies

A multicenter, randomized,

Sweden; patient’s home
clinical environment and
patient’s home

Slovenia, Estonia, and
Spain; hospital-controlled

oscillation technique (FOT) and cardiac
parameters in older patients with chronic
obstructive pulmonary disease (COPD)
and comorbidities

of a smart vest for an untethered,
low-cost, and comfortable breathing
monitoring

To evaluate the efficacy of home monitoring  Spain, United Kingdom,
of lung mechanics by the forced

To describe the design and implementation

Walker et al. (2018)*
Naranjo-Hernandez
et al. (2018)*®

Table 2. Continued.
9
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Conclusion

There are numerous possibilities for smart healthcare in the
home for chronic disease management. Smart healthcare
applications improve health by monitoring health and well-
being, tracking physical activity and rehabilitation, and
improving overall quality of life. According to the findings
of the study, each study has limitations, and not all smart
home applications succeed in meeting their intended
purpose. As a result, more research into smart healthcare’s
efficacy is required to improve its application for chronic
disease management.
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