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proach that is easily applicable in the current situation.

vant to this article was reported.

In upcoming fourth industrial revolution era, it is inevitable to address smart healthcare as not only scientist but also clinician.
We have the task to plan and realize this through human imagination, creativity, and applicability for the clarification of the
direction of the development and utilization of this technology. One thing that is clear is that it is important to understand
what information is needed, how to interpret it, what will be the outcomes, and how to respond in artificial intelligence and
Internet of Things era. Therefore, we would like to briefly discuss the characteristics of smart healthcare, and, suggest one ap-
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OVERVIEW OF SMART HEALTHCARE

Smart healthcare is the integration of high technology — such
as artificial intelligence (AI), big data, Internet of Things (IoT),
cloud, and Nano technology — with medical healthcare. Such
integration can provide customized healthcare services without
time and space limitations [1]. It is encouraging to look at a se-
ries of smart healthcare related studies — such as Dakurah et al.
[2], Lee et al. [3], Kang et al. [4], and Myung et al. [5] — pub-
lished in the International Neurourology Journal (IN]), a rising

journal in the medical science field, dealing with such technol-
ogy. In order to become a leader in this field, we believe that it
is essential to address smart healthcare, and by adding our
views on such technology, we wish to join this discussion.

The upcoming fourth industrial revolution will have an ex-
tensive and comprehensive impact, complexly affecting all areas
of medicine. However, in reality, the direction of the develop-
ment and utilization of technology in each area is not yet clear.
There is still continuous development, therefore, planning and
realization for the future must be done through human imagi-
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nation, creativity, and applicability. One thing that is clear is that
the future healthcare paradigm will change from the existing
treatment-oriented healthcare to predictive, preventive, person-
alized, and participatory medicine; smart healthcare is at the
center of this change [1].

AT and IoT are emerging as ways to address the surge in
medical expenses due to the current rapidly aging population
and the increase in chronic illnesses; they can lead to the trans-
formation of the medical paradigm to one that is preventive
and consumer-oriented through the daily management of indi-
viduals using various information and communication technol-
ogy. IoT refers to objects and spatial networks that form intelli-
gent relationships, such as sensing, networking, and informa-
tion processing, without human intervention. In addition to in-
formation processing, it is also important to understand what
information is needed, how to interpret it, what will be the out-
comes, and how to respond. IoT and wearable devices are used
for a relatively long period, and data collection and communi-
cation must be continuously performed in everyday life; there-
fore, they are increasingly moving to a general-purpose plat-
form rather than a dedicated device or system [1]. As a result,
connectivity and heterogeneity are thus important characteris-
tics of smart healthcare. Connectivity includes interoperability
and tightly coupled, bidirectional data communication over
various types of networks. Heterogeneity refers to the use of
various kinds of networks, sensors, actuators, and various ex-
tracted results from the same data.

APPLICATION OF SMART HEALTHCARE

We agree with the excellent viewpoints of Myung et al. [5] that
emphasize the importance of research and development of
small, diverse, accurate, and multifunctional sensors to accom-
plish preventative, early diagnostic, and patient-specific treat-
ment. But development in this regard is required in a wide
range of fields, and each field requires multidisciplinary devel-
opment of biological, chemical, physical, physiologic, electrical,
and nanoscience technologies. Furthermore, at the same time,
breakthrough advancements in current medical science, such
as conventional disease-related pathophysiology and treatment
mechanism, should be accomplished. However, considering the
extensiveness of the target area and limited affordable resources,
research on certain disease-specific (or limited) technology is
not easy to conduct. Clinical practitioners, who are currently
treating patients directly and who simultaneously need to intro-
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duce smart healthcare in their clinics right away, should con-
stantly study and discuss the available technologies and infor-
mation that can be applied to patient care. In the current situa-
tion, it is necessary to make efforts toward development from
the viewpoint of clinical application, such as increasing the ap-
plicability of technologies to medical treatment, improving the
efficiency and effectiveness of medical treatment, enhancing
the impact on human health, and contributing to the reduction
of total medical expenses. As a part of such efforts, we have in-
troduced the urination detection technology in INJ, which can
be used to extract data according to human behavior patterns
with a wearable device [6]. Our current clinical trial (n=10),
and interim analysis of smart medical devices for urinary diag-
nosis shows very interesting results. Human behavior patterns
using wearable devices are very reliable and accurate. The over-
all diagnostic odds ratio compared to the 3-day urinary diary is
32.83 (95% confidence interval [CI], 20.52-52.52). The pooled
sensitivity and specificity are 0.82 (95% CI, 0.74-0.87) and 0.88
(95% CI, 0.86-0.90), respectively (Fig. 1). More detailed results
will be presented in the future.

Internet of Small Things (IoST), an alternative concept to
IoT, originated from the idea that it is not necessary to have a
high-accuracy, large-volume data transmission technology
when it comes to connecting all things to the internet [1]. The
system of the low performance based IoST that actively detects
and connects with the surrounding environment or situation is
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Fig. 1. Interim analysis of smart medical devices for urination
detection. The overall sensitivity and specificity were presented
(n=10). SENS, sensitivity; SPEC, specificity; SROC, summary
receiver operating characteristic; AUC, area under the curve.
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an attractive one because it provides various methods that can
be applied to real-life in the early stages of the fourth industrial
revolution, without the development of additional high-level
technologies and with low cost.

PROSPECT OF A NEW SMART HEALTHCARE
SYSTEM

For example, it is possible to provide various and complex ser-
vices to users through only a combination of closed-position
determination technology in residences and wearable network
devices with several sensors such as motion, heartbeat, and ox-
ygen saturation, etc. (like the current smart watch or smart
band). Initially sensed information is collected and interpreted
only within a closed system, and in case of detecting necessity
of intervention on the closed structure, on an open network, or
on interpretation from a combination of these two, the system
will communicate with an external server. A schematic concep-
tual diagram of such a system is illustrated in Fig. 2. A multilay-
er system with a basic structure consisting of a closed small and
simple sensor network can be developed, and data can be gath-
ered and interpreted in the terminal connected with the net-
work system. In this regard, we propose conducting an inte-
grated research on a wearable device-based complex structure
of closed-position detecting in residential and opened-location
recognition system. Specifically, such a system would be an in-

tegrated structure of a wearable long-distance network device
with current motion sensors, biosensors, or alarm and a closed-
position measuring location-based service system using a re-
ceived signal strength indicator, such as a Zigbee network [7],
which is a low-power wireless communication technology that
can provide basic location information. This network is capable
of not only monitoring one specific disease or substance but
also providing diverse information about a wide variety of dis-
eases, behaviors, and conditions, as well as suggesting directions
for use, depending on what data is collected and interpreted. In
this way, we can easily create a new concept related to health-
care by developing existing medical knowledge and various
available technologies, and by developing and innovating the
related algorithm accordingly. Moreover, the development of
IoT, big data, and AI can be an important part of such innova-
tion in smart healthcare, as they can provide significant help
and opportunities for such innovation. Importantly, it can func-
tion well with the current technology and without high costs.
Table 1 shows some examples of health-related data and servic-
es that can be derived from this system. Furthermore, it can be
used in various medical fields and can be expanded to other
fields in the future. To introduce such a system, new market
value should be created through applying new ideas, needs
should be discovered in the general lifestyle, and it should be
implemented by communicating with the market.

R

Closed position sensor system in the
residential

External server such as hospital or emergency
rescue system

Wearable or mobile interface device that
connects open network and closed position
sensor system

Q Opened localization network system
A

O Closed position sensors in the residential
(such as bedroom, bathroom, living room, etc.)

== Opened localization & communication
network

=== Closed position network in the residential

Fig. 2. A schematic conceptual diagram of Wearable Device-Based Complex Structure of Position Detecting and Location Recogni-

tion System.
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Table 1. Examples of health-related data and services that can be derived from the structure consisting of closed-position detecting in
residential and opened-location recognition system

Medical area qu1t10n dete.ctllng and ey Interpretation and
location recognition system response
Urology Movement to toilet Urination Urination behavior Urination time and frequency
behavior [6] LUTS (frequency, urgency, nocturia,
hesitancy) check
Nephrology Daily movement to toilet Decreased urination behavior Warning the possibility of ARF
G-I movement Daily movement to toilet Exclude urination behavior Detect defecation
Dental Located in basin and regular shaking Brushing teeth Regular dental care
Auditory acuity Distance from the TV and checking Possible noise induced deafness
the loudness
A sole resident No movement for certain period Warning of possible death of a lone
Emergency rescue
Emergency medicine ~ Following stop in movement Sudden change of height and impact Warning of fall-down and loss of

Sleep science

Lifestyle

Neurology

Rehabilitation

Psychiatry

Fixation in bed according to daily
timeline
Check oxygen saturation

Frequent trips to the refrigerator

Daily movement

Detect daily life patterns such as sleep,
wake-up, urination, defecation, and
daily movement

Located in table and motion sensor
detect the degree of tremor

Periodic fluctuation
Change of position

Decreased and slow movement

Increased movement

No or decreased movement

Possible eating behavior

Check walk limping movement

Decreased change of position and
degree of momentum

Increased change of position and
degree of momentum

Accurate localization in conjunction with Possibility of depression
surrounding networking among willing If the patient located in rooftop

patients and their family members

of building or on the bridge

conscience
Emergency rescue

Sleep time and pattern
Possibility of sleep apnea

Warning of overeating and obesity
Possibility of failed DM control
Lack of exercise and daily activity
Life adjustment

To determine the degree of Parkinson's
disease

To instruct to increase or decrease the
drug dose

Possibility of arthritis or injury

Possibility of depression

Mood disorder, manic stage

Warning of the possibility of suicide
(location checked on the rooftop of
the building)
Emergency rescue
Accurate location checked in dementia
patients
Emergency rescue

Various groups of patterns provide information about the lifestyle of the patient and the possibility of disease.
Including other sensors or a combination of algorithm, the number of detectable and interpretable items related to patients’ health status can be in-

creased.

LUTS, lower urinary tract symptoms; G-I, gastro-intestinal; ARE acute renal failure; DM, diabetes mellitus.
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ADDENDUM

We completely agree with the opinion that development related
to mobile health devices can be a game changer in smart
healthcare and in the future healthcare industry [5]. For this to
happen, the debate over the issue of invasion of privacy must be
addressed and this problem should be resolved. The proposed
system can be established with the help of consenting patients
with the same disease or their families, and if those using the
network agree to use it on a limited basis. Accordingly, this con-
cept can be a solution for the fundamental weakness of 0T, that
is, the issue of invasion of privacy. The controversy over inva-
sion of privacy is one of the main obstacles to the development
of a smart healthcare industry. It is crucial to make various pos-
sible efforts to eliminate the possession of personal information
and stop human rights violations; however, at the same time, it
is also important that the future smart healthcare is achieved
through proper participatory consensus, and this consent of
participants will be the first step toward the era of smart health-
care to resolve social regulation under this consensus.
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