
I. Introduction

In Korea, long before the term “digital healthcare” was first 
used, a substantial number of projects using information 
technology (IT) in providing healthcare services—under 
varied names such as mobile health, ubiquitous health, and 
telemedicine—were active. For two decades, digital health-
care services were successful in Korea. The government and 
industry allocated substantial funds to develop devices, soft-
ware, and service scenarios, which seemed promising and 
full of potential. However, none of these services survived, 
causing discouragement among healthcare providers to at-
tempt using new technology.
	 Healthcare providers are critical to the success of digital 
healthcare. Although the expression “digital healthcare” 
implies high-technology devices and new data, as well as 
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patient-generated health data (PGHD), these elements must 
be integrated into medicine. Healthcare providers guide pa-
tients to perform self-management in safe and effective ways 
with the help of digital medical devices and platforms.
	 “Digital healthcare” refers to healthcare services in which 
data are collected, analyzed, and utilized through the conver-
gence of technologies, including artificial intelligence (AI), 
big data, the Internet of Things, and cloud computing. Ac-
cording to this definition, there were cases of digital health-
care services, such as, when a fetal heart rate was measured 
in 1991 [1] and a non-stress test was performed in 1998 [2], 
remotely. These are examples of remote patient monitoring 
implemented before the advent of digital healthcare.
	 Digital healthcare requires a bilateral approach combining 
medicine and digital technology in a synchronized manner 
[3]. In addition to increasing the competence of the medi-
cal workers, the Korean government must continue to focus 
on improving individual well-being. Each device, sensor, 
and element will ultimately have a significant impact on the 
healthcare industry, and all stakeholders must collaborate to 
find an efficient way to provide seamless care. 

II. �Classification of Digital Healthcare  
Industry

There are numerous cases of digital healthcare services; 
therefore, systematic classification is required for an effective 
review. Since there is no universal classification system for 
digital healthcare, this study proposes a simple classification 
system for case surveys (Figure 1). The system, illustrated 
in Figure 1, classifies digital healthcare services according 
to the service utilization and decision makers (major cus-
tomers). Considering only the direct-to-consumer (DTC) 
service, patients’ decision to use the genome information is 
located to the left of the figure, while healthcare providers’ 
decision to use medical image information is located at the 
right-most position. Telemedicine, which presupposes pa-
tient–healthcare provider communication, is positioned in 
the middle. The classification shown in Figure 1 is simplified 
and is applicable only to this study.

1. Cases of Using Image Information
Medical image information is divided into two groups: imag-

es that conform to the Digital Imaging and Communications 
in Medicine (DICOM) standards and medical images such 
as pathological slides, endoscopic images, and retinographic 
images.”

1) Digital Diagnostics
IDx-DR by Digital Diagnostics is a device that diagnoses 
diabetic retinopathy through retinography. After checking 
the quality of retinographic images based on AI, an oculist 
determines whether an examination is necessary. Although 
most AI systems assist decision-making by healthcare pro-
viders, IDx-DR was developed to be used without the par-
ticipation of healthcare providers, becoming the first device 
to acquire an approval from the US Food and Drug Admin-
istration (FDA) [4]. IDx-DR was given the Current Pro-
cedure Terminology (CPT) code in the United States, The 
American Diabetes Association guidelines also mention the 
potential applicability of the device for screening, indicating 
that the device has been widely utilized [5]. In addition, sig-
nificant results from several large-scale clinical studies (with 
more than 1,000 patients) conducted in many countries have 
shown that the device has a bright future [6,7].

2) VUNO
VUNO received medical device licensing for both bone age 
reading software and pulmonary nodule reading software, 
both AI-based software programs. These are representative 
examples of “software as a medical device” (SaMD) licensed 
without hardware [8]. VUNO is making continuous efforts 
to prepare predictive models that are necessary in clinical 
settings by using vital signs and clinical study informa-
tion obtained from patients [9]. The data used by VUNO 
includes general clinical information of Electronic Medical 
Records (EMRs), emergency medical services, and 12-lead 
electrocardiogram information. Since acquiring European 
CE certification for five major AI systems in July 2020, 
VUNO has extended its business to international markets 
[10,11].

3) Lunit
Lunit gained popularity in South Korea and other countries 
by sweeping various AI competitions. It entered the medi-
cal device market by acquiring a license from the Korean 
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Figure 1. ‌�Digital healthcare service 
classification system for 
case survey. DTC: direct-to-
customer.
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Ministry of Food and Drug Safety in 2018 and the European 
CE certification in 2019. Lunit’s representative products are 
Lunit INSIGHT CXR for detecting pulmonary diseases and 
Lunit INSIGHT MMG for detecting breast cancer. Lunit 
extends the scope of its business to clinical decision support 
(CDS) based on clinical information [12]. The efficacy of 
Lunit’s products has been confirmed by several clinical stud-
ies in other countries, and the accuracy of its algorithm for 
predicting clinical cases has been proven by various medical 
institutions in South Korea. Additionally, Lunit has strength-
ened its position in the medical field by continuously pub-
lishing its results in major journals [13].

2. Digital Therapeutics
Until recently, digital healthcare was employed as a major 
method for monitoring patients and for the integration, 
analysis, and prediction of information. However, digital 
healthcare has recently been extended to areas of treatment 
based on powerful mobile devices with analytical capabili-
ties.
	 Pear Therapeutics, a start-up in the United States, is tak-
ing the lead in digital therapeutics. The application “reSET,” 
developed by the company, was licensed by the FDA in Sep-
tember 2017 making it the first digital therapeutic applica-
tion [14]. The reSET application is typically used for 90 days 
with a doctor’s prescription to treat various addictions and 
dependencies. The reSET-O application, licensed in 2018, 
is specialized for drug addiction and provides programmed 
treatment for 84 days. The reSET application assists users 
with cognitive behavioral therapy: the patients can train 
themselves to identify triggers linked to addictive substance 
use by self-monitoring their impulses or changes in thinking. 
The effect of reSET software on users was proved through 
randomized controlled trials (RCT) in combination with 
conventional off-line treatments. Advancing rapidly, Pear 
Therapeutics developed Somryst, an application for chronic 
insomnia licensed by the FDA. In July 2020, when corona-
virus disease 2019 (COVID-19) was rampant, the company 
initiated a large-scale clinical study with real patients [15]. 
As a market leader, Pear Therapeutics is extending its busi-
ness areas to schizophrenia, epilepsy, and post-traumatic 
stress disorder [16].
	 Omada Health provides a software program to prevent and 
manage diabetes, a widespread problem in the United States, 
focusing on preventing prediabetic patients from progress-
ing to diabetes and helping them lose weight. The software 
drew much attention because it was applied in the Diabetes 
Prevention Program (DPP) promoted by the US Govern-

ment [17]. Users of the online DPP provided by Omada 
Health showed a higher program completion rate and more 
weight loss than users of another DPP based on face-to-face 
consultation [18]. A 3-year longitudinal study showed that 
the group of subjects who had successfully completed the 
program maintained their reduced weight and low glycated 
hemoglobin levels in the long term [19].
	 Dexcom is a company that produces a continuous glucose 
monitoring system (CGMS), which is designed to measure 
and transmit real-time sugar levels through a device attached 
to the abdomen, not by blood sampling with a needle or lan-
cet [20]. Remote patient monitoring through such a device 
facilitates intensive monitoring at home, similar to that in 
hospitals. However, intensive remote monitoring requires 
suitable sensors, a mobile system for collecting and trans-
mitting data, an advanced Electronic Health Record (EHR) 
system for integrating the received data into the existing sys-
tem, and a service provision system to provide appropriate 
monitoring and intervention [21].

3. Telemedicine
Teladoc is the oldest and largest telemedicine company in 
the United States [22]. The average time that patients wait to 
be connected with a doctor after requesting a consultation 
is less than 10 minutes [23], and the degree of satisfaction of 
patients is over 90% [24]. Studies on remote patient monitor-
ing are increasing worldwide, and the devices used for ser-
vices, diseases, and patient groups subject to these services 
are also increasing rapidly. Several studies have highlighted 
the advantages of remote monitoring; however, extensive 
changes are necessary in the monitoring methods for full-
scale implementation of services [25].

4. Wearable Device
The classic wearable device measures physical activity levels. 
The first commercial wearable activity monitor was known 
as Fitbit. Subsequently, the activity tracking function was 
mounted on most wearable devices, such as the Apple Watch 
and Galaxy Watch, as a basic function. Wearable electrocar-
diogram (ECG) devices are represented by mobile measure-
ment devices produced by Alivcor. This device measures the 
ECG when the user holds it with both hands, Additionally, 
it can analyze the ECG through a smartphone connected via 
Bluetooth and provide medical recommendations based on 
data analysis. The initial ECG measurement model received 
a license from the FDA as early as 2014 for the diagnosis of 
atrial fibrillation [26]. The Apple Watch received a medical 
device license from the FDA in 2018 for the ECG measure-
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ment function using the stem of the watch [27].
	 In addition to these examples, a wide variety of sensor ser-
vices are being released into the mainstream healthcare sec-
tor to measure and manage body temperature, sleep, heart 
rate variability, blood sugar level, oxygen saturation, blood 
flow, electrical skin stimulation, and anatomical positions. 
Although, at present, the demand for wearable devices seems 
low, such devices are expected to play a vital role in health-
care services through detailed service design and technologi-
cal development.

5. Genome Information Utilization (DTC)
Genetic information is distinct from other types of digital 
healthcare information, holding the largest volume of data 
per case, and the highest potential for growth among digital 
healthcare services. Whole-genome testing, conducted in 
laboratories for patients with rare diseases, is raising a mas-
sive wave in healthcare services. Although the utilization 
of genome information is not entirely included in digital 
healthcare, a DTC service that enables patients to see varied 
results from genome analysis is considered an area of digital 
healthcare.
	 Since its establishment in 2006, 23andMe has provided 
DTC-type services. Starting in 2013, DTC services with 
regard to disease incidence risk or sensitivity to drugs were 
discontinued. In 2017, the FDA licensed the DTC service for 
the risk analysis of 10 diseases, including Parkinson’s and Al-
zheimer’s disease. In 2018, the FDA licensed the services for 
BRCA1 and BRCA2 genes, which are related to the onset of 
breast cancer [28].
	 Another establishment, Pathway Genomics provides both 
hospital-based services and DTC services. These services 
provided by Pathway Genomics, distinct from 23andMe, are 
focused on diet and exercise, helping customers customize 
their health management through genome analysis. Pathway 
Genomics focuses on health rather than disease.

III. �Global Digital Health Partnership 
(GDHP) - Evidence and Evaluation of 
Digital Healthcare

The Global Digital Health Partnership (GDHP) [29] is a col-
laboration between various countries and the World Health 
Organization to share their policies for digital healthcare. 
The GDHP evaluates evidence of benefits realization of digi-
tal healthcare services and aims to strengthen the standard-
ization of international benefit management. In the evidence 
and evaluation, the GDHP guide presents the following sev-

en categories for measuring the benefits of digital healthcare.

1. Digital Health Safety
Digital health safety includes issues related to improvements 
or threats to patient safety associated with the use of digital 
healthcare services, including digital healthcare errors, ad-
verse events, and privacy.

2. Digital Health Quality
Digital health quality includes the quality of healthcare ser-
vices associated with the use of digital healthcare services. 
This category includes the technical aspects of digital health-
care, as well as the improvement of the medical process to 
improve quality.

3. Digital Health Efficacy
Digital health efficacy refers to the improvement of health 
status indicators related to digital healthcare services, aimed 
at the measurement of clinical items for monitoring the ef-
fectiveness of digital healthcare, including guidelines for 
clinicians based on the results.

4. Digital Health End-User Experience
Digital health end-user experience deals with the experienc-
es of end-users using digital healthcare technology or servic-
es. Digital healthcare end-users include patients, consumers, 
digital healthcare service developers, and policymakers.

5. Digital Health Efficiency & Return on Investment 
This category describes various items that require invest-
ment to achieve the best results from digital healthcare, 
focusing on the relationship between resource inputs, such 
as labor, capital, and equipment, and the final health state 
evaluation. This category describes various methods to in-
crease the efficiency of digital healthcare services, reduce 
unnecessary expenses, and improve productivity.

6. Population Trends and Secondary Uses
This category relates to the use of digital healthcare services 
for purposes that are beneficial to health management in lo-
cal communities. The goal is to improve health management 
for particular disease groups or local communities with large 
populations. The benefits in this category may be evaluated 
in terms of various measures, such as increased life expec-
tancy and improved emergency systems.

7. Digital Health Equity
This category is related to healthcare equity, which means 
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that everyone should have a fair opportunity, without unfair 
or remediable differences, in the distribution of healthcare 
services; All individuals must be at an equal advantage to ac-
cess digital healthcare services.

IV. Future Direction of Digital Healthcare

1. Digital Health Coordinating Center
Implementing digital healthcare services is not an easy feat 
for primary care physicians. A digital health coordinating 
center (DHCC) is needed as a local hub to support digital 
healthcare services provided by primary care physicians [30-
32].
	 When a physician prescribes digital healthcare or digital 
therapeutics at a clinic, the DHCC can educate the patient 
about the correct way of using digital healthcare services as 
well as taking relevant precautions. Users are known to visit 
the DHCC only at the first use or at the first session, visit-
ing the primary clinics at other times. The patient data ex-
tracted and saved through the digital healthcare services are 
transmitted to not only patients but also the DHCC, where 
medical staff (or coordinators) can monitor the measured 
data and provide feedback to patients or transmit summaries 
regarding conditions of individual patients to their primary 
care physicians. This allows primary care physicians to con-
centrate on examining patients in their clinics, and use the 
summaries of various measured data obtained from the hos-
pitals and transmitted by the DHCC. This facility can reduce 
the burden on primary care physicians in terms of time, cost, 
and labor, and strengthen the expertise of DHCC.

2. Policy Suggestions for Digital Healthcare
Currently, since digital healthcare services are provided 
free of cost, the burden on medical staff and consumers is 
increasing. In medical centers, the initial training for digital 
healthcare users requires a considerable amount of time [33]. 
Nevertheless, owing to insufficient incentives, digital health-
care has not been activated. It is necessary to provide medi-
cal staff with incentives for digital healthcare to uplift the 
main areas of medical services. In addition, it is necessary to 
reorganize the laws on information protection and responsi-
bility.

V. Discussion

The realization of digital healthcare services requires medi-
cal records from hospitals, smartphones to measure and col-
lect appropriate data, and a platform that can integrate and 

accumulate information from various wearable devices, per-
sonal genome information, digital phenotypes, and PGHD. 
A platform called the personal health record (PHR) supports 
these functions. South Korea has a PHR that is fragmented 
for individual institutions or purposes; however, it lacks a 
PHR product that integrates PGHD and shows all the medi-
cal and healthcare information of an individual. Since there 
is no PHR that can satisfy the needs of both individuals and 
healthcare providers, more investment and research should 
be implemented in this field. The collected data may be used 
as medical big data, which can support advances in health-
care by providing new medical and healthcare evidence. Fur-
thermore, the data may be applied as essential data for the 
development of medical AI.
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