
www.e-enm.org 541

Endocrinol Metab 2020;35:541-548
https://doi.org/10.3803/EnM.2020.675
pISSN 2093-596X  ·  eISSN 2093-5978

Review
Article

Lessons from Use of Continuous Glucose Monitoring 
Systems in Digital Healthcare
Hun-Sung Kim1,2, Kun-Ho Yoon1,2

Departments of 1Medical Informatics, 2Endocrinology and Metabolism, College of Medicine, The Catholic University of Korea, 
Seoul, Korea

We live in a digital world where a variety of wearable medical devices are available. These technologies enable us to measure our 
health in our daily lives. It is increasingly possible to manage our own health directly through data gathered from these wearable de-
vices. Likewise, healthcare professionals have also been able to indirectly monitor patients’ health. Healthcare professionals have ac-
cepted that digital technologies will play an increasingly important role in healthcare. Wearable technologies allow better collection 
of personal medical data, which healthcare professionals can use to improve the quality of healthcare provided to the public. The use 
of continuous glucose monitoring systems (CGMS) is the most representative and desirable case in the adoption of digital technolo-
gy in healthcare. Using the case of CGMS and examining its use from the perspective of healthcare professionals, this paper discuss-
es the necessary adjustments required in clinical practices. There is a need for various stakeholders, such as medical staff, patients, 
industry partners, and policy-makers, to utilize and harness the potential of digital technology.
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INTRODUCTION

We live in a digital healthcare era, which offers various wear-
able medical devices that allow us to measure our biometric and 
health data in our daily lives [1-3]. Digital healthcare is expect-
ed to play a pivotal role in the modern provision of patient-fo-
cused healthcare.

Traditionally, digital healthcare consisted of three components 
as described in Fig. 1: medical device (sensor), platform, and 
medical feedback [4,5]. Medical feedback, is often acknowl-
edged as the most important of these three components. It refers 
to the recommendations from healthcare professionals to users, 
such as appropriate lifestyle guidelines. Medical feedback is in-
formed by the data generated from the medical device. 

In recent years, medical devices and platforms, such as data-
mining engines, have played increasingly important roles in 
digital healthcare, influenced by rapid technological advances 
in information and communications technologies [6]. The abili-
ty to collect and use data to analyze patients’ health and provide 
customized recommendations emphasizes the importance of 
medical devices and platforms [6]. As a result of this trend, 
medical feedback is increasingly data-driven and accessible to 
patients. This is opposed to earlier times, where medical feed-
back was provided only by healthcare professionals. Patients 
can access the information independently rather than waiting 
for expensive instruments or tests. 

Similarly, patient-generated health data (PGHD), which refers 
to health data collected by patients themselves as opposed to 
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health data collected in hospitals, is increasingly gaining impor-
tance [7]. However, even though the medical feedback is data-
driven, it is still provided by healthcare professionals. As such, 
the intervention of medical staff is still important in digital 
healthcare. However, medical staff face difficulty managing 
many patients, due to cost and time. Therefore, it is important to 
develop data-mining engines and algorithms that will assist 
medical staff by reducing the demands on their time and effort. 

Medical data is clearly being collected in large volumes in 
digital healthcare. Some people believe that this focus on data 
generation and collection has created an exaggerated belief that 
data-driven digital healthcare will solve all healthcare problems. 
Further, a premature assumption is that several medical issues 
can be resolved through the analysis and use of copious 
amounts of data collected by wearable devices. This perception 
is an exaggerated claim by the medical device industry who do 
not fully understand the specifics of clinical practice [8]. Con-
versely, healthcare professionals do recognize the role that digi-
tal technologies, such as medical devices and platforms, can 
play in current medical work. 

Within digital healthcare, the best clinically adapted example 
of a medical device and platform is the continuous glucose 
monitoring systems (CGMS). Taking the perspective of health-

care professionals, we examine current uses of CGMS. We aim 
to understand how medical devices and platforms, as part of 
digital healthcare, can be applied to real clinical medical prac-
tice. In the sections below, we discuss both the meaning and 
limitations of this application to medical practice.

CONTINUOUS GLUCOSE MONITORING 
SYSTEMS 

Since CGMS was approved for use by the Food and Drug Ad-
ministration (FDA) in 1999, it has been used to determine the 
overall glucose variability in patients with diabetes mellitus [9]. 
This means that patients can monitor their own blood sugar 
trends and self-manage their blood sugar levels. Significantly, 
many studies indicate that the use of CGMS reduces glucose 
variability and the occurrence of hypoglycemia [10]. Various 
studies have also shown that CGMS has greatly helped in blood 
sugar management [10-12].

CGMS as digital healthcare
CGMS traditionally consists of a sensor to measure blood sugar 
levels and a transmitter that sends the measurements to a receiv-
er in real time [13]. Previously, receivers were a separate com-
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Fig. 1. Scheme of the digital healthcare system.
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ponent of CGMS [13]. However, recent technological advances 
have increasingly seen the utilization of smartphones as receiv-
ers. Blood sugar levels measured by the sensors, or scanned 
through linked smartphones, are communicated directly to users 
in real-time [14,15]. CGMS users can thus check their overall 
blood sugar values and trends on their smartphones at a glance. 
This ultimately helps and motivates them to actively manage 
their own blood sugar [14]. CGMS exemplifies the success of 
digital healthcare by fully exploiting its three components: the 
medical device; the data-mining engine platform; and the data-
driven medical feedback. The use of CGMS also shifts medical 
feedback from being the sole domain of healthcare profession-
als, instead democratizing medical feedback for the user. As data 
is increasingly generated via the CGMS and provided directly to 
patients, PGHD from the wearable device is playing a more im-
portant role in healthcare. Thus, the goal of digital healthcare is 
to analyze the various data generated by the patient and to sup-
port patients by providing customized treatment options.

Need for user training to ensure proper use
While technological advances in digital healthcare have led to 
improvements in the provision of healthcare and generated a 
large amount of PGHD, it is unreasonable to expect users to be 
motivated to use a medical device. As such, it is essential to ed-
ucate users in the application of digital healthcare by training 
users in the correct operation of medical devices such as CGMS 
[6,16]. In digital healthcare, the protagonist of healthcare is logi-
cally the users themselves. To maintain proper health in digital 
healthcare, users should improve their health data and health in-

formation capabilities. This is a salient aspect of digital health-
care. In order to enhance their learning abilities, patients need to 
have deep self-knowledge and understanding so that they can 
better manage and interpret their health with the data generated. 
Patients use medical devices in diverse circumstances, with 
variables such as usage, machines, companies, and patients’ in-
clination. Users will need to wear their sensors, monitor the data 
they receive on their devices, and learn to interpret these out-
puts. The education of users is thus essential to harnessing the 
great potential of digital healthcare.

Selecting a suitable device from a variety of CGMS
Among the currently available CGMS products, as seen in Ta-
ble 1, insurance in Korea covers the purchase of Medtronic 
GuardianTM Connect System (Medtronic, Dublin, Ireland) [17], 
Dexcom’s G5TM (Dexcom, San Diego, CA, USA) [18], and Ab-
bott’s FreeStyle LibreTM (Abbott, Chicago, IL, USA) [19]. After 
receiving insurance benefits, the patient pays only 30% of the 
total device price. The sensors on Guardian Connect and G5 can 
be used for 7 days, and thus, four to five sensors are required 
per month. The two devices differ in their transmitters. Guard-
ian Connect’s transmitter can be used semi-permanently, but its 
parts are more expensive. It is smaller in size than earlier ver-
sion, and is easy to wear. The transmitter of the G5 costs about 
one-third that of the Guardian Connect. However, it should not 
be used for more than 3 months and, consequently, requires 
constant replacement. Therefore, users must decide whether 
they want to pay more up front for a semi-permanent device, or 
less for a device that requires regular replacement. The sensor 

Table 1. Commercially Available CGMS with Domestic Insurance Benefits [17,18]

Medtronic Guardian Connect System Dexcom G5 Abbott FreeStyle Libre

Official dealer Medtronic
Domestic corporation

Huons
Import sales

Abbott

Sensor Calibration at least every 12 hours Calibration at least every 12 hours No calibration

Available for approximately 7 days  
(4–5 sensors are required per month)

Available for approximately 7 days  
(4–5 sensors are required per month)

Available for approximately 14 days  
(2 required for 28 days)

- - Relatively low price
Compared to other CGMS sensor

Transmitter Semi-permanent Longest recommended use period is 3 
months

-

High price Low price -

Scanner - - Very low price

Etcetera Continuous sensor glucose readings Continuous sensor glucose readings Interlocking with an insulin pump is also 
impossible

CGMS, continuous glucose monitoring systems.
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of the recently released FreeStyle Libre can measure blood glu-
cose continuously for up to 14 days. The FreeStyle Libre is 
priced competitively compared to other CGMS because data is 
sent to a smartphone every time it is scanned. However, the 
FreeStyle Libre does not continuously transmit blood sugar 
data. Thus, it is unable to monitor and report on predicted hypo-
glycemia. It also cannot integrate an artificial pancreas with an 
insulin pump. The CGMS purchase decision should always be 
made in consultation with medical providers, taking into con-
sideration the purpose of use, cost, and personal situation, 
among others. Also, clinical results may differ depending on 
how these digital devices are used [20].

Understanding the limitations of CGMS
There are several limitations to the use of CGMS. First, CGMS 
users should be aware of the physiological lag time of the 
CGMS they use. There is a gap of 1 to 5 minutes between the 
blood sugar reading and the CGMS measurements displayed to 
the user [21]. Thus, the blood sugar values are not shown in per-
fect real-time. This is why users should not be absolutely depen-
dent on these measurements. Consequently, we have suggested 
a predictive alarm based on data trends for hypoglycemia. 

Second, it is necessary to calibrate the blood glucose level 
measured by the CGMS with self-measured blood glucose lev-
els. A common misunderstanding by many users is that when 
they wear the CGMS, they do not need to measure their own 
blood sugar level at all. For instance, the FreeStyle Libre is pre-
calibrated for blood sugar values and users can use it for 2 
weeks without individual calibration. While some CGMS do 
not require calibration, others require recalibration twice daily 
[22]. This, however, is an improvement, given that older CGMS 
used to require calibration four times a day [13,16]. While 
CGMS have significantly improved in terms of accuracy, per-
formance, and hardware (such as sensor size, price, waterproof-
ing, battery life, weight), it is also important to note that the 
measurable blood sugar range is limited [23-25].

The dependency on CGMS is also its limitation. High depen-
dency on a medical device leads to more serious consequences 
in the case of errors. Consequently, the accuracy of the mea-
sured value cannot be overstated when using CGMS [26,27]. 
Moreover, this limitation may not be resolved by simply em-
phasizing the accuracy of measurement, which is one of the ba-
sic requirements of medical devices. Thus, CGMS should em-
phasize the provision of customized content based on the stored 
PGHD. For instance, the PGHD can enable CGMS to predict 
patients’ indicative values for normoglycemia. This provides 

CGMS the capability to estimate when these normative values 
are exceeded. Predictive, system-generated text notifications for 
hypo- or hyper-glycemia can then be sent to alert the user 
[13,28]. In addition, simultaneous alerts can be targeted at the 
patient’s caregiver. 

NEED FOR ACTIVE PARTICIPATION OF 
MEDICAL PROFESSIONALS

The role of medical professionals in digital healthcare is also 
important [8,29]. While medical feedback is increasingly data-
driven, the active participation of medical professionals can 
complement and improve the provision of digital healthcare. 
One way to do this is for medical professionals to leverage 
PGHD to educate patients and manage their ailments. Medical 
professionals can use PGHD to create a proper treatment plan 
and guide patients directly. This is because patients might not 
have the necessary expertise to understand PGHD if they use it 
themselves [13]. Research has shown that satisfaction with 
medical devices and platforms is positively correlated to health-
care outcomes: when one is low, the other is also not desirable 
[30]. Medical professionals should recognize that CGMS is also 
a medical device. The purpose of CGMS is not to make medical 
decisions, but to support medical professionals as they make de-
cisions in the best interests of their patients [29]. While patients 
can now manage their own health through CGMS, they still 
need professional medical advice when things are beyond their 
control. The use of CGMS by healthcare professionals to com-
plement patient self-care and management is the ideal combina-
tion of technology and medical care and exemplifies the poten-
tial that digital healthcare can play in the world today.

THE FUTURE OF PERSONALIZED AND 
CUSTOMIZED HEALTH CARE

In the digital healthcare era, various wearable devices aim to ul-
timately provide personalized and customized services for us-
ers. Traditional artificial intelligence (AI) was created using 
prediction models founded on rule-based algorithms [31]. How-
ever, these algorithms are inadequate for individualized and 
customized health management. In contrast, the AI incorporated 
into CGMS utilizes a combination of data uploaded by both us-
ers and algorithms. As such, it offers more individualized cus-
tomizations than traditional AI. In the future, data accumulated 
by users, such as sleeping and eating patterns, and exercise in-
formation, will be used along with blood glucose data to predict 



Role of Wearable Technologies in Healthcare

Copyright © 2020 Korean Endocrine Society www.e-enm.org 545

individual blood sugar patterns [8]. Various trials on predicting 
individual blood sugar levels are underway, and commercial 
versions are being prepared [32-34]. Similarly, AI will be able 
to predict differing, individualized blood sugar patterns, even 
when the users maintain the same diet and exercise levels. 

In the near future, with the advancement of digital technolo-
gies, an artificial pancreas, combined with CGMS and insulin 
pumps, is expected to be commercialized for safe use, without 
concern about hypoglycemia [35,36]. To the best of our knowl-
edge, there is currently no research in Korea on the monitoring 
of an artificial pancreas with an independent algorithm. As such, 
extensive attention by medical staff is required. Advances in IT 
will promote the provision of personalized medical services, 
while enabling more accurate and efficient responses to an indi-
vidual patient’s blood sugar status. Additionally, the type and 
amount of data collected will increase, and more refined data 
will improve the quality of the results inferred from algorithms 
[8]. Importantly, for useful blood glucose data to be created, de-
vices need to be continuously worn. As indicated in one study, it 
is practically impossible to obtain clinical benefits if a user does 

not have a high level of adherence (≥70%) [37]. In the future, 
the aim of these learning algorithms in CGMS will be to use in-
formation to alert the user to hypoglycemia and hyperglycemia. 
This will enable CGMS to independently discover the individu-
alized baseline of the patient’s blood sugar pattern. 

NEED FOR EXPERT GROUPS AND DIGITAL 
HEALTH COORDINATING CENTER

We cannot overlook the importance of policy support in har-
nessing the potential of digital healthcare. A significant amount 
of training time would need to be invested in first-time users of 
CGMS, rather than the 5 to 10 minutes of training that is cur-
rently offered [16]. It is essential that users are trained in recog-
nizing and managing their blood sugar levels and how to deal 
with fluctuations, rather than receiving only simple training in 
using the CGMS. Additionally, we recommend that patients at-
tend refresher training every time they visit the hospital. In sum-
mary, a group of CGMS experts is needed, including doctors 
and nurses, and a system needs to be implemented to develop 

Digital Health Coordinating Center 

Patient recruitment
Check customer satisfaction

Monitor the patients’ data
Provide medical feedback to the patients

Send the patients' summary to the local clinic

Local training
Technical support

Supervision of management

Patient consultation 
with patient summary from the center

Fig. 2. Schema of regional-based Digital Health Coordinating Center [13,26].

Local clinic

Local clinic

Local clinic

Local clinic

Local clinic
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these experts [13].
Consequently, we recognize that activating CGMS to harness 

the potential of digital healthcare in local clinics is not an easy 
task in Korea. We propose a regional-based Digital Health Co-
ordinating Center (DHCC) (Fig. 2) as the control and coordinat-
ing center to support local clinics [13,26,38]. When a physician 
prescribes CGMS at a local clinic, the DHCC will be responsi-
ble for educating the patient regarding its use and necessary 
precautions. Users will visit the DHCC once for training, and 
thereafter will continue to visit their local clinic and primary 
care provider. PGHD generated and stored through the CGMS 
will be transmitted to the DHCC, and medical professionals at 
the DHCC should monitor these measurements. The DHCC 
will then provide summarized information and health feedback 
from the PGHD to the patients through the local clinic. This will 
allow medical professionals at local clinics to focus solely on 
treating the patients. This will also reduce the burden on local 
clinics and strengthen the DHCC’s expertise in digital health-
care. However, areas such as health insurance, personal infor-
mation protection, responsibility for medical accidents, and pro-
vision of healthcare incentives need to be resolved before the 
DHCC is set up.

NON-INVASIVE WEARABLE TECHNOLOGY 
IN ENDOCRINOLOGY FIELD

Digital healthcare in endocrinology is mostly concentrated on 
diabetes mellitus. In addition to CGMS, various studies have in-
vestigated the measurement of blood glucose levels through 
other non-invasive methods, such as contact lens [39-42], sweat 
[43], breathing [44], or tattoo-based blood glucose measurement 
[45]. These studies are progressing towards commercialization. 
The common goal of these non-invasive methods of measuring 
blood glucose is to relieve patients of the burden of puncturing 
their finger with a needle. Likewise, the focus of digital health-
care wearable devices (sensors) is to minimize this burden. 
However, many challenges need to be resolved before clinical 
application is possible, such as size, price of the sensor and 
transmitter, and various technological barriers. In addition, 
medical devices such as pedometers [46] and exercise trackers 
[47], which manage the active lifestyle of diabetics, continue to 
receive attention.

CONCLUSIONS

In order to harness the potential of CGMS in digital healthcare, 

we need to strengthen the medical capabilities of digital health-
care and pay greater attention to the various stakeholders in the 
ecosystem, such as medical professionals, patient-users, and 
policy-makers. The eventual aim for CGMS in digital health-
care is to manage and improve patients’ health. To achieve this 
goal, medical professionals should encourage and educate pa-
tients on proper self-care. Medical staff should actively use 
technology in healthcare to improve the quality of medical care. 
To achieve this, they must have an unbiased interest in learning 
about and understanding digital devices and platforms that exist. 

A critical feature of CGMS and other forms of digital health-
care should be to on real-time monitoring so as to provide cus-
tomized solutions. To advance CGMS as a digital healthcare so-
lution of the future, we need to focus on improving the collec-
tion, investigation, and analysis of personal data. We need to de-
fine which data to collect or discard, and focus on using data to 
produce clinically useful results. In addition, by accessing infor-
mation stored on the patient’s device, we can move beyond the 
limitations of the fixed variables of age and sex. This will en-
able us to accurately predict the user’s condition based on vari-
ables, such as season, weather, wake-up time, and activity time. 
AI may be the enabler of proactive, customized treatments be-
fore users are aware they need it. While initial improvements in 
AI are not expected to solve all problems, the need for further 
research using CGMS as the starting point, is compelling.
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