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Abstract: There is a large number of patients with type 2 diabetes mellitus ( T2DM ) in China, with great heterogeneity among
individuals, and the glycemic control rate is low. Continuous glucose monitoring (CGM) can directly reflect the fluctuation of
blood glucose of patients, which is beneficial to both doctors and patients in finding and correcting abnormal blood glucose in
time, promoting patients' behavior change, and improving their self-management ability. This article will briefly introduce CGM,
elaborate the effects and obstacles of CGM in patients with T2DM, and put forward coping strategies, so as to provide a
reference for promoting the CGM program. This article will briefly introduce CGM, elaborate on the effects and obstacles of
CGM in patients with T2DM, and put forward coping strategies, as to provide a reference for promoting the widespread
application of CGM in patients with T2DM.
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Diabetes mellitus has a high prevalence, with type 2
diabetes mellitus (T2DM) accounting for more than 90%
of the total number of diabetes patients[1]. Glucose
monitoring not only helps diabetic patients to understand
the characteristics of their own blood glucose fluctuation
and blood glucose control, but also is the cornerstone of
treatment decision-making and adjustment of treatment
program for T2DM patients. Research shows that blood
glucose levels in half of adult diabetic patients in China
still abnormal[2]. Large fluctuations in blood glucose will
increase the risk of diabetic complications and all-cause
mortality, affecting the quality of life of patients[3]. There
is an urgent need to improve the glycemic control rate of
T2DM patients. Currently, inpatient and home blood
glucose monitoring of T2DM patients are still based on
regular glucose monitoring such as fingertip blood-free
reliable glucose monitoring and hemoglobin A1c (HbA1c)
test. Continuous glucose monitoring (CGM) is a new
technology that continuously monitors the glucose
concentration in interstitial fluid and sends the glucose
data to a designated receiver for physicians and patients
to understand the blood glucose levels and fluctuation of
blood glucose[4]. Compared with self-monitoring of
blood glucose and HbA1c test, CGM can assess the
patient's blood glucose status more comprehensively and
visually. In recent years, CGM has been gradually applied
to patients with T2DM, with good results. This study
reviews the current status of CGM application in T2DM
patients and discusses the direction of future development,
so as to provide a reference for promoting the application
of CGM in T2DM patients and strengthening the
glycemic management of T2DM patients.

1 CGM Overview

1.1 Types of CGM

In recent years, with the continuous improvement of
CGM technology, all kinds of CGM products have
emerged and have their characteristics. Overseas,
Medtronic, Dekang, and Senseonics manufacturers of
CGM mainly occupy a dominant position in the market,
the speed of product replacement, of which Dekang has
developed the seventh generation of CGM products.
Domestic research and development of CGM products
have accelerated the process of CGM products in the
market circulation of CGM, mainly including Microtek
Dynamic, Medtronic, Abbott, Silicon-based, etc[5]. New
CGM technology ensures high accuracy in the realization
of non-invasive blood glucose monitoring. In addition, it
automatically measures blood glucose every 3 to 5
minutes, provides high and low glucose alarms, generates
blood glucose maps, and can be used continuously for
180 days. These advantages make up for the
shortcomings of traditional blood glucose monitoring on
a technical level and cater to different patient demands
and research needs. According to the usage characteristics,
the types of CGM include real-time CGM, retrospective
CGM, and scanning CGM. Patients can obtain immediate
blood glucose information and understand their blood
glucose trends when using real-time CGM. Retrospective
CGM, also known as blind CGM, means that patients are
not able to see the change in their blood glucose during
the wearing period, and the blood glucose data need to be
downloaded at the end of the wearing period. When using
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scanning CGM, patients can scan the sensor to obtain the
current glucose data according to their needs[6]. Three
types of CGM products have different advantages and
disadvantages, and the performance of new-generation
products is not necessarily superior to the previous
generation. Healthcare professionals should consider the
needs of patients and recommend appropriate CGM
products for diabetic patients.

1.2 Current status of CGM development

In 1999, the U.S. Food and Drug Administration
(FDA) approved the clinical application of CGM to
measure blood glucose in diabetic patients. Subsequently,
foreign scholars found that glucose was closely related to
HbA1c, diabetic retinopathy, diabetic lower limb
vasculopathy, cardiovascular disease, and cervical
intima-media thickness during time in range (TIR). When
CGM is applied to type 1 diabetes mellitus (T1DM),
gestational diabetes mellitus, and perioperative blood
glucose management, the incidence of hypoglycemia in
patients is reduced, pregnancy outcomes are improved,
and the waiting time for preoperative surgery is
shortened[7-9].

Domestic attention to CGM and CGM product
development started late. In recent years, CGM research
has focused on analyzing the relationship between CGM
indicators and diabetic complications, analyzing patients'
blood glucose fluctuations with the help of CGM, and
observing the effects of CGM on T1DM and gestational
diabetes patients. Domestic CGM will only be approved
for marketing in 2021. However, its price is relatively low,
and its accuracy is high. It is believed that with the
people's understanding of CGM, the continuous
optimization of domestic CGM technology, and
increasing patients' demands, domestic CGM will
gradually increase. It is believed that with people's
understanding of CGM, continuous optimization of
domestic CGM technology, and increased patient demand,
domestic CGM will occupy progressively the domestic
market. It is worth noting that scholars at home and
abroad have just applied CGM to T2DM patients in
recent years.

2 Applications of CGM in T2DM

2.1 Improvement of blood glucose levels in T2DM
patients

Numerous studies have found that CGM can help
patients accurately estimate average blood glucose and
reveal blood glucose variability that cannot be detected
by self-monitoring of blood glucose (SMBG) [10-12]. A
meta-analysis showed that CGM reduces HbA1c levels
and shortens the time to hypoglycemia[11]. Cox et
al.[12] found that in addition to a substantial reduction in
HbA1c, the area under the curve of hyperglycemia was
reduced in the patients in the CGM group , and patients
also did not experience hypoglycemia. CGM also

improves blood glucose in T2DM patients on other
treatment regimens. In a multicenter, randomized,
parallel-group trial, T2DM patients on basal insulin
therapy with CGM after 8 months showed significant
improvements in TIR and time above the target range
(TAR) [13]. Therefore, using CGM in the care of T2DM
patients can help T2DM patients with glycemic
management and achieve smooth glycemic control.

2.2 Influence of self-management behaviors in
T2DM patients

Self-monitoring is a driver of behavioral change, and
CGM can provide immediate feedback on the effects of
diet, exercise, and medications to help patients change
their self-management behaviors. A
short-term and small-sample study conducted by Taylor et
al.[13] enrolled 20 patients with overweight or obesity
with T2DM into either a real-time CGM group or a
blinded CGM group, and both groups were given a
low-carbohydrate lifestyle intervention and found that
patients in the real-time CGM group had improved their
glucose monitoring behavior after 6 weeks. A study in
which 41 patients with adolescent-onset T2DM wore a
CGM for 10 days showed an increase in insulin use based
on an increase in patients' glucose-monitoring behaviors
and an overall improvement in diabetes management[14].
A combined intervention of "CGM+online peer-support
community" by Litchman et al.[15] was administered to
26 Spanish patients with T2DM who did not use insulin
for 12 weeks; the patients were given a "CGM+online
peer-support community," the patients reported that the
CGM supported them in adjusting their medication use
and sleep schedule and in improving their ability to cope
with stress. Therefore, CGM can be used as a
motivational device, which is expected to be a new
approach to glycemic management in T2DM patients and
to encourage T2DM patients to change their poor
lifestyles, master effective self-management methods, and
improve their self-management ability. However, the
intervention time of the above study is short, the sample
size is small, and the intervention effect needs to be
further verified.

2.3 Effects of CGM on quality of life in patients with
T2DM

Some studies have applied CGM to patients with
T2DM to observe changes in sociological indicators,
mainly regarding quality of life.[16-18]. Beck et al.[16]
conducted a multicenter, large-sample, randomized
clinical trial by selecting 158 adult patients with T2DM
who were injected with insulin several times a day.
Patients in the intervention group wore CGMs, patients in
the control group underwent routine care, and the
follow-up was 24 weeks. After 24 weeks, it was found
that patients who used CGM almost daily had a decrease
in HbA1c. However, no difference in quality of life was
found between the two groups. In contrast to Beck's
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findings, a cross-sectional survey by Volčanšek et al.[17]
of 25 elderly diabetic patients who received multiple
daily injections showed a high level of patient satisfaction
with the use of CGM, considering that half of the patients
in the study were T1DM patients, causing the difference
in the results of the two studies. In addition, another study
recruited 122 T2DM patients who were not using
mealtime insulin to provide them with CGM and related
training. After 12 weeks, it was found that patients had
reduced diabetes distress and improved quality of life
based on patient-reported outcomes[18]. Therefore, CGM
for T2DM patients can improve their quality of life and
minimize disease-related distress. In reality, T2DM
patients taking oral hypoglycemic agents account for the
majority of the diabetes population. The effect of CGM
use on the quality of life in this group of patients has not
been reported in China, so it is recommended that the
focus on the quality of life of T2DM patients with CGM
should be strengthened in the future and that relevant
studies should be conducted to expand the role of CGM
in diabetes care beyond T1DM and T2DM patients
treated with insulin.

2.4 Effect of CGM on sleep in T2DM patients

There is a strong correlation between sleep and
blood glucose in T2DM patients[19]. However, the
current studies on the relationship between sleep and
blood glucose in T2DM patients are all observational
studies. The study on sleep and blood glucose in T2DM
patients found that the relationship between sleep
duration and HbA1c was in the shape of a "U," and the
HbA1c of patients with a shorter or longer sleep duration
of more than 7-8 hours per night was worse[20]. However,
the sleep in the above study was based on patients'
self-report, which may not be consistent with the actual
situation. A community-based observational study in
Nanjing, Jiangsu Province, China, using activity loggers
and CGMs to objectively record patients' sleep and
wakefulness and blood glucose levels, also found that
nighttime sleep duration was directly related to blood
glucose variability and that longer nighttime sleep
duration had a beneficial effect on insulin sensitivity,
reduced energy intake, lowered the risk of postprandial
hyperglycemia, and reduced daytime blood glucose
variability[21]. Sleep is an important and modifiable
factor in patients with T2DM, and prevention of sleep
problems may become a priority in the future
management of T2DM. Recently, a randomized
controlled study on optimizing sleep to improve glycemic
control in adults with T1DM has been published. The
researchers proposed assigning 120 patients with T1DM
to either the sleep optimization intervention group or the
lifestyle control group and objectively recording patients'
glycemic and sleep outcomes after 12 weeks of
intervention using CGMs, activity loggers, etc.[22]. In the
future, a combination of subjective and objective tools
should also be used to monitor the sleep duration, number
of awakenings, and sleep efficiency of T2DM patients to
explore further whether measures to optimize the sleep of

T2DM patients can improve their glycemic control and
other related health outcomes.

2.5 Effects of CGM on the psychology of T2DM
patients

There is growing evidence of a strong correlation
between mental health status and blood glucose. However,
these correlation research results could not determine the
causal relationship between the blood glucose results
shown by CGM and the positive or negative emotions of
T2DM patients. Overseas studies have pointed out that
CGM can improve anxiety and depression in T1DM
patients[23] and reduce the fear of hypoglycemia and
diabetes distress[24]. For T2DM patients, Wagner et
al.[25] showed that positive mood affects the time in the
target glucose range and the standard deviation of glucose
levels. In addition, another study found a strong
association between mood and glucose variability[26].
The study by Xu et al.[27] confirmed that CGM
combined with psychological counseling can help control
blood glucose, improve mood, and improve the quality of
life of hospitalized T2DM patients. However, this
combined intervention failed to elucidate the direct effect
of CGM on the health outcomes of T2DM patients.
Future interventional studies may also focus on exploring
the effects of CGM on the mental health of T2DM
patients with different treatment regimens, such as anxiety,
depression, and fear of hypoglycemia.

2.6 Effects of CGM on the economy of T2DM
patients

Limited research has been conducted to analyze the
cost-effectiveness of CGM in T2DM. CGM use reduces
the risk of complications such as diabetic cardiovascular
disease, diabetic foot, and patient mortality[28].
Particularly for patients with T2DM who are not using
mealtime insulin and are in primary care, the use of
CGMs is more cost-effective, reducing the number of
patient visits and the cost of care, and improving the
utilization of healthcare resources[29].

3 Obstacles in the CGM application for T2DM

Compared with T1DM patients, the proportion of
T2DM patients using CGM for glucose monitoring is
lower. Domestic and international guidelines also only
recommend the use of CGM for monitoring glycemic
changes in T2DM patients who receive intensive insulin
therapy or have large fluctuations in blood glucose. The
lagging effect of CGM and the economic level of patients
are important factors that hinder the use of CGM in
T2DM patients[6].

3.1 Lag of CGM

CGM sensors have been factory-calibrated to
improve accuracy. However, scholars have found that,
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except for the type of CGM and wearing position,
exercise-induced physiological lag time is still a critical
interfering factor in CGM accuracy, which hinders its
popularization and application in diabetic patients. The
rapid changes in blood glucose concentration during
exercise and the increase in the glucose concentration
gradient between the interstitial fluid and the blood lead
to the inability of CGM to truly reflect the level of blood
glucose changes during exercise, which indirectly affects
the adjustment of insulin dosage and dietary decisions of
the patients[30], which reminds us that it is important to
understand the physiological lag time caused by exercise
as accurately as possible. Zaharieva et al.[31] used a
newer real-time continuous glucose monitoring technique
to allow diabetic patients to engage diabetic patients in 60
minutes of aerobic exercise and found that CGM glucose
values lagged (12±11) minutes during aerobic exercise
compared to SMBG. Considering the effect of varying
exercise intensities on CGM accuracy, Da et al. showed
that CGM accuracy was better during high-intensity
intermittent exercise than moderate-intensity aerobic
exercise, which is in the clinically acceptable range. In
addition, Dexcom's CGM technology was updated again
in 2020, and Guillot et al.[33] found that the type of
exercise did not affect DexcomG6 CGM accuracy when
they studied the accuracy of the DexcomG6 glucose
sensor during aerobic, resistance, and intermittent
exercise. The advantages of CGM for the management of
patients with diabetes are becoming increasingly
prominent, with CGM glucose values during aerobic
exercise. During aerobic exercise, CGM blood glucose
values have a long lag time; high-intensity exercise
shortens the lag time of CGM blood glucose, and the type
of exercise does not affect the accuracy of CGM.
Domestic CGM technology is becoming increasingly
mature, and it has not yet been reported how the accuracy
of CGM developed by Silicon Power, Microtek, and other
vendors compares with that of SMBG and venous blood
during exercise.

3.2 High economic burden on patients

A survey in the United States found that direct
medical expenditures for diabetes amount to $237 billion
annually[36]. Diabetic patients spend US$2,500-6,000
per year on CGM. In developed countries, health
insurance reimbursement only covers T1DM and T2DM
patients treated with insulin, leaving other diabetic
patients with a more significant financial burden[37].
Although no domestic scholars report the cost of CGM in
Chinese diabetic patients, the number of diabetic patients
ranked first in the world, the per capita income is far less
than that of developed countries, coupled with incomplete
health insurance policy, which limits the accessibility of
CGM for T2DM patients in China.

3.3 Other barriers

Similar to the feelings of T1DM patients, CGM

wear-related pain, body image issues, alarm fatigue,
information overload, skin irritation, and lack of
knowledge about CGMs are also barriers to CGM use in
T2DM patients[38]. A retrospective study by Tilden et
al.[39] analyzed the 3-year rate of CGM use in 2008
diabetic patients and found that CGM use rates were 49%
lower in patients residing in urban areas, compared to
patients residing in remote rural towns. A retrospective
study by Tilden et al.[40] analyzed 3-year CGM use
among 2,008 patients with diabetes and found that the use
of CGM was 49% lower among patients living in remote
rural towns compared to those living in cities, and that
geographic location also influences CGM use among
patients with diabetes. In addition, it has been found that
barriers to CGM use among adolescents with T2DM are
different from those among patients in other age groups.
The perceived burden and benefits of CGM use may vary
throughout the lifespan of patients with T2DM, and
attention needs to be paid to the young, middle-aged, and
elderly populations as well.

4 Future perspectives

4.1 Further strengthen CGM education and improve
the acceptability of T2DM patients

CGM can be used as an auxiliary educational tool to
improve the effect of glycemic control in T2DM patients.
The four primary functions of CGM include the
formation of glycemic fluctuation curves and ambulatory
glucose profiles, indicative trend arrows, the issuance of
alerts, and the realization of remote sharing. While
healthcare professionals strengthen CGM theory and
operation, health education for patients should also cover
the above content to help patients correctly analyze and
identify the reasons for poor glycemic management,
improve the utilization and response of patients to alerts,
and improve the skills of diabetic patients to navigate
CGM technology. Oser et al.[39] conducted a 6-week
CGM education for 17 newly diagnosed adult T2DM
patients, including distributing CGM instruction manuals,
recording diaries, etc. At 3-month follow-up, patients'
diabetic and depressive symptoms were significantly
reduced, and 67% of patients achieved diabetes remission.
Therefore, healthcare professionals should instruct
patients to record daily events such as diet, exercise, and
medication timely and accurately. By utilizing the CGM
feedback function, they should also educate patients on
how daily life events affect blood glucose. At the same
time, patients should strengthen their connection with
healthcare professionals to reinforce the effects of CGM
health education, enhance the confidence to change their
behavior, and improve the acceptability of CGM[10].

4.2 Improve CGM performance and CGM-wearing
compliance in T2DM patients

CGM is increasingly used as a minimally invasive
wearable device[40], but the CGM-wearing experience
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hinders CGM-wearing compliance in diabetic patients.
The first issue is CGM accuracy, which is affected by
differences in blood and subcutaneous tissue glucose
concentrations, lag time in sensor response, and blood
glucose test strips used for calibration. Researchers are
trying to solve this issue using advanced techniques such
as metabolic thermal conformation and polynomial
mapping. Healthcare professionals should advise patients
to use glucose meters and test strips that are compatible
with the CGM brand to minimize CGM's inaccuracy until
this issue is solved[41-42]. Secondly is the problem of
wearing pain. With the continuing progress of flexible
CGM technology and the development of soft
micro-needle glucose monitoring technology, and
non-invasive skin patch glucose monitoring sensors, the
patient's foreign body sensation and skin irritation can be
minimized[43]. Finally, the appearance of CGM also
affects patient compliance. In the next few years,
nanotechnology is expected to greatly promote the
miniaturization of CGM sensors and improve the
CGM-wearing experience. CGM technology has been
developed for over two decades, and it is believed that
soon, CGM will achieve leapfrog development, benefit
more diabetic patients, and assist patients in blood
glucose management.

4.3 Short-term or intermittent use of CGM can
reinforce behavioral change in T2DM patients

Long-term use of CGM can increase the financial
burden of patients, and some studies have shown that
short-term or intermittent use of CGM in patients with
T2DM can be of more significant benefit[14]. A
prospective, single-component trial enrolling 41
adolescents with T2DM who wore a CGM for 10
days found an increase in blood glucose monitoring and
an overall improvement in diabetes management[14]. In
addition, using a CGM every 2 to 3 months or at a fixed
frequency when starting treatment and reinforcing
lifestyle changes in patients with T2DM is also very
useful and can be cost-effective [44]. A multicenter,
randomized, controlled study from 8 countries in North
America also showed that wearing a CGM once a month
for 3 months in patients with T2DM who were taking
multiple medications could have a modest glycemic
benefit[45]. Short-term or intermittent use of CGMs in
patients with T2DM may also be of high value. Clinical
exploration of the optimal cut-off point for wearing CGM
in T2DM patients will facilitate glycemic management
while reducing the financial burden on patients.

5 Conclusion

CGM improves glycemia, self-management
behaviors, and quality of life in T2DM patients on
different treatment regimens and affects patients'
slumber and psychological status. However, there are still
many obstacles to the application of CGM in T2DM
patients. More studies are still needed in the future to

deeply explore the effects of CGM health education,
optimize CGM performance, and adopt short-term or
intermittent use of CGM in different life cycles of
patients with T2DM to provide an evidence-based
reference to promote the application of CGM in patients
with T2DM, and to facilitate the management of glycemia
in patients with T2DM in China.
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