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Abstract
Background: Flash glucose monitoring(FGM) was introduced to China in 2016 and it might improve
HbA1C and reduce glycemic variability for T1DM therapy.

Methods: A total of 146 patients were recruited from October 2018 to September 2019 in Liaocheng.
Patients were randomly divided into FGM group or self-monitoring blood glucose(SMBG) group. Both
groups wore the FGM for multiple 2 week periods, beginning with the 1st, 24th, and 48th week
for gathering data,while blood samples were collected for HbA1c measurement. The dietary guidance and
insulin dose adjustment were made in FGM group patients according to the dynamic blood glucose
monitoring map as well as SMBG group patients according to SMBG measurements 3-4 times daily. All
of the participants would insist on SMBG measurements in the days without wearing the FGM device. At
the �nal visit, HbA1C,time in range(TIR),the duration of hypoglycemia and numbers of diabetic
ketoacidosis(DKA) were taken as the main observational indexes.

Results: There was no signi�cant difference in baseline characteristics of the two groups. At 24
week,HbA1c level of FGM gruop was (8.16±1.03)%,much lower than that of SMBG group(8.68±1.01)%
(p<0.05).Interquartile range(IQR),mean blood glucose(MBG),duration of hypoglycemia of FGM group also
showed signi�cant decline, compared with SMBG group(p<0.05),while TIR displayed apparently increase
in FGM group [(49.39±17.54)% vs (42.44±15.49)%] (p<0.05). At 48 week,the differences were more
pronounced (p<0.01).There was no observed change in the number of episodes of DKA when study was
�nished [(0. 25±0. 50) vs (0. 28±0. 51),P 0.75].

Conclusion: Intermittent use of FGM in T1DM patients can improve HbA1c and glycemic control without
increasing hypoglycemic exposure in insulin-treated type 1 diabetes individuals in the undeveloped
country.

Introduction
Type 1 diabetes mellitus(T1DM) is a challenging chronic autoimmune condition resulting in absolute
shortage of insulin production. Every year there are an estimated more than 13000 new T1DM patients in
China. Most of them are adults treated with multiple daily injection(MDI) [1, 2]. There are some unique
clinical and demographic characteristics in Chinese type 1 diabetes patients, such as poor blood glucose
control,extremely low blood glucose monitoring frequency, irregular insulin treatment, frequent acute and
chronic complications late onset and lean body size[3]. It is necessary to achieve favorable glucose level
for T1DM patients to prevent diabetes-related complications, including severe hypoglycemia,life-
threatening diabetic ketoacidosis (DKA), macrovascular complications (such as peripheral arterial
disease coronary heart disease and cerebrovascular disease) and microvascular complications (such as
retinopathy nephropathy and neuropathy)[4].
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As the basis of modern T1DM treatment,blood glucose monitoring plays an important role for several
years. In 1978 self-monitoring blood glucose (SMBG) was �rst applied to clinical therapy[5]. The close
relationship between SMBG frequency and improved diabetes control have been con�rmed by several
studies[6]. However, There are many problems with SMBG, including stress cost, pain and technical skills,
which led to the development of retrospective continuous glucose monitoring (CGM) and real-time
continuous glucose monitoring (rt-CGM) [7]. CGM can provide information that SMBG cannot obtain, such
as real-time display of glucose level and glucose change rate, and the ability to characterize blood
glucose variability[8]. Randomized controlled trials have indicated that CGM combined with subcutaneous
insulin infusion (CSII) or multiple daily injection (MDI) could increase hemoglobin A1c(HbA1C) level and
reduce hypoglycemia [9–12]. In the past decades, the management of T1DM has made remarkable
progress, partly due to CGM and rt-CGM technology[6, 13]. Although the accuracy and usability of rt-CGM
have been gradually improved, this technology has not been widely adopted so far because of cost and
inconvenience[7, 8].

In 2014, a new continuous glucose monitoring system-�ash glucose monitoring(FGM) was introduced to
European Union,and then it was applied in China in 2016[14]. There are some major differences between
FGM and other real- time CGM Systems.FGM can provide ambulatory glucose pro�le (AGP)for 14 days
without blood calibration, receiving much attention of clinicians and diabetic patients.

Our overall goal is to investigate whether the use of FGM could be an effective method by achieving
improvement of HbA1C and reducing glycemic variability as well for T1DM therapy.

Methods

Study designs and aims
We carried on a 50-week single-site randomized controlled trial to evaluate the effect of FGM on blood
glucose control and variability in T1DM patients with MDI.

Sample Size
The estimation of the sample size is based on the estimated incidence of T1DM in China and the results
of star3[2, 15].Decrease of HbA1c by 0.3% is generally considered as a clinically signi�cant decrease in
order to reduce diabetic complications. With the power of 90% at P = 0.05(two-sided), 72 patients in each
group are needed to detect the 0.3% difference of HbA1C between both groups. So the study needed 160
patients who were selected from Liaocheng People's Hospital, Liaocheng Veterans Hospital and
Liaocheng Central Hospital assuming a dropout rate of 10%.

Population
We strive to establish a T1DM management model in undeveloped area. Our hospital serves a catchment
area of about 10 million people and our group has devoted to the registration and management of
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baseline data for T1DM patients in Liaocheng area in the past six years. We have conducted the
prevalence of T1DM in Liaocheng in previous study,which is consistent with that in Guangdong
province[3, 16]. In this study ,all the participants are derived from our management system ,who have
accepted regular and systemic diabetes education.

Inclusion criteria

(1) Age ≥ 4 years old; (2) HbA1C ≥ 7%; (3) All patients were given multiple daily injection (MDI); (4)with
the diagnosis of T1DM at least 3 months.

Exclusion criteria

(1)patients with severe complications;(2) pregnancy;(3) Application of FGM and/or CSII in the previous 3
months.

This study has applied for registration of clinical trial and the registration number of Chinese clinical trial
is ChiCTR-INR-16009665.

Study procedures

1. Data collection
We gathered age, diabetes courses, insulin dosages and calculated BMI of participants.After the HbA1c
analysis was done, all of them wore a FGM for 2 weeks. The data including glucose �uctuations, time in
range, mean glucose, and hypoglycemia time was downloaded and calculated as the baseline in the 1st
week without any intervention. Then patients were randomly divided into FGM group or SMBG group at a
ratio of 1:1.

2. Procedures
Both groups wore the FGM for multiple 2 week periods, beginning with the 1st, 24th, and 48th week for
gathering data,while blood samples were collected for HbA1c measurement. We gathered baseline data
in the 1st week.In the 2nd week, FGM group received directions on best use of FGM, including meanings
of trend arrows and glucose pro�les for treatment adjustment, and how to deal with hyperglycemia and
hypoglycemia. At the same time, SMBG group insisted measuring 3–4 times blood glucose daily,
including assessment of FPG and post-meal measurements. The dietary guidance and insulin dose
adjustment were made in FGM group patients according to the dynamic blood glucose monitoring map
as well as SMBG group patients according to SMBG measurements 3–4 times daily.From 3 to 23
week,SMBG measurements (3–4 times a day)were persisted and routine care from our management
system were received in both groups. Both groups wore the FGM again at 24 to 25 weeks,receiving the
same intervention as before for gathering data,while blood samples were collected for HbA1c
measurement.Then from 26 to 47 weeks ,all of the participants would insist on SMBG measurements in
the days without wearing the FGM device.

3. Outcomes
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The follow-up phase began at 48 week. All of the participants were required to wear the FGM for 14 days
again. The data was downloaded and blood samples were collected for HbA1c measurement at the �nal
visit. HbA1C,TIR,the duration of hypoglycemia and numbers of diabetic ketoacidosis were taken as the
main observational indexes.

Statistical analysis
SPSS statistical software version 17.0 was used to perform statistical analyzation.Normally distributed
continuous data was performed by Mean ± SD and skewed continuous data was summarized by
medians. For categorical data,we used numbers and proportions to analyze. All the data was tested at 5%
signi�cance level. T-test was applied to analyze normally distributed data and Wilcoxon signed rank test
was used to analyze skewed continuous data. Besides,chi-squared test was assessed to difference in
proportions.

Results

1. Clinical characteristics
A total of 160 patients were recruited from October 2018 to September 2019 in Liaocheng, Shandong
province. Because of refusal to participate in the study,146 subjects(64males,82 females ) were left to be
analyzed at baseline.As presented in Table 1, there was no signi�cant difference in baseline
characteristics of both groups including age, courses of disease, body mass index and insulin dosages
after randomization ( p > 0.05).The baseline blood glucose characteristics(HbA1c, TIR, IQR, MBG and
duration of hypoglycemia )in the �srt week without intervention also showed no statistics difference.

Table 1
Baseline characteristics of participants [x̄ ± s,M(QL QU) n/n]

Group n(M/F) Age(Years) DM duration

(Years)

BMI

(kg/m2)

Insulin dosage

(u/(kg.d))

FGM 71(34/37) 36.68 ± 19.71 4. 0 (2. 0, 7. 0) 19.70 ± 2.01 0.68 ± 0.08

SMBG 75(30/45) 35.19 ± 18.91 5. 0 (2. 0, 7. 0) 19.13 ± 1.66 0.69 ± 0.07

P 0.34 0.64 0.67 0.06 0.43

FGM:Flash  glucose   monitoring; SMBG:Self-monitoring   blood  glucose;BMI:body mass index
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Table 2
Baseline blood glucose characteristics of participants(x̄ ± s)

Group HbA1C(%) TIR(%) IQR(mmol/L) MBG(mmol/L) Hypoglycemic
duration(min)

FGM 9.05 ± 
1.43

36.49 ± 
17.57

8.39 ± 2.69 11.79 ± 2.20 201.96 ± 44.28

SMBG 9.07 ± 
1.18

37.87 ± 
15.87

8.10 ± 1.94 11.81 ± 1.93 198.13 ± 35.90

P 0.95 0.62 0.46 0.95 0.57

TIR time  in   range; IQR interquartile   range; MBG mean  blood  glucose

 
Table 3

Comparison of glycemic parameters at 14-week (x̄ ± s)
Group n HbA1C(%) TIR(%) IQR

(mmol/L)

MBG(mmol/L) Hypoglycemic
duration(min)

FGM 71          

1W   9.05 ± 1.43 36.49 ± 
17.57

8.39 ± 2.69 11.79 ± 2.20 201.96 ± 44.28

24W   8.16 ± 1.03 49.39 ± 
17.54

6.85 ± 2.35 10.48 ± 1.63 175.86 ± 43.19

48W   7.39 ± 0.71 62.35 ± 
12.29

5.70 ± 2.03 9.21 ± 1.18 158.78 ± 35.31

SMBG 75          

1W   9.07 ± 1.18 37.87 ± 
15.87

8.10 ± 1.94 11.81 ± 1.93 198.13 ± 35.90

24w   8.68 ± 
1.01*

42.44 ± 
15.49*

7.57 ± 
1.81*

11.22 ± 1.60* 191.95 ± 37.11*

48w   8.36 ± 
1.02**

46.52 ± 
16.65**

7.10 ± 
1.91**

10.78 ± 1.62** 192.80 ± 31.08**

TIR time  in   range; IQR interquartile   range; MBG mean  blood  glucose

*:Compared with FGM at 24W,p<0.05;**: Compared with FGM at 48W,p<0.01.

2. Comparison of glycemic parameters at 24-week and 48-
week follow-up
At 24 week,HbA1c level of FGM gruop was (8.16±1.03)%,much lower than that of SMBG
group(8.68±1.01)%(p<0.05).IQR,MBG,duration of hypoglycemia of FGM group also showed signi�cant
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decline, compared with SMBG group(p<0.05),while TIR displayed apparently increase in FGM group
[(49.39±17.54)%vs (42.44±15.49)%](p<0.05). At 48 week,the differences were more pronounced (p<0.01) .

For FGM group, the HbA1c concentration decreased from 9.05  at baseline to 8.16  at 24 week (p<0.05)
and 7.39  after 48 weeks (p<0.05), resulting in an overall difference in HbA1c over the study period.At the
same time,IQR,MBG,duration of hypoglycemia also displayed marked decrease at 24 week and 48
week(p<0.05).TIR increased apparently from 36.49  to 49.39  at 24 week to 62.35  at the end of
study(p<0.05).

In addition, there was no observed change in numbers of DKA when study was �nished [(0. 25±0. 50) vs
(0. 28±0. 51), P 0.75].

Discussion
T1DM is an endocrine metabolic disease in which pancreas islet β cells are destroyed by the autoimmune
system and insulin therapy are required for life. The management of chronic hyperglycemia,
hypoglycemia and blood glucose variability in T1DM is the di�culty in clinical treatment at
present[17].Monitoring of glucose levels is essential for achieving target glycemic control and avoiding
hypoglycemia, especially in patients with T1DM.

As a new technology,�ash glucose monitoring (FGM) has recently been accepted by clinicians rapidly
instead of CGM/SMBG. In FGM, glucose data could be stored for up to 8 hours on a sensor and a
handheld reader could be used to obtain them conveniently.Moreover, the FGM sensor is factory-
calibrated and can be worn for up to 14 days,popular with patients requiring high qualities of life [18].

In this study we aimed to identify whether using FGM can improve glycemic control among patients with
T1DM in Liaocheng district.

The 2017 "International Consensus of Continuous Glucose Monitoring" emphasized that the "three core
indicators" of FGM monitoring are TIR, blood glucose variability, and hypoglycemia .In 2019,Marion
Fokkert collected daily life data from persons with DM using the FGM system �nding that after 1-year
follow-up HbA1c declined from 64mmol/mol to 60mmol/mol.While, patients reported less and less
severe hypoglycemias and a more active role toward treatment[19].Study of Ramzi A Ajjan also displayed
similar results.They found that FGM can improve HbA1c and treatment satisfaction without increasing
hypoglycemic exposure in insulin-treated type 2 diabetes individuals managed in primary/secondary care
centres[20].The DIAMOND and GOLD studies showed the bene�t of CGM in people using conventional
MDI treatment as well, which the majority of patients with T1DM use[12, 21].

In our study,HbA1C was 9.05% at baseline,demonstrating T1DM patients’ poor glycemic control in
Liaocheng,while it decreased largely after intermittent use of FGM at 48 week(from 9.05  to 7.39 )(p < 
0.05),similar with above studies. At the same time, hypoglycemic duration does not increase.Instead,it
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decreased sharply at the end of study,which demonstrated using FGM was able to improve HbA1C
without increase of hypoglycemic time.

Blood glucose variability, also known as blood glucose �uctuations, is an unstable state in which blood
glucose levels change between peaks and troughs. IQR is considered the most appropriate value for
expressing blood glucose variability [22] .The results of a large randomized clinical trial known as IMPACT
demonstrated that there was apparent improvements in time in range and glucose variability in patients
who were randomized to �ash CGM[23]. In our research,we also described obvious improvement in TIR at
48 week and reduced IQR,which meant patients of intervention group got good glycemic control and
reduced blood glucose variability.

Study of Dunn et al. discovered in real-world conditions, �ash glucose monitoring with higher rates of
scanning linked to improved glycemic markers, including increased time in range and reduced estimated
HbA1c from 8.0–6.7% [24]. Research of Deng mingqun also showed that the FGM-derived TIR could be
helpful in the glucose management of Chinese adult T1DM, while glucose variability should be taken into
consideration in interpreting the relationship between TIR and HbA1c[25].Our study got similar results that
after intermittent FGM intervention, the TIR value increased from 36.49–62.35% at 48 week, and the
HbA1C fell up to 7.39%.

With regard to safety, no sensor-related adverse events occurred and the few events such as insertion and
shedding problems were similar to the events observed in other researches [22, 26].

Lots of researches displayed that estimating glycemic control from HbA1c alone is in essence applying a
population average to an individual, which can be misleading[27]. Flash glucose monitoring system can
provide real-time interstitial glucose levels and trends of glucose levels. Moreover,it has the advantage of
being factory calibrated so the user does not have to do any CBG[28].Beyond that, users could acquire a
patient’s CGM glucose pro�le, which has considerable value for optimizing diabetes management.

Previous studies all focused on the in�uence of continuous application of FGM for T1DM patients.In
China,it’s the �rst time to discuss the effects of 1- year intermittent use of FGM in T1DM patients,which
may be helpful to follow-up studies and application of FGM for diabetes prevention and blood glucose
management.

This study has a number of limitations,too. First of all, participants have to realize the intervention, so the
research could not be blinded, which may affect the results. Secondly, the intermittent intervention could
underestimate the potential bene�t of FGM.Thirdly, as data were patient-reported, recall bias may be
present.Finally, the current population was a selection of the patients in Liaocheng district, which may
implicate selection bias.

Conclusion
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In summary, intermittent use of FGM in T1DM patients can improve HbA1c and glycemic control without
increasing hypoglycemic exposure in insulin-treated type 1 diabetes individuals in the undeveloped
country.

Abbreviations
FGM: Flash glucose monitoring, T1DM: Type 1 diabetes, SMBG: self-monitoring blood glucose, TIR: time
in range, DKA: diabetic ketoacidosis, IQR: Interquartile range, MBG: mean blood glucose, MDI: multiple
daily injection, CGM: continuous glucose monitoring, rt-CGM: real-time continuous glucose monitoring,
CSII: subcutaneous insulin infusion, HbA1C: hemoglobin A1c,  AGP: ambulatory glucose pro�le.
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