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Prevention of hypoglycemia by intermittent-scanning continuous glucose 
monitoring device combined with structured education in patients with 
type 1 diabetes mellitus: A randomized, crossover trial 

The ISCHIA Study Group1   
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A B S T R A C T   

Aims: We conducted a randomized, crossover trial to compare intermittent-scanning continuous glucose moni
toring (isCGM) device with structured education (Intervention) to self-monitoring of blood glucose (SMBG) 
(Control) in the reduction of time below range. 
Methods: This crossover trial involved 104 adults with type 1 diabetes mellitus (T1DM) using multiple daily 
injections. Participants were randomly allocated to either sequence Intervention/Control or sequence Control/ 
Intervention. During the Intervention period which lasted 84 days, participants used the first-generation Free
Style Libre (Abbott Diabetes Care, Alameda, CA, USA) and received structured education on how to prevent 
hypoglycemia based on the trend arrow and by frequent sensor scanning (≥10 times a day). Confirmatory SMBG 
was conducted before dosing insulin. The Control period lasted 84 days. The primary endpoint was the decrease 
in the time below range (TBR; <70 mg/dL). 
Results: The time below range was significantly reduced in the Intervention arm compared to the Control arm 
(2.42 ± 1.68 h/day [10.1 %±7.0 %] vs 3.10 ± 2.28 h/day [12.9 %±9.5 %], P = 0.012). The ratio of high-risk 
participants with low blood glucose index >5 was significantly reduced (8.6 % vs 23.7 %, P < 0.001). 
Conclusions: The use of isCGM combined with structured education significantly reduced the time below range in 
patients with T1DM.   

1. Introduction 

Hypoglycemia is the burden for type 1 diabetes mellitus (T1DM) 
patients, because it can lead not only to the deteriorated quality of life, 
but also trigger traffic accidents, hospitalization due to coma or seizure, 
and even sudden death [1–4]. To deal with this issue, various diabetes 
technologies had been introduced to diabetes care to reduce the risk of 
hypoglycemia, especially that of severe hypoglycemia [5]. 

Continuous glucose monitoring (CGM) devices display approximate 
blood glucose levels by measuring the glucose concentration of the 
interstitial fluid. They provide much more detailed information 
regarding the glucose trend compared to conventional self-monitoring 
of blood glucose (SMBG) using finger-prick blood samples. Unlike 
real-time CGM (rtCGM) devices which show the sensor glucose levels all 
the time, intermittent-scanning CGM (isCGM) devices show the current 

glucose level only when the sensor is scanned by a reader or a smart
phone on which a special app is installed. Currently in Japan, the first- 
generation FreeStyle Libre (Abbott Diabetes Care, Alameda, CA, USA), 
the original isCGM device, is widely used because FreeStyle Libre 2 and 
FreeStyle Libre 3 are not available yet. Both rtCGM devices and isCGM 
devices have the capability to display a trend arrow to notify the user 
whether the glucose level is rising, stable or declining. The utilization of 
the trend arrow has been considered important for making the most of 
using rtCGM devices or isCGM devices. However, evidence particularly 
that regarding education on the use of isCGM is sparse [6]. 

A downward trend arrow may indicate impending hypoglycemia; 
however, direct evidence regarding the effects of educating patients on 
tracking the trend arrow in order to prevent hypoglycemia is lacking. In 
addition, a previous report from an observational study suggested a 
relationship between more frequent scanning and a reduced time below 
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range (TBR; <70 mg/dL [<3.9 mmol/L]) [7]; however, no interven
tional study has yet been conducted that educated patients on the rec
ommended frequency of scanning. 

A manufacturer-funded randomized controlled trial (RCT) of T1DM 
patients with glycated hemoglobin (HbA1c) levels of ≤7.5 % (58 mmol/ 
mol) (IMPACT study) revealed that the use of the isCGM device as the 
replacement of SMBG reduced the TBR by 38.0 % compared to SMBG 
[8]. However, this study did not include structured education to prevent 
hypoglycemia, and the mechanism by which the TBR was reduced 
remained unclear, as the first-generation FreeStyle Libre Reader used in 
this study did not have the alert functions for hypoglycemia and hy
perglycemia. In addition, due to the relatively low HbA1c values of the 
study participants, there was a limitation to the generalizability of the 
findings to overall T1DM patients. An RCT of structured educational 
intervention for patients already using or intending to use isCGM device 
reported an improvement in HbA1c levels, but no significant difference 
was observed in the TBR [9]. Therefore, whether educational inter
vention concerning the use of isCGM device is actually useful for 
reducing TBR has been unclear. 

One of the advantages associated with isCGM device is its lower 
associated costs than rtCGM devices. In Japan, the Ministry of Health, 
Labour and Welfare approved the FreeStyle Libre (Abbott Diabetes Care, 
Alameda, CA, USA) only for adjunct use to self-monitoring of blood 
glucose [10], unlike the situation in the European Union and United 
States where non-adjunct use (i.e. isCGM is used to replace SMBG) is 
approved by the local regulatory authorities. Currently, FreeStyle Libre 
is not yet labeled for dosing insulin by its sensor glucose levels in Japan, 
and therefore patients need to conduct confirmatory SMBG before 
dosing insulin in order to observe its approved condition of use. Note
worthy, in the previous RCT conducted in Europe which demonstrated 
the effect of isCGM device to reduce TBR [8], isCGM was used to replace 
SMBG, and it was uncertain whether such observation is reproducible 
when isCGM is used adjunctly to SMBG in Japan. This given condition 
highlights the benefit of isCGM devices as the “trend arrow displaying 
device” compared to SMBG. However, in contrast to rtCGM devices 
[11–13], evidence concerning the utility of isCGM device is relatively 
sparse. 

As described above, a further investigation is required to clarify the 
effectiveness of isCGM device after establishing an adequate educational 
method and adequate frequency of scanning. We hypothesized that 
structured education mainly focused on the importance of proactive 
measurements based on the information supplied by the trend arrow and 
frequent scanning of the isCGM sensor, combined with the use of isCGM 
device, would help decrease the TBR compared to SMBG. Therefore, we 
conducted this Effect of Intermittent-Scanning Continuous Glucose 
Monitoring to Glycemic Control Including Hypoglycemia and Quality of 
Life of Patients with Type 1 Diabetes Mellitus Study (ISCHIA study) to 
investigate the effects of isCGM device with structured education 
regarding the trend arrow and scanning frequency on the prevention of 
hypoglycemia compared to SMBG. 

2. Methods 

2.1. Trial design 

This randomized, multicenter, open-label, crossover trial was con
ducted at 17 institutes in Japan. 

The study consisted of a Run-in period (28 days), Period 1 of Inter
vention or Control (84 days), Washout period (28 days) and Period 2 of 
Control or Intervention (84 days) [14]. We chose a crossover design for 
this study because T1DM is a relatively rare disease in comparison to 
type 2 diabetes mellitus in Japan [15–17]. Although there have been no 
previous crossover trials using isCGM device to our knowledge, a 
crossover trial using rtCGM device was reported to be feasible [13]. No 
important changes were made to the methods after trial commencement. 

2.2. Participants 

Participants were eligible for the study if they met the following 
inclusion criteria: diagnosed as T1DM [18], 20–74 years old, with dis
ease duration of ≥5 years, being treated by multiple daily insulin in
jections (MDIs; ≥3 times/day) and who had performed SMBG (≥3 
times/day) within the past 30 days, with baseline HbA1c level <8.5 % 
(69 mmol/mol). 

The exclusion criteria were as follows: being pregnant or planning to 
become pregnant within one year, having end-stage renal disease (under 
hemodialysis or after kidney transplantation), being blind, using an 
embedded medical device (cardiac pacemaker device, etc.), using an 
insulin pump, using premixed insulin, having a history of severe hypo
glycemia (SH) episodes within the past one year, using oral hypogly
cemic agents to manage T1DM within the past one year and unable to 
participate due to other factors based on the opinion of the treating 
clinician at trial entry. 

The severity of diabetic retinopathy, diabetic nephropathy and dia
betic neuropathy were diagnosed based on the criteria defined by the 
Japan Diabetes Society [19,20]. 

This trial was conducted in outpatient setting. The data downloaded 
from the FreeStyle Libre Pro Sensor (Abbott Diabetes Care) used during 
the Control period were collected at the data center, and all other data 
were collected at each study site. 

2.3. Interventions 

The participants were randomly allocated either to sequence Inter
vention/Control or to sequence Control/Intervention, and the details of 
the study schedule have been described elsewhere [14]. All participants 
were educated on how to conduct SMBG accurately by washing their 
hands prior to blood sampling (visit 2). They continued to conduct 
SMBG at least three times a day throughout the study period. They used 
the FreeStyle Precision Neo (Abbott Diabetes Care) as their SMBG device 
during the Run-in period, Control period and Washout period and the 
FreeStyle Libre Reader (Abbott Diabetes Care) during the Intervention 
period. 

During the Intervention period (Period 1 or Period 2), participants 
used the first-generation FreeStyle Libre Reader and FreeStyle Libre 
Sensor as the isCGM device. They received structured education on how 
to prevent hypoglycemia using isCGM device based on the trend arrow 
and by frequent sensor scanning (≥10 times a day) when they started to 
use the device at the beginning of the Intervention Period. 

In brief, patients were taught that a downward vertical trend arrow 
indicates that the glucose level is decreasing at a rate of ≥2 mg/dL (0.1 
mmol/L) per minute (=120 mg/dL [6.7 mmol/L] per hour) and were 
advised to determine whether hypoglycemia was impending by 
reflecting on their past insulin dosage, timing, physical activity, food 
intake and glucose trend pattern, even if they had no symptoms of hy
poglycemia. If they predicted impending hypoglycemia based on the 
above information, they were encouraged to check their blood glucose 
level by a finger-prick glucose test if needed and ingest a sufficient 
amount of sugar, such as glucose, to stop the rapid decrease in their 
glucose level. They were encouraged to track the trend arrow by 
frequent sensor scanning. 

The English translation of the educational material used in this study 
is publicly available [21]. Participants were instructed to conduct 
confirmatory SMBG before dosing insulin in order to comply with the 
Clinical Trials Act [22]. 

During the Control period (Period 2 or Period 1), participants con
ducted SMBG using the FreeStyle Precision Neo at least three times a 
day. They wore the FreeStyle Libre Pro Sensor for retrospective CGM. 
The first-generation FreeStyle Libre Sensor and the FreeStyle Libre Pro 
Sensor are equivalently accurate according to the manufacturer [23]. 
After 14 days of use, the participants directly sent all FreeStyle Libre Pro 
Sensors back to the data center by postal mail. Neither the participants 
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nor the investigators received any feedback from the FreeStyle Libre Pro 
data. 

2.4. Outcomes 

In this crossover trial, the primary endpoint was the decrease in the 
time below range (TBR; <70 mg/dL [<3.9 mmol/L]) (h/day) during the 
Intervention period compared to the Control period. 

The secondary endpoints included the time in range (TIR; 70–180 
mg/dL [3.9–10.0 mmol/L]), time above range (TAR; >180 mg/dL 
[>10.0 mmol/L]), mean sensor glucose levels assessed by analyzing the 
log file of the FreeStyle Libre and FreeStyle Libre pro, indices for glucose 
fluctuation (average daily risk range [ADRR], mean of daily difference 
in blood glucose [MODD], low blood glucose index [LBGI]), glycated 
albumin (GA) (visits 3, 6, 7 and 10), the body weight (BW) (visits 1, 3, 6, 
7 and 10), emotional burden of diabetes (problem areas in diabetes 
[PAID]) and fear of hypoglycemia (hypoglycemia fear survey [HFS]) 
[visits 3, 6, 7 and 10), frequency of SMBG (measured) as assessed by the 
log file of the FreeStyle Precision Neo or FreeStyle Libre Reader, time 
wearing CGM (measured) as assessed by the log file of the FreeStyle 
Libre Reader or FreeStyle Libre Pro sensor, frequency of isCGM scanning 
(measured) as assessed by the log file of the FreeStyle Libre Reader, total 
daily dose of prescribed insulin and total daily dose of prescribed basal 
insulin (visits 1 and 10), frequency of SH (visits 3, 6, 7 and 10), serious 
adverse events (SAEs), adverse events (AEs), mean absolute relative 
difference (MARD) and mean absolute difference (MAD). 

2.5. Sample size 

The sample size of the 104 participants was calculated based on the 
observation of the IMPACT study [8], using the PASS 15 (NCSS, LLC, 
Kaysville, Utah, USA) software program. As there was possibility that 
recruiting isCGM-naïve participants might be difficult, the recruitment 
of a minimum of 42 and a maximum of 62 participants with history of 
isCGM use was planned. Further details concerning the sample size 
calculation are described elsewhere [14]. 

2.6. Randomization 

Participants were randomized by the minimization method in a 1:1 
ratio, using a central web randomization system CliSSS Randoman 
(Medical Edge, Tokyo, Japan). Participants were stratified before allo
cation according to the history of isCGM use. The minimization factors 
were the age, sex and HbA1c. 

2.7. Blinding 

Due to the nature of the intervention, blinding was not possible. 

2.8. Statistical methods 

The presence of a normal distribution of the data was tested using the 
Kolmogorov-Smirnov test. Data are presented as the mean ± standard 
deviation or median (25 %, 75 %). The sensor glucose data obtained 
during the Intervention or Control period were matched for the 14 days 
after visits 3, 4 and 5 and visits 7, 8 and 9, respectively. The treatment, 
period and carry-over effects for continuous variables in this crossover 
study were estimated using linear mixed-effects models. When a sig
nificant carry-over effect was observed, a t-test for the comparison of 
two groups was performed during Period 1. The treatment, period and 
carry-over effects for categorical variables were estimated using the 
McNemar, Mainland-Gart and Hills-Armitage tests, respectively. SH, 
SAEs and AEs were analyzed using the safety set which was determined 
as the group of patients who received any intervention treatment or 
control treatment after the randomization, and the Fisher’s exact test 
was used to compare their prevalence during the Intervention period 

and the Control period. A P-value < 0.05 was considered statistically 
significant. Analyses were conducted using the software program R 
version 3.4.3 (R Project for Statistical Computing, Vienna, Austria). 

3. Results 

Of the 104 participants, 2 withdrew from the study before random
ization, and 102 were randomized to each sequence. Participants were 
enrolled between 15 March 2019 and 2 April 2020, and the observation 
was completed on 5 January 2021. Ninety-three participants completed 
the study, and all of them were analyzed; therefore, the retention rate 
was 91.2 % (Fig. 1). 

The baseline data are presented in Table 1. The mean age of the 
participants was 51.4 ± 15.3 years old, 47.3 % of the participants were 
male, the median diabetes duration was 16 (10, 25) years, the mean 
HbA1c was 7.3 ± 0.7 % (56 ± 16 mmol/mol), and the rate of isCGM- 
naïve participants was 46.2 %. Participants were successfully allocated 
to sequence Intervention/Control and sequence Control/Intervention; 
isCGM naïve participants were 44.7 % vs 47.8 % (P = 0.836), those 
younger than 40 years old were 23.4 % vs 26.1 % (P = 0.831), male 
participants were 44.7 % vs 50.0 % (P = 0.680) and those with HbA1c 
levels < 7.5 % (58 mmol/mol) were 48.9 % vs 58.7 % (P = 0.408), 
respectively. 

The TBR (<70 mg/dl [<3.9 mmol/L]) as the primary endpoint was 
significantly reduced in the Intervention arm compared to the Control 
arm (2.42 ± 1.68 h/day [10.1 ± 7.0 %] vs 3.10 ± 2.28 h/day [12.9 ±
9.5 %], Difference = -0.68 h/day [-2.8 %] [95 % CI: − 1.04, − 0.31 h/day 
{-4.3 %, − 1.3 %}], Cohen’s d = -0.34 [95 % CI: − 0.62, − 0.05], P =
0.012) (Table 2). This corresponded to a 21.9 % reduction in TBR. 
Detailed data of TBR in each period are displayed in Table 3. Regarding 
secondary endpoints, the TIR did not differ between the arms (14.54 ±
2.66 h/day [60.6 ± 11.1 %] vs 13.75 ± 2.45 h/day [57.3 ± 10.2 %], P 
= 0.451) (Table 2). As a significant carry-over effect was observed in the 
overall TAR (7.03 ± 3.12 h/day [29.3 ± 13.0 %] vs 7.15 ± 3.50 h/day 
[29.8 ± 14.6 %]), measurements limited to Period 1 were analyzed; the 
TAR in Period 1 did not differ between the arms (7.27 ± 3.05 h/day 
[30.3 ± 12.7 %] vs 6.02 ± 3.24 h/day [25.1 ± 13.5 %], P = 0.058). 
Detailed data of TIR and TAR in each period are also displayed in 
Table 3. The mean glucose level was significantly higher in the Inter
vention arm than in the Control arm (151.2 ± 24.8 mg/dl [8.40 ± 1.38 
mmol/L] vs 139.5 ± 27.4 mg/dl [7.75 ± 1.52 mmol/L], P = 0.034) 
(Table 2). The LBGI was significantly reduced in the Intervention arm 
compared to the Control arm (2.51 ± 1.81 vs 3.26 ± 2.55, P = 0.013). 
The ratio of high-risk participants with an LBGI > 5 was significantly 
reduced in the Intervention arm compared with the Control arm (8.6 % 
vs 23.7 %, P < 0.001). Post-hoc analyses of time below 54 mg/dl (3.0 
mmol/L) in the Intervention arm compared to the Control arm were 1.03 
± 1.03 h/day (4.3 ± 4.3 %) vs 1.54 ± 1.54 h/day (6.3 ± 6.3 %), 
respectively (P = 0.022); post-hoc analyses of coefficient of variation for 
glucose (%CV) in the Intervention arm and in the Control arm were 41.7 
± 6.0 % and 46.0 ± 7.5 %, respectively (P = 0.003). 

The change in GA did not differ between the two arms (Table 4). No 
significant difference was observed in the change of the PAID score and 
HFS score between the two arms. Both of the SMBG frequency and the 
time wearing the CGM device (isCGM during the Intervention period or 
retrospective CGM during the Control period) did not differ between the 
two arms. The mean frequency of isCGM scanning during the Inter
vention period was 11.9 ± 6.8 times/day (Table 2). 

The total daily insulin dose (TDD) per BW (0.60 ± 0.20 unit/kg/day 
vs 0.60 ± 0.20 unit/kg/day, P = 0.353) and the ratio of basal insulin to 
TDD (34.8 ± 12.6 % vs 34.6 ± 12.0 %, P = 0.638) did not differ between 
the baseline and after the study. 

In the safety set (n = 101), the overall prevalence of SH, SAE and AE 
was 4.0 %, 6.9 % and 28.7 %, respectively. The prevalence of SH did not 
differ between arms (1.1 % during the Intervention period [n = 94] vs 
3.1 % during the Control period [n = 97], P = 0.621). The prevalence of 
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SAE (2.1 % vs 3.1 %, P > 0.999) and that of AE (13.8 % vs 16.5 %, P =
0.689) did not differ between arms, too. Details of SAE and AE are 
described in Table S1. 

MARD and MAD of FreeStyle Libre sensor were 15.6 % and 23.2 mg/ 
dl (1.29 mmol/L), respectively. 

4. Discussion 

This is the first randomized, crossover trial to compare the use of 
isCGM device combined with structured education regarding the trend 
arrow and the frequency of scanning to SMBG in patients with T1DM. 
The main finding of this crossover trial was that TBR was significantly 
reduced in the Intervention period compared to the Control period, 
without deteriorations in the TIR, TAR or GA. The result of the post-hoc 
analyses of time below 54 mg/dl (3.0 mmol/L) was similar to that of 
TBR below 70 mg/dl (3.9 mmol/L). The increase in the average blood 
glucose in the Intervention arm may be attributed to the reduction in the 
TBR, rather than the worsening of the control of the blood glucose levels; 
however, considering there was no deterioration in GA, the possibility of 
worsening long-term risk of microvascular and macrovascular compli
cations would be negligible. The improvement of %CV may also be 
attributed to the reduction in TBR. The use of isCGM device significantly 
reduced the LBGI, with much fewer patients included in the high-risk 
categories. As the classification of the LBGI (high, moderate and low) 
was reported to predict the occurrence of future SH [24], our findings 
suggest the use of isCGM device combined with structured education 
might reduce the risk of SH in patients with T1DM. There is possibility 
that this study was not enough powered to directly detect the difference 
of the prevalence of SH between the two arms. 

The present study proved the benefit of the use of isCGM device 
combined with structured education. The frequency of isCGM scanning 
(≥10 times a day) included in structured education was considered to be 
feasible, as the mean frequency of scanning observed during the 

Fig. 1. CONSORT flow diagram.  

Table 1 
Clinical characteristics of participants.  

Age, years 51.4 (15.3) 
Male, % 47.3 
BMI, kg/m2 22.7 (2.9) 
Diabetes duration, years 16 (10, 25) 
Diabetic retinopathy, % 

None 
Background retinopathy  
Pre-proliferative retinopathy  
Proliferative retinopathy  
Post-photocoagulation  

76.9 
15.4 
0 
0 
7.7 

Diabetic nephropathy, % 
None 
Microalbuminuria 
Macroalbuminuria 
eGFR < 30 ml/min/1.73 m2  

87.0 
12.0 
1.1 
0 

Diabetic neuropathy, % 19.4 
SMBG frequency (health insurance basis) per month, % 

90 times 
≥120 times  

21.5 
78.5 

HbA1c, % 
mmol/mol 

7.3 (0.7) 
56 (16) 

Prescribed insulin  
TDD per BW, unit/kg/day 

Ratio of basal insulin to TDD, %  
0.60 (0.20) 
34.8 (12.6) 

isCGM-naïve, % 46.2 

Numbers are mean (standard deviation), median (25%, 75%) or percentage. 
BMI, body mass index; eGFR, estimated glomerular filtration rate; SMBG, self- 
monitoring of blood glucose; HbA1c, glycated hemoglobin; TDD, total daily 
insulin dose; BW, body weight; isCGM, intermittent-scanning continuous 
glucose monitoring. 
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Intervention was 11.9 times a day. One of the most interesting findings 
among the secondary endpoints were those of the PAID scores and HFS 
scores; they did not differ between the two arms, suggesting that the use 
of isCGM device did not relieve such distress in the study participants. 
Given that the HFS scores were improved in studies using rtCGM 
[25,26], the present findings might have been due to the lack of the alert 
functions of the first-generation FreeStyle Libre. The reason why there 
was no significant difference in the PAID score between the two arms 
remains unclear, however it is possible that additional improvement in 
the treatment might be necessary to alleviate the burden of having 
T1DM. 

There are several limitations associated with the present study. This 
was an open-label study due to the nature of the intervention. Although 
no carry-over effect was observed in the primary endpoint, it was 
observed in the TAR, a secondary endpoint. As the participants were 
successfully allocated to either sequence Intervention/Control or 
sequence Control/Intervention by the minimization method, analysis of 
TAR limited to Period 1 was considered to be adequate. One possible 
background of the carry-over effect observed in TAR might be the short 
wash-out period of 28 days. Another possibility might be the partially 
remaining effect of the structured education which could not be washed- 
out, for example, the improved blood glucose awareness in the partici
pants acquired by the structured education or some change in the life
style happened during the Intervention period. As the change in the 
body weight did not differ between the arms, there might be no 

difference in the entire energy intake; however, there is possibility that 
the timing of food intake might have been changed during the Inter
vention period in order to prevent hypoglycemia. As this study did not 
investigate the detailed food intake by the participants, this possibility 
remained hypothetical. This study did not include patients who had had 
SH within the past year, which might have influenced the observations, 
although CGM devices with alert functions are considered to be more 
suitable for such patients. This study did not investigate the education 
history of the participants, which might have influenced the effect of the 
intervention. As this study included only adult subjects 20–74 years old, 
the reproducibility in children and adolescent T1DM patients needs to 
be investigated in the future. This study included only patients using 
MDIs and did not include those using CSII; using sensor-augmented 
pumps (SAPs) with predictive low-glucose suspend function may be 
more beneficial with less TBR compared to the combination of CSII and 
isCGM [27]. The change in HbA1c was not evaluated, as this study 
design was a crossover style with a short wash-out period of 28 days; 
alternatively, the change in GA was measured. The structured education 
used in this study did not include the bolus insulin dose adjustment 
according to the trend arrow [21], and adding this education might have 
been useful to further reduce TBR. The MARD of FreeStyle Libre was 
different from that previously reported by the manufacturer [28], and 
this might be due to the difference of the patient characteristics and the 
environment in which it was used in this study. The data of anti-GAD 
antibody were not collected, although individual participant was diag
nosed as T1DM according to the criteria by JDS [18]; a sub-population of 
T1DM is known to be negative for anti-GAD antibody and they need to 
be classified according to the clinical presentation of the disease, and the 
inclusion criteria of being treated by multiple daily insulin injections 
and the exclusion criteria regarding oral hypoglycemic agents warranted 
the clinical characteristics of the participants particular to T1DM. The 
data of serum c-peptide levels were not collected; as the participants 
with the disease duration of ≥5 years were included in this study, their 
capability to secrete intrinsic insulin was considered to be impaired to 
certain degree or completely lost. Due to the study design of the 

Table 2 
Primary and secondary outcomes.  

Variables Intervention (isCGM 
with structured 
education) 

Control 
(SMBG) 

P value 

Primary outcome     
TBR (<70 mg/dL 

[<3.9 mmol/L]) 
h 2.42 (1.68) 3.10 

(2.28) 
0.012*  

% 10.1 (7.0) 12.9 (9.5)  
Secondary outcomes     
TIR (70–180 mg/dL 

[3.9–10.0 mmol/ 
L]) 

h 14.54 (2.66) 13.75 
(2.45) 

0.451  

% 60.6 (11.1) 57.3 
(10.2)  

TAR (>180 mg/dL 
[>10.0 mmol/L]) 

h 7.27 (3.05) 6.02 
(3.24) 

0.058  

% 30.3 (12.7) 25.1 
(13.5)  

Mean glucose mg/dL 151.2 (24.8) 139.5 
(27.4) 

0.034*  

mmol/ 
L 

8.40 (1.38) 7.75 
(1.52)  

ADRR mg/dL 43.88 (9.63) 46.19 
(8.82) 

0.711  

mmol/ 
L 

2.44 (0.54) 2.57 
(0.49)  

MODD mg/dL 75.39 (28.25) 91.91 
(27.22) 

0.315  

mmol/ 
L 

4.19 (1.57) 5.11 
(1.51)  

LBGI  2.51 (1.81) 3.26 
(2.55) 

0.013* 

High: >5.0 % 8.6 23.7 <0.001* 
Adherence     
SMBG frequency /day 3.16 (1.2) 3.14 (1.4) 0.946 
Time wearing CGM 

(isCGM or 
retrospective CGM) 

% 93.1 (12.6) 92.5 (7.7) 0.750 

Frequency of isCGM 
scanning 

/day 11.9 (6.8) N.A. N.A. 

Numbers are mean (standard deviation) or percentage. * <0.05. N.A., not 
applicable; TIR, time in range; TAR, time above range; ADRR, average daily risk 
range; MODD, mean of daily differences; LBGI, low blood glucose index; SMBG, 
self-monitoring of blood glucose; CGM, continuous glucose monitoring; isCGM, 
intermittent-scanning continuous glucose monitoring. 

Table 3 
Detailed data of TBR, TIR and TAR in each period.    

Period 
1 

Period 
2 

Treatment 
effect 

Period 
effect 

Carry- 
over 
effect 

TBR 
Sequence 
Intervention/ 
Control  

Sequence 
Control/ 
Intervention  

h 
% 
h 
%  

2.35 
(1.70) 
9.8 
(7.1) 
3.74 
(2.40) 
15.6 
(10.0)  

2.47 
(1.99) 
10.3 
(8.3) 
2.52 
(1.66) 
10.5 
(6.9)   

0.012*   0.151   0.0504 

TIR 
Sequence 
Intervention/ 
Control  

Sequence 
Control/ 
Intervention  

h 
% 
h 
%  

14.40 
(2.52) 
60.0 
(10.5) 
14.23 
(2.38) 
59.3 
(9.9)  

13.27 
(2.45) 
55.3 
(10.2) 
14.69 
(2.81) 
61.2 
(11.7)   

0.451   0.289   0.192 

TAR 
Sequence 
Intervention/ 
Control  

Sequence 
Control/ 
Intervention  

h 
% 
h 
%  

7.27 
(3.05) 
30.3 
(12.7) 
6.02 
(3.24) 
25.1 
(13.5)  

8.28 
(3.41) 
34.5 
(14.2) 
6.82 
(3.22) 
28.4 
(13.4)  

0.035*  0.091  0.029* 

Numbers are mean (standard deviation). * <0.05. TBR, time below range; TIR, 
time in range; TAR, time above range. 
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combined intervention of the isCGM use and structured education, the 
effect of structured education could not be separately evaluated from the 
effect of the isCGM use; the use of a medical device always needs some 
education, and the current study would contribute to the standardiza
tion of the education regarding the hypoglycemia prevention by CGM. In 
some countries, isCGM has been superseded by rtCGM due to the 
introduction of FreeStyle Libre 3(Abbott Diabetes Care); however, 
FreeStyle Libre 3 is not available in other countries including Japan, and 
there are many patients still using isCGM. 

The strength of this study was the high retention rate, and the in
clusion of patients with HbA1c levels <8.5 % (69 mmol/mol) which 
represents the general T1DM population. Furthermore, to our knowl
edge, this is the first report to attempt to prevent hypoglycemia by 
means of structured education regarding the use of isCGM device. The 
content of the structured education used in this study is publicly avail
able [21], which will help patients with T1DM using isCGM device 
through its simple message to keep tracking the trend arrow, so that they 
can ingest sugar before hypoglycemia actually occurs, and to scan the 
sensor frequently (≥10 times a day). 

5. Conclusions 

The use of isCGM device combined with structured education 
reduced the TBR in patients with T1DM. Deteriorations in the TIR, TAR 
or GA were not observed. The use of isCGM device significantly reduced 
the LBGI, with much fewer patients included in the high-risk categories. 
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