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Objective: Intermittent-scanning continuous glucose monitoring (isCGM) is widely used in type 1 diabetes 
(T1D) patients; however, the education required to prevent hypoglycemia by using isCGM is not established. 
This study examines the combined effect of isCGM device usage and the education to reduce the time in 
hypoglycemia in comparison to conventional self-monitoring of blood glucose (SMBG).
Methods: The 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), 
a randomized, crossover trial, enrolls 104 T1D patients (age, 20-74 years) with T1D. Participants are random-
ized to use isCGM combined with structured education (Intervention period) or SMBG (Control period) for 
84 days, followed by the other for a further 84 days. During the Intervention period, participants have access 
to the sensor glucose levels and trend arrow of the device. During the Control period, participants conduct 
SMBG at least three times a day, and retrospective CGM is used to record the blinded sensor glucose levels. 
The primary endpoint is the decrease of time in hypoglycemia ( < 70 mg/dL) per day (hour/day) during the 
Intervention period compared with the Control period. The secondary endpoints include other indices of 
glycemic control, glycoalbumin, accuracy of isCGM, diabetes-related quality of life (QOL), adherence, and 
cost-effectiveness. The study protocol has received Certified Review Board (CRB) approval from National 
Hospital Organization Osaka National Hospital (N2018002, February 14, 2019). This study is carried out in 
accordance with the Declaration of Helsinki and the Clinical Trials Act. The findings will be published in 
peer-reviewed journals.
Conclusion: The ISCHIA study will contribute to the standardization of patient education regarding the 
prevention of hypoglycemia by using isCGM.
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INTRODUCTION

Hypoglycemia is a significant adverse effect that 
may occur in patients undergoing insulin therapy for 
type 1 diabetes (T1D). This problem became a greater 
concern since the results of the Diabetes Control and 
Complications Trial (DCCT) were published, as the in-
cidence of severe hypoglycemia in patients undergoing 
intensive therapy for T1D was found to be approxi-
mately three-times higher than that in conventional 
therapy [1]. Severe hypoglycemia is a potentially fatal 
condition that may cause traffic accidents, and which 
worsens the quality of life (QOL) [2-6]. Thus, the early 
detection and prevention of hypoglycemia are essential 
in insulin therapy for T1D.

Self-monitoring of blood glucose (SMBG) by sam-
pling a small amount of capillary blood from the fin-
gertip has been the standard modality for monitoring 
blood glucose levels. In contrast, continuous glucose 
monitoring (CGM) devices measure the glucose con-
centration of the interstitial tissue. There are mainly 
two categories of CGM. One is real-time CGM (RT-
CGM); the other is retrospective CGM [7]. RT-CGM 
shows the real-time glucose level estimated according 
to the glucose concentration of subcutaneous tissue 
by transmitting sensor data almost continuously to 
the receiver. Some RT-CGM devices are approved for 
non-adjunctive usage to SMBG, and others are not [7, 
8]. On the other hand, retrospective CGM is only used 
for the retrospective analysis of the glucose levels, and 
lacks the ability to display the glucose level in real time.

Another type of CGM called intermittent-scanning 
continuous glucose monitoring (isCGM) displays the 
real-time glucose level only when the sensor is scanned 
by a reader. There is limited evidence regarding the 
direct comparison of RT-CGM and isCGM [9].

The first-generation isCGM device, FreeStyle Libre 
(Abbott Diabetes Care, Alameda, CA, UA), has been 
covered by health insurance in Japan since September 
2017; however, it is not approved for non-adjunctive 
usage to SMBG, unlike the situation in the European 
Union and the United States [10].

One of the advantages of isCGM is that it is inex-
pensive in comparison to other RT-CGM devices. The 
sensor is factory calibrated [11]; thus, users do not need 
to calibrate it by SMBG; however, users must conduct 
SMBG to confirm hypoglycemia. They must also con-
duct SMBG when the sensor glucose levels are rapidly 
changing and when users find that the sensor glucose 
levels do not match their symptoms. Unlike SMBG, 
an isCGM device displays not only the current glucose 
levels but also a trend arrow [12]. It is noteworthy that 
education on utilization of the information from the 
trend arrow, the types of proactive measures that are 
needed to prevent hypoglycemia, and how frequently 
the user should scan the sensor has not been well ex-
amined [12, 13]. Regarding the accuracy of FreeStyle 
Libre, a study conducted by its manufacturer revealed 
that the mean absolute relative difference (MARD), 
one of the standard benchmarks of CGM devices, was 
11.4% [14]. This value slightly exceeded the MARD 
threshold for safe insulin dosing in the non-adjunctive 
usage of CGM to SMBG (threshold: 10%), as estimated 
by an in silico study [15].

Evidence that supports the benefits of using RT-

CGM is accumulating [16-18]. In contrast, although 
the number of publications on the topic is increasing, 
evidence on isCGM is relatively sparse, especially evi-
dence obtained from randomized controlled trials. In 
a manufacturer-funded randomized controlled trail 
that recruited T1D patients with HbA1c levels of ≤
7.5% (IMPACT study), the use of isCGM was associ-
ated with a 37% reduction in time in hypoglycemia 
( < 70 mg/dL) in comparison to SMBG [19]. However, 
the observations in that study may not be generalized 
to the entire T1D population, as its participants were 
limited to those with relatively low HbA1c levels. In ad-
dition, what kind of education accompanying the use 
of isCGM is required for the prevention of hypoglyce-
mia is unclear from this study. Another randomized 
controlled trial conducted in a summer camp setting 
for children with T1D found that the non-adjunctive 
usage of isCGM significantly reduced the time spent 
in hyperglycemia ( > 180 mg/dL) and improved the 
time in range (TIR) (70-180 mg/dL) in comparison 
to SMBG in a sub-population with suboptimal meta-
bolic control (HbA1c >  7%) [20]. The observations in 
this study may not be generalized to the entire T1D 
population, as the children (age, 6-15 years old) who 
participated in this study may have simultaneously 
received extra supervision for insulin dosing from the 
summer camp personnel, considering their limited 
self-management capability at their age. In an RCT, 
the HbA1c levels of isCGM users were reported to have 
improved after educational intervention; however, the 
time in hypoglycemia was not significantly different 
[13]. Therefore, whether or not structured education 
concerning isCGM is beneficial for hypoglycemia 
prevention is unclear from this study. An observational 
study conducted by the manufacturer suggested an 
association between more frequent scanning of the 
isCGM sensor and a shorter time in hypoglycemia [21]. 
However, due to the nature of observational studies, 
whether or not hypoglycemia prevention is possible by 
frequently scanning the isCGM sensor remains unclear 
from this study.

As described above, further investigation is required 
to clarify the safety and the effectiveness of the usage 
of isCGM. In addition, establishing the adequate edu-
cational method regarding the usage of isCGM to im-
prove the clinical outcomes is critically important [22]. 
Thus, a clinical trial should be performed to investigate 
the effects of isCGM accompanied by education on the 
trend arrow and the impact of the scanning frequency 
on the prevention of hypoglycemia.

PATIENTS AND METHODS

Study design
The Effect of Intermittent-Scanning Continuous 

Glucose Monitoring to Glycemic Control Including 
Hypoglycemia and Quality of Life of Patients with 
T1D Study (ISCHIA Study) is a multicenter, prospec-
tive, open-label, randomized crossover trial to compare 
the usage of isCGM and structured education on isC-
GM with SMBG in adult patients with T1D. The study 
is conducted at 17 institutes in Japan. The locations 
and investigators of each site are stated in the LIST 
OF INVESTIGATORS. These institutes include uni-
versity hospitals, general hospitals and a diabetes-spe-
cialized clinic. This trial is conducted in an outpatient 
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setting.
We chose a crossover design for this study because 

T1D is a relatively rare disease in comparison to type 
2 diabetes in Japan [23-25]. In addition, patient 
preferences regarding the use of isCGM or conven-
tional SMBG can be a potential barrier to participant 
recruitment, because FreeStyle Libre had already 
received health insurance coverage in Japan prior to 
the initiation of the study. As the benefit of isCGM 
is expected to be lost when participants do not have 
access to isCGM based on the previous observation 
in a crossover trial using RT-CGM (SWITCH study) 
[18], any carryover effect is expected to be minimal, 
although this is assessed by a statistical analysis. The 
total study duration for the participants is 225 days 
(total 10 visits) and is separated into the following peri-
ods: Run-in period (28 days), Period 1 of Intervention 
or Control (84 days), Washout period (28 days), and 
Period 2 of Control or Intervention (84 days) (Table 1, 
Figure). The reporting of this protocol is in accordance 
with the SPIRIT guidelines [26].

Trial objectives
This trial aims to prove that combined intervention 

consisting of the use of isCGM and structured edu-
cation on isCGM is associated with reduced time in 
hypoglycemia in patients with T1D. The structured ed-

ucation focuses on the frequent scanning of the sensor 
and the trend arrow. This study also aims to evaluate 
the following secondary endpoints: other indices of 
glycemic control, device accuracy, glycoalbumin, diabe-
tes-related QOL, adherence, and cost-effectiveness.

Study participants
The inclusion and exclusion criteria are listed in 

Table 2. Severe hypoglycemia is defined as an episode 
of hypoglycemia requiring assistance [27]. Participants 
continue flexible insulin regimens as the standard 
treatment for T1D during the trial. T1D patients using 
flexible insulin regimens adjust their insulin dosage 
according to their glucose levels, food intake and exer-
cise [1].

Participants are provided an incentive equivalent 
to JPY 1,000, which is paid four times, in order to 
promote cooperation in completing a self-reported 
questionnaire to evaluate the diabetes-related QOL. 
Devices and consumables for isCGM and SMBG are 
purchased by the research budget and provided to the 
participants during Run-in period, Period 1, Washout 
period and Period 2.

Randomization and blinding
Participants are randomized to use isCGM com-

bined with structured education to prevent hypoglyce-

Participant recruitment, informed 
consent and assessment 

Intervention (Period 1) 
(FreeStyle Libre + Education + SMBG) 

84 days  

Control (Period 1) 
(SMBG) 
84 days  

Randomization 

Control (Period 2) 
(SMBG) 
84 days 

Intervention (Period 2) 
(FreeStyle Libre + Education + SMBG) 

84 days 

Discharge from trial 

Run-in period 
(SMBG)  
28 days  

 

Run-in period 
(SMBG) 
28 days  

 

Washout period 
(SMBG)  
28 days  

 

Washout period 
(SMBG) 
 28 days  

 

Figure	  �The study design and visit plan     
Participants are randomized at Visit 1 to either Intervention/Control or 
Control/Intervention. After the Run-in period of 28 ( ± 14) days, participants 
start Period 1 for 84 ( ± 14) days. Then, after the Washout period of 28 ( ± 14) 
days, participants start Period 2 for 84 ( ± 14) days.
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mia (Intervention period) or SMBG (Control period) 
for 84 days, followed by the other for a further 84 
days, using a central web randomization system CliSSS 
Randoman (Medical Edge, Tokyo, Japan) in a 1:1 ra-
tio. Randomization is performed by the minimization 
method. Participants are stratified before allocation 
according to the history of previous isCGM usage. The 
minimization factors are age, sex, and HbA1c.

As the participants have to manipulate isCGM and 
receive education, the intervention cannot be blinded. 
However, both the participants and the study investiga-
tors are blinded to data obtained by retrospective CGM 
in the Control period in order to avoid interference 
from the usage of retrospective CGM data.

Run-in period
All participants use the FreeStyle Precision Neo 

(Abbott Diabetes Care, Alameda, CA, USA) as SMBG 
device (Visit 2). All participants are educated on how 
to conduct SMBG accurately by washing their hands 
prior to blood sampling. Study participants continue to 
conduct SMBG at least three times a day.

Interventions
(1) Intervention period

The FreeStyle Libre Reader and FreeStyle 
Libre Sensor are used as the isCGM device for the 
Intervention period (Period 1 or Period 2). It is used 
as a tool to reduce time in hypoglycemia, and struc-
tured education regarding the trend arrow and the 
frequency of scanning is provided to the participants 
when they start to use the device (Visit 3 or Visit 7). 
The summary of the structured education to prevent 
hypoglycemia is presented in Table 3, and the details 
are described elsewhere [30]. The study participants 
use FreeStyle Libre throughout the Intervention period. 
As each FreeStyle Libre Sensor functions for maxi-
mum of 14 days, participants replace it with a new one 
by themselves according to the instructions provided 
at the beginning of the Intervention period as a part 

of the structured education. Participants continue to 
conduct SMBG at least three times a day to observe 
the intended usage of FreeStyle Libre (as approved 
in Japan) [10]. The non-adjunctive usage of FreeStyle 
Libre to SMBG by the participants in this study is not 
allowed, in order to comply with the Clinical Trials Act 
(Act No. 16 of April 14, 2017), Japan [31].

FreeStyle Libre Sensor glucose data are transmitted 
to FreeStyle Libre Reader every time the participants 
scan the Sensor. Data that accumulate in FreeStyle 
Libre Reader as log files are downloaded by the study 
investigators periodically (Visit 4, 5, and 6 or Visit 
8, 9, and 10). The log files contain both the sensor 
glucose levels and SMBG results, accompanied by the 
time stamp information. The sensor glucose levels are 
recorded only at the timing of scanning, and are also 
automatically recorded every 15 minutes. The partici-
pants receive feedback on the downloaded data from 
the study investigators at Visit 4, 5, and 6 or Visit 8, 
9, and 10. Data downloaded as log files at Visit 6 or 
Visit 10 are used for the statistical analyses; however, in 
the event that FreeStyle Libre Reader is lost or broken 
during the Intervention period, data downloaded at 
Visit 4, 5, 8, and 9 are also used for the statistical anal-
yses.

(2) Control period
FreeStyle Precision Neo is used as SMBG device in 

the Control period. The study participants continue to 
conduct SMBG at least three times a day.

FreeStyle Libre Pro Sensor (Abbott Diabetes Care, 
Alameda, CA, USA) is used as retrospective CGM. 
The accuracy of this device is reported to be similar 
to that of the FreeStyle Libre [32]. FreeStyle Libre Pro 
Sensors are attached to the body of the participants 
and are activated by the healthcare providers (Visit 3, 
4, and 5 or Visit 7, 8, and 9). After 14 days of usage, 
the participants directly send all FreeStyle Libre Pro 
Sensors back to the data center by postal mail for the 
data analysis. After sending the sensor back to the data 

Table 2	  Inclusion criteria and exclusion criteria

Inclusion criteria.

・Adults aged between 20 and 74 years

・Have been diagnosed with T1D based on the criteria of Japan Diabetes Society (JDS) for 5 years or longer [28]

・ Have a baseline HbA1c value of 8.5% or lower. HbA1c was measured at each institute following the standardized method 
determined by JDS [29]
・ Have been managing their T1D with at least three daily insulin injections and performing SMBG at least three times per day 

within 30 days prior to providing their informed consent

・Provide written informed consent before enrolment. Participants may withdraw the informed consent at any time

Exclusion criteria.

・Pregnancy or planning pregnancy within 1 year after providing their informed consent

・End-stage renal failure (under hemodialysis or after kidney transplantation)

・Blindness

・Using an embedded medical device (cardiac pacemaker device, etc.)

・Using insulin pump therapy

・Using premixed insulin

・Any episode of severe hypoglycemia episodes within the previous 1 year prior to the provision of informed consent

・Using oral hypoglycemic agents to manage their T1D within the previous 1 year prior to the provision of informed consent

・Unable to participate due to other factors, based on the opinion of the treating clinician at trial entry
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center the participants do not wear FreeStyle Libre 
Pro Sensor, until their next visit (Visit 4 and 5 or Visit 
8 and 9) or the end of the Control period (Visit 6 or 
Visit 10). The sensor glucose levels are automatically 
recorded every 15 minutes by FreeStyle Libre Pro sen-
sor, and are downloaded as log files at the data center. 
Neither the participants nor the investigators receive 
any feedback from the FreeStyle Libre Pro data to 
avoid the interference from retrospective CGM.

Washout period
During this 28-day period, participants use the 

FreeStyle Precision Neo as SMBG device. Study partici-
pants continue to conduct SMBG at least three times a 
day.

Outcomes
The primary and secondary endpoints are listed in 

Table 4.
The primary endpoint is the decrease of time in hy-

poglycemia ( < 70 mg/dL) per day (hour/day) during 
the Intervention period in comparison to the Control 
period. It is calculated from the downloaded log files 
of FreeStyle Libre (isCGM) used in the Intervention 
period and FreeStyle Libre Pro (retrospective CGM) 
used in the Control period. These log files contain 
sensor glucose levels that are recorded automatically 
every 15 minutes, and the time in hypoglycemia (hour/
day) is calculated based on the number of instances in 
which the recorded sensor glucose level is < 70 mg/dL 
and the number of the overall recorded sensor glucose 
levels in the log files.

The TIR is calculated from the number of the sen-
sor glucose levels of 70-180 mg/dl and the overall sen-
sor glucose levels in the log files. Time Above Range 
(TAR) is calculated from the number of instances in 
which the sensor glucose level is > 180 mg/dl and the 
overall sensor glucose levels in the log files.

The calculation of other indices of glycemic control 
such as ADRR, MODD, and LBGI is described else-
where [33, 34].

Glycated albumin (GA) is measured using a Lucica® 
GA-L (Asahi Kasei Pharma Corporation, Tokyo, 
Japan) kit.

The accuracy of FreeStyle Libre is calculated from 
log files downloaded from FreeStyle Libre Readers. 
The log file contains both FreeStyle Libre Sensor 
glucose levels recorded at the time of scanning and the 
SMBG results, together with the time stamp of each 
measured value. The calculation of MARD and the 
mean absolute difference (MAD) is described elsewhere 
[32].

The diabetes-related QOL of the participants during 
the Intervention and Control periods is assessed at the 
beginning and at the end of both Period 1 and Period 
2 (Visit 3, 6, 7, 10). PAID (Japanese version) is used to 
measure the psychological burden of diabetes and HFS 
(Japanese version) is used to measure the fear for hy-
poglycemia [35-37]. The incremental cost-effectiveness 
ratio (ICER) is calculated by dividing the difference 
in mean cost by the difference in the mean health 
outcome (e.g., hypoglycemia), using disutility associated 
with hypoglycemia in reference to a previous study [38]. 
The cost of isCGM and SMBG is calculated from the 
price list of the health insurance system in Japan.

Data collection, management and monitoring
The Case Report Form (CRF), Treatment Form and 

Adverse Events Form are first completed on paper cop-
ies and then double-entered into the Electronic Data 
Capture (EDC) system. The second level of data integ-
rity includes data monitoring and validation, which are 
conducted on a regular basis throughout the study.

The safety of the study is monitored by a Data and 
Safety Monitoring Board (DSMB), which consists of 
independent clinical experts with access to unblinded 
data. DSMB provide advice to the principal investiga-
tor. The DSMB is independent from the funder.

Safety is assessed continuously in each institution. 
Any adverse events (AEs) are recorded and reported 
to the principal investigator, in accordance with the 
regulations stipulated in the Clinical Trials Act [31].

Table 3	  Summary of the structured education to prevent hypoglycemia

To measure blood glucose level accurately by yourself.

・ Wash your hands before the measurement.

Effective use of FreeStyle Libre.

・You are encouraged to frequently scan the sensor 10 times a day or more. 

・In addition to watching the sensor glucose level, the direction of trend arrow should be carefully watched. 

・The direction of the trend arrow indicates whether the glucose level is increasing, stable, or decreasing (five grades).

How to prevent low blood sugar.

・ The downward vertical trend arrow indicates that the glucose level is decreasing at a rate of 2 mg/dl per minute ( =  120 mg/dl 
per hour) or more.
・ Determine whether hypoglycemia is impending by reflecting on the past insulin dosage, timing, physical activity, food intake, 

and glucose trend pattern even if you have no symptoms of hypoglycemia.
・ If you find impending hypoglycemia, check the blood glucose level by finger prick glucose test if needed, and ingest a suffi-

cient amount of sugar like glucose to stop the rapid decrease in glucose level.
・ Discuss with your doctor and diabetes team beforehand about what and how much to ingest, as the required amount differs 

among individuals and situations.

・ If you ingest too much sugar, you may experience rebound high. Follow actions after ingesting glucose to prevent hypoglycemia. 
Note that the change in the sensor glucose value is 5 to 10 minutes behind the finger prick glucose test, and you need to con-
firm your blood glucose levels by finger prick glucose test when the sensor glucose value does not change much after ingesting 
sugar.
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Ethics and dissemination
This study is registered in the Japan Registry of 

Clinical Trials (jRCT1052180075). The study protocol 
received Certified Review Board (CRB) approval 
from National Hospital Organization Osaka National 
Hospital (N2018002, originally approved on February 
14, 2019, Version 0.7; the latest revision was approved 
on May 26, 2020, Version 1.6).

This study is carried out in accordance with the 
principles of the Declaration of Helsinki and the 
Clinical Trials Act [31]. All participants receive a thor-
ough explanation from the investigators before the 
study. Only those participants that provide their writ-
ten informed consent are included (the details of the 
informed consent form, including the details on the 
secondary usage of the data, are described elsewhere) 
[39]. The personal data collected in the study are man-
aged anonymously to protect personal information. 
National Hospital Organization Kyoto Medical Center 
has insurance to cover for non-negligent harm associ-
ated with the study.

The results of this study will be disseminated 
through peer-reviewed journals. Authorship eligibility 
will follow the recommendation by International 
Committee of Medical Journal Editors [40]. There is 
no plan for the intended use of professional writers. 
Individual deidentified participant data will be shared 
upon reasonable request to the Contact for Scientific 
Queries. This policy will be applied to all study data. 
Related documents, such as the study protocol will 
also be shared upon reasonable request; but only in 
Japanese. The data will become available in April 
2024; however, the timing can be changed. Data will 
be available until March 2027.

Sample size estimation and statistical analysis
The sample size of the 104 participants is calculated 

assuming a matched-pairs t-test and a type I error of 
5%, using the PASS 15 (NCSS, LLC, Kaysville, Utah, 
USA) software. With this sample size, the study has 
80% power to detect a mean group difference of 1.24 
in time in hypoglycemia per day (hour/day) based 

Table 4	  Endpoints and measurement or assessment method

1. Endpoint 2. Measurement or assessment method

Primary

Time spent in hypoglycemia per day (hours/day)

Assessed by the isCGM, FreeStyle Libre, (Intervention period), and 
by the retrospective CGM, FreeStyle Libre Pro, (Control period) to 
collect the sensor glucose data. Sensor glucose levels are recorded 
every 15 minutes in the log file of the device. Time spent in hypo-
glycemia (hours/day) is calculated by analyzing the log file.

Secondary 

Body weight (Visit 1, 3, 6, 7 and 10)

Type of prescribed insulin (Visit 1 and 10)

Total daily dose of prescribed insulin (Visit 1 and 10)

Total daily dose of prescribed basal insulin (Visit 1 and 10)

Frequency of injection of prescribed insulin (Visit 1 and 10)

Glycoalubumin (Visit 3, 6, 7 and 10)

Mean sensor glucose levels
Assessed by analyzing the log file of FreeStyle Libre and FreeStyle 
Libre pro.

Frequency of severe hypoglycemia Self-reported (Visit 3, 6, 7 and 10).

Indexes for glucose fluctuation [average daily risk range 
(ADRR), mean of daily difference of blood glucose 
(MODD), low blood glucose index (LBGI), time in range 
70-180 mg/dl (TIR), time above range > 180 mg/dl 
(TAR)]

Assessed by analyzing the log file of FreeStyle Libre and FreeStyle 
Libre pro.

Emotional burden of diabetes [problem areas in diabetes 
(PAID)] Assessed by a specifically designed self-reported questionnaire 

(Visit 3, 6, 7 and 10).
Fear of hypoglycemia [ hypoglycemia fear survey (HFS)]

Frequency of SMBG (measured) Assessed by analyzing the log file of FreeStyle Presicion Neo and 
FreeStyle Libre.

Usage of isCGM Assessed by analyzing the log file of FreeStyle Libre.

Mean absolute relative difference (MARD) , mean absolute 
difference (MAD) Assessed by analyzing the log file of FreeStyle Libre.

Frequency of hypoglycemia per month
Self-reported (Visit 3, 6, 7 and 10).

Hypoglycemia unawareness

Index for medical economics [cost effectiveness ratio (CER), 
incremental cost effectiveness ratio (ICER), quality-adjust-
ed life years (QALY)]

Assessed by analyzing the log file of FreeStyle Libre and FreeStyle 
Libre pro.

Severe adverse event (SAE)
(At any time）

Adverse event (AE)
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on the observation of IMPACT study [19], and the 
assumed standard deviation (SD) is 3.70. In order to 
include a 10% allowance for size of prevention effects 
(assumed from the difference of the upper limit of 
HbA1c of 8.5% [in IMPACT study it was 7.5%]) and 
20% allowance for withdrawals, the sample size is 
increased to 104. There is possibility that recruiting 
isCGM-naïve participants is difficult; the recruitment 
of a minimum of 42 and a maximum 62 participants 
with past experience of using isCGM is planned.

The last observation carried forward method is 
used to impute missing values. The carry-over effect is 
judged by Mainland-Gart test. If it exists, it is adjusted 
by a repeated measure ANOVA and mixed models 
using time and group interaction terms. Data from 
participants who withdraw from the study before 
randomization are deleted. When device malfunction 
occurs, data are handled according to the content of 
the deviation reports.

DISCUSSION

The ISCHIA study is the first randomized controlled 
trial to assess the effect of combined intervention 
involving the usage of and structured education on is-
CGM to decrease time in hypoglycemia in comparison 
to conventional SMBG. This is the first RCT of isCGM 
in Japan and is the first RCT for patients with T1D in 
Japan. This study receives no financial support from 
the manufacturer of the isCGM or SMBG devices.

The present study trial is associated with some lim-
itations. It is an open-label study due to the nature of 
the intervention, and there is a possibility of carry-over 
effect due to the crossover design. The 10% allowance 
for the size of prevention effects related to the change 
of the HbA1c threshold used in the sample size esti-
mation may not be accurate, as there are no available 
data from previous studies regarding this point.

This study will contribute to the standardization of 
patient education on isCGM to prevent hypoglycemia, 
with a particular focus on the importance of frequent 
scanning of the sensor and the utilization of the trend 
arrow. This study will provide additional information 
regarding the accuracy and cost-effectiveness of isC-
GM, as well as diabetes-specific QOL in patients using 
isCGM devices.
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