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Abstract

Background: In recent years, technologies promoting the digitization of self-monitoring of blood glucose (SMBG) records
including app-cloud cooperation systems have emerged. Studies combining these technological interventions with support from
remote health care professionals have reported improvements in glycemic control.

Objective: To assess the use of an app-cloud cooperation system linked with SMBG devices in clinical settings, we evaluated
its effects on outpatient management of diabetes without remote health care professional support.

Methods: In this multicenter, open-label, and single-armed prospective study, 48 patients with diabetes (including type 1 and
type 2) at 3 hospitals in Japan treated with insulin or glucagon-like peptide 1 receptor agonists and performing SMBG used the
app-cloud cooperation system for 24 weeks. The SMBG data were automatically uploaded to the cloud via the app. The patients
could check their data, and their attending physicians reviewed the data through the cloud prior to the patients’ regular visits. The
primary outcome was changes in glycated hemoglobin (HbA1c) levels.

Results: Although HbA1c levels did not significantly change in all patients, the frequency of daily SMBG following applying
the system was significantly increased before induction at 12 (0.60 per day, 95% CI 0.19-1.00; P=.002) and 24 weeks (0.43 per
day, 95% CI 0.02-0.84; P=.04). In the subset of 21 patients whose antidiabetic medication had not been adjusted during the
intervention period, a decrease in HbA1c level was observed at 12 weeks (P=.02); however, this significant change disappeared
at 24 weeks (P=.49). The Diabetes Treatment Satisfaction Questionnaire total score and “Q4: convenience” and “Q5: flexibility”
scores significantly improved after using the system (all P<.05), and 72% (33/46) patients and 76% (35/46) physicians reported
that the app-cloud cooperation system helped them adjust insulin doses.

Conclusions: The digitization of SMBG records and sharing of the data by patients and attending physicians during face-to-face
visits improved self-management in patients with diabetes.

Trial Registration: Japan Registry of Clinical Trials (jRCT) jRCTs042190057;
https://jrct.niph.go.jp/en-latest-detail/jRCTs042190057
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Introduction

Patients with diabetes treated with insulin or the glucagon-like
peptide 1 receptor agonist (GLP-1RA) are recommended to
perform self-monitoring of blood glucose (SMBG), which is
covered by health insurance in Japan, to achieve and maintain
blood glucose within the normal range as much as possible
[1-5]. SMBG data can be useful not only in confirming
hypoglycemia or hyperglycemia in real time but also in the
long-term management of diabetes (adjusting insulin, diet, and
exercise). On the other hand, entering SMBG data into
handwritten logbooks can be time-consuming, and transcription
errors (or intentional misreporting) may occur [6,7]. It is also
difficult for the attending physicians to accurately assess lifestyle
or therapeutic problems from the patient’s SMBG record during
consultation at outpatient clinics.

With the prevalent use of the internet and smartphones,
increasing evidence suggests that interventions with information
and communication technology effectively enhance diabetes
management [8-10]. Continuous glucose monitoring devices,
which have become increasingly popular in recent years, allow
patients to visualize the information on glucose levels and trends
in real time on a portable receiver or a smartphone app and share
these data with health care professionals (HCPs) [11-13].
Although not as common as continuous glucose monitoring,
SMBG devices are becoming capable of digitizing and using
data. Previous studies on SMBG have reported that
self-monitoring systems with glucose meters connected
wirelessly to mobile apps and web-based monitoring systems
have shown improved glycemic control [14-26] and have helped
patients with diabetes achieve target glycemic control with less
hypoglycemia [20,21]. In these studies, information and
communication technology–based self-monitoring systems
provided personalized medical advice, including lifestyle-related
advice from HCPs by web-based messaging
[14,15,17-19,21,23-26] or telephone [16,26]. However, routine
clinical practice differs from these research settings in that
support from remote HCPs is limited. Furthermore, several of
these studies have included participants who had never
performed SMBG [17,18,20-22,25], suggesting that the effects
are partly attributed to the introduction of SMBG. To apply
SMBG digitization in real-world clinical practices, it is
necessary to investigate its effect without remote HCP support
on patients who are already performing SMBG. However, no
such study has yet been conducted to date.

In recent years, several app-cloud cooperation systems that use
cloud-computing services and mobile apps linked to SMBG
devices have been used by patients with diabetes in Japan
[27-29]. The apps used in these systems support patients’
lifestyles by digitization of SMBG records and visualization of
blood glucose levels. These apps are also linked to
cloud-computing services, which allow the sharing of
information registered in the app with HCPs via the internet.

HCPs can easily see a patient’s recent progress and trends in
blood glucose variability by referring to simple graphs and
summaries. Thus, the app-cloud cooperation systems allow
HCPs to monitor and analyze patients’ trends in blood glucose
levels and lifestyle problems at any time. These features of the
app-cloud cooperation system would be beneficial if attending
physicians could analyze the data before every visit of patients,
as consultation time is limited in most clinical settings. These
commercially available app-cloud cooperation systems are
already in use among certain patients and medical institutions
in Japan, and similar systems are gaining worldwide popularity.
However, prospective data validating their effectiveness are
lacking.

Therefore, in this study, we used a commercially available
app-cloud cooperation system that is widely used in Japan and
is linked to SMBG devices and evaluated its effects on glycemic
control, self-management, behavioral change, or treatment
satisfaction with only feedback from the attending physician
during face-to-face visits in patients with diabetes (including
type 1 and type 2) treated with insulin or GLP-1RA and already
performing SMBG.

Methods

Study Design
This was a 24-week, multicenter, open-label, and single-armed
prospective study conducted at 3 participating hospitals in Japan
(Nagoya University Hospital, Japan Red Cross Medical Center
Nagoya Daini Hospital, and Tosei General Hospital). The trial
is registered in the Japan Registry of Clinical Trials
(jRCTs042190057).

Ethical Considerations
The study protocol was approved by the ethics committee of
Nagoya University Graduate School of Medicine (2019-0142)
and performed in accordance with the ethical principles of the
Declaration of Helsinki. All enrolled patients provided written
consent to participate after they were informed of the study
purpose and the potential risks and benefits. Our study
guarantees the protection of privacy and confidentiality of
participants by ensuring that the study data are anonymized.
Participants were not provided any compensation for study
participation.

Smart e-SMBG System
The Smart e-SMBG system (ARKRAY, Inc) is one of the
commercially available app-cloud cooperation systems for the
management of diabetes using the cloud-computing service
“e-SMBG Cloud” and the “Smart e-SMBG app” (for Android
and iOS) linked to several SMBG devices. By linking the
patient’s blood glucose meter with the Smart e-SMBG app using
Bluetooth or near-field communication, the measured glucose
value can be automatically transferred into the app when the
patient performs an SMBG measurement. Patients can also enter
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health-related data such as blood pressure, weight, and step
counts, as well as dietary records, treatment records, and event
records, such as hypoglycemia, into this app. The entered
glucose values and these data are transmitted to an e-SMBG
cloud server via a wireless network. Attending physicians can
review each patient’s report on the e-SMBG cloud from their

office computers to use the data in outpatient care. Thus, the
Smart e-SMBG system is characterized by its ability to
collaborate with medical institutions and physicians. An
overview of the Smart e-SMBG app and e-SMBG cloud is
shown in Figure 1.

Figure 1. Overview of the Smart e-SMBG app and e-SMBG cloud. BP: blood pressure; BW: body weight; SMBG: self-monitoring of blood glucose.

Screenshots of what the patient can see in the Smart e-SMBG
app are shown in Figures S1-S4 in Multimedia Appendix 1.
Specifically, patients can view the blood glucose record,
including the blood glucose logbook and blood glucose
variability graph (Figure S2 in Multimedia Appendix 1). Patients
can also view the events, dietary and insulin records (Figure S3
in Multimedia Appendix 1), and activity and weight records
(Figure S4 in Multimedia Appendix 1). Physicians can view
data, such as the weekly summary, list of dietary records, and
blood glucose variability graph, on the e-SMBG cloud (Figure
S5 in Multimedia Appendix 1).

Patients
Outpatients with diabetes from 3 participating hospitals were
recruited. Diabetes was diagnosed based on the diagnostic
criteria of the Japan Diabetes Society [30]. The inclusion and
exclusion criteria for the study are detailed in Textbox 1. To
accurately evaluate the effectiveness of the intervention by the
app-cloud cooperation system linked to SMBG devices, we
included patients who were currently performing SMBG but
had no history of using a system similar to the Smart e-SMBG
app and required improved glycemic control.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Glycated hemoglobin ≥7% and <8.9% within the previous 2 months

• Patients who are currently performing self-monitoring of blood glucose

• Patients who have a smartphone or tablet for using the Smart e-SMBG app

• Patients who have not previously used the Smart e-SMBG and similar apps

• Patients who are currently using a blood glucose meter that can be linked to the Smart e-SMBG app: Glucocard G Black (GT-1830 ARKRAY,
Inc), Glucocard Plus Care (GT-1840 ARKRAY, Inc), Glucotest Aqua (GT-7510 Sanwa Kagaku Kenkyusho Co, Ltd), Glucocard Prime (GT-7510
ARKRAY Inc), or Glucotest Neo Alpha (GT-1830 Sanwa Kagaku Kenkyusho Co, Ltd)

• Aged ≥20 years

Exclusion criteria

• Patients who cannot properly operate the devices

• Those who are judged unsuitable by their physicians for participation in the study

Registration
Participants who qualified the above criteria and visited 1 of
the 3 participating hospitals between June 24, 2019, and March
31, 2021, were eligible for recruitment.

Intervention
After informed consent was obtained, the patients downloaded
the Smart e-SMBG mobile app on iOS or Android. The patients
were then instructed on how to use the app and used it in
conjunction with their blood glucose meter for 24 weeks. The
patients were also encouraged to enter health-related data, such
as blood pressure, weight, and step counts, as well as dietary
records, treatment records, and event records. The attending
physician could view their patients’ data on the e-SMBG cloud
and were provided with reports of blood glucose lists, a weekly
summary, lists of dietary records, and blood glucose variability
graphs at each regular patient regular monthly visit. The
attending physician could check these reports before every visit
of the patient and review them with the patient to adjust
treatment and guidance.

Information on patients’ age, sex, BMI, type of diabetes,
complications, and medical history were collected from
electronic medical records upon enrollment. Type 1 diabetes
was diagnosed based on the diagnostic criteria of the Japan
Diabetes Society [31,32], whereas type 2, pancreatic, and steroid
diabetes were diagnosed based on clinical data. Laboratory data,
SMBG data for the past 2 weeks, and changes in diabetes
medication were collected at enrollment, 12 weeks, and 24
weeks. The Diabetes Treatment Satisfaction Questionnaire
(DTSQ) was used to assess patient satisfaction with the diabetes
treatment [33], and the Japanese version of the DTSQ [34] was
answered at enrollment, 12 weeks, and 24 weeks. The following
were the items of the DTSQ: Q1=“satisfaction with current
treatment,” Q2=“frequency of hyperglycemia,” Q3=“frequency
of hypoglycemia,” Q4=“convenience,” Q5=“flexibility,”
Q6=“understanding of diabetes,” Q7=“recommend treatment
to others,” and Q8=“willingness to continue the current
treatment.” Each item was assessed using a 7-point Likert scale,
with scores from 0 (very dissatisfied) to 6 (very satisfied).

Furthermore, a questionnaire for patients and physicians was
administered at the end of the intervention.

Outcomes
The primary outcome was the change in glycated hemoglobin
(HbA1c) level. Secondary outcomes included changes in insulin
dose, frequency of daily SMBG, DTSQ score, parameters for
glycemic variability, and hypoglycemia. The parameters for
glycemic variability included the SD of glucose and mean
amplitude of glycemic excursions (MAGE) [35-37]. The
parameters for hypoglycemia included low blood glucose index
(LBGI) [38]. Treatment intensification was defined as an
addition or dose increase of hypoglycemic agents, including
insulin or GLP-1RA. Treatment reduction was defined as a
discontinuation or dose reduction of these agents.

Sample Size
Based on the results of a previous clinical trial [39,40], the
geometric SD of the change in HbA1c at the last observation
period was assumed to be 0.7%. We estimated that ≥46 patients
were required to confer a power of 90% to detect a 0.5%
significant difference in the change from baseline at the end of
the intervention. We thus planned to recruit 50 patients with
consideration for potential discontinuation or dropout of the
enrolled patients during the study period.

Statistical Analysis
Continuous variables are expressed as the mean (SD), and
nominal variables are expressed as frequency (%) unless stated
otherwise. A linear mixed model, including the treatment period
as a fixed effect, was used to compare changes in the HbA1c

level, insulin dose, frequency of daily SMBG, DTSQ score,
mean glucose, SD of glucose, MAGE, and LBGI from baseline
at 12 and 24 weeks. Effect sizes for continuous variables were
calculated using the paired 2-tailed t test and quantified using
Cohen d. For ordinal variables, the Wilcoxon signed-rank test
was used, with the effect size represented by r=Z/√n. Analyses
were conducted using 2-sided tests at a significance level of
.05. SAS 9.4 software and JMP Pro 15.1.0 software (SAS
Institute Inc) and Stata (version 17.0; StataCorp LLC) were
used for all statistical analyses.

JMIR Diabetes 2024 | vol. 9 | e48019 | p. 4https://diabetes.jmir.org/2024/1/e48019
(page number not for citation purposes)

Handa et alJMIR DIABETES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Results

Figure 2 shows the CONSORT (Consolidated Standards of
Reporting Trials) flow diagram of the study. In the participating
hospitals, 165 candidates were assessed for eligibility for this
study. Of the 165 patients, 92 did not meet the eligibility criteria
and 25 patients refused to enroll in the study. The following

were the reasons for the exclusion of the 92 participants:
inability to properly operate the devices (n=85), anticipated
difficulty in participation due to the intervals between hospital
visits (n=1), poor compliance (n=2), psychiatric illness or
dementia (n=3), and poor general health due to comorbidities
(n=1). Therefore, 48 patients were recruited into the study. As
1 patient withdrew owing to an app installation error, 47
completed the study.

Figure 2. Flowchart of the study.

Table 1 shows the baseline characteristics of the patients.
Overall, 34 patients were male and 14 were female, with a mean
age of 59.8 (SD 11.9) years and a mean BMI of 25.2 (SD 4.8)

kg/m2. The mean HbA1c was 7.7% (SD 0.6%), and the mean
duration of diabetes was 18.2 (SD 10.8) years. Regarding the

type of diabetes, of the 48 patients, 4 (8%) had type 1 diabetes,
40 (83%) had type 2 diabetes, 3 (6%) had pancreatic diabetes,
and 1 (2%) had steroid diabetes. Moreover, 31 (65%), 7 (15%),
and 10 (21%) were treated with insulin only, GLP-1RA only,
and both treatments, respectively.
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Table 1. Baseline characteristics of the study patients (n=48).

ValueCharacteristic

59.8 (11.9)Age (years), mean (SD)

Sex, n (%)

34 (71)Male

14 (29)Female

25.2 (4.8)BMI (kg/m2), mean (SD)

7.7 (0.6)HbA1c
a, mean (SD)

18.2 (10.8)Duration of diabetes (years), mean (SD)

Type of diabetes, n (%)

4 (8)Type 1

40 (83)Type 2

3 (6)Pancreatic

1 (2)Steroid

Type of disease, n (%)

22 (46)Retinopathy

26 (54)Nephropathy

19 (40)Neuropathy

6 (13)Cardiovascular disease

2 (4)Cerebrovascular disease

Insulin treatment, n (%)

31 (65)Use of insulin

7 (15)Use of GLP-1RAb

10 (21)Use of both insulin and GLP-1RA

32.8 (22.4)Insulin dose (n=41; units per day), mean (SD)

Frequency of daily SMBGc, mean (SD)

2.3 (0.9)Total (n=47)

2.3 (1.0)MDId (n=35)

2.4 (0.9)Others (n=12)

aHbA1c: glycated hemoglobin.
bGLP1RA: glucagon-like peptide 1 receptor agonist.
cSMBG: self-monitoring of blood glucose.
dMDI: multiple daily injection.

Table 2 shows the changes in glycemic outcomes and
questionnaire scores in patients. Compared to the baseline
values, HbA1c decreased by –0.13% at 12 weeks (P=.15) and
–0.06% at 24 weeks (P=.53), but the difference was not
statistically significant. The frequency of daily SMBG was
significantly increased at 12 weeks (0.66 per day, 95% CI
0.25-1.07; P=.002) and 24 weeks (0.43 per day, 95% CI
0.02-0.84; P=.04). In patients on multiple daily injections, the
frequency of daily SMBGs increased by 0.76 per day at 12
weeks (95% CI 0.29-1.23; P=.002) and 0.50 per day at 24 weeks
(95% CI 0.03-0.97; P=.04). The MAGE (P=.39) and LBGI
(P=.23) values showed a trend toward an increase after

12 weeks; however, it was not statistically significant, which
may be caused by the increase in the frequency of daily SMBG.
The DTSQ total score and “Q4: convenience” and “Q5:
flexibility” scores were significantly improved after the use of
the Smart e-SMBG app (all P<.05). Effect sizes for each
outcome are presented in Table S1 in Multimedia Appendix 1.
The average number of face-to-face visits with patients or
physicians during the intervention was 4.7 (SD 1.0), and the
attending physician reviewed the cloud data at every visit. No
significant correlation was observed between the number of
visits and HbA1c change or SMBG frequency change (Table S2
in Multimedia Appendix 1).
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Table 2. Changes in glycemic outcomes and questionnaire scores in total patients (n=47).

P valueChange at 24 weeks (95% CI)P valueChange at 12 weeks (95% CI)Parameter

.53–0.06 (–0.24 to 0.13).15–0.13 (–0.31 to 0.05)HbA1c
a (%)

.08–1.34 (–2.85 to 0.17).18–1.02 (–2.53 to 0.49)Insulin dose (units per day)

Glycemic outcome

.890.37 (–4.93 to 5.67).193.46 (–1.80 to 8.71)SD of glucose (mg/dL)

.63–3.04 (−15.69 to 9.62).395.37 (–7.17 to 17.92)MAGEb (mg/dL)

.500.41 (–0.81 to 1.64).230.73 (–0.48 to 1.94)LBGIc

Frequency of daily SMBGd

.040.43 (0.02 to 0.84).002 e0.66 (0.25 to 1.07)Total (n=46)

.040.50 (0.03 to 0.97).0020.76 (0.29 to 1.23)MDIf (n=35)

.650.20 (–0.76 to 1.16).460.33 (–0.63 to 1.29)Others (n=11)

DTSQg score

.012.23 (0.59 to 3.87).041.74 (0.10 to 3.39)Total score

.130.21 (–0.07 to 0.49).650.06 (–0.21 to 0.34)Q1: Current treatment

.81–0.06 (–0.58 to 0.46).62–0.13 (–0.65 to 0.39)Q2: Frequency of hyperglycemia

.49–0.17 (–0.66 to 0.32).60–0.13 (–0.62 to 0.36)Q3: Frequency of hypoglycemia

.0040.74 (0.25 to 1.24).020.60 (0.10 to 1.09)Q4: Convenience

.0010.70 (0.30 to 1.10).020.49 (0.09 to 0.89)Q5: Flexibility

.060.32 (–0.01 to 0.65).060.32 (–0.01 to 0.65)Q6: Understanding

.600.13 (−0.36 to 0.62).660.11 (−0.38 to 0.60)Q7: Recommend

.350.13 (−0.15 to 0.40).220.17 (–0.10 to 0.44)Q8: Continue

aHbA1c: glycated hemoglobin.
bMAGE: mean amplitude of glycemic excursion.
cLBGI: low blood glucose index.
dSMBG: self-monitoring of blood glucose.
eItalic formatting indicates P values <.05.
fMDI: multiple daily injection.
gDTSQ: Diabetes Treatment Satisfaction Questionnaire.

During the intervention period, the changes in the overall
diabetes medications (insulin, GLP-1RA, and oral hypoglycemic
agents) were observed as follows: at 12 weeks, treatment was
continued in 28 (60%) out of 47 patients, reduced in 10 (21%),
and intensified in 9 (19%); at 24 weeks, treatment was continued
in 21 (45%) patients, reduced in 15 (32%), and intensified in
11 (23%).

Based on the observed medication changes in several patients,
it appears that those experiencing worsening control underwent
treatment intensification, whereas those showing improvement
underwent treatment reduction. Therefore, to assess the effect
of the intervention, post hoc subgroup analyses were performed,
considering the presence or absence of treatment changes. Table
3 shows changes in glycemic outcomes and questionnaire scores
in 21 patients whose antidiabetic medication has not been
adjusted by the 24-week time point. HbA1c decreased
significantly at 12 weeks (–0.26%, 95% CI –0.47 to –0.05;

P=.02); however, this significant change disappeared at
24 weeks. The DTSQ total score and scores for “Q1:
convenience,” “Q2: convenience,” “Q4: convenience,” and “Q5:
flexibility” were significantly improved after the use of the
Smart e-SMBG system (all P<.05). The results of the subgroup
analysis for patients whose treatment was either intensified or
reduced are presented in Tables S3 and S4 in Multimedia
Appendix 1. In the subgroup with intensified treatment, a
significant increase in insulin dose (P=.003) and MAGE (P=.02)
at 24 weeks was noted. Conversely, the subgroup with reduced
treatment showed a decrease in insulin dose (P=.002) and
MAGE (P=.04) at 24 weeks. In both groups, a significant
increase in the frequency of daily SMBG at 12 weeks was
observed (intensified: P=.01; reduced: P=.048), whereas no
significant changes in HbA1c levels were noted (both P>.05).
The effect sizes for each outcome within each subgroup are
presented in Tables S5-S7 in Multimedia Appendix 1.
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Table 3. Changes in glycemic outcomes and questionnaire scores in patients whose antidiabetic medication had not been adjusted during the study
(n=21).

P valueChange at 24 weeks (95% CI)P valueChange at 12 weeks (95% CI)Parameter

.49–0.07 (–0.28 to 0.14).02 b–0.26 (–0.47 to –0.05)HbA1c
a (%)

Glycemic outcome

.870.64 (–7.34 to 8.61).890.54 (–7.44 to 8.52)SD of glucose (mg/dL)

.97–0.31 (–17.06 to 16.45).604.33 (–12.43 to 21.08)MAGEc (mg/dL)

.60–0.25 (–1.21 to 0.72).300.49 (–0.47 to 1.46)LBGId

.440.25 (–0.41 to 0.91).330.31 (–0.34 to 0.97)Frequency of daily SMBGe

DTSQf score

.013.19 (0.91 to 5.47).042.33 (0.06 to 4.61)Total score

.020.48 (0.07 to 0.88).470.14 (–0.26 to 0.55)Q1: Current treatment

.040.67 (0.02 to 1.32).190.43 (–0.20 to 1.08)Q2: Frequency of hyperglycemia

.12–0.52 (–1.20 to 0.15).25–0.38 (–1.06 to 0.29)Q3: Frequency of hypoglycemia

.040.71 (0.06 to 1.37).110.52 (–0.13 to 1.18)Q4: Convenience

.010.67 (0.18 to 1.15).170.33 (–0.15 to 0.82)Q5: Flexibility

.390.19 (–0.26 to 0.64).280.24 (–0.21 to 0.69)Q6: Understanding

.090.76 (–0.11 to 1.64).100.71 (–0.16 to 1.59)Q7: Recommend

.060.38 (–0.01 to 0.77).060.38 (–0.01 to 0.77)Q8: Continue

aHbA1c: glycated hemoglobin.
bItalic formatting indicates P values <.05.
cMAGE: mean amplitude of glycemic excursion.
dLBGI: low blood glucose index.
eSMBG: self-monitoring of blood glucose.
fDTSQ: Diabetes Treatment Satisfaction Questionnaire.

Table 4 presents the results of the questionnaire administered
to the patients and physicians after the intervention. More than
90% of the patients (44/47, 94%) and physicians (44/47, 94%)
responded that the blood glucose monitoring chart (as a logbook
in the SMBG format) was helpful. For the diurnal variability
graphs of blood glucose, 89% (42/47) of the patients and 94%
(44/47) of the physicians found them helpful. Additionally, 83%
(39/47) of the patients and 77% (36/47) of the physicians
reported that the Smart e-SMBG system helped motivate the
patients to improve their lifestyle, and 72% (33/46) of the

patients and 76% (35/46) of the physicians reported that the
Smart e-SMBG system helped them with insulin dose
adjustment. Furthermore, 83% (39/47) of the patients and 91%
(43/47) of the physicians reported that the Smart e-SMBG
system aided their diabetes treatment. In addition, 44 (96%) out
of 46 patients and 45 (96%) out of 47 physicians who
participated in the study indicated that they would like to
continue using the Smart e-SMBG system for their diabetes
care.
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Table 4. Results of the questionnaire for patients and physicians after the intervention.

Physicians, n (%)Patients, n (%)Question and response

Was the use of this e-SMBG app useful for motivating you to improve your lifestyle? (patients: n=47; physicians: n=47)

15 (32)8 (17)Very useful

21 (45)31 (66)Useful

10 (21)6 (13)Not very useful

1 (2)2 (4)Not useful at all

Was the use of this e-SMBG app useful for adjusting the insulin dose? (patients: n=46; physicians: n=46)

18 (39)8 (17)Very useful

17 (37)25 (54)Useful

11 (24)8 (17)Not very useful

0 (0)5 (11)Not useful at all

Was the use of this e-SMBG app useful for diabetes treatment? (patients: n=47; physicians: n=47)

17 (36)7 (15)Very useful

26 (55)32 (68)Useful

4 (9)6 (13)Not very useful

0 (0)2 (4)Not useful at all

Do you want to continue to use this e-SMBG app for diabetes treatment? (patients: n=46; physicians: n=47)

45 (96)44 (96)Yes

2 (4)2 (4)No

Did you find the following app items useful?

Blood glucose logbook (patients: n=47; physicians: n=47)

19 (40)21 (45)Very useful

25 (53)23 (49)Useful

3 (6)0 (0)Not very useful

0 (0)3 (6)Not useful at all

Blood glucose variability graph (patients: n=47; physicians: n=47)

20 (43)18 (38)Very useful

24 (51)24 (51)Useful

3 (6)4 (9)Not very useful

0 (0)1 (2)Not useful at all

Weekly summary (patients: n=46; physicians: n=45)

16 (36)7 (15)Very useful

18 (40)18 (39)Useful

10 (22)14 (30)Not very useful

1 (2)7 (15)Not useful at all

Event record (patients: n=42; physicians: n=46)

14 (30)5 (12)Very useful

11 (24)7 (17)Useful

15 (33)20 (48)Not very useful

6 (13)10 (24)Not useful at all

Dietary record (patients: n=43; physicians: n=45)

16 (36)4 (9)Very useful

10 (22)9 (21)Useful
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Physicians, n (%)Patients, n (%)Question and response

11 (24)18 (42)Not very useful

8 (18)12 (28)Not useful at all

Blood pressure, activity, and weight records (patients: n=43; physicians: n=45)

16 (36)6 (14)Very useful

16 (36)11 (26)Useful

7 (16)15 (35)Not very useful

6 (13)11 (26)Not useful at all

Discussion

Principal Findings
Using the “Smart e-SMBG System,” an app-cloud cooperation
system that supports digitization and sharing of SMBG and
other health data between patients and attending physicians
without special support such as remote HCP, there was a
significant increase in the frequencies of SMBG and improved
treatment satisfaction among patients with diabetes who
performed SMBG, and there was a temporary but significant
decrease in the HbA1c level in the patients for whom the
treatment was not changed during the study.

In this study, the digitization of SMBG records resulted in an
increase in the SMBG frequency. It is possible that patients
recording their blood glucose on the app and sharing their blood
glucose trends with attending physicians at follow-up visits may
have increased their interest in blood glucose levels. This
increased attention to blood glucose levels may lead to a better
understanding of specific lifestyle issues and self-improvement
and improved their self-management by changing their behavior,
resulting in better glycemic control. Previous studies have shown
that a higher frequency of daily SMBG corresponds with better
glycemic control regardless of the type of diabetes, patient’s
age, or type of treatment received [16,17,20,21,41-43].

In addition to a significant increase in the total DTSQ score,
there was a significant increase in the convenience and flexibility
scores on the DTSQ. Using the “Smart e-SMBG system,”
patients simply performed the SMBG measurement as per their
usual procedure, allowing the measured data to be automatically
transmitted from the blood glucose meter to the smartphone,
thus reducing the need for patients to enter blood glucose data
into handwritten logbooks each time. The system also offers
unique features, such as weekly summaries and blood glucose
level variation graphs. These features help patients manage their
diabetes care more easily and flexibly, potentially contributing
to both improved patient satisfaction and the low rate of dropout
observed in this study. Improvement in treatment satisfaction
has been shown to improve patient’s treatment compliance and
promote lifestyle modifications [44]. Furthermore, attending
physicians appreciated the reporting features, including a weekly
summary with good visibility, with 76% (34/45) of them noting
their usefulness. Such features, emphasizing convenience and
simplicity, may have contributed to sustained patient-clinician
interactions during the study.

Although no significant changes in HbA1c levels were noted
among all patients in this study, it is important to note that
treatment was not fixed. This flexibility allowed the SMBG
results and reports on the cloud to be used for treatment
adjustments. As a result, drug therapy was intensified or
decreased in some patients during the study, which may be
related to the finding that there were no significant changes in
HbA1c in all patients. On the other hand, 72% (33/46) of the
patients and 76% (35/46) of the attending physicians responded
on the questionnaire that the system was useful in adjusting
insulin doses, suggesting that the app-cloud cooperation system
is useful for the adjustment of drug therapy. Although this is a
post hoc subgroup analysis, the observed improvement in
glycemic control at 12 weeks after intervention in patients in
whom the treatment did not change during the study suggested
that the digitization of SMBG records using the app-cloud
cooperation system improved glycemic control through effects
other than intensified therapy with insulin, GLP-1RA, and oral
hypoglycemic agents. As indicated by the increase in the SMBG
frequency, this is presumably an improvement via behavioral
change. However, as no significant changes in HbA1c levels
were observed at 24 weeks, along with the degree of increase
in the SMBG frequency attenuated at 24 weeks compared with
that at 12 weeks, the long-term effects of promoting behavioral
change may require further testing.

This study has demonstrated for the first time that digitization
and sharing of SMBG data between patients already performing
SMBG and their attending physician were useful for improving
glycemic control and enhancing diabetes self-management not
only for patients in limited settings with sufficient time and
resources, such as research or telemedicine, but also in routine
outpatient management of diabetes. The findings underscore
the benefit of promoting SMBG digitization, suggesting it as a
practical approach to improve self-management and treatment
outcomes in diverse clinical settings for diabetes care.

Limitations
Our study had several limitations that should be considered.
First, this study had a single-armed design without a control
and cannot rule out potential biases, including the Hawthorne
effect, or influences from other concurrent events, including
the COVID-19 pandemic. Additionally, we excluded patients
who did not use smartphones or had difficulty operating the
apps, which may have influenced the age and socioeconomic
status of the participants. Our study group primarily consisted
of participants from a specific region of Japan, which may limit
the broader generalization of our findings. Furthermore, although
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we included patients with various diabetes types, it remains
possible that there was a difference in the impact on their
lifestyle modifications due to the system between patients with
type 1 and type 2 diabetes. The observed improvement in HbA1c

levels was obtained from the post hoc subgroup analysis
focusing on patients who did not change medications, and an
additional evaluation of whether the behavioral changes brought
about by this system led to improved glycemic control is needed
with outcomes that also consider changes in medication. As the
observation period of our study was limited to 24 weeks, further
studies are needed to clarify whether the interaction between

patients or physicians and this system continues over a long
term.

Conclusions
In conclusion, this study demonstrated that digitization of SMBG
records and sharing of SMBG and other health data between
patients and attending physicians and supporting the regular
face-to-face visits by using the app-cloud cooperation system
improved the SMBG frequency and treatment satisfaction in
patients with diabetes performing SMBG. The significant
outcomes achieved without the need for specialized support
such as remote HCP involvement suggest the system’s potential
for widespread adoption in real-world clinical practices.

Acknowledgments
We are grateful to all staff responsible for data collection. This study was funded by ARKRAY Inc, Kyoto, Japan.

Conflicts of Interest
HA reports having received speaker honoraria and scholarship grants from Sanwakagaku Kenkyusyo. TO reports having received
speaker honoraria from ARKRAY, Inc and Sanwakagaku Kenkyusyo. All the other authors have no conflicts of interest to declare.

Multimedia Appendix 1
Screenshots of the Smart e-SMBG app and additional data on effect sizes, correlation analysis, and subgroup analysis.
[PDF File (Adobe PDF File), 2483 KB-Multimedia Appendix 1]

References

1. American Diabetes Association. Self-monitoring of blood glucose. Diabetes Care. 1994;17(1):81-86. [FREE Full text] [doi:
10.2337/diacare.17.1.81] [Medline: 8112195]

2. American Diabetes Association. Tests of glycemia in diabetes. Diabetes Care. 2000;23(Suppl 1):S80-S82. [Medline:
12017687]

3. American Diabetes Association. Standards of medical care in diabetes--2010. Diabetes Care. 2010;33(Suppl 1):S11-S61.
[FREE Full text] [doi: 10.2337/dc10-S011] [Medline: 20042772]

4. Kalra S, Ganapathi M, Mithal A. Glycemic monitoring with once-weekly glucagon-like peptide 1 receptor agonist (GLP1RA)
use. Indian J Endocrinol Metab. 2015;19(2):193-195. [FREE Full text] [doi: 10.4103/2230-8210.149313] [Medline:
25729679]

5. Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, Davis M, et al. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl J Med.
1993;329(14):977-986. [FREE Full text] [doi: 10.1056/NEJM199309303291401] [Medline: 8366922]

6. Blackwell M, Tomlinson PA, Rayns J, Hunter J, Sjoeholm A, Wheeler BJ. Exploring the motivations behind misreporting
self-measured blood glucose in adolescents with type 1 diabetes—a qualitative study. J Diabetes Metab Disord. 2015;15:16.
[FREE Full text] [doi: 10.1186/s40200-016-0238-6] [Medline: 27274982]

7. Blackwell M, Wheeler BJ. Clinical review: the misreporting of logbook, download, and verbal self-measured blood glucose
in adults and children with type I diabetes. Acta Diabetol. 2017;54(1):1-8. [doi: 10.1007/s00592-016-0907-4] [Medline:
27605000]

8. Eberle C, Löhnert M, Stichling S. Effectiveness of disease-specific mHealth apps in patients with diabetes mellitus: scoping
review. JMIR Mhealth Uhealth. 2021;9(2):e23477. [FREE Full text] [doi: 10.2196/23477] [Medline: 33587045]

9. Eberle C, Stichling S. Clinical improvements by telemedicine interventions managing type 1 and type 2 diabetes: systematic
meta-review. J Med Internet Res. 2021;23(2):e23244. [FREE Full text] [doi: 10.2196/23244] [Medline: 33605889]

10. Shan R, Sarkar S, Martin SS. Digital health technology and mobile devices for the management of diabetes mellitus: state
of the art. Diabetologia. 2019;62(6):877-887. [FREE Full text] [doi: 10.1007/s00125-019-4864-7] [Medline: 30963188]

11. Bode B, King A, Russell-Jones D, Billings LK. Leveraging advances in diabetes technologies in primary care: a narrative
review. Ann Med. 2021;53(1):805-816. [FREE Full text] [doi: 10.1080/07853890.2021.1931427] [Medline: 34184589]

12. Cappon G, Vettoretti M, Sparacino G, Facchinetti A. Continuous glucose monitoring sensors for diabetes management: a
review of technologies and applications. Diabetes Metab J. 2019;43(4):383-397. [FREE Full text] [doi:
10.4093/dmj.2019.0121] [Medline: 31441246]

JMIR Diabetes 2024 | vol. 9 | e48019 | p. 11https://diabetes.jmir.org/2024/1/e48019
(page number not for citation purposes)

Handa et alJMIR DIABETES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=diabetes_v9i1e48019_app1.pdf&filename=ebf3d93f700cc29f474fdc107849d6b8.pdf
https://jmir.org/api/download?alt_name=diabetes_v9i1e48019_app1.pdf&filename=ebf3d93f700cc29f474fdc107849d6b8.pdf
https://diabetesjournals.org/care/article/17/1/81/17221/Self-Monitoring-of-Blood-Glucose
http://dx.doi.org/10.2337/diacare.17.1.81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8112195&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12017687&dopt=Abstract
https://europepmc.org/abstract/MED/20042772
http://dx.doi.org/10.2337/dc10-S011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042772&dopt=Abstract
http://www.ijem.in/article.asp?issn=2230-8210;year=2015;volume=19;issue=2;spage=193;epage=195;aulast=Kalra
http://dx.doi.org/10.4103/2230-8210.149313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25729679&dopt=Abstract
https://www.nejm.org/doi/full/10.1056/NEJM199309303291401
http://dx.doi.org/10.1056/NEJM199309303291401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8366922&dopt=Abstract
https://europepmc.org/abstract/MED/27274982
http://dx.doi.org/10.1186/s40200-016-0238-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27274982&dopt=Abstract
http://dx.doi.org/10.1007/s00592-016-0907-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27605000&dopt=Abstract
https://mhealth.jmir.org/2021/2/e23477/
http://dx.doi.org/10.2196/23477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33587045&dopt=Abstract
https://www.jmir.org/2021/2/e23244/
http://dx.doi.org/10.2196/23244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33605889&dopt=Abstract
https://link.springer.com/article/10.1007/s00125-019-4864-7
http://dx.doi.org/10.1007/s00125-019-4864-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30963188&dopt=Abstract
https://europepmc.org/abstract/MED/34184589
http://dx.doi.org/10.1080/07853890.2021.1931427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34184589&dopt=Abstract
https://europepmc.org/abstract/MED/31441246
http://dx.doi.org/10.4093/dmj.2019.0121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31441246&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Mihai DA, Stefan DS, Stegaru D, Bernea GE, Vacaroiu IA, Papacocea T, et al. Continuous glucose monitoring devices: a
brief presentation (review). Exp Ther Med. 2022;23(2):174. [FREE Full text] [doi: 10.3892/etm.2021.11097] [Medline:
35069855]

14. Takenga C, Berndt RD, Musongya O, Kitero J, Katoke R, Molo K, et al. An ICT-based diabetes management system tested
for health care delivery in the African context. Int J Telemed Appl. 2014;2014:437307. [FREE Full text] [doi:
10.1155/2014/437307] [Medline: 25136358]

15. Alanzi T, Alanazi NR, Istepanian R, Philip N. Evaluation of the effectiveness of mobile diabetes management system with
social networking and cognitive behavioural therapy (CBT) for T2D. Mhealth. 2018;4:35. [FREE Full text] [doi:
10.21037/mhealth.2018.06.05] [Medline: 30221168]

16. Bellfield EJ, Sharp LK, Xia Y, Gerber BS. Use of a mobile app to facilitate blood glucose monitoring in adolescents with
type 1 diabetes: single-subject nonrandomized clinical trial. JMIR Diabetes. 2018;3(1):e3. [FREE Full text] [doi:
10.2196/diabetes.8357] [Medline: 30291085]

17. Hao Y, Xu H. A prospective cohort study on the management of young patients with newly diagnosed type 2 diabetes using
mobile medical applications. Diabetes Ther. 2018;9(5):2099-2106. [FREE Full text] [doi: 10.1007/s13300-018-0506-1]
[Medline: 30229443]

18. Koot D, Goh PSC, Lim RSM, Tian Y, Yau TY, Tan NC, et al. A mobile lifestyle management program (GlycoLeap) for
people with type 2 diabetes: single-arm feasibility study. JMIR Mhealth Uhealth. 2019;7(5):e12965. [FREE Full text] [doi:
10.2196/12965] [Medline: 31127720]

19. Li J, Sun L, Wang Y, Guo L, Li D, Liu C, et al. A mobile-based intervention for glycemic control in patients with type 2
diabetes: retrospective, propensity score-matched cohort study. JMIR Mhealth Uhealth. 2020;8(3):e15390. [FREE Full
text] [doi: 10.2196/15390] [Medline: 32159518]

20. Lim S, Kang SM, Shin H, Lee HJ, Yoon JW, Yu SH, et al. Improved glycemic control without hypoglycemia in elderly
diabetic patients using the ubiquitous healthcare service, a new medical information system. Diabetes Care.
2011;34(2):308-313. [FREE Full text] [doi: 10.2337/dc10-1447] [Medline: 21270188]

21. Lin J, Li X, Jiang S, Ma X, Yang Y, Zhou Z. Utilizing technology-enabled intervention to improve blood glucose
self-management outcome in type 2 diabetic patients initiated on insulin therapy: a retrospective real-world study. Int J
Endocrinol. 2020;2020:7249782. [FREE Full text] [doi: 10.1155/2020/7249782] [Medline: 33224195]

22. Quinn CC, Clough SS, Minor JM, Lender D, Okafor MC, Gruber-Baldini A. WellDoc mobile diabetes management
randomized controlled trial: change in clinical and behavioral outcomes and patient and physician satisfaction. Diabetes
Technol Ther. 2008;10(3):160-168. [doi: 10.1089/dia.2008.0283] [Medline: 18473689]

23. Sun C, Sun L, Xi S, Zhang H, Wang H, Feng Y, et al. Mobile phone-based telemedicine practice in older Chinese patients
with type 2 diabetes mellitus: randomized controlled trial. JMIR Mhealth Uhealth. 2019;7(1):e10664. [FREE Full text]
[doi: 10.2196/10664] [Medline: 30609983]

24. Tu YZ, Chang YT, Chiou HY, Lai K. The effects of continuous usage of a diabetes management app on glycemic control
in real-world clinical practice: retrospective analysis. J Med Internet Res. 2021;23(7):e23227. [FREE Full text] [doi:
10.2196/23227] [Medline: 34264192]

25. Waki K, Fujita H, Uchimura Y, Omae K, Aramaki E, Kato S, et al. DialBetics: a novel smartphone-based self-management
support system for type 2 diabetes patients. J Diabetes Sci Technol. 2014;8(2):209-215. [FREE Full text] [doi:
10.1177/1932296814526495] [Medline: 24876569]

26. Yang Y, Lee EY, Kim HS, Lee SH, Yoon KH, Cho JH. Effect of a mobile phone-based glucose-monitoring and feedback
system for type 2 diabetes management in multiple primary care clinic settings: cluster randomized controlled trial. JMIR
Mhealth Uhealth. 2020;8(2):e16266. [FREE Full text] [doi: 10.2196/16266] [Medline: 32130172]

27. e-SMBG Cloud ARKRAY, Inc. URL: https://cloud.e-smbg.net/en/ [accessed 2022-10-27]
28. Health2Sync. URL: https://www.health2sync.com/ [accessed 2022-10-27]
29. Welby My-Karte. URL: https://karte.welby.jp/ [accessed 2022-10-27]
30. Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi A, Araki E, et al. Report of the Committee on the Classification and

Diagnostic Criteria of Diabetes Mellitus. J Diabetes Investig. 2010;1(5):212-228. [FREE Full text] [doi:
10.1111/j.2040-1124.2010.00074.x] [Medline: 24843435]

31. Kawasaki E, Maruyama T, Imagawa A, Awata T, Ikegami H, Uchigata Y, et al. Diagnostic criteria for acute-onset type 1
diabetes mellitus (2012): report of the Committee of Japan Diabetes Society on the Research of Fulminant and Acute-Onset
Type 1 Diabetes Mellitus. J Diabetes Investig. 2014;5(1):115-118. [FREE Full text] [doi: 10.1111/jdi.12119] [Medline:
24843746]

32. Tanaka S, Ohmori M, Awata T, Shimada A, Murao S, Maruyama T, et al. Diagnostic criteria for Slowly Progressive
Insulin-Dependent (Type 1) Diabetes Mellitus (SPIDDM) (2012): report by the Committee on Slowly Progressive
Insulin-Dependent (Type 1) Diabetes Mellitus of the Japan Diabetes Society. Diabetol Int. 2015;6(1):1-7. [FREE Full text]
[doi: 10.1007/s13340-014-0199-2]

33. Bradley C, Gamsu DS. Guidelines for encouraging psychological well-being: report of a Working Group of the World
Health Organization Regional Office for Europe and International Diabetes Federation European Region St Vincent

JMIR Diabetes 2024 | vol. 9 | e48019 | p. 12https://diabetes.jmir.org/2024/1/e48019
(page number not for citation purposes)

Handa et alJMIR DIABETES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35069855
http://dx.doi.org/10.3892/etm.2021.11097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35069855&dopt=Abstract
https://doi.org/10.1155/2014/437307
http://dx.doi.org/10.1155/2014/437307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25136358&dopt=Abstract
https://europepmc.org/abstract/MED/30221168
http://dx.doi.org/10.21037/mhealth.2018.06.05
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30221168&dopt=Abstract
https://diabetes.jmir.org/2018/1/e3/
http://dx.doi.org/10.2196/diabetes.8357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291085&dopt=Abstract
https://europepmc.org/abstract/MED/30229443
http://dx.doi.org/10.1007/s13300-018-0506-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30229443&dopt=Abstract
https://mhealth.jmir.org/2019/5/e12965/
http://dx.doi.org/10.2196/12965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31127720&dopt=Abstract
https://mhealth.jmir.org/2020/3/e15390/
https://mhealth.jmir.org/2020/3/e15390/
http://dx.doi.org/10.2196/15390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32159518&dopt=Abstract
https://europepmc.org/abstract/MED/21270188
http://dx.doi.org/10.2337/dc10-1447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21270188&dopt=Abstract
https://doi.org/10.1155/2020/7249782
http://dx.doi.org/10.1155/2020/7249782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33224195&dopt=Abstract
http://dx.doi.org/10.1089/dia.2008.0283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18473689&dopt=Abstract
https://mhealth.jmir.org/2019/1/e10664/
http://dx.doi.org/10.2196/10664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30609983&dopt=Abstract
https://www.jmir.org/2021/7/e23227/
http://dx.doi.org/10.2196/23227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34264192&dopt=Abstract
https://europepmc.org/abstract/MED/24876569
http://dx.doi.org/10.1177/1932296814526495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24876569&dopt=Abstract
https://mhealth.jmir.org/2020/2/e16266/
http://dx.doi.org/10.2196/16266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130172&dopt=Abstract
https://cloud.e-smbg.net/en/
https://www.health2sync.com/
https://karte.welby.jp/
https://onlinelibrary.wiley.com/doi/10.1111/j.2040-1124.2010.00074.x
http://dx.doi.org/10.1111/j.2040-1124.2010.00074.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24843435&dopt=Abstract
https://europepmc.org/abstract/MED/24843746
http://dx.doi.org/10.1111/jdi.12119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24843746&dopt=Abstract
https://www.jstage.jst.go.jp/article/tonyobyo/56/8/56_590/_article/-char/ja/
http://dx.doi.org/10.1007/s13340-014-0199-2
http://www.w3.org/Style/XSL
http://www.renderx.com/


Declaration Action Programme for Diabetes. Diabet Med. 1994;11(5):510-516. [doi: 10.1111/j.1464-5491.1994.tb00316.x]
[Medline: 8088133]

34. Ishii H. The Japanese version of the Diabetes Treatment Satisfaction Questionnaire (DTSQ): translation and clinical
evaluation. J Clin Exp Med. 2000;192:809-814.

35. Clarke W, Kovatchev B. Statistical tools to analyze continuous glucose monitor data. Diabetes Technol Ther. 2009;11(Suppl
1):S45-S54. [FREE Full text] [doi: 10.1089/dia.2008.0138] [Medline: 19469677]

36. Kovatchev BP, Clarke WL, Breton M, Brayman K, McCall A. Quantifying temporal glucose variability in diabetes via
continuous glucose monitoring: mathematical methods and clinical application. Diabetes Technol Ther. 2005;7(6):849-862.
[doi: 10.1089/dia.2005.7.849] [Medline: 16386091]

37. McDonnell CM, Donath SM, Vidmar SI, Werther GA, Cameron FJ. A novel approach to continuous glucose analysis
utilizing glycemic variation. Diabetes Technol Ther. 2005;7(2):253-263. [doi: 10.1089/dia.2005.7.253] [Medline: 15857227]

38. Kovatchev BP, Cox DJ, Gonder-Frederick LA, Young-Hyman D, Schlundt D, Clarke W. Assessment of risk for severe
hypoglycemia among adults with IDDM: validation of the low blood glucose index. Diabetes Care. 1998;21(11):1870-1875.
[FREE Full text] [doi: 10.2337/diacare.21.11.1870] [Medline: 9802735]

39. Arambepola C, Ricci-Cabello I, Manikavasagam P, Roberts N, French DP, Farmer A. The impact of automated brief
messages promoting lifestyle changes delivered via mobile devices to people with type 2 diabetes: a systematic literature
review and meta-analysis of controlled trials. J Med Internet Res. 2016;18(4):e86. [FREE Full text] [doi: 10.2196/jmir.5425]
[Medline: 27095386]

40. Orsama AL, Lähteenmäki J, Harno K, Kulju M, Wintergerst E, Schachner H, et al. Active assistance technology reduces
glycosylated hemoglobin and weight in individuals with type 2 diabetes: results of a theory-based randomized trial. Diabetes
Technol Ther. 2013;15(8):662-669. [doi: 10.1089/dia.2013.0056] [Medline: 23844570]

41. Offringa R, Sheng T, Parks L, Clements M, Kerr D, Greenfield MS. Digital diabetes management application improves
glycemic outcomes in people with type 1 and type 2 diabetes. J Diabetes Sci Technol. 2018;12(3):701-708. [FREE Full
text] [doi: 10.1177/1932296817747291] [Medline: 29277103]

42. Polonsky WH, Fisher L, Schikman CH, Hinnen DA, Parkin CG, Jelsovsky Z, et al. Structured self-monitoring of blood
glucose significantly reduces A1C levels in poorly controlled, noninsulin-treated type 2 diabetes: results from the Structured
Testing Program study. Diabetes Care. 2011;34(2):262-267. [FREE Full text] [doi: 10.2337/dc10-1732] [Medline: 21270183]

43. Schramm W. Self-monitoring of blood glucose: one STeP forward? J Diabetes Sci Technol. 2012;6(4):978-982. [FREE
Full text] [doi: 10.1177/193229681200600432] [Medline: 22920827]

44. Saisho Y. Use of diabetes treatment satisfaction questionnaire in diabetes care: importance of patient-reported outcomes.
Int J Environ Res Public Health. 2018;15(5):947. [FREE Full text] [doi: 10.3390/ijerph15050947] [Medline: 29747423]

Abbreviations
CONSORT: Consolidated Standards of Reporting Trial
DTSQ: Diabetes Treatment Satisfaction Questionnaire
GLP-1RA: glucagon-like peptide 1 receptor agonist
HbA1c: glycated hemoglobin
HCP: health care professional
LBGI: low blood glucose index
MAGE: mean amplitude of glycemic excursion
SMBG: self-monitoring of blood glucose

Edited by S Li; submitted 20.04.23; peer-reviewed by S Alexander, W Kayo; comments to author 06.09.23; revised version received
28.10.23; accepted 03.12.23; published 19.01.24

Please cite as:
Handa T, Onoue T, Kobayashi T, Maeda R, Mizutani K, Yamagami A, Kinoshita T, Yasuda Y, Iwama S, Miyata T, Sugiyama M, Takagi
H, Hagiwara D, Suga H, Banno R, Azuma Y, Kasai T, Yoshioka S, Kuwatsuka Y, Arima H
Effects of Digitization of Self-Monitoring of Blood Glucose Records Using a Mobile App and the Cloud System on Outpatient
Management of Diabetes: Single-Armed Prospective Study
JMIR Diabetes 2024;9:e48019
URL: https://diabetes.jmir.org/2024/1/e48019
doi: 10.2196/48019
PMID: 38241065

JMIR Diabetes 2024 | vol. 9 | e48019 | p. 13https://diabetes.jmir.org/2024/1/e48019
(page number not for citation purposes)

Handa et alJMIR DIABETES

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1464-5491.1994.tb00316.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8088133&dopt=Abstract
https://europepmc.org/abstract/MED/19469677
http://dx.doi.org/10.1089/dia.2008.0138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19469677&dopt=Abstract
http://dx.doi.org/10.1089/dia.2005.7.849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16386091&dopt=Abstract
http://dx.doi.org/10.1089/dia.2005.7.253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15857227&dopt=Abstract
https://diabetesjournals.org/care/article/21/11/1870/23103/Assessment-of-risk-for-severe-hypoglycemia-among
http://dx.doi.org/10.2337/diacare.21.11.1870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9802735&dopt=Abstract
https://www.jmir.org/2016/4/e86/
http://dx.doi.org/10.2196/jmir.5425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27095386&dopt=Abstract
http://dx.doi.org/10.1089/dia.2013.0056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23844570&dopt=Abstract
https://europepmc.org/abstract/MED/29277103
https://europepmc.org/abstract/MED/29277103
http://dx.doi.org/10.1177/1932296817747291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29277103&dopt=Abstract
https://europepmc.org/abstract/MED/21270183
http://dx.doi.org/10.2337/dc10-1732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21270183&dopt=Abstract
https://europepmc.org/abstract/MED/22920827
https://europepmc.org/abstract/MED/22920827
http://dx.doi.org/10.1177/193229681200600432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22920827&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15050947
http://dx.doi.org/10.3390/ijerph15050947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29747423&dopt=Abstract
https://diabetes.jmir.org/2024/1/e48019
http://dx.doi.org/10.2196/48019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38241065&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Tomoko Handa, Takeshi Onoue, Tomoko Kobayashi, Ryutaro Maeda, Keigo Mizutani, Ayana Yamagami, Tamaki Kinoshita,
Yoshinori Yasuda, Shintaro Iwama, Takashi Miyata, Mariko Sugiyama, Hiroshi Takagi, Daisuke Hagiwara, Hidetaka Suga,
Ryoichi Banno, Yoshinori Azuma, Takatoshi Kasai, Shuko Yoshioka, Yachiyo Kuwatsuka, Hiroshi Arima. Originally published
in JMIR Diabetes (https://diabetes.jmir.org), 19.01.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Diabetes, is properly cited. The complete
bibliographic information, a link to the original publication on https://diabetes.jmir.org/, as well as this copyright and license
information must be included.

JMIR Diabetes 2024 | vol. 9 | e48019 | p. 14https://diabetes.jmir.org/2024/1/e48019
(page number not for citation purposes)

Handa et alJMIR DIABETES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

