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A Smartphone Application Significantly Improved
Diabetes Self-Care Activities with High User Satisfaction
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Background: We developed for the first time a smartphone application designed for diabetes self-management in Korea and
registered a patent for the relevant algorithm. We also investigated the user satisfaction with the application and the change in di-
abetes related self-care activities after using the application.

Methods: We conducted a questionnaire survey on volunteers with diabetes who were using the application. Ninety subjects re-
sponded to the questionnaire between June 2012 and March 2013. A modified version of the Summary of Diabetes Self-Care Ac-
tivities (SDSCA) was used in this study.

Results: The survey results exhibited a mean subject age of 44.0 years old, and males accounted for 78.9% of the subjects. Fifty
percent of the subjects had diabetes for less than 3 years. The majority of respondents experienced positive changes in their clini-
cal course after using the application (83.1%) and were satisfied with the structure and completeness of the application (86.7%).
Additionally, the respondents’ answers indicated that the application was easy to use (96.7%) and recommendable to others
(97.7%) and that they would continue using the application to manage their diabetes (96.7%). After using the Diabetes Notepad
application, diabetes related self-care activities assessed by SDSCA displayed statistically significant improvements (P<0.05), ex-
cept for the number of days of drinking.

Conclusion: This smartphone-based application can be a useful tool leading to positive changes in diabetes related self-care ac-
tivities and increase user satisfaction.
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INTRODUCTION

Diabetes is a chronic, progressive disease that is difficult to cure
completely and requires the management of blood glucose and
comorbidities over one’s lifetime. The self-measurement of
blood glucose, diabetes journaling, exercise, maintaining the
diet for diabetes, and regular medication are generally recom-
mended for the self-management of diabetes [1-3]. However,
due to cumbersomeness, these self-management techniques
are not practiced by many patients, and some patients even ex-

perienced exhaustion of diabetes management [4,5].

Recently, attempts to develop new management models us-
ing information technology (IT) for chronic diseases including
diabetes occurred [6]. In particular, mobile health intervention
for the management of chronic diseases has positive effects [7-
9]. Among the latest IT technologies for such mobile health in-
terventions, a smartphone is one of the most promising tools
with a wide user base and easy utility [10].

Korea has a smartphone use rate as high as 85% [11] and a
high preference for mobile application use [12]. Therefore, in-
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conveniences related to diabetes self-management such as blood
glucose measurement and diabetes journaling can be effectively
improved by utilizing smartphone applications [13].

However, few studies exist on the effect of a smartphone-
based diabetes self-management system in Korea, and thus,
more evidence is needed. In previous studies on the efficacy of
smartphone-based applications for controlling blood glucose
levels, glycosylated hemoglobin levels decreased more in sub-
jects who displayed higher satisfaction with the use of the smart-
phone applications than in subjects with lower satisfaction.
Therefore, satisfaction with the application was an important
factor for controlling blood glucose [14]. In the current study,
the investigators developed the ‘Diabetes Notepad’ application
designed to enable self-management of diabetes using a smart-
phone. This study was conducted to obtain basic data pertain-
ing to the usefulness of the application, including whether dia-
betes self-management activities improved and to what extent
the diabetes self-management activities improved according to
the satisfaction with the smartphone application.

METHODS

‘Diabetes Notepad’ application

The ‘Diabetes Notepad’ application used in the present study
is a diabetes self-management system that records personal
information, blood glucose levels and test records for comor-
bidities. The application also includes additional features such
as diabetes education material and a cardiovascular risk calcu-
lator (Fig. 1A). Additionally, the application allows easy access
to the saved blood glucose history through the blood glucose
record sheet and a graph (Fig. 1B). The algorithm of the ‘Dia-
betes Notepad” application has been patented in recognition of
its originality (10-1075596). The application is free of charge,
available for anyone with a smartphone and is renowned as
the most widely distributed diabetes self-management appli-
cation in Korea with approximately 50,000 downloads (as of
March 30, 2013).

Subjects

Subjects included those who were using the ‘Diabetes Notepad’
application and willing to give consent to participate in the re-
search study. A final analysis was performed on data from 90
patients who completed the questionnaire.
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Methods
A questionnaire on the satisfaction with the Korea National
Diabetes Program Diabetes Notepad application used in this
study consisted of personal information of the subjects and the
diabetes management status before and after application use.
The study was designed to identify user satisfaction and chang-
es in the Summary of Diabetes Self-Care Activities (SDSCA)
after the use of the application. For the management status of
diabetes, the questionnaire asked subjects to state the number
of days (out of a week) that the patient measured blood glucose
levels, had regular meals, drank alcohol, smoked, exercised,
took regular medication, weighed themselves, and kept regular
hours. These correspond to items that SDSCA measures. SDS-
CA is the most widely used tool to measure the degree of dia-
betes self-management, and its usefulness has been verified
through various studies involving Korean subjects [15,16].
Subjects who agreed to participate in the survey sent their
agreement via email to the investigators. Next, the investigators
emailed the subject the SDSCA questionnaire and received the
survey results from the subjects via email. In addition, patients
wanting an additional consultation were asked to email the
clinical information recorded in the application to the investi-

gators.

Ethics statement

This study was carried out with subjects who agreed to partici-
pate in the research among those using the Diabetes Notepad
application. The study subjects were recruited using the notice
board window on the smartphone without direct interviews,
and email was used as the primary communication method to
send the questionnaire and receive its answers. Institutional
Review Board (IRB) of Kyung Hee University Hospital approv-
al for the exemption of a written agreement of study subjects
and investigators was obtained before starting the study (KMC
IRB 1217-01). The study design was registered in the national
clinical trial registry (CRIS, No. KCT0000714).

Statistical analysis

The SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used
for the statistical analysis of the survey results. Subjects’ charac-
teristics and survey results were represented through descrip-
tive statistics, and outcomes are shown as the mean +standard
deviation. In addition, the internal consistency of questions of
the questionnaire or the reliability was represented as a Cron-
bach’s o, value.
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Fig. 1. Smart phone application outline. (A) The “Diabetes Notepad” application records personal information, blood glucose
levels and test records for comorbidities and includes additional features such as diabetes education materials and a cardiovascu-
lar risk calculator. (B) The application allows easy access to the saved blood glucose history through the blood glucose record

sheet and a graph.
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The Wilcoxon signed rank test was used for the comparison
of SDSCA items before and after the use of the diabetes appli-
cation, and a Mann-Whitney U test was performed for the
comparison of changes in SDSCA between the group with high
satisfaction and the group with low satisfaction with using the
application. Additionally, the Mann-Whitney U test and Krus-
kal-Wallis test were conducted to identify the difference in the
satisfaction with the application and the changes in SDSCA ac-
cording to the demographic characteristics of the subjects. The
significance of all statistical analyses was verified at P<0.05.

RESULTS

General characteristics of the survey population

The survey results showed that 90 patients, corresponding to
30.8% of those who had originally agreed to participate in the
survey, completed the final questionnaire as of March 30, 2013.
The clinical characteristics of the subjects who completed the
survey are shown in Table 1. The mean age of the subjects was
44.0 years old, and 71 subjects were male, which accounted for
78.9% of the total subjects. At least 50% of the subjects had dia-
betes for less than 3 years. Eighty-two percent of the subjects had
used the Diabetes Notepad application for less than 6 months,
14.6% for 6 months to 1 year, and only 3.4% for more than 1
year. Eighty percent of the subjects graduated from a university
or had a higher degree, and 51.7% were high-income earners
with a monthly income of 3 million won or more. Subjects with-
out other comorbidities besides diabetes accounted for 56.7% of
the respondents. Because each subject used the Diabetes Note-
pad application through his/her own will, data from the ques-
tionnaire were obtained from subjects living all over the country,
which was a clear advantage. The nationwide distribution of us-
ers of this application is shown in Fig. 2.

User satisfaction

As shown in Table 2, survey results of the user satisfaction with
the application showed that 83.1% of subjects indicated positive
changes in the clinical course of diabetes after using the applica-
tion, and 86.7% were satisfied with the structure and complete-
ness of the application. Furthermore, 96.7% of respondents
stated that the application was easy to use. Almost all (97.7%) of
the subjects were willing to actively recommend the application
to other people, and 96.7% would continue to manage their dia-
betes by using the application. The internal consistency of the
survey questions about satisfaction before and after the use of

210

Table 1. Demographic characteristics of the study subjects

Characteristic Value

Sex, male/female 71(78.9)/19 (21.1)

Age, yr
Mean+SD 43.5+£10.5
Median (range) 44.0 (14-74)
Duration of diabetes, yr
<1 33(36.7)
1to<3 18 (20.0)
3to <5 12 (13.3)
5t0 <10 11(12.2)
>10 16 (17.8)
Period of ‘Diabetes Notepad’ application usage
<6 mo 73 (82.0)
6moto <1yr 13 (14.6)
>1yr 3(3.4)
Smartphone model
iPhone 12 (13.3)
Android phone 78 (86.7)
Education level
Primary school 2(2.2)
Junior high school 1(1.1)
High school 15 (16.7)
University or higher 72 (80.0)
Income/mo (Korean won)
<1,000,000 15(16.9)
1,010,000-2,000,000 13 (14.6)
2,010,000-3,000,000 15(16.9)
3,010,000-5,000,000 25(28.1)
>5,010,000 21(23.6)
Comorbidities
None 38 (56.7)
Hypertension 13 (19.4)
Dyslipidemia 12 (17.9)
Other 4(6.0)

Values are presented as the number (%).

the application was 0.791 as estimated with Cronbach’s o.
Subjects responding to questions pertaining to satisfaction se-
lected their response from a 4-point scale including (1) strongly
agree, (2) agree, (3) disagree, and (4) strongly disagree. Then, in
the statistical analysis, scores were given to each response as fol-
lows: (1) 4 points to strongly agree, (2) 3 points to agree, (3) 2
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points to disagree, and (4) 1 point to strongly disagree. Subse-
quently, the scores for all the questions were added up, and the
high rank and low rank groups were classified relative to the 50%
point of the maximum total score of all the questions pertaining
to satisfaction. This resulted in 53 subjects in the high satisfac-
tion group and 37 in the low satisfaction group. In the next para-
graph, the difference in the changes in SDSCA items between
these two groups will be discussed.

Table 3 shows the difference in satisfaction with the applica-
tion according to the demographic characteristics, and the
male patients (3.54+0.50) found it easier to use the application
than the female patients (3.16£0.69), which was statistically
significant (P=0.026). In other questions pertaining to satis-
faction, gender, age, the duration of diabetes, the duration of
using the application, the smartphone model, education level,
and the presence of a comorbidity did not impact the satisfac-

M &, 289%

Fig. 2. Users of the application were widely distributed across
the nation. Users were from Seoul (28.9%), Gyeonggi (24.4%),
Incheon (5.6%), Gangwon (0.0%), Chungcheong (5.6%), Jeol-
la (5.6%), Daejeon (3.3%), Daegu (8.9%), Gwangju (2.2%),
Gyeongsang (7.8%), Ulsan (2.2%), Busan (5.6%), and Jeju
(0.0%).

Table 2. Results for user satisfaction

dm]

tion with the application.

Changes in diabetes self-care activities after the use of the
application

Table 4 shows the difference in the management status of dia-
betes before and after the use of the Diabetes Notepad applica-
tion. The mean number of days the subject measured their
blood glucose, had regular meals, drank alcohol, smoked, exer-
cised, took their regular medication, weighed themselves and
kept regular hours during a week before and after the use of the
application were compared using the Wilcoxon signed rank
test for 90 patients who completed the questionnaire.

All items displayed statistically significant differences with a
P=0.000 except for the number of drinking days. Additionally,
the frequencies of measuring blood glucose levels, having reg-
ular meals, exercising, taking regular medication, weighing
oneself, and keeping regular hours increased, while of the fre-
quency of smoking decreased after the use of the application.

Tables 5 and 6 show the differences in the changes in SDS-
CA items according to the demographic characteristics and
the level of satisfaction, respectively, after defining the differ-
ence between the numbers of SDSCA items before and after
the use of the application as the changes in SDSCA items.

Table 5 shows the changes in SDSCA items according to
gender, age, the duration of diabetes, the duration of using the
application, education level, income, and comorbidities. The
changes were analyzed, and the significance of the analysis was
verified at P<0.05 using the Mann-Whitney U test and Krus-
kal-Wallis test. The changes in the number of days the subject
measured their blood glucose and kept regular hours were sig-
nificantly different between males and females (P=0.020). The
changes in SDSCA items other than those above were not af-
fected by gender, age, the duration of diabetes, the duration of
using the application, education level, and the presence of co-

Strongly agree Agree Disagree Strongly disagree
Have there been positive changes in the clinical course of diabetes 22 (24.7) 52 (58.4) 14 (15.7) 1(1.1)
after the use of the application?
Are you satisfied with the structure and completeness of the 28 (31.1) 50 (55.6) 12 (13.3) 0
application?
Is the application easy to use? 44 (48.9) 43 (47.8) 3(3.3) 0
Are you willing to actively recommend the application to others? 48 (53.3) 40 (44.4) 2(2.2) 0
Will you keep using the application to manage diabetes? 62 (69.7) 24 (27.0) 2(2.2) 1(1.1)
Values are presented as the number (%). Cronbach’s a=0.791.
http://e-dmj.org  Diabetes Metab ] 2015;39:207-217 211
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Table 3. User satisfaction with the application according to demographic characteristics
P_Iefve there bee_n POS™ " Are you satisfied Are you willing to . .
itive changes in the . o . Will you keep using
- . . with thestructure  Istheapplication actively reccommend .
Characteristic clinical course of dia- - the application to
and completeness of easy to use? the application to .
betes after the use of - . manage diabetes?
O the application? others?
Sex
Male (n=71) 3.08+0.69 3.20+0.62 3.54+0.50 3.55+0.56 3.70£0.55
Female (n=19) 3.00+£0.59 3.11+£0.74 3.16+£0.69 3.37+0.50 3.44+0.71
Pvalue 0.556 0.642 0.026° 0.144 0.106
Age, yr
<40 (n=28) 3.00+0.68 3.18+0.72 3.46+0.58 3.61£0.50 3.63+0.63
>40 (n=62) 3.10+0.67 3.18+0.62 3.45+0.56 3.47+0.56 3.66+0.57
Pvalue 0.477 0.914 0.905 0.299 0.951
Duration of diabetes, yr
<1(n=33) 3.06+0.72 3.24+0.66 3.61+0.50 3.58+0.50 3.63+£0.55
1to <3(n=18) 3.11+£0.76 3.11+0.68 3.28+0.58 3.50+0.62 3.67+0.77
3to <5(n=12) 3.00+0.74 2.92+0.29 3.25+0.45 3.33+£0.65 3.58+0.52
5to <10 (n=11) 3.00+0.63 3.18+0.60 3.55£0.52 3.36£0.50 3.55+0.69
>10 (n=16) 3.13+£0.50 3.31+0.79 3.44£0.73 3.63£0.50 3.81+0.40
Pvalue 0.961 0.411 0.177 0.564 0.634
Period of ‘Diabetes Notepad’
application usage
<6 mo (n=73) 3.07+0.65 3.16+0.66 3.46+0.55 3.50+0.56 3.60+0.62
6moto <1yr(n=13) 3.15+£0.80 3.23+0.60 3.46+0.66 3.62+0.51 3.92+0.28
>1yr (n=3) 2.67£0.58 3.33+£0.58 3.33+£0.58 3.33+£0.58 3.67+0.58
Pvalue 0.484 0.89 0.888 0.658 0.158
Smartphone model
iPhone (n=12) 3.00+0.85 2.92+0.52 3.33£0.49 3.50+0.67 3.67+0.65
Android phone (n=78) 3.08+0.64 3.22+0.66 3.47+0.58 3.51+0.53 3.65+0.58
Pvalue 0.724 0.113 0.331 0.881 0.764
Education level
High school or lower (1n=18) 3.06+0.54 3.39+0.61 3.22+0.65 3.39+0.50 3.78+0.43
University or higher (n=72) 3.07+0.70 3.13+0.65 3.51+£0.53 3.54+0.56 3.62+0.62
Pvalue 0.835 0.121 0.077 0.22 0.366
Income/mo (Korean won)
<1,000,000 (n=15) 3.07+0.62 3.33+0.62 3.40£0.63 3.40£0.51 3.67+0.49
1,010,000-2,000,000 (n=13) 2.92+0.50 2.77+0.73 3.15+0.69 3.46£0.52 3.46+0.66
2,010,000-3,000,000 (n =15) 3.07+0.70 3.27+0.70 3.60+0.51 3.67+0.49 3.79+0.58
3,010,000-5,000,000 (n=25) 3.08+0.69 3.19+0.69 3.50+0.51 3.50+0.65 3.46+0.71
>5,010,000 (n=21) 3.14+0.79 3.24+0.43 3.52+0.51 3.52+0.51 3.90+0.30
Pvalue 0.883 0.206 0.399 0.697 0.020°
(Continued to the next page)
212 Diabetes Metab ] 2015;39:207-217  http://e-dmj.org



Diabetes self-care via a smartphone application

Table 3. Continued
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Have there been pos-

" . Are you satisfied Are you willing to . .
itive changes in the . I . Will you keep using
Characteristic clinical course of dia- FRINERSEENTD  IDIIenion  aeliel S the application to
betes after the use of and completeness of easy to use? the application to manfpe diabetes?
T the application? others? 8 ’
Comorbidities
None (n=38) 3.12+0.67 3.18+0.62 3.48+0.57 3.54+0.57 3.63+0.64
Hypertension (n=13) 3.15+0.69 3.23+0.73 3.31+0.63 3.54+0.52 3.69+£0.48
Dyslipidemia (n=12) 2.67+0.65 3.17+0.72 3.58+0.52 3.42£0.52 3.67+£0.49
Other (n=4) 3.25%+0.50 3.00+0.82 3.25+0.50 3.25%£0.50 3.75%£0.50
Pvalue 0.141 0.943 0.556 0.591 0.993

Values are presented as mean + standard deviation. Statistics were analyzed by the Mann-Whitney U test and Kruskal-Wallis test.

*Statistically significant differences (P<0.05).

Table 4. Changes in diabetes related self-care activities as as-
sessed by the Summary of Diabetes Self-Care Activities

Variable Before,day = After,day  Pvalue
Blood sugar testing 3.60+£2.67  5.53+1.78  0.000°
Diet 4974205 570+1.52  0.000°
Alcohol 1.26+1.69 1.07+1.71  0.054

Smoking 2.31+3.16 1.80+2.83  0.002°
Exercise 2.67+2.14 3.78+2.23  0.000*
Medication 4.64+2.83 5.55+2.31  0.000*
Weight measurement 1.80+2.04  2.66+£2.29  0.000°
Comply with regular lifestyle 3.61+2.15  5.00£1.94  0.000°

Values are presented as mean + standard deviation. Statistics were an-
alyzed by the Wilcoxon signed rank test.
*Statistically significant differences (P<0.05).

morbidities.

Table 6 shows the difference in the change in SDSCA items
according to the groups with high or low satisfaction with the
application. The changes in the number of days the patient
measured their blood glucose (P=0.020), exercised (P=0.000),
weighed themselves (P=0.003), and kept regular hours (P=
0.000) displayed statistically significant difference between the
high satisfaction and low satisfaction groups.

DISCUSSION

Several recent studies show the positive effects of mobile health
intervention on the management of chronic diseases [7-9].
Other studies report that data input through a personal digital
assistant (PDA) and handheld computer was more effective

http://e-dmj.org  Diabetes Metab J 2015;39:207-217

than hand written diabetes journaling [17,18]. A smartphone is
a device that can be used for internet access, data storage, set-
ting an alarm, email, and running many applications [19], and
a smartphone is much more powerful than an existing mobile
phone or PDA for applying mobile technology to clinical prac-
tice. Applications run on smartphones helped patients monitor
meals and medication for the management of chronic diseases
including diabetes and also improved communication with
medical staff as well as the patient’s compliance [20].

This study demonstrates positive changes in the clinical course
of diabetes when using a smartphone application as investigated
by a user satisfaction survey and changes in the SDSCA. The sur-
vey was conducted with subjects who use the Diabetes Notepad
application, which is the most widely available diabetes smart-
phone application in Korea. In particular, this study showed sig-
nificant changes in the SDSCA, which is the most frequently
used tool for the evaluation of diabetes self-management in Ko-
reans [15,16].

Previous studies on diabetes self-management using a smart-
phone showed that a specific application tailored to the respec-
tive study design was often used within a limited region and for
limited patients. Additionally, only one study has investigated
the actual environment for an application that was more com-
mon and widespread than ‘Diabetes Notepad’ [10]. In the cur-
rent study, 90 users of ‘Diabetes Notepad, the most widely
available application in Korea, responded to the survey, and
significant changes in diabetes self-management occurred be-
fore and after using the application.

However, like other studies [9,10], this study only confirmed
positive changes with the short term use of the application be-
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Table 5. Changes in the Summary of Diabetes Self-Care Activities items according to demographic characteristics
AVariable su;]ilt(:s)tciing ADiet AAlcohol ASmoking AExercise AMedication mé\sliiieg;in " w?ic'i(;ggl)lll};r
ifestyle
Sex
Male (n=71) 226+2.89 0.73£1.58 -0.20+1.77 -0.66+1.80 1.33+2.21 0.86+2.23 0.99+1.49 1.68+1.96
Female (n=19) 0.74+1.94 0.74%£1.05 -0.16+£0.38 0.00+£0.00 0.26%+2.28 1.11+2.18 0.37+1.64 0.32+0.75
Pvalue 0.020* 0.709 0.578 0.088 0.170 0.728 0.076 0.006"
Age, yr
<40 (n=28) 1.39+£2.49 0.82+1.66 0.21+2.52 -0.78+2.24 0.96+2.74 1.04+2.15  0.82+2.04 1.11+1.91
>40 (n=62) 2.18+£2.89 0.69+1.40 -0.37+0.85 -0.40+1.26 1.16%£2.03 0.85%2.25 0.87+1.26 1.52+1.84
Pvalue 0.113 0.936 0.285 0.948 0.600 0.892 0.271 0.198
Duration of diabetes, yr
<1(n=33) 230+332 0.76%+1.64 -0.15+2.46 -1.00+£2.22 1.94+2.72 1.61+2.57  0.85+1.87 1.58+2.09
1to <3 (n=18) 1224292 0.72+1.13 -0.17+£0.71 -0.71+1.83 0.33+2.09 1.12+2.50  0.83+1.92 1.06+1.59
3to <5(n=12) 1.91£2.39 0.00+1.13 -0.50+1.00 -0.08+0.29 0.64+1.36 0.17+£0.94 1.00+1.13 1.17+1.64
5to <10 (n=11) 2.36+246 0.73£1.35 -0.09+0.54 0.00£0.00 0.45%£0.82 0.18+2.27 1.00£1.00 1.45%1.75
>10(n=16) 1.69+1.78 1.25+1.69 1.25+1.69 0.00£0.00 1.00+2.19 0.27+1.03 0.69+0.79 1.50+2.00
Pvalue 0.723 0.492 0.875 0.195 0.585 0.206 0.860 0.945
Period of ‘Diabetes Notepad’
application usage
<6 mo (n=73) 222+288 0.80%+1.54 -0.31+1.41 -0.51+1.68 1.12+2.33 097+2.27  0.78+1.42 1.50+1.93
6moto <1yr(n=13) 042+1.83 0.38+1.21 0.31+2.39 -0.69+1.44 1.08+2.02 0.69+2.10 1.38+2.18 0.92+1.32
>1yr (n=3) 1.00+1.00 0.67+1.16 0.67+0.58 0.00+£0.00 0.67+2.08 0.33+0.58 0.33+0.58 0.67+2.08
Pvalue 0.196 0.713 0.065 0.467 0.810 0.926 0.702 0.475
Smartphone model
iPhone (n=12) 2.83+2.86 0.25%+1.42 -0.83+2.13 -0.33£1.16 1.08+2.28 1.00+2.13 1.25£2.30 1.33+£1.88
Android phone (n=78) 1.79£2.76  0.81+1.48 -0.09+1.47 -0.55+1.68 1.10+2.27 0.89+2.23 0.79+1.39 1.40+1.87
Pvalue 0.242 0.286 0.161 0.681 0.576 0.935 0.670 0.775
Education level
High school or lower (n=18) 1.17+1.98 0.61+£1.09 0.06+2.10 0.00+0.00 0.83+1.76 0.29+1.05 0.28+1.45 1.00+1.85
University or higher (n=72) 2.13+2.93 0.76+1.56 -0.25+1.43 -0.65+1.79 1.17+2.37 1.06+2.38 1.00+1.53 1.49+1.86
Pvalue 0.186 0.716 0.239 0.100 0.474 0.315 0.302 0.150
Income/mo (Korean won)
<1,000,000 (n=15) 0.67£195 0.87£1.25 047%£1.81 0.00£0.00 0.07£2.69 0.93+1.91 0.47+1.64 0.40+1.21
1,010,000-2,000,000 (n=13) 1.62+2.53 1.00+2.04 -0.77+1.54 -0.38+0.96 1.67+2.64 1.23+2.65 0.77+1.74 1.77+2.09
2,010,000-3,000,000 (n=15) 3.13+2.85 1.47+1.89 -0.07+£2.02 -1.67+2.94 2.53+3.16 1.93+2.71 1.47+1.92 2.20%2.78
3,010,000-5,000,000 (n=25) 1.04+2.41 0.08+0.85 -0.08+1.52 -0.38+1.39 0.58+1.21 0.92+1.98 0.96+1.37 1.04+1.43
>5,010,000 (n=21) 3.35+3.10 0.76+1.30 -0.52+0.98 -0.30+1.13 1.14+1.35 -0.10+£1.68  0.62+1.61 1.71+1.52
Pvalue 0.003° 0.049° 0.146 0.225 0.185 0.127 0.411 0.067
(Continued to the next page)
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Table 5. Continued

dm]

AVariable sugf&‘;ﬁﬂg ADiet  AAlcohol ASmoking AExercise AMedication miﬁiigmhzm w%}clzrezljﬁr
ifestyle
Comorbidities
None (n=38) 1504269 0.87+154 -0.08+1.44 -038+145 1074232 0634203 070+154  1.28+1.86
Hypertension (n=13) 3.08+2.66 038+1.76 -046%2.57 -0.77+1.96 146+2.18 1.00£2.13  146+1.56  2.15+2.30
Dyslipidemia (n=12) 2754299  050%0.67 -042+1.17 -0.83+2.13 1174248 2.00+276 108+162  0.75%0.75
Other (n=4) 2254330 050129 0254050 -0.75+150 025+0.50 1.50+3.00 0.50+058  2.50+1.92
Pvalue 0.165 0.936 0.674 0.500 0.766 0.430 0.420 0.280

Values are presented as mean+standard deviation. Statistics were analyzed by the Mann-Whitney U test and Kruskal-Wallis test. AVariables
(day/week) =after use of application (day/wk)-before use of application (day/wk).

*Statistically significant differences (P<0.05).

Table 6. Changes in the Summary of Diabetes Self-Care Activities items according to the satisfaction with the application

Two groups according to the satisfaction with the application

AVariable Groups with high satisfaction with the application Groups with low satisfaction with the application P value
(n=53) (n=37)
ABlood sugar testing 2.43+2.77 1.19£2.66 0.024*
ADiet 0.85+1.66 0.57+1.17 0.781
AAlcohol -0.23+1.67 -0.14+1.46 0.249
ASmoking -0.85+2.05 -0.05+£0.23 0.092
AExercise 1.58+2.43 0.43+1.82 0.000°
AMedication 0.92+2.42 0.89+1.89 0.516
AWeight measurement 1.21+1.83 0.35+0.72 0.003*
AComply with regular lifestyle 1.91£1.94 0.65+1.46 0.000"

Values are presented as mean+standard deviation. Statistics were analyzed by the Mann-Whitney U test. AMeans the difference between the
numbers of SDSCA items before and after the use of the application. AVariables (day/wk)=after use of application (day/wk)-before use of ap-

plication (day/wk).
“Statistically significant differences (P<0.05).

cause 82% of the subjects had only used the application for less
than 6 months. So speculating the persistence and compliance
of diabetes self-management with the use of a smartphone ap-
plication as well as the future role of the application in the en-
tire healthcare system is difficult. The self-care and monitoring
of diabetes is considered necessary for life, as opposed to pa-
tients fully recovering from diabetes [2]. Additionally, long-
term studies on the effects of a smartphone-based self-manage-
ment system are needed.

Therefore, the investigators of this study are planning to con-
duct a follow-up study for patients who have been using the Di-
abetes Notepad application for more than 1 year. The investiga-
tors recently released a new version of the application that al-
lows synchronizing measurements obtained from a blood glu-

http://e-dmj.org  Diabetes Metab J 2015;39:207-217

cose tester with the Diabetes Notepad application. This syn-
chronization would enable patients who are not familiar with
smartphones to store their blood glucose information in the ap-
plication by connecting their smartphone to the blood glucose
tester rather than typing their own blood glucose levels into the
smartphone application. One study suggests improved blood
glucose control and a decreased hospital admission rate when
patients and medical staft share and manage blood glucose in-
formation effectively [21]. Subsequently, the use of smartphone
applications that can synchronize with a blood glucose tester
will open a new horizon for future diabetes management. In
particular, coupling a blood glucose tester with the Diabetes
Notepad application is more likely to be advantageous to the el-
derly who usually find it difficult to use smartphone applica-
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tions [13]. Therefore, we expect that patients older than 44.0
years old, which was the average age in this study, and those
with difficulties using smartphones could more easily use this
application.

As mentioned in the results, the majority of subjects in this
study were males in their 40s without specific comorbidities
who were highly educated and earn a high-income. Moreover,
the subjects voluntarily participated in the study after reading
the application notice. Subsequently, these subjects likely have
high accessibility to smartphones and do not have difficulties
in using them due to their economic means and high level of
education. In addition, as these subjects were more active in
managing their disease as voluntary participants and thus are
less likely to represent the entire population of diabetes patients,
selection bias should be considered.

Therefore, limitations of this study include not analyzing the
long-term effects of the use of the application and the selection
bias. However, this study still has great significance in that the
statistically significant positive changes in the clinical course of
diabetes were displayed among users of the widely available ap-
plication.

Emerging evidence suggests that smartphones induce posi-
tive changes on the management of chronic diseases including
diabetes. This study shows that the ‘Diabetes Notepad’ applica-
tion developed by the investigators also showed a high level of
user satisfaction and had a positive effect on diabetes self-man-
agement. In addition, this study demonstrated that improve-
ment in diabetes self-management activities is greater when
user satisfaction is high. After confirming the long-term effects
of the use of smartphone applications, one may hypothesize
that smartphone applications could play a pivotal role in the
management of diabetes if the application can easily be used by
more people and at lower prices.
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