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Objectives: To examine the prevalence of the
willingness of patients with diabetes to use a self-
management tool based on information and
communication technology (ICT) such as personal
computers, smartphones, and mobile phones; and to
examine the patient characteristics associated with that
willingness.

Research design and methods: We conducted a
cross-sectional interview survey of 312 adults with
diabetes at a university hospital in an urban area in
Japan. Participants were classified into 2 groups: those
who were willing to use an ICT-based self-management
tool and those who were unwilling. Multiple logistic
regression analysis was used to identify factors
associated with the willingness, including clinical and
social factors, current use of ICT, self-management
practices, self-efficacy, and diabetes-related emotional
distress.

Results: The mean age of the 312 participants was
66.3 years (SD=11.5) and 198 (63%) were male. Most
of the participants (93%) had type 2 diabetes.
Although only 51 (16%) currently used ICT-based self-
management tools, a total of 157 (50%) expressed the
willingness to use such a tool. Factors associated with
the willingness included: not having nephropathy
(OR=2.02, 95% Cl 1.14 to 3.58); outpatient visits once
a month or more (vs less than once a month,
0R=2.13, 95% Cl 1.13 to 3.99); current use of
personal computers and/or smartphones (OR=4.91,
95% Cl 2.69 to 8.98); and having greater diabetes-
related emotional distress (OR=1.10, 95% CI 1.01 to
1.20).

Conclusions: Approximately half of the patients
showed interest in using an ICT-based self-
management tool. Willing patients may expect ICT-
based self-management tools to complement
outpatient visits and to make self-management easier.
Starting with patients who display the willingness
factors might optimize programs based on such tools.

The prevalence of diabetes has been rapidly
rising worldwide.! In Japan, that prevalence
was estimated as 7.6% in adults in 2015.!

Patients with diabetes have difficulty with self-
management; adherence to diet and physical
activity is low.

Many  information  and communication
technology-based self-management tools have
been developed for patients with diabetes and
have improved those patients’ glycemic control.

Only 16% of the study’s patients were currently
using information and communication technol-
ogy (ICT)-based self-management tools.
Approximately half of the patients expressed
willingness to wuse an ICT-based self-
management tool.

The factors significantly associated with that
willingness were not having nephropathy, fre-
quent visits to diabetes physicians, current use
of personal computers and/or smartphones, and
greater diabetes-related emotional distress.

The findings of this study will help healthcare
providers and researchers identify patients
willing to use an information and communica-
tion technology-based self-management tool
more easily, and help in disseminating such
tools to those patients efficiently.

Diabetes can lead to a number of complica-
tions such as retinopathy, nephropathy, and
macrovascular diseases, all of which decrease
patient quality of life and increase healthcare
expenditures. To prevent and minimize com-
plications, it is important to optimize gly-
cemic control,” * and the basis of glycemic
control is diet and exercise therapy. However,
it is difficult for patients to change their life-
styles and maintain desirable behavior and
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good glycemic control. Adherence to diet and physical
activity were lower than adherence to medication regi-
mens.* As a result, only 36% of patients who received
inpatient diabetes education could maintain improve-
ment of hemoglobin Alc (HbAlc) levels for 2 years.5

With the rapid advance of information and communi-
cation technology (ICT), diabetes management is
expected to be an area in which the use of the internet
and mobile devices could be beneficial. These technolo-
gies can overcome time and location barriers through
real-time and remote monitoring of data such as blood
glucose levels at home, and can facilitate communica-
tion between patients and healthcare providers. Many
ICT-based self-management tools such as mobile applica-
tions have been developed for patients with diabetes’
and have improved patients’ physical activity levels” and
glycemic control.¥'?

Understanding patients’ need for ICT-based self-
management tools is essential for disseminating use of
them by patients with diabetes—and that need appears
to be increasing around the world. For example, in
Korea, 71% of patients with diabetes were interested in
using ICT-based healthcare services.'? In Japan, however,
there have been no reported studies of such needs.
Moreover, in Europe, only 14% of patients with type 2
diabetes who were invited to an intervention study
using a Web application actually agreed to the study,
the main reason for this non-enrollment being lack of
access to the internet.* This fact suggests that we should
identify candidates who will be willing to use those tools
in advance for efficient and cost-effective diabetes man-
agement. The aim of our study was to examine the
prevalence of a willingness to use an ICT-based self-
management tool among patients with diabetes and the
patient characteristics associated with that willingness.

Between August 2014 and March 2015, we made a cross-
sectional survey consisting of structured interviews and
physical measurements of patients at the University of
Tokyo Hospital with diabetes who were >20 years old.
Patients were excluded from the study if they were
receiving dialysis treatment, could not communicate in
Japanese, were physically/cognitively unable to partici-
pate, or if their disease condition was judged as too
severe by their physicians.

Participants were recruited by their physicians or
through wall posters at the hospital outpatient clinic.
The interviewers explained the study to patients who
showed interest in the survey and obtained written
consent. All of the procedures including structured
interviews and physical measurements were con-
ducted by four registered nurses, who had meetings
to standardize the method of conducting the in-
terviews; those who had no past experience con-
ducting structured interviews completed a 2-day

training session. The data collection procedure took
60-90 min per patient.

In this study, using an ICT-based selfmanagement tool
was defined as ‘selfmanagement with such ICT devices
as personal computers, smartphones, and mobile
phones’. We asked the participants whether they were
currently using ICT-based self-management tools and
whether they were willing to use such tools, giving a
show of a smartphone-based self-management applica-
tion as an example.12 Participants responded to the
question about willingness on a four-point Likert scale.

Participants unwilling to use an ICT-based self-
management tool were asked the reason with a multiple-
choice question.

In the interviews, participants were asked about working
status, family structure, educational level, degree of busy-
ness in daily life, frequency of visits to diabetes physi-
cians and travel time needed for those visits, extent of
diabetes education, and current use of ICT (internet,
personal computers, and smartphones). Their height,
weight, abdominal circumference, and visceral fat area
(VFA) were measured. DUALSCAN (HDS-2000; Omron
Colin, Tokyo, Japan) was used for measurements of the
VFA.

Clinical variables were taken from patients’ medical
records: diabetes type, time since diagnosis, treatment
modality (eg, oral hypoglycemic agent or insulin),
related complications, and HbAlc level.

We examined behavioral and psychological factors using
four scales. First, the Stages of Change in The
Transtheoretical Model' was used to assess participants’
status of behavioral changes in diet and exercise.
According to the model, participants were categorized
into five stages: precontemplation, in which people have
no intention to change their behavior; contemplation,
in which people are aware that a problem exists and are
seriously thinking about overcoming it; preparation, the
stage that combines intention and behavior; action, in
which individuals have successfully modified their behav-
ior for <6 months; and maintenance, in which indivi-
duals engage in the new behavior for >6 months. We
reclassified these five stages into three categories for
analysis: precontemplation, contemplation/preparation/
action, and maintenance. We categorized maintenance
stage separately because—although action and mainten-
ance stages mean being engaged in desirable behavior—
the goal of diabetes treatment is habituation of self-
management practices.

Second, self-management practices were assessed with
the Japanese-translated ‘Summary of Diabetes Self-Care
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Activities Measure (]—SDSCA)’.16 17 We used 4 subscales
with 11 items including specific diet (3 items), exercise
(2 items), foot care (5 items), and smoking (1 item).
Third, self-efficacy was assessed with the ‘Self-Efficacy
Scale for Diabetes Self-calre’,]8 which was created in
Japan and whose reliability and validity were confirmed.
Finally, diabetes-related emotional distress was measured
with the Japanese version'? of the ‘Problem Areas in
Diabetes Scale’. ?! Detailed information on these three
scales can be found in the online supplementary
material.

Descriptive analyses were used to describe the partici-
pants’ characteristics. Next, participants were divided
into two groups according to their response to the ques-
tion about willingness: those who were willing to use an
ICT-based self-management tool and those who were
unwilling. For bivariate analysis, x* or Mann-Whitney’s U
tests were used to examine the differences in character-
istics between those two groups. For multiple compari-
sons after x” tests, the Bonferroni method was used.

Multiple logistic regression analysis identified factors
related to willingness, adjusted for other variables.
Independent variables were selected from those with p
values <0.2 on bivariate analysis. Multicollinearity was
examined using Spearman’s rank correlation coefficient
(p). After age, diabetes type, and nephropathy were
included with the forced entry method, other variables
were included with the stepwise procedure in the
model. For multiple logistic regression analysis, we
divided the scores of diabetes-related emotional distress
by four and calculated the OR for every four-point
increase because the score difference per item is four
points.

We posited that the sample size included at least 10
events per variable based on a previous report.”®> The
sample size was calculated at 267 participants, given that
30% of the participants were willing to use an ICT-based
self-management tool (outcome event) and a maximum
of 8 independent variables were included in a multiple
logistic regression model based on a similar study in
Japaln.23

The data of some participants were missing for one or
two items of self-efficacy or the diabetesrelated emo-
tional distress scale. We substituted the participant’s
mean-item score in each scale for the missing values.
The significance level was p<0.05 and SAS Studio 3.4 was
used in all analyses.

This study was conducted in compliance with the
Declaration of Helsinki and was approved by the
Research Ethics Committee of the Graduate School of
Medicine, The University of Tokyo (approval number:
10599-(1)). Prior to obtaining written consent, we pro-
vided the patients with an explanation of the study
purpose and procedures, assured them of the protection

of their privacy, and stressed that their participation was
voluntary.

Of 431 patients asked to participate in this study, 317
agreed to do so, 9 of whom having contacted us after
seeing the posters. Four participants did not meet the
inclusion criteria and one did not complete the inter-
view. Finally, 312 participants were included in the ana-
lyses (response rate: 72%).

Participants’ characteristics can be found in table 1.
Compared with a nationwide database compiled by the
Japan Diabetes Clinical Data Management Study Group
in 2013, the participants of this study were older (mean
age, 66.3 vs 64.4 years) and had slightly better glycemic
control as evidenced by HbAlc (6.9% vs 7.0%).** Five
participants (2%) had non-typel or non-type 2 diabetes,
and were not included in the bivariate analysis of dia-
betes type and multiple logistic regression analysis. One
hundred and ninety-one (61%) participants currently
used personal computers or smartphones in their daily
life, not only for diabetes self-management.

Only 51 (16%) participants currently used ICT-based
self-management tools: applications (39%), spreadsheet
software (37%), and pedometer functions in mobile
phones (27%). On the other hand, 157 (50%) partici-
pants expressed a willingness to use such a tool in the
future: 40 (78%) of the 51 current users and 117 (45%)
of the 261 non-users. One participant did not answer
the willingness question and was excluded from the fol-
lowing analyses.

On bivariate analysis, the following variables were asso-
ciated with willingness to wuse an ICT-based self-
management tool (table 1): younger age (p<0.01), type
1 diabetes (vs type 2, p=0.05), no hypertension
(p=0.05), no nephropathy (stage 1) (vs stage 2-4,
p=0.04), employed (p<0.01), feeling busy in daily life
(p<0.01), current use of the internet (p<0.01), personal
computers (p<0.01), and smartphones (p<0.01) though
not for diabetes self-management, stages of change in
diet (p=0.03) and exercise (p=0.03), a higher foot-care
score (p=0.02), and greater diabetes-related emotional
distress (p=0.01). As a result of multiple comparisons for
stages of change, factors significantly associated with will-
ingness were being in a contemplation/preparation/
action stage in diet (vs precontemplation, p=0.02, after
the Bonferroni adjustment) and exercise (vs precontem-
plation, p=0.05, after the Bonferroni adjustment).

On multiple logistic regression analysis, we integrated
the current use of personal computers and smartphones
into one variable: current use of personal computers
and/or smartphones, because of multicollinearity with
each other. The current use of the internet was omitted
for the same reason. The factors significantly associated
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Participants’ characteristics by willingness to use an information and communication technology-based self-management tool (n=312)

All (n=312) Willing (n=157) Unwilling (n=154) p Value

Age (years) 66.3+x11.5 63.6+12.3 69.1+10.1 <0.01
Sex

Male 198 (63.5) 102 (65.0) 95 (61.7) 0.55
Diabetes type

Type 1 16 (5.1) 12 (7.6) 4 (2.6) 0.05

Type 2 291 (93.3) 143 (91.1) 147 (95.5)
Time since diagnosis (years) 15.3+10.2 14.3+9.9 16.3+10.4 0.09
Treatment

Oral hypoglycemic agent 251 (80.4) 127 (80.9) 123 (79.9) 0.82

Insulin 81 (26.0) 46 (29.3) 34 (22.1) 0.15

Diet only 33 (10.6) 16 (10.2) 17 (11.0) 0.81

Self-monitoring of blood glucose levels 103 (33.0) 59 (37.6) 43 (27.9) 0.07
Complications

Hypertension 233 (74.7) 110 (70.1) 123 (79.9) 0.05

Dyslipidemia 261 (83.7) 129 (82.2) 132 (85.7) 0.39

Nephropathy (stage 2—4) 97 (31.1) 40 (25.5) 56 (36.4) 0.04

Cerebrovascular disease 29 (9.3) 11 (7.0) 18 (11.7) 0.16

Cardiovascular disease 78 (25.0) 36 (22.9) 42 (27.3) 0.38
HbA1c (%) 6.9+0.9 7.0+0.9 6.9+0.8 0.80
Body mass index (kg/m?) 25.7+4.7 26.0+5.1 25.5+4.3 0.46
Abdominal circumference (cm) 91.6+12.2 91.9+13.3 91.4+11.1 0.71
Visceral fat area (cm?) 92.2+49.4 92.7+49.5 92.1+49.3 0.76
Working status

Employed 151 (48.4) 88 (56.1) 62 (40.3) <0.01
Family

Living alone 72 (23.1) 35 (22.3) 37 (24.0) 0.72
Education

University and over 134 (42.9) 75 (47.8) 58 (37.7) 0.09
Feeling busy in daily life

Yes 120 (38.5) 73 (46.5) 47 (30.5) <0.01
Frequency of outpatient visits

Once a month or more 86 (27.6) 51 (32.5) 35 (22.7) 0.05
Travel time to the hospital (min) 57.4+30.7 57.2+30.6 57.5+31.0 0.94
Diabetes education

Hospitalization with education 124 (39.7) 65 (41.4) 58 (37.7) 0.47

Group education 139 (44.6) 78 (49.7) 61 (39.6) 0.07

Diet instructions by dietitians 264 (84.6) 134 (85.4) 129 (83.8) 0.70
Current use of ICT

Internet 183 (58.7) 119 (75.8) 63 (40.9) <0.01

Personal computers 171 (54.8) 111 (70.7) 59 (38.3) <0.01

Smartphones 105 (33.7) 76 (48.4) 28 (18.2) <0.01
Stages of change (diet)

Precontemplation 36 (11.5) 12 (7.6) 24 (15.6) 0.03*

Contemplation 10 (3.2) 4 (2.5) 6 (3.9)

Preparation 49 (15.7) 31 (19.7) 18 (11.7)

Action 17 (5.4) 11 (7.0) 6 (3.9)

Maintenance 200 (64.1) 99 (63.1) 100 (64.9)
Stages of change (exercise)

Precontemplation 38 (12.2) 14 (8.9) 24 (15.6) 0.03*

Contemplation 34 (10.9) 23 (14.6) 11(7.1)

Preparation 60 (19.2) 35 (22.3) 25 (16.2)

Action 13 (4.2) 5(3.2) 7 (4.5)

Maintenance 162 (51.9) 76 (48.4) 86 (55.8)
J-SDSCA

Specific diet (range, 0-21) 13.8+5.0 13.7+5.1 13.9+4.9 0.78

Exercise (range, 0—14) 6.3+4.9 6.4+4.9 6.3+5.0 0.78

Foot care (range, 0-35) 18.8+7.8 19.9+8.1 17.8+7.4 0.02

Smoking 42 (13.5) 21 (13.4) 21 (13.6) 0.95
Self-efficacy (range, 8-32)t 24.6+4.3 24.6+4.2 24.6+4.4 1.00
Diabetes-related emotional distress (range, 20—-100)% 35.2+13.4 37.4+14.8 33.0+£11.5 0.01

Data are shown as mean=SD or n (%). Categorical data were analyzed using the 2 test, while continuous data were analyzed using
Mann-Whitney’s U test. Some variables have missing data, which were excluded from calculation of mean and SD and these tests.
*Comparison of the three groups: precontemplation, contemplation/preparation/action, maintenance.

tMeasured using the Self-Efficacy Scale for Diabetes self-care.

FMeasured using the Japanese version of the Problem Areas in Diabetes Scale.

HbA1c, hemoglobin A1c; ICT, information and communication technology; J-SDSCA, Japanese-translated Summary of Diabetes Self-Care
Activities Measure.
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Associated factors of willingness to use an information and communication technology-based self-management tool

(n=311)
Unadjusted Adjusted (n=278)

Variables OR (95% CI) p Value OR (95% CI) p Value
Age 0.96 (0.94 to 0.98) <0.01 0.99 (0.97 to 1.02) 0.50
Diabetes type*

Type 1 diabetes 3.08 (0.97 to 9.79) 0.06 1.61 (0.44 to 5.87) 0.47
Nephropathy

No 1.66 (1.02 to 2.70) 0.04 2.02 (1.14 to 3.58) 0.02
Frequency of outpatient visitst

Once a month or more 1.64 (0.99 to 2.71) 0.06 2.13 (1.13 to 3.99) 0.02
Current use of personal computers and/or smartphones

Yes 5.01 (3.04 to 8.25) <0.01 4.91 (2.69 to 8.98) <0.01
Diabetes-related emotional distress 1.11 (1.03 to 1.19) <0.01 1.10 (1.01 to 1.20) 0.02

Final model of the multiple logistic regression analysis: age, diabetes type, and nephropathy were included with the forced entry method; the
others were included with the stepwise method. Participants who had missing data in at least one of the selected variables (those with p<0.2

on bivariate analysis) were excluded from the multivariate analysis.
*Reference, type 2 diabetes.
tReference, less than once a month.

FOR for every four-point increase in the scores measured using the Japanese version of the Problem Areas in Diabetes Scale.

with willingness were (table 2): no nephropathy
(OR=2.02, 95% CI 1.14 to 3.58, p=0.02), frequent visits
to diabetes physicians (once a month or more vs less
than once a month, OR=2.13, 95% CI 1.13 to 3.99,
p=0.02), current use of personal computers and/or
smartphones (OR=4.91, 95% CI 2.69 to 8.98, p<0.01),
and greater diabetesrelated emotional  distress
(OR=1.10, 95% CI 1.01 to 1.20, p=0.02).

Reasons for being unwilling to use an ICT-based self-
management tool were: it seemed burdensome (556%),
current self-management activities were enough (45%),
it seemed difficult to use (40%), it seemed boring in a
short period (10%), lack of time for using it (9%), it
seemed ineffective (8%), and health condition was too
poor to use it (3%).

This study examined willingness by patients with dia-
betes to use an ICT-based self-management tool, and the
patient characteristics associated with that willingness.
Over half of the patients expressed willingness, although
only 16% were currently using any of those tools. Not
having nephropathy, frequent visits to diabetes physi-
cians, current use of personal computers and/or smart-
phones, and greater diabetes-related emotional distress
were significantly associated with the willingness. To the
best of our knowledge, this is the first study to report
potential interest in self-management using ICT among
patients with diabetes in Japan.

This study has some limitations. First, it was conducted
at a single university hospital in an urban area in Japan.
Participants of this study were older and had slightly
better glycemic control compared with the national
database,24 which might make the results of this study
less generalizable. Additionally, those who agreed to par-
ticipate in such a survey may be intrinsically more

disposed and thus motivated toward self-management
than non-participants. So the sample may be biased and
the results should be interpreted with caution. Second,
differences in inter-rater variability among interviewers
might exist, despite our effort to standardize the inter-
view procedure. Finally, showing the participants a
smartphone-based selfmanagement tool might have
biased them in favor of willingness to use such a tool;
this procedure could give participants an idea of what
ICT-based self-management tools are like and could
make their response about willingness easier. In future
studies, we should also examine the actual use of the
tool as with previous studies in other countries.'* *°

This study indicated that patients who had frequently
visited diabetes physicians (once a month or more) and
had not had nephropathy were more likely to be willing.
As with nephropathy, willing patients were more likely to
have fewer comorbidities (eg, hypertension) on bivariate
analysis. This might indicate that willing patients tended
to need frequent monitoring of blood glucose levels,
which resulted in frequent outpatient visits, despite non-
existence of complications. This hypothesis is based on
the correlation we found between frequent visits to dia-
betes physicians and the instruction patients had
received in self-monitoring blood glucose levels (p=0.34,
p<0.01; data not shown in the Results section). They
might expect that they could utilize ICT-based self-
management tools for their blood glucose monitoring at
home. At present in Japan, there are no guidelines/reg-
ulations for the frequency of outpatient visits of patients
with diabetes. It depends on physicians’ judgment or
patient choice. Although visits to primary care providers
every 2 weeks were associated with the fastest achieve-
ment of glycemic control,*® visiting physicians more fre-
quently is difficult because of the burgeoning number
of patients with diabetes and constraints on physicians’
time.”” ICT-based selfmanagement tools may have an
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effect similar to that of frequent outpatient visits; they
could be useful in improving patients’ glycemic control
and giving them a sense of security through remote
monitoring of data measured at home along with inter-
active communication.

Patients willing to use an ICT-based selfmanagement
tool were more likely not to have nephropathy but to
have greater diabetes-related emotional distress. There
are various aspects of diabetesrelated emotional distress
such as feeling discouraged about the regimen and diffi-
culty in coping with complications.20 In this study, ad hoc
analyses showed that patients in the contemplation/prep-
aration/action stage of diet and exercise had greater
emotional distress (p<0.01; data not shown in the Results
section). These results may indicate that diabetes-related
emotional distress might be more associated with diffi-
culty in self-management, as shown in a previous study
about diet management.28 Thus, patients who had
diabetesrelated emotional distress might be more
inclined to be willing to make self-management easier.
On the other hand, patients with some complications are
likely to have had diabetes for a longer time and may not
want to change their lifestyles any more. Further study is
needed to understand this mechanism.

Another notable finding was that—after adjustment for
other variables, and despite the finding of bivariate analysis
—age was not associated with willingness. This showed that
the current use of ICT devices such as personal computers
and smartphones would be more significantly associated
with willingness to use such a tool than was age. This result
partly supported a previous study of those with access to
the internet that found older patients surprisingly more
likely to use an internet-based patient portal—contrary to
analysis with all patients.” Several studies indicated that
major barriers to using ICT-based selfmanagement tools
were inadequate access to the internet and lack of the skills
to use it."* * Similarly in this study, 40% of the participants
unwilling to use an ICT-based selfmanagement tool gave
as a reason that it seemed difficult to use. On the other
hand, the oldest user of a smartphone-based self-
management application in our previous study12 was 77,
and used it easily. In the USA, ~4 of every 10 elderly
people used the internet, and two-thirds of them had
looked for health information online.”® These facts suggest
that we should not automatically exclude elderly patients
as potential users of ICT tools; it is important to assess and
enhance patients’ access to, and skill in using, ICT devices.

To sum up, this is the first study among patients with
diabetes in Japan to demonstrate the prevalence of will-
ingness to use an ICT-based self-management tool, and
to determine the characteristics of those patients who
express that willingness. The need for such a tool should
exist among them as it does according to the inter-
national trend. Patients with that willingness may expect
ICT-based self-management tools to complement out-
patient visits and to make self-management easier.
Starting with patients who display the willingness factors
might optimize programs based on such tools. Future

studies should evaluate the patient characteristics asso-
ciated with the actual use and degree of the effect of the
tools in order to provide further tailored support for
selfmanagement using ICT.
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