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ABSTRACT

Aim: The purpose of this study was to examine whether web-based diabetes education is effective in improving metabolic control, self-efficacy
for diabetes self-management, and quality of life in adolescents with type 1 diabetes mellitus in Turkey.

Materials and Methods: This study was conducted with adolescents with type 1 diabetes mellitus who were registered in the pediatric
endocrinology polyclinic of a university hospital in the western region of Turkey. A total of 32 were included in the control group who received
diabetes education in a clinical setting, and 30 were included in the intervention group who received web-based diabetes education. Although
the adolescents in the control group received standard medical care as usual, with no participation on the website, those in the intervention
group were also educated on diabetes management by using the web site.

Results: For self-efficacy, a statistically significant difference between the groups was found. Regarding the group, time, and group-time
interaction for quality of life, a statistically significant difference was found between the mean scores of the groups. Web-based education was
found to be effective in increasing the quality-of-life mean scores when compared with the standard care provided for the adolescents with type
1diabetes mellitus, with the intervention group having a higher quality of life than the control group.

Conclusion: We found that the web-based diabetes education program had no effect on A1C levels, but the education model effectively
increased the self-efficacy and quality of life of adolescents with diabetes.
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Introduction (1). In Turkey, approximately 17,000 children have TIDM, and
Type 1 diabetes mellitus (TIDM) is a chronic metabolic about 2,000 children are diagnosed with it per year (2).
disease commonly seen in childhood; it occurs as a result of Adolescence is the transitional phase of development
the destruction of the pancreatic beta cells, accompanied by between childhood and emerging adulthood and it is marked
T-cells, for reasons relevant or irrelevant to autoimmunity by the biological and psychosocial changes of puberty (3).
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Adolescence is a period in which these young patients can
learn the required knowledge and self-care methods related
to TIDM; nevertheless, management of the disease is most
difficult during this developmental stage. Management of
T1DM requires frequent blood glucose monitoring, multiple
insulin injections or the use of an insulin pump, frequent
alterations in insulin dose to match changing diet and
activity patterns, and regular visits to health care providers
(4).

Diabetes management requires frequent and high levels
of education at diagnosis and afterward to support children
and adolescents. Education is necessary for its successful
management (5). Education programs aimed at diabetes
have been revealed to be a very cost-effective intervention,
due to the savings to be obtained via low levels of hospital
admissions and emergency presentations. To maintain blood
glucose of those adolescent with TIDM at recommended
levels and prevent complications, these patients need to be
able to contact the diabetes team frequently and easily and
have access to health services at all times (6). Adolescents
not receiving sufficient levels of education or not continuing
to have educational support exhibit more possibility of
developing diabetes-related complications (5). Diabetes
education needs to be an ongoing process and be repeated
in order for it to be more effective. In addition, the failure
to increase the number of health professionals for diabetes
care in line with the increase in the number of patients
with diabetes has led to lower access to education for
patient self-management (7). In addition, evidence obtained
through group discussions conducted with young people
points out that the education programs using web-based
applications are attractive for them, and there are data
to back up its frequent use (8). Web-based education also
provides an accessible and permanent record of information
for patients that enables fast and effective communication
with health professionals. Web-based education has been
shown to improve patient satisfaction, improve self-
management of diabetes and clinical results (9). Web-
based applications that include individualized evaluations,
supervision and skills development by feedback are reported
to be more effective in the improvement of glycemic control
than didactic teaching (10). Studies have indicated that
web-based education provided to adolescents with diabetes
is effective in enhancing self-efficacy and quality of life
(QOL) (11,12).

Higher self-efficacy is believed to have an impact on
the adolescents’ life, self-management, and outcomes
related to diabetes. This concept has also been revealed
to be significantly associated with the likelihood of
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obtaining positive results and acquiring the means of self-
management for diabetes as well as QOL (13,14). A higher
QOL, higher levels of self-efficacy and better diabetes
education have positive effects on metabolic control (15,16).
QOL is lower among children and adolescents with TIDM
compared to children without diabetes; previous studies
have shown that better QOL in adolescents is associated
with higher self-efficacy and improved self-management.
In addition, glycemic control may improve (17,18). Therefore,
health professionals need to understand the importance
of self-efficacy for diabetes self-management and QOL in
diabetes, and they should evaluate adolescent self-efficacy
for diabetes self-management (18,19). No studies have so
far been conducted in Turkey to examine the influence
of web-based diabetes education on metabolic control,
self-efficacy for diabetes self-management, and QOL of
adolescents with TIDM. In Turkey, there is limited access
to pediatric endocrinology and pediatric endocrine nurses
in every region. Most of the patients enrolled in the clinic
where the study was conducted live six-to-ten hours away.
Thus, it is very difficult for them to reach diabetes providers
when they need to and it is very important that they have
the right source of information. Thus, the aim of this study
was to examine whether web-based diabetes education was
effective in improving metabolic control, self-efficacy for
diabetes self-management, and QOL in adolescents with
TIDM in Turkey.

Hypotheses
Our hypotheses were:

H,: AIC levels of adolescents with TIDM who were
provided with web-based education will be lower than
those who were educated about diabetes in a polyclinic
environment.

H,: Self-efficacy for diabetes self-management scores of
adolescents with TIDM who receive web-based education
will be lower than those who are educated about diabetes
in a polyclinic environment.

H,: QOL scores of adolescents with TIDM who were
provided with web-based education will be higher than
those who are educated about diabetes in a polyclinic
environment.

Materials and Methods

This study was carried out with adolescents who had
TIDM and who were registered in the pediatric endocrinology
polyclinic of a university hospital in the western region of
Turkey. Their ages ranged between 11and 18 years. The design
was a pre-test/post-test quasi-experimental approach.
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The Study Population and Sample

The required study sample size was estimated based on
an anticipated p-value, power level, and effect size, with
G*Power 3.0. Researchers used the analysis of variance and
accepted an effect size of 0.5, and type 1 and 2 error levels
of 0.05 and 0.20 (80% power), so that sample size was
estimated based on A1C with 19 adolescents; self-efficacy
with 14 adolescents; and QOL with 29 adolescents. To
account for potential losses due to the long-term follow-
up, it was decided to include 36 adolescents in each group.
We randomly assigned individuals into groups.

Data Collection

This study was conducted from September 2015 to
March 2076. Before collecting pretest data, the researchers
assigned participants to the intervention and control groups
based on the order that they came to the polyclinic. The first
patient was allocated to the control group and the second
patient to the intervention group and so on. The researchers
introduced the web site on IPads™ to the intervention
group and explained how to use them. When the target
sample size was achieved, the adolescents included in the
intervention group were informed via text message that
the web site was activated, and they should begin using
it. A total of 34 were included in the control group who
received diabetes education in the clinical setting, and 36
were included in the intervention group who received the
web-based diabetes education. Following the initial data
collection, data loss occurred in the intervention group at
the end of the third month, because four of the adolescents’
use of internet was limited at home, and two adolescents
did not use the site actively. The researchers could not
contact two control group adolescents at the end of the
third month. Consequently, we completed the study with 32
adolescents in the control group and 30 in the intervention
group (Figure 1).

Intervention

The standard of care at the Pediatric Endocrinology
Outpatient Clinic at the University Hospital is the provision
of basic diabetes education. A diabetes nurse, who has a
Diabetes Training Nursing Certificate, provides basic diabetes
education to adolescents with diabetes and their families.
At diagnosis, they are told to come to the outpatient
clinic when they need to, and patients are expected to
come to the clinic every three months. The diabetes nurse
meets with each child in the education room and provides
TIDM education using various pamphlets and/or posters
as needed. Children with newly diagnosed TIDM and their

Assessed for eligibility (n=72)

P Excluded (n)

- Declined to participate (n=2)
- (they do not have internet
access from home)

Basic random (n=70) {

Y

A4 Allocation v

Web based education “Geng diyabet” Control group (n=34)
(n=36)
Received allocated intervention (n=36)

Follow-up (3 month) ]

Lost to follow-up (n=2)
¢ Researchers could
not contact (n=2)

Lost to follow-up (n=6)
¢ Adolescents’ Internet use
was limited at homes (n=4)
¢ Adolescents did not use the
site actively (n=2)

Follow-up (6 month)
Completed 6 month data
Completed 6 month data (n=32)
(n=30)
Analysed
Analysed (0=32)
(=30

Figure 1. Flowchart for enrollment and follow-up of study participants

families receive basic diabetes education at the time of
clinical admission. Information about diabetes, acute
complications (hypoglycemia, hyperglycemia), treatment,
insulin injection, and issues that they should pay attention
to are provided at initial diagnosis.

An experimental website was created using the open-
source code WordPress Content Management System
and was structured using PHP Script language. Two user
groups use the website-administrators and members. The
administrator panel includes the elements required for
the performance, organization, and implementation of
the operations that are necessary for the entire system.
It has menu elements, user operations, and unanswered
survey forms as well as the content display. It can also
be used to add and delete users and update the website.
The member panel user homepage includes a valid
username and password that is given to the member
by the researcher to enable signing in to the system.
Users can login to the web page when they enter their
usernames and passwords correctly. Both groups received
standard medical care, while those in the intervention group
were educated on diabetes management by using the web
site. The web site includes a series of learning objectives.
Where appropriate, the material uses multimedia learning
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tools such as tutorials using Powerpoint™ files about
diabetes management, quizzes, and blogs. The blog was
designed as a platform so that adolescents included in the
intervention group could chat and share their experiences.
The adolescents were asked to write comments and share
their experiences on issues suggested by the researchers.
The appropriateness and sufficiency of the educational
topics uploaded on the web site were examined by relevant
experts (pediatric endocrinologists, professors working on
pediatric nursing, diabetes clinic nurses, and the head of the
diabetes association in Turkey-11 experts in all). The content
validity index regarding educational content was found to
be 0.96, suggesting high agreement among experts with
this conclusion being higher than 0.80.

Data Collection Procedures

The intervention was delivered over a six-month period.
Participants were encouraged to log in at least two times
each week to update their blogs. The adolescents used
the blog site actively. We used Counterize™ plugins to
collect data on use. Counterize is a complete counter and
statistics plugin with no external library dependency, and
these data and site traffic and each users’ usage were
recorded. An active learning process was ensured where
the adolescents received support from their peers via blog
use. The researcher was notified by short message and
e-mail when the adolescents posted a comment on the blog
site. Comments were published on the website under the
supervision of the researcher. The following are examples
of issues included in the blog site: “What is diabetes in
your opinion?”; “Is exercise important in the management
of type 1 diabetes?”; “Let's share our experiences: how
do you know when you have high blood glucose?”; “How
do you know when you have low blood glucose?” The
topics were selected from the literature. New topics (e.g.,
definition of the disease, nutritional aspects, carbohydrate
counting, management of acute and chronic complications,
insulin regimen, physical exercise, and self-management)
and relevant blog texts were added to the site every week.
A reminder message about new materials added to the
web site was sent. The adolescents were not expected to
respond to this message.

We introduced the website, “youth diabetes”, to those
adolescents included in the intervention group and informed
them about its use as part of their polyclinic appointments.
Adolescents included in the intervention group could log in
at any time day or night.

Three-and-six-month follow-up data were collected
by the researchers from the adolescents in the control
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group when they arrived for their polyclinic appointments.
Adolescents included in the intervention group were asked
to fill out the scale-based forms on the web. The A1C values
of the adolescents in both groups were collected from the
polyclinic records at 3 months and 6 months after the start
of the intervention.

Measures

Psychosocial data were collected using the pediatric
QOL Inventory™ 3.0 diabetes module and the diabetes
management self-efficacy scale in adolescents with type 1
diabetes mellitus.

The Pediatric QOL Inventory™ 3.0 Diabetes Module

Varni et al. (20) developed the pediatric QOL Inventory™
3.0 diabetes module, which was adapted for Turkish by
Ayar and Ozturk (21). The scale comprises of 28 items.
A five-point Likert scale was used in which O=never a
problem, and 4=almost always a problem. Items were
linearly transformed to a 0-100 score. The score was 100
if the items were rated “never a problem” and O if the
items were rated “almost always a problem”. Thus, higher
scores indicate higher health-related QOL. The Cronbach
alpha for the scale in this population was 0.86. The split-
half reliability was 0.71 for the first and second half of the
child report. The correlation coefficient between the first
and second halves was 0.55 (p<0.001). The Kaiser-Meyer-
Olkin coefficients were found to be 0.80 and y2=15,275,
p<0.00T1, respectively. Item-total correlations for the scale
varied between 0.32 and 0.86 (p<0.001). The model fit
indicators were: CFI=0.87, incremental fit index (IF1)=0.87,
GFI=0.78, x*=432.34, df=337, and root mean square error of
approximation (RMSEA)=0.051, p<0.001. Thus, this scale is
a reliable and valid instrument that can be used by diabetes
teams to measure QOL in Turkish children with TIDM (21).

The Diabetes Management Self-efficacy Scale in
Adolescents with Type 1 Diabetes Mellitus

The diabetes management self-efficacy scale in
adolescents with type 1 diabetes mellitus was developed
by Moens (22) and its Turkish validity and reliability was
determined by Ozturk et al. (23). The scale involves 26 single-
choice items that are scored on a 5-point scale which range
between 1 (definitely yes) and 5 (definitely not). The scores
obtained are summed up and divided by the total number
of items in order to show the magnitude of perceived
self-efficacy of different self-management performance
levels. High scores represent lower self-efficacy. The
CFA showed respective factor-loading ranges of factor 1
(medical treatment and nourishment) as 0.41-0.86; factor 2
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(evaluation of glycaemia) as 0.42-0.89; factor 3 (mentioning
your diabetes) as 0.75-0.77; and factor 4 (honesty with
yourself and others) as 0.41-0.72. The model fit indicators
were as follows; the GFI=0.90, non-normed fit index=0.93,
CFI=0.93, and IFI=0.93, with %2=470.15 for df=290, p<0.001,
and the RMSEA was 0.056. The total Cronbach’s alpha
internal consistency reliability coefficient value was 0.85.
The item-total correlations changed between 0.40 and
0.59 and were seen to be statistically significant (p<0.001).
This scale is designed as a disease-specific one in order to
evaluate the level of self-efficacy in Turkish adolescents
with TIDM (23).

Ethical Considerations

Written permission was obtained from the owners of the
scales used. To conduct this study, the researchers obtained
permission (with protocol no: 779-GOA, 2012/36-02) from
the institution and University Non-Invasive Research Ethics
Board. Since participants of this study were adolescents,
the researchers obtained written consent from participants’
parents, and verbal assent from the adolescents.

Statistical Analysis

Multivariate analysis of variance was employed in order
to compare the total mean of A1C levels and mean scores
on the diabetes management self-efficacy scale and QOL
of children with diabetes scale according to grouping,
timing, and the group-time interaction. One-Way analysis
of variance was used for analysis of the difference between
the total mean scores of diabetes management self-efficacy
scale for the adolescents with TIDM and QOL in children
with diabetes scale. It was also employed in an attempt
to compare the mean scores of groups. The Bonferroni
correction t-test for dependent groups was employed in
an attempt to compare the measurements. The Bonferroni

significance test of the difference between two corrected
averages was used for the analysis of the difference between
the groups over time.

Results

Patients’ Characteristics

We completed our study with 62 adolescents who
had T1DM with 30 in the intervention group and 32 in the
control group. The mean ages of those who participated in
the intervention group were seen to range between 11 and
18 years [mean, 14.60 years; standard deviation (SD), 1.90
years] and that of the control group ranged in age from 11
to 18 years (mean, 13.96 years; SD, 1.61 years). The duration
of diabetes of the intervention group participants was
5.66+4.22 years and that of the control group was 6.34+3.17
years. The mean AI1C value observed in the intervention
group was found to be 8.10£1.30%, while the same value
in the control was 8.36+1.82% at the start of the study.
The mean diabetes related QOL scores of those included
in the intervention group was 37.06+6.91 and the same
score in the control group was 38.79410.15 at the start of
the study. The diabetes management self-efficacy scores
of those in the intervention group was 108.40+15.30, while
the same in the control group was 108.48+13.27 at the
start of the study. The number of adolescents using insulin
injection in the intervention group was 8 (26.66%), and 22
were using insulin pumps (73.33%). The socio-demographic
characteristics of the participants are presented in Table I.

Analyses indicated that the experimental and control
groups did not differ in terms of age, sex, diabetes
history, initial A1C levels, and initial mean scores of self-
management and self-efficacy in the diabetes scale for the
adolescents with type 1 diabetes and the QOL in children
with diabetes scale. While there were no statistically

Table I. Descriptive characteristics of the adolescents with type 1 diabetes (n=62)

Intervention group Control group p-value
Characteristic (n=30) (n=32)

(mean % SD) (mean % SD)
Mean age 14.60+1.90 13.96+1.61 0.129
Duration diabetes (years) 5.66+4.22 6.34+3.17 0.069
Onset level of HbATc 8.10+1.30 8.36+1.82 0.068
Onset diabetes related quality of life scores 37.06+6.91 38.79+10.15 0.354
Onset diabetes management self-efficacy scores 108.40+15.30 108.48+13.27 0.620
Using insulin injection (%) 8 (26.66) 10 (31.25)
Using insulin pump (%) 22 (73.33) 22 (68.75)
SD: Standard deviation
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significant differences between the two groups (p>0.05),
AI1C levels and diabetes duration showed trends toward
significance, with the intervention group having lower A1C
and shorter diabetes duration at baseline (Table I).

Multiple analysis of variance was used to determine
whether there was a difference between the AIC mean
scores of the study groups. Regarding the group (F=0.212,
p=0.647), (F=1.225, p<0.297)
interactions (F=1.393, p<0.252), no statistically significant

time and group-time
differences were found between the mean scores of the
groups (Table I1).

Multiple analysis of variance was used to determine
whether there was a difference between the QOL mean
scores of the study groups. Regarding the group (F=7.862,
p=0.007), time (F=7.555, p<0.001) and group-time
interactions (F=12.747, p<0.001), statistically significant
differences were found between the mean scores of the
groups (Table II).

Multiple analysis of variance was used to determine
whether there was a difference between the self-efficacy

mean scores of the study groups. Regarding the group
(F=44.058, p=0.001), time (F=37.715, p<0.001) and group-
timeinteractions (F=45.115, p<0.001), statistically significant
differences were found between the mean scores of the
groups (Table Il). Further analysis for the mean scores of the
self-efficacy scale and QOL for the adolescents with TIDM
in group, time, group-time interaction revealed statistically
significant differences between the mean scores of the
groups (Table IIl).

Discussion

In this study, we found no significant difference between
the intervention and control groups on A1C levels. In
previous studies conducted by a multi-disciplinary team, it
was reported that web-based educational programs were
effective in improving A1C levels of adolescents with TIDM
(15,24,25). While our study group was not multidisciplinary,
we found no significant difference between the A1C mean
scores of the two groups. This finding suggests that this
difference may be related to differences in methods. Self-
management is necessary to prevent short and long-term

Table Il. Comparing A1C, quality of life and self-efficacy mean scores of the adolescents with type 1 diabetes in groups, at time and at
group*time points (n=62)
Time/group A1C Quality of life Self-efficacy
Time Intervention group | Control group | Intervention group Control group Intervention group Control group
(mean % SD) (mean % SD) (mean % SD) (mean % SD) (mean % SD) (mean % SD)
Baseline 8.10£1.30 8.36%1.82 108.40+15.30 108.48+13.27 37.06+6.91 38.79£10.15
Three months | 8.38+1.47 8.33+1.89 116.53+14.49 108.84+11.98 34.40+7.81 41.75+£10.30
Six months 8.19+£1.39 8.63+1.58 122.23+13.24 106.53+7.78 35.13+£6.70 59.28+8.74
F p F p F p
Group 0.212 0.647 7,862 0.007 44,058 0.001
Time 1,225 0.297 7,555 0.001 37,715 0.001
Group*time 1,393 0.252 12,747 0.001 45,115 0.001
SD: Standard deviation, p: Significance level, F: Analysis of variance

Table lll. Further analysis for the mean scores of self-management and self-efficacy in diabetes scale and quality of life for the

adolescents with type 1 diabetes in groups, time, group*time (n=62)

Time/group Self-efficacy Quality of life

Time Intervention group | Control group t Intervention group | Control group t p
(mean  SD) (mean £ SD) (mean = SD) (mean + SD)

Baseline 37.06+6.91 38.79£10.15 0.793 0.431 108.40+£15.30 108.48+13.27 0.024 0.981

Three months 34.40+7.81 41.75+10.30 3,170 0.002 16.53+14.49 108.84+10.98 2,301 0.025

Six months 35.13+6.70 59.28+8.74 12,244 0.000 122.23+13.24 106.53+7.78 5,644 0.000

F 1,381 74,154 16,956 0.846

p 0.260 0.000 0.000 0.434

SD: Standard deviation, p: Significance level, t: Significance test of the difference between two means/t-test for dependent groups, F: Analysis of variance
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complications such as seizures, nephropathy, diabetic
ketoacidosis, neuropathy and retinopathy (15).

Self-management requires frequent blood glucose
monitoring and insulin injections or the use of pump
therapy, both of which require frequent adjustment
depending on food intake and physical activity. Diabetes
self-management is intensive, constant, complex and
visible, and it contributes to feelings of stress and social
awkwardness in adolescents. Any acute or chronic stress in
this period will directly affect diabetes management (26).
General emotional stress in adolescents negatively affects
both their blood sugar and glycemic control levels and may
limit their ability to perform diabetes self-management
tasks. Feeling stress due to diabetes management and
a stressful living situation may lead to poorer metabolic
control for those adolescents with TIDM and also to
problems with adaptation to the condition (13,27). Among
our intervention group adolescents, 33% were studying for
the high school or university admission exams, which are
important and often stressful periods. Even the presence of
a factor such as an exam causes great stress for adolescents.
In addition, with the hormonal changes in the approach to
maturity, metabolic control of adolescents is negatively
affected. Consequently, in the follow-up assessments, no
statistically significant difference was found between the
A1C mean scores of the adolescents with diabetes in the
intervention or in control groups.

Self-efficacy levels of those in the intervention group
were found to increase compared with those provided
only with standard care. Therefore, hypothesis H, was
accepted. Increasing self-efficacy in adolescents with
TIDM is important for healthy self-management behavior
change. The findings of this study are similar to those of
previous studies (13,14,27) that examined the impact of
Web-based diabetes education on self-efficacy. Web-based
diabetes education was found to be an effective method
for increasing self-efficacy for diabetes self-management
in adolescents with diabetes. It is believed that web-based
educational programs for those adolescents with TIDM
should be made more commonly available because the
number of adolescents using the Internet is increasing in
Turkey, and web access allows for information to be sought
whenever they need and wherever they are.

In this study, we found a significant difference between
the QOL Mean Scores in the adolescents with TIDM in the
intervention group and also those in the control group.
Our web-based education program was found to be
effective in increasing QOL mean scores when compared
with the standard care provided for the adolescents with

TIDM. Therefore, the third hypothesis was accepted.
This finding is similar to that of some previous studies
(14,27) that examined the impact of diabetes education
on QOL of adolescents with diabetes. Thus, web-based
diabetes education was found to be an effective method for
enhancing the QOL of the adolescents with TIDM.

Study Limitations

This study has several limitations that must be
considered in the interpretation of the findings. Initially,
there were 36 adolescents in the experimental group, and
at the end of the third month, four adolescents could not
access the internet from their homes, and two adolescents
did not actively use the site. In addition, we did not look at
long-term effects. The initiation of the website by the group
of entrants in June created difficulties for the researcher in
reaching the adolescents due to the summer holiday. Also,
the Pediatric QOL Inventory sub-scale which we used in our
study had low Cronbach alpha and so limits our results.

Conclusion

We found that our web-based diabetes education
program effectively increased the self-efficacy and quality
of life of adolescents with diabetes, but it had no effect
on AIC levels. Thus, we recommend web-based programs
for adolescents with TIDM to enhance their QOL and self-
efficacy and to perform observations over a longer time
period to see the impact on A1C levels more clearly. We did
not examine cost-effectiveness. It is also recommended
that cost-effectiveness should be evaluated in new studies
for better understanding of the effectiveness of the web-
based education.

On the basis of this study, we believe that the use of
web-based diabetes education will help to ensure that
both adolescents with diabetes and health care providers
will use their time together more effectively. It is also
possible that diabetes education may be more accessible by
using Web-based approaches. Our study contributes to the
diabetes education literature because there was no web-
based education program for those adolescents with TIDM
set up and available to diabetes nurses in Turkey.

Ethics

Ethics Committee Approval: To conduct this study,
the researchers obtained permission (with protocol no:
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