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Abstract

Background: Prevention of diabetic complications requires good glycaemic control. This study aimed to provide type 2
diabetes patients with remote active care and glycaemic control through the use of videophone technology without the need
for them to attend hospital. The literature recommends additional research to study the impact of technical innovations
on improved disease self-management and medical outcome. This is the only study to be conducted in Turkey concerning
patient monitoring using videophone technology. The aim of the study was to establish the effectiveness of the use of
videophone technology in the glycaemic control of patients with diabetes living in remote areas.
Methods: This is a prospective, randomized control study using the systematic sampling method (using half ratio), in which
24 patients were chosen for the Experimental Group (EG) and another 24 for the Control Group (CG). All of the patients
agreed to participate in the study. Patients in the CG received routine care, while the glycaemic control and consultations for
patients in the EG were conducted using videophone technology. The patients were monitored by videophone for a total of 6
months. The HbA1c and blood glucose values recorded over the 6 month monitoring period were analyzed to determine the
effectiveness of using a videophone.
Results: The mean age of the individuals in the EG was 54.41±8.54 years (Min=43 Max=78) and in the CG it was 57.25±9.61
(Min=40 Max=77). In both groups, 50% of the individuals were men and 50% were women. When the two groups were
compared, it was was found that the preprandial blood glucose levels of the diabetic patients in the EG (mean 159.48 ±
40.71mg/dl) were lower by 13.55 ± 52.89 mg / dl than the preprandial blood glucose levels of the diabetic patients in the
CG (mean 173.03 ± 65.07 mg/dl). It was determined at the end of the six-month monitoring that the A1c levels of the
individuals in the EG were significinatly lowered by 0.49% in total, and that the A1c levels of the individuals in the CG were
higher by 0.17 % in total.
Conclusions: It was shown that videophone technology can be useful in the glycaemic control of diabetic patients in Turkey.
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Introduction

Diabetes is a leading cause of death and morbidity and
is a health priority worldwide. An estimated 285 million
people worldwide have diabetes and its prevalence is
predicted to increase to 439 million by 2030 [1].
Diabetes is one of the most important non-communicable
diseases in Turkeycountry and constitutes a disease
burden which is expected to rise even further in the near
future [2, 3]. In the Turkish Diabetes Epidemiology Study
(TURDEP) by Satman et al., the prevalence of diabetes
mellitus in Turkey was established as 13.7% and the
prevalence of impaired glucose tolerance was 14.5%. The
rate of diabetes mellitus and impaired glucose tolerance
was also shown to rise along with increases in BMI, waist/
hip ratio and waist circumference [4].

The increase in the use of technology in diabetes treatment
facilitates improved communication between nurses
and patients, the reliable collection of data, and the
provision of a comfortable life to patients [5,6,7,8]. Another
important purpose of tele-care is to provide patients with
the opportunity to maintain their education effectively
without interruptions [9,10,11]. Videophone technology,
using webcams and with regular telephone consultations,
enables patients to maintain their education, and to
have treatment at home without the need to attend
clinics. Through the use of technical instruments such
as videophones, the needs of patients with different
metabolic control needs can be met [12].
Videophone technology allows possibilities such as
easy face-to-face communication between diabetes
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patients and health professionals, the self-monitoring have been sampled. Then, one file from every five was
of blood glucose levels and receiving feedback (support included in the sample, and in this way 24 patients’ files
and counselling) [13,14]. This technology, aimed at type were selected. Patients in the CG received routine care,
2 diabetes mellitus (T2DM) patients, generally provides while the glycaemic control and consultations for patients
motivational support as well [15].
in the EG were conducted using videophone technology.
The literature recommends more research to study the
impact of technical innovations on improved disease self- Inclusion Criteria
management and medical outcome [17,18,19]. The prevention Patients
of diabetic complications requires good glycaemic control
1. Between 35-75 years of age.
[16]. This study aimed to provide type 2 diabetes patients
2. T2DM at least for 1 year.
with remote active care and glycaemic control through
3.Insulin treatment.
the use of videophone technology without the need for
4.Attending the endocrinology outpatient clinic.
them to attend hospital.
5. A1c ≥7%.
The aim of the study was to establish the effectiveness
6. Sufficient cognitive maturity to use videophones.
of the use of videophone technology in the glycaemic
7. No neurological or mental problems.
control of patients with diabetes.
8. No sight or hearing problems.
9. Oral communication ability.
10. Using videophone technology.
Material and Methods

Design and setting

This study was planned as a prospective, descriptive,
randomized case control investigation. It was carried out
in Ege University Faculty of Medicine, Endocrinology and
Metabolism outpatient clinic. A total of 361 outpatients,
whose ICD10 diagnosis codes were E10 or E14 and whose
ICD9 codes were 250, were screened. The researcher
telephoned a total of 361 patients, of whom 114 were
found to be suitable for inclusion in the study. Using the
systematic sampling method (using half ratio), 24 of these
patients were chosen for the EG and another 24 for the CG.
All agreed to participate in the study (24 was the number
designated by Turkish Telekom who sponsored the study).
Systematic sampling is a statistical method involving
the selection of elements from an ordered sampling frame.
The most common form of systematic sampling is an
equal-probability method. In this approach, progression
through the list is treated circularly, with a return to the
top once the end of the list is passed. The sampling starts
by selecting an element from the list at random and then
every kth element in the frame is selected, where k, the
sampling interval (sometimes known as the skip):
this is calculated as:

k=

N
.
n

Where n is the sample size, and N is the population size.
Using this procedure each element in the population
has a known and equal probability of selection. This
makes systematic sampling functionally similar to simple
random sampling. It is however, much more efficient (if
variance within systematic sample is more than variance
of population) [20].
The universe size N = 114 was divided by the sample
size n = 24 (114/24 = 4.75), and was taken as about 5. A
number from 1 to 5 was selected on a simple random
number table. The number three was selected. Before the
third file from the file 114 arranged in alphabetical order

Intervention

Study Groups

Control Group (CG)

Routine outpatient clinic monitoring methods were used
for the patients in the CG. Patients were consulted at the
endocrinology outpatient clinic at which they were being
followed up. At face-to-face meetings, the patients’ oral
and written permission was obtained for participation in
the study and use of the questionnaire form. After the third
and sixth months, glycaemic control test results and daily
blood glucose values were obtained at outpatient clinic
consultations.In visits in the 3rd and 6th months, patients
were given routine examinations in the diabetes clinic and
insulin therapies were reviewed, after which necessary
changes were made. Patients in CG were followed up by
a hospital team (endocrinologist, dietician, diabetes nurse,
etc.) CG support (risk and information management, use
of resources etc.) and education on diabetes management
were not provided to patients by researchers.
Experimental Group (EG)

The patients in the EG were also interviewed at the
outpatient clinic and their consent for inclusion in the trial
was obtained both orally and in writing. The videophone
instrument was introduced to patients and they and their
companions were shown how to use it; after checks were
made at the outpatient clinic, videophone connections at
patients’ homes were established. Tele-monitoring by the
researcher began in the first week after the videophone link
had been installed in the patient’s home. The information
meeting began with the discussion of urgent topics
(hyperglycaemia, hypoglycaemia, ketoacidosis, etc.) with
the patient and his or her family. The conversations lasted
20 minutes on average.
The conversations were conducted and patients’ A1c rates
were monitored for medical glycaemic control at the first
2
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Table 1. Distribution of descriptive characteristics of individuals
Features
Age Group
40-49 years
50-59 years
60-69 years
70-79 years
Average age

Experiment Experiment
Group
Group
N
%

Control
Group
N

Control
Group
%

7
12
3
2

29.2
50.0
12.5
8.3

7
5
10
2

29.2
20.8
41.7
8.3

Mean ±SD
54.41±8,54

Min=43
Max=78

Mean ±SD
57.25±9.61

Min=40
Max=77

12
12

50.0
50.0

12
12

50.0
50.0

3
10
11

12.5
41.7
45.8

3
16
5

12.5
66.7
20.8

2
17
5

8.3
70.8
20.8

7
16
1

29.2
66.7
4.2

22

91.7

22

91.7

2

8.3

2

8.3

17
6
1

70.8
25.0
4.2

13
11
-

54.1
45.9
-

Time from diagnosis of DM (years)

Mean ± SD
11.0 ± 9.08

Min = 1
Max = 34

Mean ± SD
7.50 ± 7.10

Min = 1
Max = 27

Body Mass Index (BMI, Kg/m2)

Mean ± SD Min = 20.96 Mean ± SD
28.82 ± 5.89 Max = 44.79 34.82 ± 1.34

Gender
Female
Male
Educational Status
Literate
Primary school
High school or university
Income Range
Income < expenditure
Income equal to expenditure
Income > expenditure
Insulin treatment
4-insulin
[Morning + Lunch + Dinner (short-acting) + Night(long-acting)]
2-insulin
[Morning + Dinner (long-acting)]
Other medications
Antihypertensive and hyperlipidemia medications
Heart medications (coraspirin, Dilatrend, etc.)
Cortisone

TOTAL

24

outpatient clinic visit. After that, videophone monitoring
was performed once every week for 6 months. In the third
and sixth months, face-to-face information meetings were
organized. Patients’ medical treatment and examinations
were conducted by a hospital team (endocrinologist,
dietician, diabetes nurse, etc). The patients were monitored
by videophone for a total of 6 months by the researchers
(telenursing). The researchers were contacted the patient
by videophone every week. Information about the results
of blood glucose monitoring and daily living problems
(hypoglycemia, insulin administration, weight control, daily
stresses, etc.) was given by the diabetes patients. Based
on this information, education on diabetes management
was provided in 20-minute interviews by videophone. If
necessary, an endocrinologist, nutritionist, or other health
worker directed, and researchers helped, the management
of diabetes.

Hypothesis

There is a difference between the glycaemic control levels
of adults with T2DM who use videophone technology
to receive frequent monitoring and those with diabetes
mellitus who do not use videophone technology.

100.0

24

Min = 21.94
Max = 45.00
100.0

Statistical analysis

The SPSS (Statistical Package for Social Sciences (version 17,
Chicago) was used for data analysis. Descriptive statistical
methods (frequency, percentage, average, standard deviation)
were used for the evaluation of the sociodemographic
characteristics and the glycaemic control levels of the
diabetes patients. The Repeated Measures Anova was
utilised in the comparison of the HbA1c and blood glucose
values recorded over the 6 month monitoring period.
The results were bi-directionally evaluated within a 95%
confidence interval and at a significance level of p<0.05.

Ethics

Patients who agreed to participate in the study received
the informed consent forms one week before the baseline
visit, and signed them before the randomisation. The
study was carried out in accordance with the principles
of the Helsinki Declaration and was approved by the
Ethical Board of the Faculty of Nursing of Ege University
(Document number 2009-51).

Results

The mean age of the individuals in the EG was 54.41±8.54
3
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Table 2. Comparison of Blood Glucose Levels in Type 2 Diabetics

Difference
between the two f
Mean ± Standard Deviation Mean ± Standard Deviation groups

Blood glucose
levels

Experiment Group

Morning FBG

159.48 ± 40.71

173.03 ± 65.07

13.55 ± 52.89

4.17

-0.85

0.399

Morning PBG

163.48± 38.64

175.88 ± 66.69

12.40 ± 52.66

13.15

-0.79

0.435

Noon PBG

155.56 ± 39.86

174.38 ± 62.55

20.32 ± 51.20

8.68

-1.24

0.220

Evening PBG

162.55 ± 41.29

176.84 ± 64.70

14.29 ± 53.49

9.46

-0.91

0.370

Control Group

t

P

• The analysis used independent-sample t tests. • FBG: fasting blood glucose. • PBG: post prandial blood glucose.

Table 3. Comparison of HbA1c Levels in Type 2 Diabetic Individuals

Experiment Group

Control Group

Mean ± Standard Deviation

Mean ± Standard Deviation

First Observation

7.79 ± 0.78

Second Observation
Third Observation

HbA1c

f

t

P

7.92 ± 2.22

0.95

-0.26

0.796

7.63 ± 0.97

8.06 ± 1.45

1.37

-1.22

0.229

7.30 ± 0.79

8.09 ± 1.28

3.77

-2.60

0.013*

* The analysis used independent-sample t tests.

years (Min=43 Max=78) and in the CG it was 57.25±9.61
(Min=40 Max=77). In both groups, 50% of the individuals
were men and 50% women. In the EG, 41.7% had been
educated up to primary school level and 45.8% up to
high school or university level. In the CG 66.7% had been
educated up to primary school level and 20.8% up to high
school or university level. In the EG, 70.8% of patients, and
in the CG 66.7%, had an income equal to their expenditure.
The mean body mass index of the individuals in the EG
was 28.82 ± 5.89 kg/m2 Min=20.96 Max=44.79) and in the
CG it was 34.82±1.34 kg/m2 (Min=21.94 Max=45.00). In
both groups, 91.7% of the individuals used insulin four
times daily [Morning + Lunch + Dinner (short-acting) +
Night(long-acting)]. In the EG 70.8% of patients and in
the CG 54.1% used antihypertensive and hyperlipidemia
medications (see Table 1).
Videophone monitoring was performed once every week
for 6 months. It was shown that postprandial blood glucose
levels of the patients in the EG (mean 163.48 ± 38.64 mg/dl)
were higher than preprandial blood glucose levels (mean
159.48 ± 40.71 mg/dl) at 6 months. It was determined that
preprandial (mean 173.03 ± 65.07 mg/dl ) and postprandial
(mean 175.88 ± 66.69 mg/dl) blood glucose levels of the
patients in the CG were very close to each other at 6 months.
When the two groups were compared, it was was found
that the morning fast blood glucose levels of patients
in the EG (mean 159.48 ± 40.71mg/dl) were lower by
13.55 ± 52.89 mg / dl than the morning fast blood glucose
levels of the diabetic patients in the CG (mean 173.03 ± 65.07
mg/dl) at 6 months. It was determined that the morning

post prandial blood glucose levels of patients in the EG
(163.48 ± 38.64mg/dl) were lower by 12.40 ± 52.66 mg /
dl than the morning post prandial blood glucose levels
of the diabetic patients in the CG (mean 175.88 ± 66.69
mg/dl) at 6 months. Noon post prandial blood glucose
levels of patients in the EG (155.56 ± 39.86 mg/dl) were
lower by 20.32 ± 51.20 mg / dl than noon post prandial
blood glucose levels of the diabetic patients in the CG
(mean 174.38 ± 62.55mg/dl) at 6 months. Finally, evening
post prandial blood glucose levels of patients in the EG
(162.55 ± 41.29 mg/dl) were lower by 14.29 ± 53.49 mg /
dl than evening post prandial blood glucose levels of the
diabetic patients in the CG (mean 176.84 ± 64.70mg/dl) at
6 months. However, there was no statistically significant
difference in blood glucose levels between the groups
(p>0.05) (Table 2).
Table 3 shows the A1c levels of EG and CG patients in
the first, third and the sixth months. It was established that
the mean A1c value of the individuals in the EG group was
7.79 ± 0.78 % in the first observation of the monitoring,
7.63 ± 0.97 % in the second observation in the third month
and 7.30 ± 0.79 % in the third observation in the sixth month.
It was determined that the A1c levels of the individuals in
the EG were significantly lower, with a difference of as much
as 0.49% in total at the end of the six-month monitoring.
It was established that the A1c levels of the individuals
in the CG were 7.92 ± 2.22% in the first observation of the
monitoring, 8.06 ± 1.45% in the second observation (third
month) and 8.09 ± 1.28 % in the third observation (sixth
month) (0.03% higher than the third month value). It was
4
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determined that the A1c levels of the individuals in the CG
were as much as 0.17 % higher than baseline value in total
at the end of the six-month monitoring. At six months, it
was established that the A1c levels of the individuals in
the CG were higher than those of the individuals in the EG
by 0.79 % and this difference was found to be statistically
significant (p<0.05) (Table 3).

Discussion

It was found that patients in the EG and CG showed a
homogenous distribution in terms of mean age and
gender distribution. In developed countries diabetes is
an illness seen among people over 64 years old, but it is
seen more often in people between the ages of 45 to 64
years in developing countries [21]. In Turkey, at least 10% of
people aged 40 and above are reported to have diabetes
[4]. T2DM is most common among those in the over-60 age
group and is more widespread among men than among
women [13, 22, 23]. Age, a non-genetic factor, affects the
incidence of the illness. The rate of type 2 diabetes in
Turkey is 17.2% among women and 16% among men [4].
In a study by Buyssea et al., 30.9 % of patients participating
in the study were high school and university graduates
[24]. In a study by Kartal et al., it was reported that 19.1% of
the patients taking part in the research were high school
graduates and 9.1% were university graduates [21]. In
our study, 41.7% of patients in the EG were educated up
to primary school level and 45.8% up to high school or
university level. Also, 66.7% in the CG were educated up
to primary school level and 20.8% up to high school or
university level.
It was was found that at 6 months the morning fast
blood glucose levels of the patients in the EG were lower
by 13.55 ± 52.89 mg / dl than those of the patients in
the CG. In a cohort study by Arsand et al., who looked at
mobile phone-based self-management tools for type 2
diabetes, it was determined that the blood glucose levels
of diabetic patients being tele-monitored by doctors and
nurses over six months fell from160 mg/dl to 140 mg/dl. This
was statistically significant [25] (No p value of in this study).
It was determined that the A1c levels of the individuals
in the EG were significinatly lower by 0.49% in total at the
end of the six-month monitoring and that the A1c levels
of the individuals in the CG were higher by 0.17 % in total
at the end of the six-month monitoring (Table 3). The A1c
values of 23.2% of the individuals participating in the
TURDEP study were found to be in the high risk range
[4]. The study shows similaries to the prevalence study in
Turkey. This conclusion supports the hypothesis: “there
is a difference between the glycaemic control levels of
diabetic individuals frequently monitored by videophone
technology and those who were not monitored by
videophone technology or trained face to face.
In a randomized controlled tele-monitoring study
by Stone et al. (2010), it was found that the A1c levels of

doi: 10.7243/2050-0866-2-1

diabetic individuals in a tele-monitoring group were lower
by 1.7 – 0.8 % in the third and sixth months compared
with a telephone group (P < 0.001) [26]. In a tele medicine
cohort study on type 2 diabetics by Kesavadev et al. (2012),
it was determined that the mean±SD A1c value was
8.5±1.4% at the initial visit and was reduced to 6.3±0.6%
at 6 months (P<0.0001) [27]. In our study similar to these
studies, decreased A1c levels were found at sixth months.
In the ELENOR study (2011), tele-care and self blood
glucose monitoring groups were compared in type 2
diabetics. The A1c levels of patients who used tele-care
fell from 8.8% to 7% at the end of the 32nd week and the
A1c levels of patients in the self blood glucose monitoring
group fell from 8.9 % to 7.5 % at the end of the 32nd week.
It was shown that the A1c levels of the tele-care group were
reduced by 1.8 % and the A1c levels of the other group
were reduced by 1.4% (P < 0.001) [28]. In a tele-medicine
study on type 2 diabetics by Narayanan et al. (2012), the
A1c levels of diabetic patients were 9% higher than at first.
It was found that the A1c levels of diabetic patients were
0.03% lower at the end of the third year, 0.28% lower at
the end of the second year and 0.56% lower at the end of
the first year [29]. The authors failed to find a significant
difference in HbA1c between the two groups. Similarly,
these studies showed an improvement in glycaemic control
using tele-medicine.
In a meta-analysis examining the effect on diabetes
management by mobile phones by Liang et al. (2010),
data from twenty-two studies performed between 2004
and 2010 were investigated. Ten studies were performed
to monitor the six month average of A1c levels with type
2 diabetics [30]. In subgroup analysis, 11 studies of Type 2
diabetes patients reported significantly greater reduction
in HbA1c than studies of Type 1 diabetes patients (0.8 0.3%; P = 0.02). In a meta-analysis, randomized controlled
studies found that the A1c levels of patients were 0.2 – 0.8 %
lower than other studies with non-randomized designs. In
initiatives (most trials used a mobile phone short message
service (SMS) to deliver blood glucose test results and selfmanagement information) it wass established that the daily,
weekly and monthly A1c levels of patients were reduced
by 0.6% by mobile phone intervention. The meta-analysis
study showed that tele-medicine intervention methods for
diabetes care led to statistically significant improvements
in glycaemic control and self management [30].
Tele-monitoring is an increasingly used treatment
approach to chronic diseases. The approach reinforces
the collection and interpretation of disease symptoms
and findings, and attempts at disease prevention. In
recent times the application of modern technologies
such as e-health, tele-care and tele-medicine has been
targeted at the treatment of diabetes patients. The increase
in the use of technology in diabetes treatment allows
improved communication between nurses and patients,
the collection of reliable information, and the provision
5
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of a comfortable life to patients. Yes, my comments. So,
I took out resource numbers.
The needs of patients with different metabolic control
needs are met through the use of technical instruments
such as videophones.

Limitations

In this study, Turk Telekom sponsored videophone
equipment and installations, and internet connections.
The study was not continued for a longer period than six
months due to financial limitations, and large groups
and multi-center studies were not performed.

Conclusions

When the two groups in the study were compared, it was
was found that the A1c and blood glucose levels of the
diabetic patients in the EG were lower of than those of
the individuals in the CG. This showed that videophone
technology can be useful in the glycaemic control of
diabetic patients in Turkey.
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