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Background: The incidence of diabetes is rising across the world. This global problem
significantly affects the economic and social development in the 21st century. If the disease
is diagnosed in time, the number of complications as well as the costs of therapy will be
lower. Modern technologies permeate all spheres of medicine, and diabetes treatment is no
exception. Therefore, the aim of this article is to analyze patients’ attitudes to the use of modern
technologies in the treatment of diabetes (type 1 diabetes mellitus [T1DM] and type 2 diabetes
mellitus [T2DM]).
Methods: A total of 313 respondents from the Czech Republic in the period from June 24,
2015, to July 24, 2015, participated in a questionnaire survey. The target group was diabetics
regardless of the type of illness. Collected data were analyzed using descriptive statistical
methods, Z-test, and test of independence (Pearson’s chi-squared test).
Results: Although in other areas mobile applications are used to monitor patients’ health
condition in ∼30% of cases, in the case of diabetes they are used by only 4% of respondents.
Approximately 8% of participants use an application, but they do not like it. The rest of the
respondents have never used any mobile application. These low figures are due to a lack of
knowledge about the availability and possibilities of mobile applications. A positive correlation
was proven between technical skills and methods of entering data. Gender and age show only a
weak dependency of the method of writing data on their own health condition. Furthermore, the
monitored parameters show that patients with T1DM control and know more about their health
condition than patients with T2DM, which is reflected, for example, by more frequent blood
glucose measurements or larger track of their physical activity. Conversely, the relationship
between the associated complications and self-care activities has not been demonstrated.
Conclusion: Despite the current fast development of modern technologies, these technologies
are not frequently used in treating patients. The principal problem lies in patients’ low technological knowledge and their higher age, which makes learning new skills, including the use of
modern technologies, more difficult.
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Diabetes mellitus (DM) is a chronic disease manifesting itself by a metabolic disorder,
when sugar, fat, and proteins in organisms are not processed. The cause of diabetes is
not known, but the trigger factors may be genetic predispositions, environmental effects
(stress, virus infection, or obesity), or constitutional point factors (race, gender, or age).
According to the causes, there are different types of diabetes: type 1 DM (T1DM),
type 2 DM (T2DM), gestational diabetes, DM in chronic pancreas, and maturity-onset
diabetes of the young (MODY) diabetes. Approximately 85%–90% of all patients with
diabetes are patients with T2DM.1 The incidence of diabetes is rising across the world.
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Like other diseases,2,3 the treatment of diabetes significantly
affects the economic and social expenditure of developed
countries. According to the latest estimates of the International
Diabetes Federation, 8.3% of adults suffer from this disease.
At the same time, 175 million people with diabetes were not
diagnosed. The high increase in prevalence and economic
burden leads to efforts to seek more effective ways to treat and
care for these people. In this way, a significant contribution
can be the area called “mobile health” (mHealth). mHealth
is one of the subcategories of the electronic health (eHealth).
According to the World Health Organization, mHealth is
defined as the practice of medicine through mobile devices.4
The mobile device may be a sensor, a wireless medical device,
personal digital assistant, and similar devices. The use of
mobile applications can help improve control of the disease,
improve overall health, and delay associated complications.5,6
People suffering from diabetes have to monitor several
factors, including blood glucose levels, weight, intake of
carbohydrates, and insulin dosage. Self-monitoring of blood
glucose is recognized by leading medical organizations as an
important tool in the management of diabetes, particularly in
insulin-treated patients.7 Large, randomized, controlled trials
have clearly demonstrated a causal relationship between poor
glycemic control and the development of microvascular disease.8 The link between effective management of diabetes and
real macrovascular disease has also been established.9 Studies
by Gaede et al9 showed that intensive management of all risk
factors, including elevated lipids, blood pressure, and glycemia, results in significant beneficial effects on cardiovascularrelated deaths.10
Keeping the record of all results is priceless as gathered
data offer a complex view of the patient’s health state. The
effectiveness and benefits of applying new web, mobile,
and communication technologies in managing diabetes have
been investigated in a number of studies.11–13 The review by
El-Gayar et al14 showed that 74% of studies confirmed some
form of added benefit. The Prospective Diabetes Study15,16
has shown that improved glycemic control is associated
with sustained decreased rates of retinopathy, nephropathy,
and neuropathy. In these trials, treatment regimens that
reduced average A1C to ~7% (~1% above the upper limits
of normal) were associated with fewer long-term microvascular complications; however, intensive control was found
to increase the risk of severe hypoglycemia and weight
gain.17,18 Epidemiological studies support the potential of
intensive glycemic control in the reduction of cardiovascular diseases.7 Furthermore, the qualitative benefits in the
life of people suffering from diabetes have been described.
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Van Damme et al19 acknowledged that better knowledge
of the ways in which social support operated was vital for
enhancing diabetes patient self-care, ensuring adherence to
advice from professionals, encouraging lifestyle changes,
and helping to improve outcomes of care and increase personal freedom. Donald et al20 noted that young adults with
diabetes had expressed an interest in email and mobile text
messaging in earlier studies to enhance disease management
and that text messaging had been proven to be beneficial as
a possible motivational tool.
There are also a number of studies examining not only the
impacts themselves but also the expectations and knowledge
of patients on medical mobile technologies.21 The dependencies of the selected characteristics of patients on the access
to the use of modern technologies in the treatment have also
been investigated.
In the study by Anglada-Martínez et al,22 they solved
the question of the expectation of technology, in addition
to identifying values, beliefs, hopes, concerns, and needs
related to the use of telemonitoring services. Participants
expressed their opinion that technology can improve not
only the physical management of the disease but also the
social and psychological conditions.22 It has been revealed
that age is an important barrier to smartphone use in health
care. The main monitored indicators and key parameters in
many studies related to diabetes include, of course, the type
of diabetes, factors related to treatment such as the glycated
hemoglobin (HbA1c) level, fasting blood glucose level,
physical activity, insulin doses, and the health technologies
used for monitoring.23 Chomutare et al21 drew attention to
the fact that a wide selection of mobile applications seems
to be available for people with diabetes, but the obvious
gaps between evidence-based recommendations and the
functionality used exist.21
The abovementioned information indicates both the
usefulness of technology in the treatment of diabetes and the
different effectiveness, given by the age and skills of users
and the type of diabetes, which are related to different health
monitoring needs of certain health parameters.
Therefore, the aim of this article is to analyze the attitudes of patients with diabetes to the use of mobile medical
technologies.
In greater detail, the attention is focused on the following
research questions (RQs):
• RQ1: Do patients know modern technologies for the
control of diabetes?
• RQ2: Do patients with T1DM control and know about
their health condition more than patients with T2DM?
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• RQ3: Do patients with associated complications control
and know about their health condition more than other
patients with diabetes?
• RQ4: Is there any dependence between the level of
HbA1c and record of blood glucose level, the frequency
of measuring blood glucose level, the type of treatment
(pump/pen), or controlling other aspects of health?
• RQ5: Is there any dependence between the assessment of
technical skills and the type of record of blood glucose
level?
• RQ6: Is there any dependence between the age of the
patient and the type of record of blood glucose level?

Methods
Informed consent was obtained from the participants. The
University of Hradec Kralove, Faculty of Informatics and
Management review board waived the requirement for
approval for this study. Respondents were members of online
communities and they voluntarily participated in survey.
The methods include a quantitative research and questionnaire survey. The questionnaire was divided into four parts.
It consisted of 26 questions and two sub-questions. The
first part was focused on general information, ie, age group
and education. Another part consisted of eleven questions
relating solely to diabetes treatment and self-monitoring.
The next four questions investigated the sources of information and awareness of diabetes itself. The last set of
questions concerned mobile applications. The target group
was diabetics regardless of the type of illness from diabetes
clinic in Hradec Kralove and from three online diabetic
communities (the group of “T1DM” with ∼1,500 members,
“diabetes” with 600 members, and “the fullest with diabetes”
with 3,000 members).
Finally, the questionnaire had the sample of 313 respondents, and the rate of return was 5%. The questionnaire was
available via a unique IP address on the Web site Vyplnto.cz
in the period from June 24, 2015, to July 24, 2015. The
questionnaire used two main types of questions – closed and
semi-opened – with multiple-choice answers. The options
menu contained six to ten options. Furthermore, there were
questions with yes/no answers, which were followed by
other questions.
When analyzing dependencies, the conformity tests of
the relative frequencies of two basic files were used (Z-test;
RQ2–RQ3), where on the basis of sufficiently long-range
choice (n1100 and n2100) and the number of the desired
occurrence of m1 and m2 obtained from the two files, the differences of relative frequencies (probability of occurrence)
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of the given characteristic π1 and π2 of the two basic files
were tested. Two types of alternative hypotheses were
tested, namely right handed (RQ2) and both sided (RQ3).
The calculation of the test criterion is based on the following statistics:

u=

m1 m2
−
n1 n2
1 1
p × (1 − p ) ×  + 
 n1 n2 

(1)


To verify RQ4–RQ6, tests of independence in the pivot
table (Pearson’s chi-squared test) were carried out. This test
assumes division of the basic files into k groups, according
to certain statistical character. The test includes the input
condition of use, and for its verification the following condition is sufficient: np(1-p) 5. The hypotheses are tested in
the following form:
H0: pi = π 0 ,i for all i ∈{1, 2,..., k}
H1: pi ≠ π 0 ,i

for some i





(3)

To calculate the test criterion, the following formula
is used:
G = ∑ i =1 ∑ i =1
r

s

( nij − nij0 )2
nij0

(4)


and with degrees of freedom df=k-1.
The result of the test criterion is compared with the critical
value, which has the following form: X i2−α , k −1.
The null hypothesis is not rejected if G  X i2−α,k −1.
Conversely, the null hypothesis is rejected if G  X i2−α,k −1.24

Results
Characteristics of respondents
A total of 313 patients with diabetes participated in this
research (42% males and 58% females). Most of them
were in the 50+ age group (48.6%) suffering from T2DM
(127 respondents). Type 1 diabetics usually belonged to
younger age groups. Although the sample of respondents
in terms of the type of diabetes did not totally correspond
with the distribution in the population (where there are
significantly less patients with T1DM), it enables better
testing of the diversity of approaches in some areas using
selected statistical tests. Most respondents had a primary or
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Table 1 Basic characteristics of the respondents
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Characteristics
Age (years)
Up to 15
15–25
25–30
30–40
40–50
50
Gender
Male
Female
Education
Basic/vocational
Secondary
Higher/some higher
Still studying
Residence place
Urban
Rural (till 10,000 inhabitants)
Technical skills assessment
Weak
Basic
User
Expert
Use smartphone
Yes
No
Have personal glucose meter
Yes
No

T1DM (N=142)

T2DM (N=168)

Other types (N=3)

Total (N=313)

Frequency

Percent

Frequency

Percent

Frequency

Percent

Frequency

Percent

14
42
19
32
11
24

9.9
29.6
13.4
22.5
7.7
16.9

X
X
1
11
29
127

X
X
0.6
6.5
17.3
75.6

X
X
X
1
1
1

X
X
X
33.3
33.3
33.3

14
42
20
44
41
152

4.5
13.4
6.4
14.1
13.1
48.6

52
90

36.6
63.4

80
88

47.6
52.4

X
3

X
100

132
181

42.2
57.8

39
50
37
16

27.5
35.2
26.1
11.3

62
60
45
1

36.9
35.7
26.8
0.6

1
X
2
X

33.3
X
66.7
X

102
110
84
17

32.6
35.1
26.8
5.4

82
60

57.7
42.3

102
66

60.7
39.3

2
1

66.7
33.3

186
127

59.4
40.6

1
19
88
34

0.7
13.4
62.0
23.9

X
46
103
19

X
27.4
61.3
11.3

X
1
2
X

X
33.3
66.7
X

1
66
193
53

0.3
21.1
61.7
16.9

106
36

74.6
25.4

83
85

49.4
50.6

2
1

66.7
33.3

191
122

61.0
39.0

135
7

95.1
4.9

145
23

86.3
13.7

2
1

66.7
33.3

282
31

90.1
9.9

Note: X= no respondents, no answers.
Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

secondary education (Table 1). Other types of diabetes were
gestational diabetes (two respondents) and DM in chronic
pancreas (one respondent).
Subjective assessment of one’s technical skills was
one of the first questions the patients were asked. It was an
important factor having a significant impact on the patients
using mobile applications during their treatment of diabetes.
Most participants assessed themselves as users (61.7% of
respondents) characterized as follows:
“I easily use basic functions of the device, have no problems
with some complementary functions like various settings
of the device, or installing applications.”

It is interesting to compare male and female respondents.
Approximately 25% of females and only 15% of males
assessed themselves as having basic knowledge (Table 1).
On the other hand, 23% of males and only 13% of females
assessed their skills as expert, and 74.6% of patients with
T1DM and 50% of patients with T2DM have their own
smartphone. This situation was different in relation to the
glucose meter, where most respondents with T1DM and
T2DM own this device.
1872
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Diabetes treatment
Most respondents suffer from diabetes for 10 years
(41.5%), and 81% of patients do not have any other associated
complications. The most commonly used medical devices
include insulin pens and insulin pumps. HbA1c belongs
among the main indicators of diabetes. Therefore, one of
the most significant goals is to keep it low. It is important
for the patient to know their HbA1c level. Table 2 suggests
that most patients (88%) are aware of HbA1c. There are no
significant differences between the T1DM and T2DM groups
in this parameter (Table 2).

Patients’ attitudes to data recording
Every patient should keep a record of and analyze the data
related to the course of their disease. There are a lot of ways
of keeping this record, from paper documentation to downloading data to the computer or cell phone. Type 1 diabetics
kept more records than type 2 diabetics, which can also be
attributed to the requirements of the physician to the patient
for treatment settings. Table 3 shows that 36% of patients
with T2DM do not keep any record of their blood sugar concentration. They did not own any glucose meter (13% T2DM)
Patient Preference and Adherence 2016:10
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Table 2 Health information
Complication
connected with diabetes

T1DM
Frequency

Percent

Frequency

Percent

Frequency

Percent

Frequency

Percent

Yes
No
Time of diagnosis of diabetes
1 year

26
116

18.3
81.7

40
128

23.8
76.2

1
2

33.3
66.7

67
246

21.4
78.6

14

9.9

14

8.3

1

33.3

29

9.3

34
35
59

23.9
24.6
41.5

63
46
45

37.5
27.4
26.8

1
1
X

33.3
33.3
X

98
82
104

31.3
26.2
33.2

131
11

92.3
7.7

143
25

85.1
14.9

1
2

33.3
66.7

275
38

87.9
12.1

12

8.5

15

8.9

1

33.3

28

8.9

17
24
30
30
11
7

12.0
16.9
21.1
21.1
7.7
4.9

25
19
25
39
15
5

14.9
11.3
14.9
23.2
8.9
3.0

X
X
X
X
X
X

X
X
X
X
X
X

42
43
55
69
26
12

13.4
13.7
17.6
22.0
8.3
3.8

11

7.7

25

14.9

2

66.7

38

12.1

61
63
X
13
5

43.0
44.4
X
9.2
3.5

4
21
3
92
48

2.4
12.5
1.8
54.8
28.6

X
X
1
2
X

X
X
33.3
66.7
X

65
84
4
107
53

20.8
26.8
1.3
34.2
16.9

1–5 years
5–10 years
10 years
Do you know your HbA1c
Yes
No
Level of HbA1c
45 mmol/mol
45–50 mmol/mol
50–55 mmol/mol
55–60 mmol/mol
60–70 mmol/mol
70–80 mmol/mol
80 mmol/mol
I do not know
Diabetes treatment
Insulin pump
Insulin pen
Diet
Medication for diabetes
Medication for diabetes
combined with insulin

T2DM

Other types

Total

Note: X= no respondents, no answers.
Abbreviations: HbA1c, glycated hemoglobin; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

Table 3 Patients’ attitude to data recording and personal monitoring
Frequency of blood glucose level
measurements

T1DM
Frequency

Percent

Frequency

Percent

Frequency

Percent

Frequency

Percent

1 per week
1 per week
2–4 per week
1 per day
2–3 per day

15
11
11
12
41
52

10.6
7.7
7.7
8.5
28.9
36.6

61
38
40
13
11
5

36.3
22.6
23.8
7.7
6.5
3.0

2
X
1
X
X
X

66.7
X
33.3
X
X
X

78
49
52
25
52
57

24.9
15.7
16.6
8.0
16.6
18.2

28
81
7
16
8
2

19.7
57.0
4.9
11.3
5.6
1.4

60
91
9
7
1
X

35.7
54.2
5.4
4.2
0.6
X

1
2
X
X
X
X

33.3
66.7
X
X
X
X

89
174
16
23
9
2

28.4
55.6
5.1
7.3
2.9
0.6

129
78
97
114
80

90.8
54.9
68.3
80.3
56.3

123
132
67
52
77

73.2
78.6
39.9
31.0
45.8

1
2
X
X
1

33.3
66.7
X
X
33.3

253
212
164
166
158

80.8
67.7
52.4
53.0
50.5

4+ per day
Data record
No record
Paper diary
Data fed manually into the computer
Downloading data into the computer
Data fed manually into the cell phone
Downloading data into the cell phone
Monitoring individual areas
Blood glucose
Weight
Carbohydrates intake
Insulin dosage
Physical activity

T2DM

Other types

Total

Note: X= no respondents, no answers.
Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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or do not measure their concentrations. On the other hand,
only 20% of patients with T1DM did not keep any record.
Paper documentation was most common (56%).
The treatment of diabetes is more than just following
blood glucose levels. It also involves monitoring one’s weight,
intake of carbohydrates, insulin dosage, and physical activity.
All these items of information make a complex picture of
one’s health state. Results showed that only 40% of type 2
diabetics and 70% of type 1 diabetics monitor their intake of
carbohydrates. This parameter is even the base for determining the number of insulin units to cover the body’s need for
this hormone, which is very typical for patients treated with
insulin. Being overweight is a frequent cause of T2DM, which
makes it necessary to lose some weight in the initial phases of
its treatment. Therefore, patients with T2DM should monitor
not only carbohydrates but also the overall caloric values in
foods and fats contained in them. Consequently, patients with
T2DM monitor their weight more closely (78.6%).

Use of mobile applications in diabetes treatment
Mobile applications in treating diabetes make sense only if
the patient owns a smartphone. The statistics are shown in
Table 4, where 61% of respondents answered that they own
one. There are mainly patients with T1DM as their average
age is lower. Nevertheless, with the aging population and the
development of technologies, it is expected that the number
of smartphone owners will be rising, which means that the
target audience will be growing, too.
Unfortunately, only 25% of respondents knew any application for diabetics. The others did not know any. Doctors
do not actively suggest patients to use apps for management.
As few as 9% respondents were informed about this option
by their diabetologist. In this research, it was possible to
choose from eleven – both domestic and foreign – apps.
Domestic ones were: iFora Diabetes Management, SiDiary,
Diabetes M, Mobiab, and Denik pacienta. The following ones
were foreign: OnTrack Diabetes, Glucose Buddy, MySugr,
Fooducate, Diabetes App, and Dbees. The most familiar
ones were SiDiary and Denik pacienta, both 27 times. Denik
pacienta serves as a way of keeping a record of used drugs,

allergies, inoculations, and blood glucose levels without any
further processing of this information.
Approximately 36% of respondents stated that app
usage in treatment did not come to their minds at all, and
30% of respondents complained that their “doctor did not
offer it to them”. Other answers were chosen by 20% of
respondents, they included: paper documentation preference,
they considered their use as a waste of time, or too difficult.
Diabetics’ requirements for apps are mostly connected with
the functionality of applications. More than 45% of them
would start using a mobile app if it helped improve their
blood glucose levels. For 33.5% of respondents, the apps
would have to be user-friendly, ie, easy to use. Another finding is lower frequency of the answer “direct communication
with the doctor via the app” (only 28.1%). Diabetics would
appreciate the apps most if they informed them about their
treatment of diabetes. Patients are aware of the significance of
new scientific findings for their treatment and are interested
in them. To increase the usage of apps, it is necessary to
improve the import and export of data from glucose meters
and other devices. Only a few glucose meters enable sending
data by means of a wireless technology (eg, Bluetooth), but
38% of participants would welcome it. Such an improvement
could lead to spreading mobile apps. All processes would be
simpler, and the number of user’s operations would be lower.
An interesting finding is using mobile apps in other areas of
health control (pace calculators, diet nutrition controllers,
sleep control apps), which shows that the apps are useful.
Other health control apps are used by as many as 30% of
respondents, whereas diabetes apps are used by only 4%.

Assessment of other findings
RQ1: Do patients know modern technologies for the control
of diabetes?
The awareness of technical possibilities is defined by
having information about continuous glucose monitoring
devices, electronic insulin pens, insulin pumps, glucose
meters, and mobile diabetes apps. These findings are presented in Figure 1. It was proved that patients have basic
information about treatment possibilities, although their

Table 4 Absolute and relative frequency of smartphone owners according to the type of diabetes
Smartphone
owners

T1DM
Frequency

Percent

T2DM
Frequency

Percent

Other types
Frequency

Percent

Total
Frequency

Percent

Yes
No
Total

106
36
142

74.6
25.4
100

83
85
168

49.4
50.6
100

2
1
3

66.7
33.3
100

191
122
313

61
39
100

Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Figure 1 Relative frequency of using modern devices.
Abbreviation: CGM, continuous glucose monitoring.

awareness decreases when it comes to the latest treatment
possibilities. It is evidenced by their low awareness of mobile
apps or continuous glucose monitoring devices. To sum up,
patients have low awareness of modern technical possibilities
of the treatment of diabetes.
RQ2: Do patients with T2DM control and know more
about their health condition than patients with T1DM?
One of the key factors for the success of treatment is the
adherence to diabetes treatment, which is often quite low.
According to various studies, it is between 39% and 96%.25
More recent findings have revealed that, from a large part
of it, it is a deliberate action when a patient intentionally
decides to use the medicine differently than it is prescribed.23
T2DM is often associated with a poor lifestyle; therefore, a
lower exposure of patients can be assumed. The emergence
of T1DM has an autoimmune cause, which tells you nothing about their possible access to treatment. It is therefore
possible that patient adherence varies across the groups. To
verify possible differences, H0 hypothesis was set:
H0: Knowledge of last measured HbA1c value is statistically more significant for T2DM compared with T1DM.
Regardless of the type of DM, the HbA1c value is one
of the indicators of whether the patient is well compensated.
The patient should be aware of what the value of the given
indicator is.
H0: Data recording of the measured glucose values are
statistically significant for T2DM compared with T1DM.
For proper adjustment of treatment, it is based on blood
glucose readings during a day. It is therefore important that a
physician has the data available and can respond according to
a particular pattern (trend of glycemia). The test of hypotheses
only included patients who have their own glucose meter.
H0: They seek information from sources other than from
a physician is statistically significant for T2DM compared
with T1DM.
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Trying to learn more about their disease and not totally
rely on information from the physician is another indicator
of how patients approach their illness.
H0: The frequency of blood sugar testing is statistically
more significant for T2DM compared with T1DM.
To set the treatment correctly, it is necessary to obtain
blood glucose readings throughout the day to avoid high
hyperglycemia or vice versa – hypoglycemia. If a patient
knows their actual value of blood glucose, they can react
effectively. Patients treated with insulin are entitled to a
higher amount of strips covered by insurance, and therefore
the test included only patients who meet this condition.
The categories (blood glucose measurements four times
or more a day, two to three times a day, one time a day)
were compared.
H0: Self-care activities are statistically more significant
for T2DM compared with T1DM.
For DM, it is also important to control the food that
a patient consumes, especially carbohydrates, which
significantly affects the value of blood glucose. Similarly,
physical activity significantly affects the value of blood
glucose (Table 5).
Nearly in all hypotheses tested, the hypothesis was
not confirmed at a significance level of α=5%. Access of
patients in each set indicators within groups of diabetes
differ, and the T1DM group seems to be more responsible.
This claim cannot be confirmed only when monitoring
(T2DM  T1DM).
RQ3: Do patients with associated complications control
and know about their health condition more than the other
patients with diabetes?
The same procedure is to evaluate the RQ3. The groups
that are compared in individual factors are patients who have
already some complications associated with diabetes and
patients who have so far had no complications. In all investigated factors, it is believed that patients with complications
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Table 5 Overview of testing hypothesis (comparing T2DM and
T1DM)

Table 6 Overview of testing hypothesis (comparing patients
with/without complication)

Indicator; hypothesis
(H0: P1 = P2 vs H1:
P1  P2a)

P-value for
T1DM and
T2DM

P-value

Conclude
H1 at 5%
significance?

Indicator; hypothesis
(H0: P1 = P2 vs H1:
P1≠P2a)

P-values for
two groups
of patients

P-value

Conclude
H1 at 5%
significance?

Knowledge of the last
HbA1c level

P1=0.923
P2=0.851

0.0254

Yes

Knowledge of the last
HbA1c level

0.8845

No

0.0145

Yes

0.2515

No

0.0036

Yes

Record glucose level
(only patients who have
own glucose meter)
Source of information
other than the doctor

P1=0.885
P2=0.879
N=310
P1=0.805
P2=0.738
N=280
P1=0.82
P2=0.878
N=310

0.2541

No

N=310
Record glucose level
(only patients who have
own glucose meter)

P1=0.803

Source of information
other than the physician

P1=0.894

P2=0.643
N=280
P2=0.78
N=310

Frequencies of measuring glucose level (only insulin treatment or with
combination with insulin treatment)
0.000
Yes
4+ per day
P1=0.403

P2=0.245
N=202

P2=0.068
N=202
2–3 per day

P1=0.318

0.000

Yes

P2=0.137

1–3 per day
Self-care activities
Monitoring of weight

N=145
1 per day (H0: P1 = P2
vs H1: P1P2)

P1=0.093

0.0733

No
Monitoring of
carbohydrates intake

P2=0.137
N=94

Self-care activities
Monitoring of weight

P1=0.549

0.6118

No

0.7632

No

0.6622

No

0.000

Yes

Notes: aP1 = without complication; P2 = with complication.
Abbreviation: HbA1c, glycated hemoglobin.

0.0327

Yes

of measuring blood glucose level, the type of treatment
(pump/pen), or controlling other aspects of health?
HbA1c is one of the indicators for assessing DM compensations. It is believed that certain factors greatly affect
its value. Evaluation of HbA1c dependency was conducted
based on the chi-square test of independence in the pivot
table and the following H0 were developed (not counting the
patients who did not know their HbA1c value).

N=310
P1=0.683

No

No

P2=0.786
Monitoring of
carbohydrates intake

Monitoring of
physical activity

P1=0.684
P2=0.652
N=310
P1=0.525
P2=0.545
N=310
P1=0.53
P2=0.506
N=310

0.152

1.000

P2=0.399
N=310

Monitoring of
physical activity

P1=0.563
P2=0.458
N=310

Notes: aP1 = T1DM; P2 = T2DM.
Abbreviations: HbA1c, glycated hemoglobin; T1DM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus.

will exhibit a much higher exposure to the disease than
patients without complications, as they are already aware of
the risks (Table 6).
Although the patients have already experienced health
complications associated with diabetes, it does not mean that
they are more responsible and more committed to self-care
activities compared with patients without complications. In
any of the monitored indicators, no statistically significant
difference was demonstrated at a significance level of 5%
between patients with and without complications. Patients
with complications do not show any more responsibility than
other diabetics. The hypothesis was disproved.
RQ4: Is there any dependence between the level of
HbA1c and record of blood glucose level, the frequency
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Frequencies of measuring glucose level (only insulin treatment or with
combination with insulin treatment)
0.4528
No
4+ per day
P1=0.3
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H0: There is no effect of blood glucose data logging
on HbA1c.
The testing only included patients who are treated with
insulin or in combination with insulin, since the coverage
of the strips from an insurance company in these groups is
comparable and therefore does not affect the test result.
H0: There is effect on the frequency of blood glucose
measurements on HbA1c.
H0: There is no influence of the type of treatment (pen/
pump) on HbA1c.
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The account was taken of patients treated with insulin or
in combination with insulin.
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H0: There is no influence of the monitored factors on
HbA1c.
Within the test, the number of monitored aspects of
health (physical activity, carbohydrates, blood sugar, etc.)
was compared to know whether they affect the value of
HbA1c (Table 7).
Effect of the tested factors on HbA1c at a significance
level of 5% was not proved in most cases. When you merge
the groups in the hypothesis of a frequency measurement
and its impact on HbA1c, the claim is confirmed; however,
it is a weak dependence (as indicated by the correlation
coefficient).
RQ5: Is there any dependence between the assessment
of technical skills and the type of record of blood glucose
level?
As in the earlier case of RQ4, chi-square test of independence in the pivot table was used for testing. H0 was set:
H0: There is no correlation between the type of data entry
and technical skills assessed.
After testing, patients were selected depending on who
owns a personal glucose meter. Categories for recording
data are no record, paper diary, and use cell phone/PC. At a
significance level of 5%, a weak dependence of the glucose
value and assessed technical skills was proved. H0 is therefore refused.
RQ6: Is there any dependence between the age of patient
and the type of record of blood glucose level?

Table 7 Overview of testing hypothesis
Indicator

Test statistic
value (Pearson’s
chi-squared test)

P-value

Conclude
H1 at 5%
significance?

Record glucose level

5.976

0.309

No

Frequencies of
measuring glucose level

N=116
18.512
N=274

0.295

No

Merge individual group

9.629

0.022

Yesa

The type of treatment

N=274
5.976

0.309

No

N=116
13.8499

0.537

No

The number of
monitoring other
health aspects

N=274

Note: aPearson correlation coefficient: −0.0615 (correlations between the charac
teristics is weak).
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H0 was determined as follows:
H0: there is no correlation between the type of data entry
and the age of the respondent.
At a significance level of 5%, a weak correlation between
the age of the respondent and how the measured blood glucose values are recorded was proved.

Discussion
The aim of this article was to analyze patients’ attitudes to
the use of modern technologies in the treatment of diabetes
(T1DM and T2DM). The respondents were 313 patients with
diabetes who proved to have basic knowledge of treatment
possibilities of diabetes but little knowledge of using modern
technologies for the treatment of diabetes. Although in other
areas, it is ∼30% of respondents who use mobile apps to
monitor their health; in the treatment of diabetes only 4%
of respondents use apps and 8% of respondents have used
an app but were not satisfied with it. The rest of them have
never used any app. The low percentage is caused by little
knowledge of the existence and possibilities of diabetes apps.
In using apps, respondents emphasize that the most soughtafter functions are providing information, blood glucose level
assessment, insulin dose reminders, and blood glucose level
measurement. Compatibility is also important.
The low use of modern technologies is confirmed by
other studies in the field of diabetes as well as in that of other
chronic diseases. For instance, a study25 looked into data
download from diabetes devices and double check of values
by patients with T1DM. The study showed that ∼70% of
respondents had never downloaded data from their monitoring devices. Among the reasons for this include insufficient
patients’ education in this area and difficult manipulation
with measured data. The Diabetes Mine 2013 survey had
better results with 40% of patients using data download
from monitoring devices, which is a better result than in
this study. Participants also assessed apps. They pointed at
the main problems, including bad interface and hardware–
software compatibility.26 Concerning the use of technologies
in treating other chronic diseases, the study27 showed that 8%
of the asthma and COPD patients knew of the term eHealth.
Knowledge of specific eHealth applications (eg, electronic
medical record, electronic consultations, and monitoring from
a distance) was higher and ranged from 21% to 88%. Most
available applications were used by 20% of the patients,
although figures differ by age and educational level.
The actual results of the examination of other dependencies showed that there is a dependence between technical

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

1877

Patient Preference and Adherence downloaded from https://www.dovepress.com/ by 34.228.38.35 on 19-Apr-2019
For personal use only.

Cerna and Maresova

skills and methods of entering data; gender and age show
a weak dependence on the way of data entry about their
own health. Furthermore, patients with T1DM control and
know more about their health condition than patients with
T2DM, which is reflected, for example, in frequent blood
glucose measurements or larger track of their physical
activity. Conversely, the relationship between the associated complications and self-care activities has not been
demonstrated.

Conclusion
Despite the current fast development of modern technologies, these technologies are not frequently used in treating patients.28–30 The principal problem does not lie in the
lack of apps and technologies but rather in patients’ low
technological knowledge and their higher age, which makes
learning new skills, including the use of modern technologies, more difficult.
This study did not capture several significant aspects
related to the topic in question, including doctors’ knowledge
of modern technologies and their possibilities. As doctors
play a vital role in treating diseases, they are extremely
important for spreading technologies among patients. The
authors expect that solutions to problems in question will
be found and other aspects, including implementation costs
of modern technologies or technical linking of individual
devices for monitoring individual parameters of diabetes
treatment, will also be treated.
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