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Abstract. Diabetes mellitus or diabetes, as a chronic disease that represents a global problem for the entire world
population. Today, diabetes mellitus occupies a leading position in the morbidity and mortality statistics of the
population in countries with a high standard of living, the so-called developed countries. Diabetes is a progressive
disease. Since all systems of the human body are damaged, the type of manifestation and the severity of complications
vary greatly. The treatment of patients with diabetes requires a multidisciplinary approach. Prevention of insulin-
dependent diabetes aims to reduce the occurrence of the disease. It refers to improving the nutritional status, physical
condition, and emotional state of the individual and society as a whole. This can be achieved by reducing risk factors
and population strategies, i.e. by changing established harmful habits and modifying environmental factors. This
research aims to determine the prevalence, frequency, and methods of self-control in studied patients with type 2
diabetes mellitus and to determine the most optimal model for planning and implementing a self-control program that
provides patients with the best quality of glycoregulation and maintains the best quality of life. Research
Methodology. The study was a prospective study involving 100 patients of both sexes suffering from type 2 diabetes
mellitus. The study was conducted at the Cuprija General Hospital within the Diabetes Consultation Center in the period
from June 2009 to March 2010. The results and discussion of this study show that patients with type 2 diabetes have
a satisfactory level of knowledge about their disease, as evidenced by the implementation of a self-control program, but
they ignore the influence of diet and physical activity on the quality of glycaregulation. The cause of this phenomenon
most likely lies in the level of education or lack of effort to raise it to a higher level when it comes to diet and physical
activity. The modern approach to diabetes management is based on the active involvement of patients and family
members, the adoption of healthier lifestyle habits, and the acquisition of new knowledge about diabetes.
Conclusion. Self-control as the basis of good glycemic control in patients with type 2 diabetes is all that individuals can
do for themselves and their health. Appropriately implemented self-control, based on good education, is the path to active

participation in disease management and improved quality of life.
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1. INTRODUCTION

Diabetes is a progressive disease. As all systems of
the human body are damaged, the manifestations and
severity of complications are diverse, and the treatment
of patients with diabetes requires a multidisciplinary
approach. Diabetes mellitus, or diabetes, as a chronic
disease, is a global problem for the entire world
population. The incidence and prevalence of diabetes
are increasing worldwide, especially in developing
countries and emerging regions. The disease is lifelong
and requires major medical and economic efforts from
the entire human race [1].

This is evidenced by a large-scale epidemiological
study by Paul Zimmet from Australia, who, together
with other epidemiologists from around the world,
began a study in 1995 and published it in 2000 [2, 3]. At
that time, he pointed out that the number of diabetics
would increase considerably and that this number
would continue to rise. At that time, it was predicted
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that there would be 221 million people with diabetes by
2010. However, studies have shown that the number of
patients in 2007 was 246 million, exceeding the pre-
2010 figure of 221 million [4]. Studies have been carried
out in many countries around the world that show an
increase in the number of patients [5, 6].

According to the latest estimate by the World Health
Organisation (WHO), the number of patients could rise
to 366 million by 2030, which is extremely worrying
data [7]. For the World Health Organisation, the
knowledge of the increase in patient numbers alone
indicates that the entire world population is in the grip
of a diabetes “pandemic”.

In Serbia today, it is estimated that the number of
patients has almost reached the astonishing figure of
500,000, and that the number of patients with type II
diabetes is many times higher than those with type I
diabetes [2, 8].

Diabetes mellitus today occupies a leading place in
the statistics of morbidity and mortality of the
population in countries with a high standard of living,
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the so-called developed countries. Type II diabetes
mellitus is an aetiopathogenetically heterogeneous
disease characterized by a permanent disorder of
glycoregulation, resulting from changes in the cells of
the pancreatic islets and an altered sensitivity of
peripheral tissues to insulin, particularly in muscle and
adipose tissue [6]. There appears to be a consensus that
genetic predisposition, inadequate or insufficient
insulin secretion, insulin resistance, increased body
weight, and increased hepatic glucose production are
the primary factors contributing to the insulin-
independent type of diabetes.

The insulin gene has been identified on the short
arm of chromosome 11, and the insulin receptor gene on
the short arm of chromosome 19 is also known, while
insulin resistance is associated with a gene on
chromosome 4q, more specifically known as FABP2 [9].
It is assumed that predisposed individuals inherit the
insulin resistance genotype, the expression of which is
exacerbated by obesity [10], and physical inactivity.
People without insulin resistance do not develop
diabetes, regardless of the presence of obesity [1, 10].

Peripheral insulin resistance, which is associated
with impaired glucose transport in adipocytes and
skeletal muscle, is a key factor in the pathogenesis of
type II diabetes mellitus [10, 11, 12].

Insulin resistance is the inability of peripheral target
tissues to respond appropriately to the physiological
concentration of insulin present in the bloodstream;
therefore, insulin resistance is by definition a defect in
signal transduction [13].

Since skeletal muscle absorbs the majority of total
glucose, insulin resistance in skeletal muscle is of major
importance in the development of T2DM and can occur
at three levels: glucose transport, hexokinase
(i.e. glucose phosphorylation, and glycogen synthesis
[14,15].

In patients with T2DM, impaired glucose transport
upon insulin stimulation in skeletal muscle is associated
with decreased levels of insulin receptor and insulin
receptor substrate proteins (IRS), decreased tyrosine
phosphorylation (TYR) in the insulin receptor and
IRS-1, and decreased phosphatidyl inositol 3-kinase
(PI-3K) activity [5, 16]. Decreased TYR kinase activity of
the insulin receptor and decreased phosphorylation of
IRS-1 are not associated with changes in the amount of
IRS-1 protein, as IRS-1 expression in patients with
DMT2 is the same as in healthy individuals [15, 16].

In the aetiopathogenesis of insulin-independent
diabetes, obesity plays an important role as one of the
risk factors for the development of the disease, although
not all obese individuals develop diabetes [3]. In obese
individuals, there is very often insulin resistance, which
manifests itself in reduced glucose uptake in peripheral
tissues and only to a very small extent in the
hepatocytes. A reduction in the number of insulin
receptors on the membranes of fat and muscle tissue
cells has been demonstrated, and the affinity of the
receptor for insulin is also reduced (the activity of the
insulin receptor tyrosine kinase is reduced) [17].

The hypothalamus regulates glucose homeostasis by
controlling the secretion of insulin and counter-
regulating hormones. Dysfunction of the hypothalamus
can significantly impair insulin secretion and glucose
metabolism through counter-regulating hormones
(glucagon, cortisol, catecholamines, and somatotropin)
[18, 19]. Various stressful situations (infections,
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psychological and physical trauma, surgical
interventions) as well as lesions of the ventromedial
hypothalamus lead to increased activity of the
CRF-ACTH-cortisol axis, which causes inhibition of the
gonadotropic axis and creates the conditions for the
development of central obesity [6, 19, 20]. Cumulative
stressful situations can accelerate the onset of diabetes,
and the latent form of diabetes becomes manifest.

Considering that diabetes arises from the
interaction of hereditary predisposition and
environmental factors, which include a range of
biological, behavioural, external, and social
characteristics, prevention should focus on correcting
personal habits to improve quality of life [21].

Prevention of non-insulin-dependent diabetes
mellitus aims to reduce the incidence of the disease and
relates to improving the nutritional status, physical
fitness, and emotional state of the individual and society
as a whole. This can be achieved by reducing risk factors
and population strategies, i.e., by changing established
harmful habits and modifying environmental factors
[20, 22]. There is evidence that relatively small
improvements in diet, reducing obesity and increasing
physical activity, can have a huge impact on rates of
diabetes and other chronic diseases that share the same
risk factors (such as cardiovascular disease and many
cancers) when implemented across the population.
Much more attention needs to be paid to how these
changes can be achieved in as many people as possible.
Implementing a healthy lifestyle (adequate diet, well-
dosed physical activity, maintaining ideal body weight,
quitting smoking, and reducing alcohol consumption) is
a goal that every society should strive for, as it will
significantly reduce the incidence of type II diabetes and
other chronic diseases [6, 23].

This study aims to determine the prevalence,
frequency, and methods of performing self-monitoring
in patients with type 2 diabetes mellitus. In addition to
the main objective, the study also pursued a broader
objective, namely to identify the most optimal model for
planning and implementing a self-monitoring
programme that enables patients to achieve the best
quality of glycoregulation and maintain an optimal
quality of life.

2. METHODOLOGY OF THE STUDY

The study is a prospective study in which
100 patients of both sexes with type 2 diabetes mellitus
participated. The study was conducted at the Cuprija
General Hospital within the Diabetes Counselling
Centre from June 2009 to March 2010.

3. RESULTS AND DISCUSSION

When analysing the methods used to perform self-
monitoring, information was obtained on the quality of
self-monitoring of glycoregulation, obesity and dietary
habits, as well as on the frequency of use of health
services. The quality of self-monitoring of blood glucose
levels was assessed according to whether patients had
blood glucose metres and how often they used them at
home, as well as how often they measured blood glucose
and urine in the laboratory. The quality of self-
monitoring of obesity and dietary habits was assessed
using data on how many patients had a scale to measure
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their weight and how often they checked their weight at
home [24, 25, 26]. The quality of self-monitoring was
also assessed by the number of visits to an
endocrinologist.

The basis of every solution to every problem is
education. The concept of education is not new in the
treatment of diabetes. Even before the discovery of
insulin, the close relationship between good health and
physical activity, as well as its influence on the course
and outcome of diseases, was observed. Over time,
based on experimental research and empirical findings,
a great deal of interest has developed in the
implementation of training programmes for patients
with type II diabetes mellitus. Targeted education is
needed for both healthcare professionals and
individuals with diabetes. In addition, training is
needed to help them integrate new knowledge and
change old practises. Changing old practises and
applying new knowledge is crucial if clinical outcomes
for patients with diabetes are to be improved. Today, in
the world of rapid technological development and
electronic information transfer, it is possible to
integrate education into type II diabetes mellitus
therapy on a large scale, thereby preventing the
development of chronic complications and improving
the quality of life [27, 28].

Today, self-monitoring through education is widely
recognised as an integral part of diabetes treatment. A
modern educational approach to implementing
effective self-control requires significant effort and time
from both the individual and the medical staff as a
whole. However, in this complex system of mutual
interactions, the environment in which the patient lives
and works [29, 30].

The conclusions of numerous studies support the
view of the influence of education on self-control,
emphasising that self-control only has a positive effect
on the metabolic control of the disease if the patient
adapts his diet and physical activity according to the
results of his self-measured control. In order to achieve
good self-control, the patient’s awareness must be
focused on acquiring new knowledge and applying it in
daily life [31].

A well-trained patient performs self-monitoring
several times a day, keeps an independent self-
monitoring diary and receives information about the
appropriateness of their self-monitoring and the need to
adapt it to their general state of health at each visit to
the doctor. Self-monitoring of blood glucose levels is
carried out using a device - a self-monitoring glucose
metre [32].

The ease of use, the accuracy of the results and the
relatively affordable price have led to their widespread
use, which contributes significantly to improving the
quality of life of people with diabetes [32]. To gain a
proper insight into the development of blood glucose
levels, continuous monitoring is usually required. In
this way, hypo- and hyperglycaemia states can be
prevented, which can disrupt the course of the disease
and potentially endanger the patient’s life if they are not
recognised in time. Motivating the patient to self-
monitor blood glucose levels at home, together with
proper diet, moderate physical activity and regular
intake of the suggested therapy, is the basis for good
control of one’s disease [33, 34].

New research has shown that a more successful
regulation of blood glucose levels and a better

knowledge of one’s disease have a positive effect on the
patient’s psychological state. When they learn to control
their disease, they become more self-confident and take
more responsibility for their health. A slightly smaller
number of patients show extreme anxiety. They should
be involved in group work as soon as possible so that
they understand that diabetes affects them, but not
alone; they can share their problems with their peers
[31,33].

Although the role of proper diet, physical activity
and reduction of excess weight with the use of
medication and/or insulin therapy is a widely
recognised strategy in the management of type 2
diabetes mellitus, the impact of self-monitoring and
education on the quality of glycoregulation in patients
with type 2 diabetes and thus reducing the risk of
developing chronic complications is not yet well
understood [34, 35].

The general characteristics of the patients are listed
in Table 1.

Table 1. General characteristics of the patients studied

sysTA diaTA
Gender |Number/%| Age (kzl/vlni) (m}ian) o)
Women | 55/55% |[60.1£8.3| 28.7+6.02 [133.8+17.2| 82.5+8.9
Men 45/45% |58.6+8.3| 29.4+5.0 |137.8+23.1| 83+10.7
Total |100/100% |59.4+8.2| 29.1+5.6 |135.6+20.1| 82.7+9.7

NS for all parameters

Data are expressed as number/% and mean *
standard deviation

BMI - body mass index;
sysTA - systolic blood pressure (mmHg);
diaTA - diastolic blood pressure (mmHg).

Statistical analysis using Student’s t-test showed a
difference in the degree of obesity, but no difference in
mean age and systolic and diastolic blood pressure
values between the sexes of the patients studied
(Table 1).

Dietary characteristics and adherence to dietary
therapy recommendations are shown in Table 2.

Table 2. General characteristics of the patients studied

Gender Unbalanced Diet

Women 32/58% 23/42%
Men 27/60% 18/40%
Total 59/59% 41/41%

Slightly more than half of the women and men
studied had an unbalanced diet, although statistical
analysis using the chi-square test revealed no significant
difference between the sexes (Table 2).

The prevalence of the individual types of physical
activity is shown in Figure 1.

Among patients with type II diabetes mellitus, it is
noticeable that almost half regularly go for a brisk walk,
while sports and combined physical activity occur much
less frequently. It is worrying that almost a quarter of
patients do not engage in regular physical activity and
fall into the inactive category (Figure 1).
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Figure 1. Type of physical activity in the patients analysed

The prevalence of the individual forms of therapy for
type II diabetes mellitus is shown in Figure 2.

H Diet

m Oral
antidiabetic

m Oral
antidiabetic +
insulin

M Insulin

Figure 2. Prevalence of individual types of type 2 DM therapy

The highest percentage of patients with type II
diabetes mellitus studied were taking oral antidiabetics
in addition to the hygiene and dietary
recommendations, while only 3% were without
medication or insulin therapy (Figure 2).

The quality of glycaemic control in the patients
studied, as assessed by morning glycaemia,
postprandial glycaemia and glycosylated haemoglobin
A1c concentration, is shown in Table 3.

Table 3. Quality of glycoregulation
in relation to the gender of the subjects

Fasting .
HbA1c blood ﬁﬂiﬁ’;ﬁﬁf&iﬁ
(%) glucose
(mmol/l) (mmol/1)
Women 8.9t2.4 8.24+2.3 12.7+2.93
Men 9.2+2.02 8.66+2.3 13.5+3.12
Total 9.06t2.2 8.42+2.3 13.07£3.03

HbA1c-Glycosylated haemoglobin A1c; NS for all parameters

Analysis using Student’s T-test shows that there are
no significant statistical differences in the quality of
glycoregulation between the sexes (Table 3).

The characteristics of the self-monitoring
programme in relation to the use of self-measurement
are shown in Figure 3.

In the analysed sample of patients with type II
diabetes mellitus, approximately 66% have a self-
monitoring device, with this percentage being slightly
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higher in male patients (77.8%) than in female patients
(56.7%). An analysis using the chi-square test shows
that this difference is not statistically significant, but is
on the borderline of significance (chi=3.3, p=0.055)
(Figure 3).

M There is none
80 W There is
70
60
50
40
30
20
10

Women Men In total

Figure 3. Percentage of patients with a self-monitoring
device for blood sugar (NS for all parameters)

For patients who have a blood glucose metre, the
quality of self-monitoring is determined by the
frequency of blood glucose measurements. The results
are shown in Figure 4.

35 32.4

30 243

25 18.9

20

15 13.5

10 I 8.1
5 I 2.7
O -

Oncea Twicea Three Four Five Every

week  week timesa timesa timesa  day
week  week  week

Figure 4. Frequency of measuring
glycaemia with a self-monitoring device

Figure 4 shows that the largest percentage of
patients use the metre once a week, and only 2.7% of
patients use the metre daily (Figure 4).

The quality of self-control of the disease was also
determined based on the frequency of glycemia control
in laboratory conditions. The results are shown in
Figure 5.

50

40
30

20
. i 0
O I

Once every Once every Once a Twicea Three times
three  two months month month a month
months

Figure 5. Frequency of glycaemia
control in laboratory conditions
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The quality of self-control was also observed
through the number of visits to the endocrinologist
during the year. Based on the frequency of visits to the
endocrinologist, an appropriate graphic display was
constructed (Figure 6).

50

40

30
20
10 l

0 —

Once every Once every Once a month  Twice a
tree months two months month

Figure 6. Frequency of visits to an endocrinologist

The quality of glycoregulation observed through the
values of glycosylated hemoglobin Aic, morning and
postprandial glycemia values in relation to the
possession of a self-meter is shown in Table 4.

Table 4. Quality of glycoregulation
and possession of a self-monitoring

Fasting .
glucose (%)
(mmol/l) (mmol/1)
Has a self-meter | 8.2+2.2 12.412.2 8.8+1.6
Does not have a
o CI— 8.6+2.35 13.8+3.5* 9.312.7#
Total 8.4+2.3 13.07£3.03 9.06£2.3

Data are presented as mean value + standard deviation
*p<0.05; #p<0.1

Table 4 shows that the possession of a self-meter has
a significant impact on the quality of glycoregulation. It
is noticeable that all parameters of glycoregulation in
patients with a self-meter are better than those without
a self-meter, but Student’s t test showed the significance
of this difference only for postprandial glycemia values
(p<0.05), while for glycosylated hemoglobin A1c it was
at the threshold of statistical significance (p<o0.1).

Industrialisation in the modern world, which in
itself forces a fast pace of life and thus the consumption
of high-calorie foods, is one of the reasons for the
increasing incidence of type II diabetes mellitus.
Modern diabetes therapy has set very difficult targets in
terms of blood glucose levels, blood lipids, and blood
pressure, which should be brought to certain limits in
each patient, and large deviations from these should not
be allowed in order to prevent the development of acute
and chronic complications [36, 37]. To achieve these
goals, new therapeutic approaches were sought and
existing ones improved. Today, very effective drugs are
available for the therapeutic management of this
disease, but the success of the therapy depends on
adopting a healthier lifestyle, which includes
maintaining healthy eating habits and engaging in
moderate physical activity. The implementation of the
principle of self-control as well as continuous patient

education, forms the basis of the therapeutic approach
to this global medical problem [38, 39].

A progressive increase in the prevalence of obesity
with age was observed, with the lowest prevalence
between 18 and 29 years at 9.5 % and the highest
prevalence over 60 years at 26.6 %. This significant
result suggests the need for even more demanding
development of specific obesity prevention programs.
More than half of the respondents had an unbalanced
diet, indicating an urgent need to educate these
patients. Physical activity was more pronounced in men,
although there were differences in the type of physical
activity. Half of the respondents engaged in brisk
walking, while active exercise and a combined type of
physical activity were undertaken by a much smaller
number of respondents. Of concern is the fact that a
quarter of respondents did not engage in any type of
physical activity other than that which met daily living
needs [40, 41].

Self-monitoring included the use of a self-
monitoring device to determine blood glucose levels,
body weight control, physical activity in the form of
brisk walking, sports, and a combined type of physical
activity, lipid status control, blood pressure, visits to the
endocrinologist and glycosylated haemoglobin HbA1c,
and laboratory determination of blood glucose [42, 43].
At the beginning of the study, the largest percentage of
patients with type II diabetes owned a self-monitoring
device, but only a small percentage of them used the
self-monitoring device daily, while most of them used it
once a week, indicating a lower level of education of the
subjects about the importance of blood glucose self-
monitoring. It has also been shown that ownership of a
self-monitoring device correlates with the quality of
blood glucose control and that its absence has an impact
on poorer blood glucose levels over time, as well as on
blood pressure and lipid status.

The influence of weight control also showed an effect
on the subjects’ glycoregulation, with better regulation
observed in subjects with monthly weight control.
Visiting an endocrinologist to monitor one’s own health
and gain insight into diabetes regulation showed better
glycoregulation and a reduction in blood pressure levels
in subjects who made this visit once a month compared
to those who did so every 2 ~ 3 months [44]. Since
education and self-monitoring are an integral part of
diabetes mellitus therapy, their impact on the course of
the disease and the patient’s quality of life is crucial to
prevent the onset of chronic complications and the early
disability that they inevitably bring [45].

The results and discussion of this study suggest that
patients with type 2 diabetes have a satisfactory level of
knowledge about their own disease, as evidenced by
their implementation of a self-control programme, but
neglect the effects of diet and physical activity on the
quality of glycaemic regulation. The cause of this
phenomenon most likely lies in the level of education or
a slightly lower commitment to raising it to a higher
level when it comes to diet and physical activity. The
modern approach to diabetes management is based on
the active involvement of patients and family members,
the adoption of healthier lifestyle habits and the
acquisition of new knowledge about diabetes.
Conclusion: Self-control as the basis of good glycaemic
control in patients with type 2 diabetes means
everything that individuals can do for themselves and
their health [46, 47]. Adequately implemented self-
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control, based on good education, is the way to actively
participate in the fight against disease and to improve
one’s own quality of life.

4. CONCLUSION

Self-control and education as the basis of good
glycaemic control in patients with type II diabetes
represent all that individuals can do for themselves and
their health. Appropriately implemented self-control,
based on good education, is the path to active
participation in disease control and improving one’s
quality of life. The results of this study indicate that type
II diabetes patients have a satisfactory level of
knowledge about their own disease, which is reflected in
the implementation of a self-control programme, but
neglect the influence of diet and physical activity on the
quality of glycoregulation. The cause of this
phenomenon most likely lies in the level of education or
a slightly lower commitment to raising it to a higher
level in terms of diet and physical activity. By
implementing the principles of education and self-
control, we have enabled people with type II diabetes to
integrate the disease into their own personality, change
their behaviour and accept all the limitations that such
a life entails. The treatment itself requires a
multidisciplinary approach in which the principles of
self-control and education are adapted to the individual.
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