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ABSTRACT
Background. Diabetes is a set of metabolic diseases characterized by hyperglycemia caused by improper action and/
or secretion of insulin. Currently, diabetes is becoming a serious challenge in modern medicine, this disease affects 425 
million people, and the forecasts indicate that by 2045 the number of cases will increase to 629 million. 
Objective. The aim of the study was to evaluate the knowledge about risk factors for type 2 diabetes among secondary 
school students in the Silesian Province in Poland and to determine whether there are differences between the level of 
knowledge between girls and boys and between first-, second- and third-grade students.
Material and methods. The survey was conducted among 650 high school students. The research tool was the author's 
questionnaire. The obtained results were developed using Microsoft Excel 2010 and Statistica 13.3 (TIBCO Inc.).
Results. The definitions of type 2 diabetes were known to 63.9%. 91.8% of high school students indicated excessive body 
mass as a risk factor for morbidity, while 18.8% of people indicated the appropriate type of obesity increasing the risk of 
type 2 diabetes. Most of the students considered abnormal eating habits as an important factor increasing the occurrence 
of the disease (92.4%). The most numerous group of high school students were people with average level of knowledge 
(89.6%).
Conclusions. The knowledge of high school students about risk factors for type 2 diabetes was varied. The most numerous 
group were high school students characterised by the average level of knowledge. There were no statistically significant 
differences between the proportion of correctly provided responses by women and men. There were statistically significant 
differences between the proportion of correctly provided responses by first-, second- and third-graders. Our research 
shows that educational activities should be undertaken, especially about modifiable risk factors for type 2 diabetes.
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STRESZCZENIE
Wprowadzenie. Cukrzyca stanowi zespół chorób metabolicznych, charakteryzujący się hiperglikemią spowodowaną 
nieprawidłowym działaniem i/lub wydzielaniem insuliny. Obecnie cukrzyca staje się poważnym wyzwaniem 
współczesnej medycyny, choroba ta dotyka 425 milionów osób, a prognozy stanowią, że do 2045 roku liczba zachorowań 
wzrośnie do 629 milionów. 
Cel badań. Ocena wiedzy uczniów szkół licealnych w Polsce na temat czynników ryzyka zachorowalności na cukrzycę 
typu 2 oraz stwierdzenie czy istnieją różnice między poziomem wiedzy dziewcząt i chłopców oraz pierwszo-, drugo- 
i trzecioklasistów.
Materiał i metody. Badanie zostało przeprowadzone wśród 650 licealistów. Narzędzie badawcze stanowił autorski 
kwestionariusz ankiety. Uzyskane wyniki opracowano z wykorzystaniem Microsoft Excel 2010 oraz Statistica 13.3 
(TIBCO Inc.). 
Wyniki. Definicję cukrzycy typu 2 znało 63,9% uczniów. 91,8% licealistów wskazało nadmierną masę ciała jako czynnik 
ryzyka zachorowalności, natomiast 18,8% osób wskazało odpowiedni typ otyłości zwiększający ryzyko cukrzycy typu 2. 
Większość uczniów uznało nieprawidłowe nawyki żywieniowe jako istotny czynnik sprzyjający występowaniu choroby 
(92,4%). Najliczniejszą grupę badanych stanowiły osoby charakteryzujące się średnim poziomem wiedzy (89,6%).
Wnioski. Wiedza badanych uczniów na temat czynników ryzyka zachorowalności na cukrzycę typu 2 była zróżnicowana. 
Najliczniejszą grupę stanowili licealiści charakteryzujący się średnim poziomem wiedzy. Nie stwierdzono występowania 
istotnych statystycznie różnic między odsetkiem prawidłowo udzielonych odpowiedzi przez dziewczęta i chłopców. 
Stwierdzono występowanie istotnych statystycznie różnic między odsetkiem prawidłowo udzielonych odpowiedzi przez 
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pierwszo-, drugo- i trzecioklasistów. Z przeprowadzonych badań wynika, że należy podejmować działania edukacyjne, 
ze szczególnym uwzględnieniem modyfikowalnych czynników ryzyka cukrzycy typu 2.

Słowa kluczowe: wiedza, licealiści, cukrzyca typu 2, czynniki ryzyka

INTRODUCTION

Diabetes mellitus is referred to as a non-
contagious epidemic of the 21st century. According 
to epidemiological data, the problem of diabetes 
affects 425 million people, with 90% being type 2 of 
the disease [1, 14]. As reported by the International 
Diabetes Federation, there were above 2 million adults 
with type 2 diabetes in Poland in 2019. It was also 
estimated that 990,000 individuals were undiagnosed 
[15]. In 2015 diabetes was diagnosed and treated more 
often among women (55%) than men. The studies 
conducted so far reveal that most of the society are 
unaware of the risk factors leading to this disease. 
Excessive body weight, incorrect eating habits and 
sedentary lifestyle are the main factors that contribute 
to the risk of diabetes. When detected too late (with 
already present complications), the treatment presents 
significantly more difficulties and generates higher 
costs. Due to the growing prevalence of the disease, 
prevention and prophylactics of type 2 diabetes should 
be the key elements of health-oriented education [33]. 
The awareness of the risk among young people is 
important as the prevalence can potentially be reduced, 
which entails a future treatment cost reduction. 
Moreover, previous studies have mainly assessed the 
knowledge of adults or people with diabetes. It was 
therefore decided to evaluate the knowledge about 
type 2 diabetes and its prevention among secondary 
school pupils. So far, no specific educational program 
for young people has been developed. The results 
of the research could allow for the preparation of 
educational programs that could potentially reduce the 
risk of developing this disease in the future [3, 13, 39]. 

The progress of research on the pathogenesis of 
type 2 diabetes emphasizes the special importance 
of environmental factors in the early diagnosis, 
prevention and treatment of the disease, therefore their 
detailed analysis is significant [27, 38].

Excessive body weight is considered to be one 
of the major contributors to the development of 
type 2 diabetes. Recommendations suggest starting 
a diagnosis for diabetes in people whose BMI exceeds 
25 kg/m2 - which is overweight according to the 
WHO scale. Overweight and obesity are found in 
the majority of patients, with central obesity having 
a higher diabetogenic effect than gluteal-femoral 
obesity [11, 38]. Therefore, the ratio of the waist 
circumference to the hip circumference WHR - Waist 
Hip Ratio should be checked. Waist values   in women 
over 80 cm and 94 cm in men place them in the 

group at increased risk of developing type 2 diabetes. 
Numerous studies suggest that weight loss is highly 
effective in preventing and treating type 2 diabetes. 
People at risk due to this action, they can effectively 
delay or arrest the onset of the disease. This is due 
to the increase in tissue insulin sensitivity, which is 
one of the key mechanisms in the pathogenesis of type 
2 diabetes. Weight loss increases glucose and insulin 
homeostasis, reversing abnormalities in their function 
and secretion. It is assumed that a 10% reduction in 
body weight can effectively prevent the onset of type 
2 diabetes in the group of people with pre-diabetes 
[7,10].

Lifestyle is a key element in the prevention of non-
communicable diseases. Modifying risk factors such as 
physical inactivity, stress, inappropriate eating habits, 
smoking or excessive alcohol consumption may reduce 
the risk of many chronic diseases, including type 2 
diabetes [23, 35]. One of the most serious risk factors 
for developing type 2 diabetes is low physical activity. 
Activating the muscles increases the need for glucose 
by using excess glucose in the body, which prevents 
hyperglycemia in the body. Increasing physical 
activity by reducing adipose tissue effectively reduces 
the risk of developing the disease even up to 35% [48]. 
Studies show a positive correlation between a daily 
30-minute additional physical activity and a reduction 
in the risk of developing type 2 diabetes [8, 44]. 
Another factor contributing to the occurrence of type 
2 diabetes is the presence of long-term stress, which 
significantly affects the carbohydrate metabolism. 
Stressful situations contribute to an increase in 
glycaemia, which results in increased insulin secretion 
and impairment of insulin sensitivity of tissues. This 
factor also causes „snacking”, especially sweet, low-
value products. Irregular meals in combination with 
the inclusion of sweet snacks between meals in the 
diet may contribute to an increased risk of developing 
type 2 diabetes [8]. Inappropriate eating behavior is 
a leading risk factor for premature death and disability 
worldwide [9]. There are a number of nutritional 
factors that can prevent diabetes in healthy people and 
control glycemia in patients [40].

Lifestyle includes a range of everyday behaviors 
related to motivation, accepted values   and needs, 
which include, among others, eating behavior. 
Unfavorable eating behavior contributing to the 
development of diabetes is primarily too much energy 
consumed with food. Excessive amount, exceeding 
the body’s energy expenditure, in combination with 
low physical activity leads to the development of 
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overweight and obesity. Irregularity in meals can 
not only result in nutrient deficiencies, but also 
contribute to weight gain and the occurrence of diet-
related diseases. Consuming a high-energy meal 
after a long break leads to a rapid, high increase in 
glycemia, which results in a rapid insulin release, 
which activates the process of fatty acid formation, 
resulting in the accumulation of excessive body fat. 
However, adherence to the recommended number of 
meals and regularity of eating them is not sufficient 
to maintain health. A properly balanced diet should 
contain wholesome protein, fats with a predominance 
of mono and polyunsaturated fatty acids and complex 
carbohydrates along with dietary fiber. There is a lot 
of scientific evidence confirming the adverse effects 
of certain groups of nutrients, which, if consumed 
in excessive amounts, can induce the development 
of type 2 diabetes. The most important of them are 
simple sugars, trans fats and saturated fatty acids [46].

Simple sugars are one of the main ingredients 
that increase the risk of developing type 2 diabetes. 
These substances are found in fruit juices, sweet fizzy 
drinks and sweets. In food products, they appear as 
added sugars, sweeteners or glucose-fructose syrup. 
The mechanism of action of these substances is based 
on the direct action of simple carbohydrates, which 
rapidly increase the level of glycemia, contributing 
also to weight gain and the development of diabetes. 
The high proportion of sweet drinks and sweets 
significantly increases the glycemic load of the diet, 
which in turn impairs glucose tolerance and the 
sensitivity of tissues to insulin. Moreover, coloring 
substances, such as caramel, found in sweet drinks, 
promote the development of diabetes by increasing 
the inflammation of the immune system [11, 22]. 
The effects of fatty acids can have both positive and 
negative effects on insulin secretion and its reception 
by tissues. Therefore, it is important to know the types 
of fats that may have a health-promoting or anti-health 
effect on the development of type 2 diabetes. The 
ingredients that should be significantly reduced in the 
diet are saturated fatty acids and trans fats. Saturated 
fatty acids are substances found mainly in animal fats 
such as butter, lard and fatty meats, while trans fats 
are most often found in hydrogenated margarines and 
processed foods [2, 12]. These ingredients not only 
contribute to the development of diabetes, but also 
disturb the lipid metabolism and increase the risk of 
cardiovascular complications [40].

Epidemiological studies increasingly indicate 
the dangers of smoking and alcohol consumption 
[18]. However, there are conflicting studies on the 
effects of alcohol on the human body. Some of them 
suggest that alcohol in moderate amounts reduces 
the risk of developing type 2 diabetes, even by 33-
56% [34]. Nevertheless, many authors confirm that 

alcohol consumed in excess has negative effects on 
human health. It leads to an increased risk of diabetes, 
diseases of the cardiovascular system and the liver. 
Therefore, it should be emphasized that alcohol should 
be eliminated in the prevention of chronic diseases 
or limited to a minimum [40]. The mechanism by 
which smoking tobacco influences the increased 
risk of developing diabetes is not fully understood. 
Research suggests that smoking causes increased 
accumulation of visceral fat, which increases insulin 
resistance and leads to disease development. It should 
be noted that smoking cessation significantly reduces 
the risk of developing many diseases associated with 
type 2 diabetes, such as cardiovascular or lipid profile 
disorders [45].

The aim of the study was to evaluate the knowledge 
about risk factors for type 2 diabetes among secondary 
school students and to determine whether there are 
differences between the level of knowledge between 
girls and boys and between first-, second- and third-
grade students.

MATERIAL AND METHODS

The authors obtained the consent of the management 
to conduct the research. Moreover, study participants 
gave their written consent to participate in the study. 
The study involved 650 students (at the age of 16.9 
± 0.8 years) of comprehensive secondary schools in 
the Silesian Province, Poland. A self-constructed 
questionnaire consisted of the demographic part and 
the proper questions, enquiring about risk factors and 
potential complications of type 2 diabetes mellitus. 
The proper part was preceded by a pilot study among 
30 students. Finally, 643 respondents, who answered 
the questions as instructed, were included in the 
analysis.

 The characteristics of the studied group are 
presented in Table 1.

Table 1.Characteristics of the studied group 
Feature n %

Gender
Women 413 64.2

Men 230 35.8

Class
I 227 35.3
II 227 35.3
III 189 29.4

Total 643 100.0

When evaluating the students’ knowledge, a correct 
answer was awarded 1 point, while wrong answers 
were not given any points. The maximum score was 
36. The knowledge of students was determined using 
three levels: low <0–40%), average (40–70%) and 
(70–100%) high. The responses were analysed jointly 
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and after sex- and grade-based division. The results 
were collected in Microsoft Excel 2010, and statistical 
calculations were performed in Statistica 13.3 (TIBCO 
Inc.). First, it was checked if quantitative variables 
meet the normal distribution assumption; this was 
done with the Shapiro-Wilk W test and normality 
diagrams. Differences in the percentages of correct 
answers provided by girls and boys were evaluated 
with the Mann-Whitney U test. As for determining 
differences between the percentages of correct 
answers provided by first-, second- and third-graders, 
the Kruskal-Wallis ANOVA was applied; a two-sided 
post hoc test was used with Bonferroni correction. 
For all analyses, the value of p<0.05 was considered 
statistically significant.

RESULTS

The joint analysis of the students’ responses to the 
proper part of the questionnaire is presented in Tables 
2–4.

The correct definition of type 2 diabetes was 
indicated by 63.9% of the respondents, more girls than 
boys (66.8% vs 58.7%), with most correct answers 
given by third-grade students (66.1%). The responses 
concerning risk factors for type 2 diabetes varied; 
62.5% of the respondents stated that the risk increased 
with age. This answer was provided by more boys 
(69.1%) than girls (58.8%), and mostly by second-
grade students (66.5%). The correct answer about 
age after which the risk of the disease increases was 
indicated by 40.9% of the students, including 40.4% of 
girls and 41.7% of boys. Most such answers were given 
by second-grade students (43.2%). The relationship 
between excessive body weight and increased risk 
of type 2 diabetes was indicated by 92.9% of the 
students, including 91.8% of girls and 94.8% of boys. 
Most correct answers were noted in third-graders. 
The abdominal type of obesity (android-type) was 
indicated as a risk factor for diabetes by 18.5% of the 
respondents, more girls (19.6%) than boys (16.5%), 
with most such answers given by first-grade students 
(20.7%). Cardiovascular diseases were selected by 
52.3% of the students, including 52.1% of girls and 
52.6% of boys; most correct answers were noted in 
the group of third-graders (61.9%). Hypertension 
as a risk factor for diabetes was indicated by 56% 
of the respondents, more girls than boys (57.6% vs 
53.5%), with most such answers given by second-
grade students (60.4%). Dyslipidaemia as a disease 
predisposing to type 2 diabetes was indicated by 67.7% 
of the students, including 69.5% of girls and 64.8% of 
boys; most such answers were noted in the group of 
first-grade students (69.6%) (Table 2).

Polycystic ovary syndrome (PCOS) as a disease that 
raises the risk of type 2 diabetes was indicated by only 

4.8% of the respondents, more girls than boys (5.3% vs 
3.9%), with most such answers given by third-graders 
(9.5%). Most of the students indicated a relationship 
between long-term use of steroid drugs and increased 
risk for type 2 diabetes. This response was provided 
by 74% of the students, including 77% of girls and 
68.7% of boys, with most such answers in the group of 
third-graders (82%). Smoking was selected by 28.8% 
of the students, including 27.1% of girls and 31.7% 
of boys, and most second-graders (31.3%). Genetic 
predisposition was selected by 27.5% of the students, 
including 27.6% of girls and 27.4% of boys, and most 
second-graders (30.8%). Gestational diabetes as a risk 
factor for type 2 diabetes was indicated by 60% of 
the girls and boys, with most such responses in the 
group of third-graders, while neonatal birth weight 
(over 4 kg) was selected by 26.3% of the respondents, 
including 26.4% girls and 26.1% of boys, and most 
first-grade students (29.1%). The effect of eating habits 
on the occurrence of type 2 diabetes was indicated by 
92.4% of the respondents, including 93.2% of girls 
and 90.9% of boys, and most third-graders - 93.7% 
(Table 3).

The responses concerning selected nutritious factors 
conductive to type 2 diabetes varied. Too calorific foods 
were selected by 27.6% of the students, including 27.3% 
of girls and 28.2% of boys. Most correct answers were 
noted in first-graders. Too high intake of mono- and 
disaccharides was selected by 92.6% of the students, 
including 92.7% of girls and 92.3% of boys; most 
such answers were noted in the group of third-graders 
(95.5%). Dietary fibre restriction as a factor leading to 
diabetes was indicated by 27.4% of the respondents, 
more girls than boys (28.6% vs 25.4%). Most correct 
answers were noted in first-graders (29.5%). Too 
high fat intake was selected by 43.9% of the students, 
including 45.7% of girls and 40.7% of boys, and most 
second-graders (46.9%). Too low physical activity 
levels were indicated by 85.7% of the students, more 
girls than boys: 86% and 85.2%, respectively. Most 
correct answers were noted in first-graders (87.2%). 
Chronic stress as a risk factor for type 2 diabetes was 
indicated by 51.2% of the respondents, more boys than 
girls (53% vs 50%), with most correct answers given by 
third-grade students (57.1%) (Table 4). 

Prediabetes as a factor preceding diabetes was 
selected by 77.3% of the students, including 77.2% 
of girls and 77.4% of boys, and most second-graders 
(81.9%). Nerve injury as a consequence of untreated 
or inappropriately treated diabetes was indicated by 
13.2% of the students, more boys than girls (17% vs 
11.1%). Most correct answers were given by second-
grade students (15%). Diabetic foot syndrome was 
selected by 73.4% of the students, including 73.4% 
of girls and 73.5% of boys, and most second-graders 
(74%). Kidney diseases as a complication of type 2 
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Table 2. The joint analysis of the students’ responses to the selected questions evaluating the students’ knowledge (part 1)

Possible answers

Gender Class
Total

Women Men I II III

n % n % n % n % n % n %

1.  Type 2 diabetes is a disease caused by:

It decreases with age 54 13.1 37 16.1 31 13.7 32 14.1 28 14.8 91 14.2

Taking too much sugar 83 20.1 58 25.2 55 24.2 50 22.0 36 19.1 141 21.9

Progressive impairment 
of insulin secretion
in conditions of insulin 
resistance

276 66.8 135 58.7 141 62.1 145 63.9 125 66.1 411 63.9

 2.  The influence of age on the risk of developing type 2 diabetes:

It decreases with age 3 0.7 5 2.2 5 2.2 2 0.9 1 0.5 8 1.3

It grows with age 243 58.8 159 69.1 130 57.3 151 66.5 121 64.0 402 62.5

It does not affect the 
occurrence of the disease 167 40.5 66 28.7 92 40.5 74 32.6 67 35.5 233 36.3

3.  There is an increased risk of developing type 2 diabetes in people :

Over 45 years old 167 40.4 96 41.7 87 38.3 98 43.2 78 41.3 263 40.9

Over 60 years old 85 20.6 63 27.4 53 23.3 54 23.8 41 21.7 148 23.0

Regardless of age 161 39.0 71 30.9 87 38.3 75 33.0 70 37.0 232 36.1

4. The effect of excessive body weight on the risk of developing type 2 diabetes:

↑  risk of getting illness 379 91.8 218 94.8 207 91.2 209 92.1 181 95.8 597 92.9

↓  risk of getting illness 5 1.2 3 1.3 1 0.4 4 1.8 3 1.6 8 1.2

It does not affect the 
occurrence of the disease 7 7.0 9 3.9 19 8.4 14 6.2 5 2.6 38 5.9

5. The influence of obesity on the risk of developing type 2 diabetes:

Type 2 diabetes leads to 
obesity 91 22.0 53 23.0 49 21.6 48 21.1 47 24.9 144 22.4

Gynoid obesity ↑ ↑ risk of 
getting illness 19 4.6 20 8.7 13 5.7 20 8.8 6 3.2 39 6.1

Abdominal obesity ↑ risk 
of getting illness 81 19.6 38 16.5 47 20.7 37 16.3 35 18.5 119 18.5

It does not affect the 
occurrence of the disease 222 53.8 119 51.8 118 52.0 122 53.7 101 53.4 431 53.0

6.1.  Diseases predisposing to type 2 diabetes - cardiovascular diseases:

Yes 215 52.1 121 52.6 109 48.0 110 48.5 117 61.9 336 52.3

No 198 47.9 109 47.4 118 52.0 117 51.5 72 38.1 307 47.7

6.2. Diseases predisposing to type 2 diabetes - arterial hypertension:

Yes 238 57.6 123 53.5 130 57.3 137 60.4 94 49.7 361 56.0

No 175 42.4 107 46.5 97 42.7 90 39.6 95 50.3 282 44.0

 6.3. Diseases predisposing to type 2 diabetes - dyslipidaemia:

Yes 287 69.5 149 64.8 158 69.6 157 69.2 121 64.0 436 67.8

No 126 30.5 81 35.2 69 30.4 70 30.8 68 36.0 207 32.2

A.Góra, E. Szczepańska, K. Janion
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Table 3. The joint analysis of the students’ responses to the selected questions evaluating the students’ knowledge (part 2)

Possible answers

Gender Class
Total

Women Men I II III

n % n % n % n % n % n %

6.4. Diseases predisposing to type 2 diabetes - polycystic ovary syndrome:

Yes 22 5.3 9 3.9 8 3.5 5 2.2 18 9.5 31 4.8

No 391 94.7 221 96.1 219 96.5 222 97.8 171 90.5 612 95.2

6.5. Diseases predisposing to type 2 diabetes - respiratory diseases:

Yes 15 3.6 11 4.8 9 4.0 11 4.8 6 3.2 26 4.0

No 398 96.4 219 95.2 218 96.0 216 95.2 183 96.8 617 96.0

7.1.  Selected factors affecting the prevalence of type 2 diabetes - long-term use of steroid drugs:

Yes 318 77.0 158 68.7 166 73.1 155 68.3 155 82.0 476 74.0

No 95 23.0 72 31.3 61 26.9 72 31.7 34 18.0 167 26.0

7.2.  Selected factors affecting the prevalence of type 2 diabetes - long-term smoking:

Yes 112 27.1 73 31.7 58 25.6 71 31.3 56 29.6 185 28.8

No 301 72.9 157 68.3 169 74.4 156 68.7 133 70.4 458 71.2

7.2.  Selected factors affecting the prevalence of type 2 diabetes - genetic determinants:

Yes 114 27.6 63 27.4 54 23.8 70 30.8 53 28.0 177 27.5

No 299 72.4 167 72.6 173 72.6 157 69.2 136 72.0 466 72.5

8.1.  Pregnancy related factors affecting the prevalence of type 2 diabetes - prevalence of gestational diabetes 
mellitus:

Yes 248 60.0 138 60.0 126 55.5 134 59.0 126 66.7 386 60.0

No 165 40.0 92 40.0 101 44.5 93 41.0 63 33.3 257 40.0

8.2.  Pregnancy related factors affecting the prevalence of type 2 diabetes - birth weight of the child:

Less 4 kg 25 6.1 17 7.4 17 7.5 14 6.2 11 5.8 42 6.5

Above 4 kg 109 26.4 60 26.1 66 29.1 49 21.6 54 28.6 169 26.3

It does not affect the 
occurrence of the disease 279 67.6 153 66.5 144 63.0 164 72.2 65 65.6 432 67.2

9. The influence of eating habits on the prevalence of type 2 diabetes:

Yes 385 93.2 209 90.9 210 92.5 207 91.2 177 93.7 594 92.4

No 28 6.8 21 9.1 17 7.5 20 8.8 12 6.3 49 7.6

Knowledge on risk factors for type 2 diabetes mellitus among secondary school students
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Table 4. The joint analysis of the students’ responses to the selected questions evaluating the students’ knowledge (part 3)

Possible answers

Gender Class
Total

Women Men I II III

n % n % n % n % n % n %

10.1. Selected nutritional factors that can lead to type 2 diabetes - too energetic meals::

Yes 105 27.3 59 28.2 59 28.1 57 27.5 48 27.1 164 27.6

No 280 72.7 150 71.8 151 71.9 150 72.5 129 72.9 430 72.4

10.2.  Selected nutritional factors that can lead to type 2 diabetes - excessive amounts of simple sugars and 
disaccharides:

Yes 357 92.7 193 92.3 193 91.9 188 90.8 169 95.5 550 92.6

No 28 7.3 16 7.7 17 8.1 19 9.2 8 4.5 44 7.4

10.3.  Selected nutritional factors that can lead to type 2 diabetes - dietary fiber restriction:

Yes 110 28.6 53 25.4 62 29.5 51 24.6 50 28.2 163 27.4

No 275 71.4 156 74.6 148 70.5 156 75.4 127 71.8 431 72.6

10.4. Selected nutritional factors that can lead to type 2 diabetes - excessive water supply:

Yes 10 2.6 5 2.4 3 1.4 9 4.3 3 1.7 15 27.4

No 375 97.4 204 97.6 207 98.6 198 95.7 174 98.3 579 97.5

10.5.  Selected nutritional factors that can lead to type 2 diabetes - excessive consumption of animal fats:

Yes 176 45.7 85 40.7 90 42.9 97 46.9 74 41.8 261 43.9

No 209 54.3 124 59.3 120 57.1 110 53.1 103 58.2 333 56.1

11.1.  Selected factors that can lead to type 2 diabetes - too little physical activity:

Yes 355 86.0 196 85.2 198 87.2 190 83.7 163 86.2 551 85.7

No 58 14.0 34 14.8 29 12.8 37 16.3 26 13.8 92 14.3

11.2.  Selected factors that can lead to type 2 diabetes - extreme sports:

Yes 9 2.0 5 2.0 4 1.8 6 2.6 4 2.1 14 2.2

No 404 98.0 225 98.0 223 98.2 221 97.4 185 97.9 629 97.8

11.3. Selected factors that can lead to type 2 diabetes - chronic stress:

Yes 206 50.0 123 53.0 120 52.9 101 44.5 108 57.1 329 51.2

No 207 50.0 107 47.0 107 47.1 126 55.5 81 42.9 314 48.8

11.4.  Selected factors that can lead to type 2 diabetes - maintaining body weight below the recommended 
standard:

Yes 70 16.9 42 18.3 50 22.0 31 13.7 31 16.4 112 17.4

No 343 83.1 188 81.7 177 78.0 196 86.3 158 83.6 531 82.6

11.5.  Selected factors that can lead to type 2 diabetes - the occurrence of the disease in your spouse:

Yes 12 2.9 12 5.2 8 3.5 7 3.1 9 4.8 24 3.7

No 401 97.1 218 94.8 219 96.5 220 96.9 180 95.8 619 96.3
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Table 5. The joint analysis of the students’ responses to the selected questions evaluating the students’ knowledge (part 4)

Possible answers

Gender Class
Total

Women Men I II III

n % n % n % n % n % n %

11.6. Selected factors that may lead to type 2 diabetes - pre-diabetes:

Yes 319 77.2 178 77.4 175 77.1 186 81.9 136 72.0 497 77.3

No 94 22.8 52 22.6 52 22.9 41 18.1 53 28.0 146 22.7

12.1. Complications of type 2 diabetes - nerve damage:

Yes 46 11.1 39 17.0 23 10.1 34 15.0 28 14.8 85 13.2

No 367 88.9 191 83.0 204 89.9 193 85.0 161 85.2 558 86.8

12.2. Complications of type 2 diabetes - chronic obstructive pulmonary disease:

Yes 31 7.5 18 7.8 17 7.5 22 9.7 10 5.3 49 7.6

No 382 92.5 212 92.2 210 92.5 205 90.3 179 94.7 594 92.4

12.3. Complications of type 2 diabetes - asthma:

Yes 44 10.7 36 15.7 38 16.7 28 12.3 14 7.4 80 12.4

No 369 89.3 194 84.3 189 88.3 199 87.7 175 92.6 563 87.6

12.4. Complications of type 2 diabetes - diabetic foot syndrome:

Yes 303 73.4 169 73.5 167 73.6 168 74.0 137 72.5 472 73.4

No 110 26.6 61 26.5 60 26.4 59 26.0 52 27.5 171 26.6

12.5. Complications of type 2 diabetes - kidney disease:

Yes 136 32.9 105 45.7 81 35.7 73 32.2 87 46.0 241 37.5

No 277 67.1 125 54.3 146 64.3 154 67.8 102 54.0 402 62.5

12.6. Complications of type 2 diabetes - depression:

Yes 75 18.2 49 21.3 38 16.7 43 18.9 43 22.8 124 19.3

No 338 81.8 18.1 78.7 189 83.3 184 81.1 146 77.2 519 80.7

12.7. Complications of type 2 diabetes  -  eye diseases:

Yes 68 16.5 44 19.1 33 14.5 46 20.3 33 17.5 112 17.4

No 345 83.5 186 80.9 194 85.5 181 79.7 156 82.5 531 82.6

12.8. Complications of type 2 diabetes - diseases of the cardiovascular system:

Yes 224 59.1 146 63.5 134 59.0 141 62.1 115 60.8 390 60.7

No 169 40.9 84 36.5 93 41.0 86 37.9 74 39.2 253 39.3

12.9. Complications of type 2 diabetes - occurrence of recurrent infections:

Yes 97 23.5 40 17.4 56 24.7 48 21.1 33 17.5 137 21.3

No 316 76.5 190 82.6 171 75.3 179 78.9 156 82.5 506 78.7

diabetes was selected by 37.5% of the respondents, 
more boys than girls (45.7% vs 32.9%), with most 
correct answers given by second-grade students 
(46%). Depression was selected by a total of 17.4% of 
the students, including 18.2% of girls and 21.3% of 
boys, and most third-graders (22.8%). Eye diseases 
were selected by 17.4% of the students, more boys 

than girls (19.1% and 16.5%). Most such answers were 
given by second-grade students (20.3%). Recurrent 
infections as a complication of diabetes were indicated 
by 21.3% of the students, more girls than boys: 23.5% 
and 17.4%, respectively, with most such answers in the 
group of first-graders (24.7%) (Table 5).
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The Shapiro-Wilk W test and normality diagrams 
showed that the percentage of correct answers did not 
meet the normality distribution assumption. There 
were statistically significant differences between the 
percentage of correct answers provided by first-, second-  
and third-grade students. There were no statistically 
significant differences between the percentage of 
correct answers provided by girls and boys (Table 6).

A two-sided post hoc test with Bonferroni 
correction revealed statistically significant differences 
between the percentage of correct responses provided 
by first- and third-grade students (p<0.02).

The knowledge of the respondents was classified to 
three levels. Average knowledge was noted for 89.6% 
of the students, including 89.3% of girls and 90% of 
boys, as well as 89.9% of first-, second- and third-
graders each (Figure 1).

Forty-seven per cent of the respondents assessed 
their knowledge as insufficient. This included 46.7% 
of females and 47.4% of males as well as 41.4% of first-
graders, 52.9% of second-graders and 46.6% of third-
graders (Figure 2).

Table 6. The percentage of correct answers provided by the respondents to questions checking their knowledge 

Feature Median Lower – upper 
quartile Name and test result

Gender
Women 54.17 47.22-61.11 Mann-Whitney U test; 

p=0.890Men 52.78 47.22-61.11

Class
I 52.78 47.22-61.11

Kruskal-Wallis ANOVA;  
p=0.028II 52.78 47.22-61.11

III 55.56 50.00-61.11
Total 52.78 47.22-61.11
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DISCUSSION

Over the past years, prevention of type 2 diabetes 
mellitus has become one of the key challenges of 
contemporary medicine. The available research 
mostly focuses on the assessments of knowledge 
among diabetes patients rather than of risk factors for 
the disease, particularly in young people [40]. In this 
questionnaire, the correct definition of diabetes was 
recognised by 63.9% of the students. Similar results 
were obtained by Rybarczyk-Szwajkowska, who 
evaluated the knowledge of threats associated with 
lifestyle diseases among 475 students of higher schools 
in Polish city Łódź, University of Vienna and National 
Medical University in Kiev. The correct definition 
of type 2 diabetes was indicated by 66.67% of the 
respondents from Kiev, 51.35% of the respondents 
from Lodz and 40.6% of the students from Vienna 
[32]. In this study, 62.5% of the students indicated 
a relationship between age and increased risk of type 
2 diabetes. This relationship is confirmed by the 
NHANES report which presented the prevalence of 
diabetes in given age groups: 3.7% for the group of 
20 - 44 year-olds, 13.7% for the group of 45 - 64 year-
olds and 26.9% for the group of ≥65 year-olds. These 
data are reflected in recommendations of the Polish 
Diabetes Association where the need for screening 
for diabetes mellitus every 3 years is underlined, 
particularly in individuals over 45 years of age [29]. In 
the present study, 40.9% of the respondents selected 
the age of 45 years as the age after which screening 
should begin. Janeczek et al. [16] obtained different 
results in their study regarding the knowledge about 
type 2 diabetes among nursing students. Only 3% of 
the respondents indicated the need for screening every 
3 years after the age of 45 years, while 94% of the 
students selected annual screening. 

Overweight and obesity more and more frequently 
contribute to the increased prevalence of type 2 
diabetes. This is caused by long-term exposure of the 
liver to high concentrations of free fatty acids that 
cause progressive hyperinsulinaemia and tissue insulin 
resistance [11]. This mechanism is also described by 
Szczeklik-Kumala in a review on the treatment of 
diabetes among obese patients. Moreover, attention is 
paid to higher risk of type 2 diabetes among individuals 
with android obesity compared to those with gynoid 
obesity [38]. The present study revealed that 92.9% 
of the students thought that body weight was indeed 
a risk factor for the disease. A relationship between 
android obesity and increased risk of diabetes was 
indicated only by 18.5% of the examined secondary 
school students.

According to the recommendations of the Polish 
Diabetes Association, diabetes patients should 
undergo screening examinations for ischaemic 

heart disease (IHD). The guidelines of the European 
Society of Cardiology indicate that each patients with 
diabetes should be suspected of having IHD and the 
other way around: each patient with cardiovascular 
diseases should be suspected of having diabetes [41]. 
Cardiovascular diseases may therefore be classified 
both as a risk factor and a complication of diabetes. 
The present study shows that 53.2% of the students 
stated that cardiovascular diseases were risk factors 
and 60.7% believed them to be consequences of 
diabetes. Different outcomes were presented by 
Ślusarska et al., where 93.27% of the respondents 
indicated cardiovascular diseases as complications 
of type 2 diabetes [37]. In the meta-analysis on 
insulin resistance in the context of concomitant 
hypertension (HT), Jasik et al. demonstrated that, in 
most cases, HT precedes type 2 diabetes. The authors 
elucidate a relationship between primary HT and later 
development of diabetes with the impaired receptor 
signalling pathway for insulin, reduced blood flow 
and, in consequence, abnormal flow of glucose and 
insulin to peripheral tissues [17]. In the present study, 
56% of the students indicated HT as a risk factor for 
type 2 diabetes. Another disease entity that is linked 
with type 2 diabetes is PCOS. Diabetes develops in 
4 - 10% of women with this condition. Janeczek et al. 
demonstrated that 12.81% of the students indicated 
PCOS as a risk factor for type 2 diabetes [16]. The 
present study yielded different results as only 4.8% of 
the secondary school students decided that this answer 
was correct. 

Glucocorticosteroids (GCS) are the most common 
drugs in the treatment of autoimmune diseases. 
Long-term use of these medications may lead to 
carbohydrate metabolism disorders, including type 
2 diabetes. However, the risk mainly depends on 
therapy duration and dose of these drugs [25, 28]. 
In the present study, 74,0% of the students indicated 
long-term GCS treatment as a risk factor for type 2 
diabetes. This results are confirmed by Dąbrowski 
and Majdan, who found a 1.4 - 1.5-fold greater risk of 
diabetes in patients treated with GCS compared with 
the healthy population [4].

According to the recommendations of the Polish 
Gynaecological Society, women with a history of 
gestational diabetes with normal blood sugar levels in 
the puerperium should be tested for glucose tolerance 
after 2 months. If the results are normal, tests should 
be repeated once every three years as part of type 2 
diabetes prophylaxis [42]. The present study indicates 
that 60% of the students believe gestational diabetes 
to be a risk factor for type 2 diabetes. The study on 
genetic and clinical risk factors of diabetes mellitus, 
conducted by Kwak et al., reveals that the majority of 
women with a history of gestational diabetes are also 
diagnosed with type 2 diabetes in early postpartum 
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period and later in life [24]. Neonatal birth weight is 
also significant in the context of an increased risk of 
developing the disease. In the study of Mazur et al., it 
was demonstrated that the relationship between birth 
weight over 4 kg and later development of diabetes 
was significant [26]. In the present study, 26.3% of 
secondary school students indicated this relationship.

Eating habits are crucial factors involved in the 
pathogenesis of type 2 diabetes. The present study 
demonstrates that 92.4% of the students concur 
with this statement. Different results have been 
presented by Seń et al. They evaluated behaviours and 
knowledge about nutrition among university students 
in Wroclaw, Poland. The authors showed that 74% of 
the students of the Academy of Medicine, 58% of the 
students of Wroclaw University of Environmental and 
Life Sciences and 57% of the students of Wrocław 
University of Science and Technology stated that 
diabetes mellitus was a consequence of wrong 
eating habits [36]. In the present study, 27.6% of the 
students indicated that excessive energy intake was 
a cause of increased risk of diabetes. Przybylska 
et al. demonstrated a relationship between positive 
energy balance that leads to overweight and obesity 
and, in consequence, to diabetes [30]. In the present 
study, 27.6% of the students indicated that intake of 
excessively calorific foods was one of the risk factors. 
Another factor conductive to the disease is excessive 
share of simple sugars in daily diet [20]. The present 
study shows that 92.6% of the students indicated 
excessive sugar intake as a significant factor that 
might speed up the development of diabetes. Low 
physical activity is another modifiable factor affecting 
the development of type 2 diabetes. In this study, 
85.7% of the respondents agreed with this statement. 
Noczyńska et al. report different results: 55.7% of the 
respondents indicated sports as a factor that may lower 
the risk of the disease [27]. 

In the study of Dąbska and Żołnierczuk-Kieliszek, 
84.0% of the respondents stated that neuropathies 
manifesting with numbness and tingling were 
complications of type 2 diabetes [6]. The present study 
yielded different results. Only 12.2% of the students 
responded that neuropathies were a complication 
of diabetes, while 57.9% indicated diabetic foot 
syndrome as a complication of the disease. It was 
also found that 37.5% of the students indicated renal 
diseases as a possible complication of type 2 diabetes. 
Different results were obtained by Roomizadeh et 
al. who evaluated the knowledge about risk factors 
of kidney diseases. Only 12.7% of the respondents 
indicated diabetes mellitus as a risk factor [31]. 
Depression, as a real complication of diabetes, was 
indicated by 19.3% of the students, while Dąbska et 
al. observed 55% and 61% of responses that diabetes 

carried emotional complications and required support 
of the family and friends [5].

The analysis of the present study demonstrated that 
60.7% of the students indicated cardiovascular diseases 
as a serious complication of diabetes mellitus. Similar 
outcomes have been presented by Ying Xu et al., who 
evaluated the knowledge of Chinese students about 
diabetes [43]. The present study shows that 21.3% of 
the students indicated recurrent infections as possible 
complications of diabetes. Khan et al. reported similar 
results from a study on the knowledge of students 
about diabetes: 29% of the respondents pointed to 
these complications [19]. The present study shows 
that the most numerous group of the respondents were 
those with an average level of knowledge, i.e. those 
who provided 40 - 70% of correct answers (89.6%). 
Kocka and Dziedzic [21] obtained different results: 
the average level of knowledge was noted in only 
22.4% of the students, who provided 50 - 75% of 
correct answers, whilst most of the respondents were 
characterised by a low level of knowledge (74.3%) and 
provided less than 50% of correct answers.

The limitation of the study is the regional nature of 
the study. Therefore, the authors recommend caution 
in interpreting the results in relation to the population.

CONCLUSIONS

1. The knowledge on risk factors for type 2 diabetes 
mellitus among secondary school students was 
varied. The most numerous group was characterized 
by an average level of knowledge.

2. There were no statistically significant differences 
between the percentage of correct answers provided 
by girls and boys.

3. There were statistically significant differences 
between the percentage of correct answers provided 
by first-, second- and third-grade students. 

4. Our research shows that educational activities 
should be undertaken, especially about modifiable 
risk factors for type 2 diabetes.
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