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Abstract 

Introduction and purpose. Physical activity is an integral part of a healthy lifestyle, and the 

far-reaching benefits of practising it are invaluable. Raising awareness in this regard seems to 

be a key element in the prevention of civilization diseases. This study aimed to assess the 

knowledge of amateur athletes about the influence of physical effort on changes in selected 

biochemical parameters.  

Material and methods. In the study that was conducted using the questionnaire method and 

electronically using the proprietary form, one hundred physically active people participated. 

The survey consisted of single-choice and multiple-choice questions as well as open-ended 

questions. It collected information on (1) demographic and social characteristics, (2) 

anthropometric measurements, (3) type and duration of physical activity, (4) frequency and 

time of the training, (5) existing diseases and (6) knowledge about glucose, insulin, lipid 

profile, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatine kinase.  
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The key questions concerned the influence of physical activity on the studied biochemical 

parameters.  

Results. The vast majority of respondents revealed a good knowledge of insulin and insulin 

resistance, carbohydrate metabolism and creatine kinase. The average results of correct 

answers amounted to 90%, 79% and 71%. The knowledge of the issues related to the lipid 

profile, and both ALT and AST was slightly worse. Here the proper answers distribution was 

respectively 62% and 60%.  

Conclusions. Properly conducted education on the influence of physical activity on selected 

biochemical parameters could be the best solution to broaden the knowledge on this subject.  

 

Keywords: physicial activity, knowledge, glucose, insulin, lipid profile, liver function tests. 

 

1. Introduction 

According to the definition presented by the World Health Organization (WHO), physical 

activity is a movement initiated by skeletal muscles, which requires energy [1]. The amenities 

offered by today's world are associated with the fact that most people in Poland move too 

little and too rarely. It has led to a more frequent occurrence of civilization diseases - one of 

the greatest threats to the health of the modern population. These include cardiovascular 

diseases, lipid disorders, arterial hypertension, type 2 diabetes, metabolic syndrome, 

osteoporosis, and obesity. As chronic diseases, they significantly reduce the comfort and 

quality of life of Poles [2]. They also contribute to a significant burden on the Polish economy. 

According to the Polish Sports Market report published in 2019, physical activity decreased 

by ten percentage points compared to 2004. Due to a sedentary lifestyle, Poland loses as much 

as PLN 7 billion [3]. As a result of disturbing public health data, and after examining the 

scientific evidence regarding the relationship between exercise, hypokinesia, and health in 

different population groups, the WHO in 2020 updated the guidelines for physical activity 

targeting children, adolescents, adults, the elderly, and for pregnant and postpartum women 

and people suffering from chronic diseases and disabilities [4]. 

Regularly practiced physical activity of moderate intensity is one of the most effective 

methods of preventing and supporting the treatment of civilization diseases. The benefits of 

exercise are invaluable-the WHO emphasizes that any physical activity is better than none. 

Properly adjusted physical effort should be promoted as a modifiable preventive factor 

contributing to physical and mental health improvement. Physical activity also influences the 

development of basic motor skills, such as strength, speed, and endurance [4-6]. To improve 

the quality of life, prophylaxis should be implemented based on consolidating the correct 

patterns of a healthy lifestyle. Changing the health behaviour can help to deal with the 

problem of abnormal blood chemistry parameters. The selected blood biochemical parameters 

change differently under the influence of physical activity depending on it is intensity. (Table 

1). Exercise intensity can be defined in two ways. Using objective as well as subjective terms. 

The absolute exercise intensity is determined by calculating the work done, e.g. in metabolic 

equivalents (MET). Whereas relative exercise intensity is often expressed as a percentage of 

the oxygen ceiling (VO
2
max) for an individual. Using absolute assessment methods, moderate 

and high physical intensity are classified as 3.0-5.9 MET and ≥6 MET, respectively.  
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In contrast, when assessing relative intensity, physical activity is expressed as 45-59 VO
2
max 

for moderate-intensity training, and for high-intensity exercise, the load is ≥85 VO
2
max [7]. 

Positive changes in the values, lipid profile, glucose homeostasis, as well as the improvement 

of tissue sensitivity to insulin, may inspire optimism. However, with extreme physical activity, 

increased values of liver enzymes, creatine kinase, and blood glucose (among people with 

abnormal concentrations) may cause some anxiety among sports enthusiasts. 

 

Table 1. Influence of physical activity intensity on selected blood biochemical parameters. 

 

Selected blood chemistry parameters 

Influence of physical activity on the value of 

biochemical parameters 

moderate physical 

activity 

extreme physical 

activity 

Glucose (elevated values) ↓ ↑ 

Insulin (tissue sensitivity to insulin) ↑ - 

Total cholesterol (elevated values) ↓ - 

LDL cholesterol (elevated values) ↓ - 

HDL cholesterol (lowered values) ↑ - 

Triglycerides (elevated values) ↓ - 

Alanine aminotransferase (ALAT) - ↑ 

Aspartate aminotransferase (AspAT) - ↑ 

Creatine kinase - ↑ 

 

Education in the field of the influence of physical activity on selected biochemical parameters 

could encourage people to undertake physical exertion. Hence, considering education in terms 

of improving the knowledge of Poles should be regarded as an investment for the future. The 

introduction of appropriate education from an early age may bring measurable health benefits 

and reduce healthcare expenditure [8]. This introduction is the basis for further considerations 

and enables their correct positioning in the entire research process. 

 

2. Materials and Methods 

The indirect measurement method was chosen to check the physically active people in 

Poland's knowledge of the influence of physical effort on selected biochemical parameters. 

An anonymous online survey was carried out based on a self-designed, structured 

questionnaire. See questionnaire in the Supplementary Material for comprehensive analysis. 

The survey was made available via online social media for approximately three months 

between January 13 and April 23 2020. Due to the prevailing COVID-19 pandemic and the 

risk of respondents' infection, research using the Internet was an available and safe method 

used in the current study. The survey data collected anonymously do not require approval by 

the local bioethical committee in Poland. Potential respondents were informed about the 

general subject of the survey, its voluntary and fully anonymous nature. The questionnaire 

consisted of single-choice, multiple-choice, and open-ended questions. The inclusion criteria 

for the study were persons over 18 years of age. People professionally involved in sports were 

excluded. The statement verified these criteria at the beginning of the survey.  
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By confirming the statement's content, the respondent declared that he was 18 years old, he is 

not an athlete, and engages in moderate intensity physical activity at least 2.5 hours per 

week/exercises at least 1.5 hours per week at high intensity/executes approximately 6.000-

8.000 steps per day. 

 

The employed questionnaire aimed to assess: 

a) knowledge about the changes taking place in the carbohydrate economy in healthy 

adults and diabetics during physical activity; 

b) knowledge of the impact of exercise on a common metabolic disorder such as insulin 

resistance; 

c) knowledge of the parameters included in the lipid profile and the changes in their 

values during regular exercise; 

d) knowing the names of some liver enzymes and their variability under the influence of 

intense training; 

e) awareness of physically active people about the impact of exercise on the activity of 

creatine kinase. 

The demographic data on each surveyed individual included age, gender, place of living (rural 

area, urban area to 50.000 residents, urban area to 50.000-100.000 residents, urban area to 

100.000-500.000 residents, urban area over 500.000 residents), level of education (primary, 

secondary, tertiary, vocational or student), and body mas index (BMI)-calculated using a 

person's height and weight.  

The statistical data was developed in a spreadsheet program - Microsoft Excel. The collected 

material was analyzed with the use of descriptive statistics. A tabular description and 

determination of distribution measures were used to present the data. The following were 

used: measures of central tendency-reflecting the numerical characteristics of the distribution 

of the variable's value, groups of results (arithmetic mean) and measures of dispersion-

describing the degree of differentiation of the results around the central value (standard 

deviation (SD)).  

 

3. Results and Discussion 

3.1. Demographic Characteristics 
Almost one hundred Poles completed the questionnaire. Finally, three of them had to be 

excluded due to non-acceptance of the obligatory declaration at the beginning of the 

questionnaire. The demographic characteristics of the studied population are presented in 

Table 1. Most of the surveyed people were women aged 18-25, from cities with more than 

500.000 inhabitants, with higher education and BMI within the normal ranges. Men accounted 

for 37%. The mean age of all participants was 34 ± 13.5 years. 

 

 

 

 

 

 

 

 

https://www.diki.pl/slownik-angielskiego?q=arithmetic+mean
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Table 1: Demographic characteristics of surveyed participants (n= 97). 

Variable Result 

Age (years) mean ± SD (min–max) 

18-25, n (%) 

26-35, n (%) 

36-45, n (%) 

>45, n (%) 

34.2 ± 13.5 (18-73) 

44 (45.4) 

18 (18.6) 

14 (14.4) 

21 (21.6) 

Gender Female, n (%)/Male, n (%) 61 (62.9)/36 (37.1) 

Weight (kg) mean ± SD (min–max) 68.8 ± 12.6 (44-115) 

BMI (kg/m
2
) mean ± SD (min–max) 

Underweight (<18.5), n (%) 

Normal weight (18.5–24.9), n (%) 

Overweight (25.0–29.9), n (%) 

Obesity (≥30.0), n (%) 

23.4 ± 3.4 (17,0-37.2) 

3 (3.1) 

64 (66.0) 

27 (27.8) 

3 (3.1) 

Place of living 

Urban area to 50 000 residents, n (%) 

Urban area to 50 000 - 100 000 residents, n (%) 

Urban area to 100 000 - 500 000 residents, n (%) 

Urban area over 500 000 residents, n (%) 

Rural area, n (%) 

 

12 (12.4) 

5 (5.2) 

32 (33.0) 

26 (26.8) 

22 (22.7) 

Education 

Primary, n (%) 

Secondary, n (%) 

Tertiary, n (%) 

Vocational, n (%) 

Student, n (%) 

 

0 (0) 

11 (11.3) 

63 (64.9) 

2 (2.1) 

21 (21.6) 

The respondents' BMI was calculated based on their given weight and height. According to 

the range of BMI values, the following categories were distinguished: underweight (17-18.49 

kg/m
2
), normal body weight (18.5-24.99 kg/m

2
), overweight (25.00-29.99 kg/m

2
), obesity I 

(30.0-34.99 kg/m
2
) and II (35-39.99 kg/m

2
). Overall (66%) of the respondents had a normal 

body weight. 28% of respondents were overweight. Underweight and obesity constitute 1% 

and 5% of the respondents, respectively.  

Most of the respondents (33%) came from cities with a population of 100.000 to 500.000, 

27% lived in cities with more than 500.000 inhabitants, 23% were rural, and the rest lived in 

smaller towns. 

The questionnaire's respondents' education was divided into five categories: primary, 

secondary, tertiary, vocational, student. The largest group was represented by people with 

higher education (65%), then students (22%), people with secondary education constituted the 

smallest group (2%). At the same time, the smallest group (2%) were people after vocational 

schools. 

3.2. Physical activity 

The respondents were asked about their preferred physical activity. This question encouraged 

to provide more than one answer and was open-ended, thanks to which the respondent had the 

opportunity to add his favourite discipline.  
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Figure 1. The type of physical activity practiced by the respondents. 

 
After analyzing the obtained data, see (Figure 1), it appeared that the respondents' most 

willingly practised physical activity was walking (34%), which is the simplest form of 

physical activity. No special skills or equipment are required. It is a rhythmic, dynamic, 

aerobic effort involving large groups of skeletal muscles. It should be underlined has regularly 

walking has many benefits with minimal side effects. Fast walking should be above 70% of 

the maximum heart rate to be beneficial. This intensity of exercise supports and develops 

cardiovascular capacity and endurance. It also strengthens the muscles of the legs, limb 

girdles and torso, and makes the joints more flexible. Walking was the most natural activity 

performed by healthy people daily; therefore, it can be classified as a long-term dynamic 

aerobic exercise [9]. 

Then ex aequo responders answered: running (16%) and cycling (16%). Attending gyms was 

only 10%. Other activities accounted for 5% or less and included: dancing, exercising at home, 

football, and similar.  
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The period of physical activity 

performed 
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over 10 years

Figure 2: (A) Reported period of physical activity performed. (B) Experienced daily length of training.               

(C) The distribution of physical activity over time. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regularly practised physical activity for 4 to 6 

years is performed by 27% of respondents. Less 

than 25% of respondents declared that their 

adventure is with activity it lasts a little shorter 

than in the previous group, i.e. from 1 to 3 years. 

Interestingly, over 20% of the respondents have 

been attending physical activities for over ten 

years. People with training lasting less than a 

year accounted for 16%. The smallest number 

of respondents (less than 10%) practised regular 

physical activity for 7-10 years. See Figure 2 

(A). 

Next, in the survey, the respondents were 

asked to define the training frequency, i.e. 

the distribution of training units over time. Exercises were most often performed 2-3 times a 

week (40%), less than 30% of the respondents declared that they practised physical  
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activity 3-4 times a week, 11% of them implemented physical effort 5-6 times a week. 

Responses below 10% concerned: persistent physical activity-once a day (9%), two or more 

times a day (8%) and low frequency of training-once a week (4%). See Figure 2 (B). 

The duration of physical activity represented by the subjects varied. Most respondents 

perform the physical effort at 45 minutes-60 minutes/day (41%). An effort lasting over an 

hour and not exceeding 1 hour and 30 minutes concerned 28% of the respondents. Workouts 

performed for 30 minutes or 90 minutes and more accounted for 22% and 9% of responses, 

respectively. See Figure 2 (C). 

Physical activity combined with adequately balanced nutrition is an effective measure in the 

prevention of overweight and obesity. Numerous follow-up studies show a significant effect 

of exercise on body weight, depending on the amount of activity. They also affect the energy 

balance, which is conducive to generating an energy deficit [10,11]. In addition to 

physiological benefits, physical effort influences numerous psychosocial features, such as 

coping with anxiety or building self-esteem. Nowadays dominated by social media, 

strengthening these features is very important, especially for the youngest recipients. They 

spend too much time in front of TV screens, smartphones, or tablets, which reduces the 

amount of time spent on physical activity. Physical ability is a fundamental and vital ability 

that teaches motivation, self-confidence, and healthy competition. Thanks to it, physical 

competencies, knowledge, and understanding are acquired. The strength of these features 

depends on the type of physical activity [12,13].  

The joy of physical exertion was hampered by the COVID-19 pandemic, which resulted in the 

closure of sports and recreational facilities. Therefore, the choice of sports at that time was 

limited [11]. Studies show that people who were physically active before the outbreak of the 

COVID-19 pandemic reduced their physical effort by an average of 32%, and people 

subjected to self-isolation by 43% [14]. 

It is worth mentioning that the lack of exercise has been classified as the real cause of chronic 

diseases and death [15]. There is evidence that physical activity most of life can delay the 

onset of approximately 40 chronic conditions/diseases. Physically active people can enjoy a 

longer, healthy life. The physical effort essentially improves circulatory and respiratory 

fitness [16]. According to the results of a study focusing on the assessment of exercise 

capacity, it was shown that each increase by one metabolic equivalent (MET) resulted in a 

12% improvement in survival [17]. Regularly initiated physical exercise, both aerobic and 

strength exercises, play an essential role in preventing diseases related to cognitive disorders 

and reduces the likelihood of depression and anxiety disorders. It reduces the risk of 

developing neurodegenerative diseases and reduces the symptoms of disorders, i.e. dementia. 

It is vital for the elderly. Seniors engaged in moderate and high-intensity physical activity 

reported better health [18,19]. During the COVID-19 pandemic, exercise can help better cope 

with the adverse effects of isolation on the psyche [20]. 

The most frequently recommended physical activity is an effort involving large groups of 

muscles of a continuous nature. Regularly practised physical activity contributes to a 

significant improvement in the efficiency of the system. The new guidelines of the WHO 

2020 regarding physical activity and sedentary lifestyle indicate that all adults without health 

contraindications should engage in 150-300 minutes of moderate-intensity exercise per week 

or 75-150 minutes of vigorous exercise.  
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There are no obstacles to combine the two intensities of aerobic exercise. The central part of 

the training should be preceded by a few minutes of warm-up and ended with calming 

activities. It should be emphasized that a small amount of exercise will not contribute to the 

achievement of significant physiological effects, while an excessive amount of training not 

adapted to the abilities and state of health may be potentially harmful. It is recommended to 

limit the time spent in a sitting position [21]. A sedentary lifestyle is associated with the risk 

of death from all causes, including cardiovascular disease. The introduction of moderate or 

intense physical activity in people with very low physical activity effectively alleviates such 

associations [22]. However, not always a long time spent in a sitting position, e.g. 5-8 hours a 

day, is associated with a low level of physical activity. A study conducted among students of 

health-related faculties shows that despite spending 46 hours per week (2781.8 ± 1238.5 MET 

min/week) sitting, an active lifestyle can be represented. The level of physical activity of 65% 

of students was in the high category [23]. 

 

3.3 Diseases  

Figure 3: The prevalence of chronic diseases in physically active respondents. 

 

The questionnaire also included questions about the occurrence of diseases in respondents 

(Figure 3). Most of the respondents were healthy (66%). Hypertension concerned 11% of the 

respondents. The category of other diseases included disease entities that most often coexisted 

with obesity, arterial hypertension, or as particular abnormalities. Individuals had type 2 

diabetes, degenerative joint changes, depression, rheumatoid arthritis, polycystic ovary 

syndrome, hypersensitive bowel, and long QT syndrome (6%). Other disease entities did not 

exceed 5%, including: hypothyroidism (4%), allergies (3%), disease hashimoto (3%), obesity 

(3%), dyslipidaemia (2%), asthma (2%).  

Regular exercise contributes to both maintaining and improving health [24]. The scientifically 

proven health benefits of regular, moderate-intensity activity include a positive effect on bone 

mass density, maintenance of healthy body weight, the efficiency of the cardiovascular 

system, efficiency of the respiratory system, and cognitive functions.  
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In addition, it reduces the risk of cardiovascular events, obesity, depression, hypertension, 

abnormal lipid values, the incidence of type 2 diabetes. It also contributes to reducing the 

incidence of cancer: colon, breast, bladder, uterus, esophagus, kidney, lungs, and stomach. It 

reduces the risk of dementia, anxiety, and depression. In women expecting or having children, 

it reduces the risk of gestational diabetes and postpartum depression [25].  

There has been an increasing interest in biochemical parameters for assessing health aspects 

that can be modulated through regular, moderate-intensity physical activity in recent years. 

The value of selected parameters depends on many factors, including the amount of time and 

frequency of physical activity performed [26]. 

The second part of the analysis allows you to go to the research stage, which presents the 

scope of knowledge about the influence of physical activity on selected biochemical 

parameters in the subjects. 

 

3.4 Knowledge of selected biochemical parameters 

3.4.1. Glucose 

The first question (Table 2) concerned the normal fasting venous blood glucose level.  

 

Table 2: Percentage distribution of the answer to the question about the normal fasting venous blood glucose 

level. 

Please indicate proper fasting blood glucose level?  

 

1 (1.03) 

14 (14.43) 

82 (84.5) 

 

 

at least 126 mg/dL, n (%) 

100 mg/dL to 125 mg/dL, n (%) 

70 mg/dL to 99 mg/dL, n (%) 

 

 

Most of the respondents (85%) marked the correct answer-from 70 mg/dL to 99 mg/dL. Only 

15% of them gave the wrong answer. 

 

Table 3: Percentage distribution of answers to the question about the influence of aerobic exercise on glycemia 

in type 2 diabetes. 

Please indicate, whether the sentence or statement is true or false. True False 

 

Aerobic exercise reduces hyperglycemia in type 2 diabetes, n (%) 

Intensive anaerobic exercise may increase glycemia in the body of 

diabetics and increase glucose concentration after exercise, n (%) 

Any physical activity causes hypoglycemia in people with diabetes, n (%) 

 

Physical activity consumes glucose in the body, n (%) 

Regular exercise has a positive effect on the metabolism of glucose, n (%) 

 

83 (85.6) 

 

42 (43.3) 

 

20 (20.6) 

 

 

80 (82.5) 

 

93 (95.9) 

 

14 (14.4) 

 

55 (56.7) 

 

77 (79.4) 

 

 

17 (17.5) 

 

4 (4.1) 
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In the following question (Table 3), the respondents were asked whether the given statement 

was true or false. The first one was as follows: aerobic exercise reduces hyperglycemia in 

type 2 diabetes. Most of the respondents answered correctly-that it is true (86%), less than 

15% indicated that the above statement is false. The second was the effect of intense exercise 

on blood glucose levels. More than half of the respondents (57%) gave an incorrect answer, 

describing the statement as false. The rest of the people (43%) answered truthfully. Another 

statement assessed respondents' knowledge in terms of the risk of people with type 2 diabetes, 

hypoglycemia. More specifically, the participant's task was to find out whether any physical 

activity causes hypoglycemia in people with diabetes. Most of them answered this question 

correctly - that it is not true (79%), the rest (21%) stated that it was true. The penultimate 

statement examined whether the participants had knowledge about glucose as a source of 

energy used during exercise. The vast majority (82%) stated that glucose is used in physical 

activity, which is the correct answer. 18% of the responses were incorrect. The last statement 

concerned the effect of regular exercise on carbohydrate metabolism. Only 4% of the 

respondents gave a wrong answer, and 96% marked a correct reply.  

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia resulting 

from inappropriate insulin secretion or action. Type 2 diabetes accounts for up to 95% of all 

cases. This type of diabetes is mainly modulated by lifestyle. One of the external factors 

contributing to the development of the disease is precisely low physical activity [27]. At this 

point, it is worth mentioning that skeletal muscles play a significant role in maintaining blood 

glucose homeostasis. Both aerobic and resistance exercise improves glucose tolerance in 

people with diabetes [28,29]. Many studies have been carried out to prove the beneficial 

effect of aerobic exercise on its concentration in the blood. For example, in a 2007 study 

involving 60 overweight subjects with type 2 diabetes, reductions were observed in:  HbA1c 

(-0.63% ± 0.41 vs 0.31% ± 0.10, p<0.001) and fasting blood glucose (-18.6 mg/dL ± 4.4 vs 

4.28 mg/dL ± 2.57, p<0.001, after a six-month aerobic exercise program that took place 4 

times per week for 45-60 minutes [30].  

A systematic review and network meta-analysis documented that supervised aerobic exercise 

reduced fasting plasma glucose levels by 9.38 mg/dL compared with no physical activity [31]. 

Observations carried out with the participation of men and women with type 2 diabetes 

showed the following effects: after cycling for 12 weeks with a frequency of 60 minutes a 

week, fasting blood glucose decreased by approx 14% [32]; after introducing a 30-minute 

walk for three days a week for eight weeks, the glycated haemoglobin (HbAc1) level was 

reduced by about 18% [33]. Proper selection of resistance exercises also brings many benefits. 

The training focused on exercising the legs and arms three days a week for 16 weeks reduced 

fasting glucose by about 7% and HbA1c levels by about 5% [34]. Exercising the same muscle 

groups using free weights and the equipment available in a sports facility, conducted for eight 

weeks, twice a week, reduced HbA1c by 18% [33]. Many other studies in the literature focus 

on this aspect. The widely studied influence of exercise on carbohydrate metabolism should 

be presented to patients as often as possible to prevent and combat type 2 diabetes. 
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3.4.2. Insulin 

The following questions assessed the respondents' knowledge about insulin and insulin 

resistance. 

 

Table 4: Percentage distribution of the answer to the question about the insulin-producing organ. 

Please indicate, which organ produce insulin? 

 

Liver, n (%) 

Kidneys, n (%) 

Pancreas, n (%) 

Lungs, n (%) 

 

 

 

 

4 (4.1) 

0 (0) 

91 (93.8) 

0 (0) 

 

The first question was related to the insulin-producing organ (Table 4). It was noticed that as 

many as 94% of the respondents answered correctly. Only 6% of them responded incorrectly - 

that it is the liver.  

 

Table 5: Percentage distribution of answers to the question about the definition of insulin resistance. 

Please indicate, what insulin resistance is? 

A disorder of glucose homeostasis consisting of an increase in the sensitivity of 

muscles, adipose tissue, liver, and other tissues to insulin. n (%) 

A metabolic disorder in which there is a decrease in the sensitivity of tissues to 

the action of insulin despite its normal or increased level in the blood. n (%) 

A metabolic disorder that is not a cause of type 2 diabetes . n (%) 

 

 

0 (0) 

 

90 (92.8) 

 

7 (7.2) 

 

The following question asked the respondents to indicate the correct definition of insulin 

resistance (Table 5). There were three variants of answers to choose from 83% of respondents 

chose the proper definition of insulin resistance, 10% of them stated that it is a disorder of 

glucose homeostasis, consisting in increasing the sensitivity of muscles, adipose tissue, liver, 

and other tissues to insulin. 7% of the respondents did not notice the relationship between 

insulin resistance and the development of type 2 diabetes.  

 

Table 6: Percentage distribution of responses to knowledge about insulin resistance. 

Please indicate, whether the sentence or statement is true or false. True False 

Lack of physical activity and a high-energy diet can contribute to the 

development of insulin resistance. n (%) 

Physical activity worsens the tissue sensitivity to insulin. n (%) 

Both aerobic and resistance training improve insulin sensitivity and 

reduce the risk of cardiovascular disease. n (%) 

84 (86.6) 

 

4 (4.1) 

 

90 (92.8) 

13 (13.4) 

 

93 (95.9) 

 

7 (7.2) 
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In the next question, the respondents were asked to determine whether the given statement 

regarding insulin and related disorders was true or false. The first of them assessed knowledge 

about the possible cause of insulin resistance. 87% of respondents believed that lack 

of physical activity and a high-energy diet can contribute to the development of insulin 

resistance and this is the correct answer, while 13% excluded the influence of a sedentary 

lifestyle and an energy-rich diet as the cause of this disorder. A large majority (96%) denied 

that exercise made tissues less sensitive to insulin, while 4% believed this to be true. The last 

recent claim was about the effect of aerobic and resistance training in improving insulin 

sensitivity and reducing the risk of cardiovascular disease. 93% of the respondents answered 

correctly, the remaining part (7%) believed that it was a false statement. 

Insulin resistance is a metabolic disorder associated with insulin malfunction and excess body 

weight. It is also related to the occurrence of chronic inflammation in the body [35,36]. The 

prevalence of this phenomenon has prompted me to research the knowledge on this subject 

among physically active people.  

Insulin resistance is thought to precede the development of type 2 diabetes by 10-15 years. 

The introduction of physical activity and a diet with a low glycemic index and a glycemic 

load is the best non-pharmacological drug helping to deal with this disorder [37,38]. Regular 

physical activity reduces insulin resistance. Both aerobic and resistance training has a positive 

effect on the sensitivity of tissues to insulin. There is evidence in studies that the introduction 

of repetitive exercise has some of the most visible results [39-42]. 

It is also worth mentioning eating habits in the context of insulin resistance. Despite a number 

of observations investigating this phenomenon, the exact influence of various eating habits 

and nutrients on the development of insulin resistance is still unknown [43]. Nevertheless, the 

composition of the diet significantly affects the severity of insulin resistance and type 2 

diabetes or cardiovascular diseases. It has been known for a long time that products that are a 

source of simple sugars and rich in saturated fats should be limited. The first group of food 

products causes a rapid increase in postprandial glycemia and, consequently, a rapid insulin 

release, while the second group contributes to the increase in the release of free fatty acids, 

which are mediators of insulin resistance. However, important components of the diet will be: 

dietary fiber and mono- and polyunsaturated acids positively influencing tissue resistance to 

insulin [44]. It was observed that the DASH diet was most strongly associated with lower 

insulin levels and a lower index indicating the insulin resistance index based on serum blood 

glucose and insulin concentrations (HOMA-IR), and had a positive effect on the sensitivity 

of tissues to insulin [45].  

 

3.4.3. Lipid profile 

The respondents also were assessed in the state of their knowledge about the lipid profile 

(Table 7). Its measurement is mainly used as a screening test for dyslipidemias. Awareness of 

these parameters changes is associated with faster diagnosis in the event of lipid disorders and 

effective treatment that reduces cardiovascular risk. 
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Table 7: Percentage distribution of answers to questions about the lipid profile. 

Please indicate which parameters are usually included in the lipid profile? 

Total cholesterol and triglycerides, n (%) 

Total cholesterol, HDL and LDL cholesterol, n (%) 

Total cholesterol, HDL and LDL cholesterol, triglycerides, n (%) 

 

 

6 (6.2) 

11(11.3) 

80 (82.5) 

Please indicate, the proper level of total cholesterol in healthy people? 

<200 mg/dL, n (%) 

<190 mg/dL, n (%) 

<220 mg/dL, n (%) 

 

37 (38.1) 

57 (58.8) 

3 (3.1) 

 

The first question verified the knowledge of parameters included in the lipid profile. Basic 

knowledge was possessed by 83% of the respondents; 11% said that total cholesterol, HDL, 

and LDL cholesterol should be assessed, while 8% believed that total cholesterol and 

triglycerides testing was enough.  

On the other hand, the question about the correct values of total cholesterol was correctly 

answered by 59% of respondents; 38% decided that these values were <200 mg/dL, and 3% 

that the norm was <220 mg/dL.  

It is also worth mentioning that the non-HDL cholesterol parameter has recently been 

introduced. It is calculated by subtracting HDL cholesterol from total cholesterol [46]. It 

includes the small lipoprotein (VLDL) fraction, which, like LDL cholesterol, are atherogenic 

lipoproteins. They correlate with the risk of developing cardiovascular diseases. 

Determination of non-HDL cholesterol is recommended for all lipid profile measurements. It 

is calculated by subtracting the high-density lipoprotein concentration from the total 

cholesterol concentration (non-HDL=TC-HDL). Non-HDL cholesterol is a lipoprotein 

complex containing apolipoprotein B, which includes: LDL, VLDL, IDL, chylomicrons, 

remnants, and lipoprotein (a). It is currently a routinely given parameter [47]. 

The parameter of non-HDL cholesterol is particularly important in patients with high 

triglyceridemia, which occur, inter alia, in diabetes mellitus, metabolic syndrome, and chronic 

kidney disease as well as with the high and very high risk of cardiovascular disease. 

It is recommended that people with a low and moderate risk of death from cardiovascular 

causes within 10 years, based on age, gender, systolic blood pressure, total cholesterol and 

smoking (<1% according to Pol-SCORE 2015 [48]), keep non-HDL cholesterol values below 

145 mg/dL (3.8 mmol/L). The target non-HDL cholesterol concentration in patients with a 

high (≥ 5% and <10% Pol-SCORE) and very high (≥ 10% Pol-SCORE) risk of death from 

cardiovascular disease is <130 mg/dL, respectively (3.3 mmol/L) and <100 mg/dL (2.6 

mmol/L). The indication for maintaining the concentration <130 mg/dL is also: strong single 

risk factor, i.e. familial dyslipidemia or severe arterial hypertension, type 1 and type 2 

diabetes without additional risk factor or organ damage, and moderate stage of chronic kidney 

disease (GFR: 30-59 ml/min/1.73 m
2
). It is also recommended that people with known 

cardiovascular disease, type 1 and type 2 diabetes with one or more risk factors or organ 

damage (e.g. microalbuminuria) or severe chronic kidney disease (GFR: <30 ml/min/1.73 m
2
), 

kept the non-HDL cholesterol values below 100 mg/dL [49,50]. 
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The standard recommendation is to measure the fasting lipid profile. However, recent 

systematic studies suggest that there are no significant differences in most parameters 

between fasting rather than fasting samples. In studies involving non-fasting samples, it was 

noticed that the concentration of triglycerides was about 0.3 mmol/L (27 mg/dL) higher 

compared to the parameters determined in the fasting samples [51,52]. 

 

Table 8: Percentage distribution of answers to questions about the influence of physical activity on the lipid 

profile. 

Questions about the lipid profile Yes, I do No, I do not I do not know 

 

 

Do you think, that physical activity reduces the total 

cholesterol level? n (%) 

 

 

 

75 (77.3) 

 

 

 

3 (3.1) 

 

 

19 (19.6) 

 

 

Do you think, that physical activity increases the level 

of HDL cholesterol in the blood serum? n (%) 

 

34 (35.1) 

 

 

29 (29.9) 

 

 

34 (35.1) 

 

 

Do you think, that physical activity increases the level 

of LDL cholesterol in the blood serum? n (%) 

 

6 (6.2) 

 

 

55 (56.7) 

 

 

36 (37.1) 

 

 

Do you think that the introduction of physical activity 

will reduce the concentration of triglycerides in people 

with high concentrations? n (%) 

 

 

63 (64.9) 

 

5 (5.2) 

 

29 (29.9) 

 

The next questions concerned the influence of physical effort on selected parameters 

of the lipid profile (Table 8). First, the respondents were asked to answer the question - can 

physical activity lead to a reduction in total cholesterol in the blood? 77% of the respondents 

correctly answered that exercise reduces total cholesterol, 20% did not know the answer 

to this question, 3% answered incorrectly. The next question was about serum HDL 

cholesterol levels. Only 35% of respondents believed that physical activity increased the level 

of high-density lipoproteins, the same percentage of respondents did not know the answer 

to this question, while 30% of them said that physical activity did not increase HDL 

cholesterol levels.  

More than half (57%) of the respondents answered the question correctly - does physical 

activity increase the level of low-density lipoproteins? 37% of them did not know the answer, 

while 6% said that physical activity increases the level of LDL cholesterol in the blood serum. 

The last question assessed knowledge about the effect of exercise on triglyceride levels in 

people with high baseline levels. 65% of the respondents gave the correct answer, 30% did 

not know whether physical activity influenced their level, 5% said that exercise did not lower 

triglyceride levels in people with elevated values. 
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Physical activity helps to reduce and maintain healthy body weight. There is also an increase 

in HDL cholesterol of 0.01 mmol/L (0.4 mg/dL) for every kilogram of body weight lost. 

Aerobic exercise may also increase the concentration of this parameter. Studies have shown 

that 25-30 km of fast walking a week can have a positive effect on HDL cholesterol levels by 

0.08-0.15 mmol/l (3.1-6 mg/dL). Moreover, smoking cessation also benefits this parameter 

[53,54]. 

It is worth mentioning that LDL cholesterol and lipoprotein with cholesterol-containing large 

amounts of apoprotein B are involved in the formation of atherosclerotic plaques, which in the 

future may contribute to cardiovascular incidents. Scientific evidence clearly shows that 

elevated LDL values are associated with atherosclerotic cardiovascular disease. Therefore, it 

is worth trying to lower these parameters [55]. 

One of the goals of cardiovascular disease prevention is the implementation of 3.5–7 hours 

of moderate-intensity physical activity per week or 30–60 minutes of physical activity almost 

daily [55,56]. 

Systematically practiced sport contributes to the reduction of plasma triglycerides [56,57]. 

The use of stimulants such as alcohol significantly affects the concentration of this parameter, 

especially in people with hypertriglyceridemia [58]. People with dyslipidemia should be 

encouraged to engage in regular physical activity for at least ≥30 minutes a day. 

 

3.4.4. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 

The next questions concerned the liver enzymes ALT and AST (Table 9 and 10).  

 

Table 9: Percentage distribution of answers to the question about abbreviations of ALT and AST. 

Please indicate, the abbreviations ALT and AST 

Deoxyribonucleic acid and ribonucleic acid, n (%) 

Thyrotropin and adrenocorticotropin, n (%) 

Alanine aminotransferase and aspartate aminotransferase, n (%) 

 

6 (6.2) 

5 (5.1) 

86 (88.7) 

 

Table 10: Percentage distribution of answers to the question about the influence of intense physical activity on 

ALT and AST. 

 Yes, I do No, I do not I do not know 

 

Do you think, that intense physical exercise 

increases the level of the liver enzymes ALT and 

AST? n (%) 

 

 

 

30 (30.9) 

 

 

25 (25.8) 

 

 

42 (43.3) 

 

The subjects were asked to elaborate on the abbreviations mentioned above. The correct 

answer - alanine aminotransferase and aspartate aminotransferase was given by 89% of the 

respondents, 11% did not manage to develop abbreviations. 43% of the respondents did not 

know the answer to the question - does intense exercise increase the level of the liver enzymes 

ALT and AST? Only 31% of the respondents gave the correct answer. 

Serum ALT and AST determinations are readily available and relatively cheap biochemical 

tests used in clinical practice.  
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However, the ALT and AST liver tests are not specific - this means that they are not only 

found in liver cells, but also in other organs, such as muscles, heart, bones, and brain. 

Therefore, their increased values do not always indicate organ damage. Their values may also 

be influenced by demographic factors, such as gender or age [59]. Heavy, intense physical 

effort leads to muscle microdamage, which leads to the increased release of the enzymes ALT 

and AST into the interstitial fluid, and thus the predetermined standards are exceeded [60]. 

Many studies confirm this relationship. For example, in triathletes and amateurs of cycling 

after the race, an increase in alanine and aspartate aminotransferase were observed by 140% 

and 250%, respectively [38]. However, in the group of runners, after crossing the finish line, 

there was an increase: 2.5 times AST and 1.4 times ALT. Interestingly, the incorrect values 

continued for 15 days after the end of the run [61]. The studies also found a strong correlation 

between ALT and AST, and BMI in the general population. In the case of athletes, basketball 

players showed a strong negative correlation between BMI and AST, ALT, and the 

percentage of body fat. Such a relationship did not occur in the case of men [62]. Turning to 

the opposite situation, i.e. studies focusing on the reduction of the value of liver enzymes, two 

different positions are presented. On the one hand, the available literature includes studies 

where physical exercise did not significantly affect the increased amounts of ALT and AST. 

Such an observation occurred in a meta-analysis in the study group with overweight or fatty 

liver [63]. However, in the next study, it was observed that physical activity introduced in 

women with metabolic syndrome for 6 months showed a significant reduction of these 

parameters [64]. It is also observed that moderate physical activity has a positive effect on at 

least one of the parameters mentioned [65,66]. More research is needed to reach consistent 

conclusions on this subject. 

 

3.4.5. Creatine kinase 

The last questions concern the knowledge about creatine kinase (Table 11). 

 

Table 11: The percentage distribution of answers to the question of what is creatine kinase. 

Please indicate, what creatine kinase is? 

A hormone that plays a major role in the construction of the skeleton. n (%) 

A key enzyme involved in cell bioenergetics and plays an important role in cellular ATP 

homeostasis. n (%) 

Fat-soluble vitamin. n (%) 

 

8 (8.2) 

 

83 (85.6) 

6 (6.2) 

 

For 86% of respondents, determining what keratin kinase is was not a problem. However, 

14% could not define it.  

Table 12: Percentage distribution of answers to the question concerning the influence of exercise intensity on the 

activity of creatine kinase. 

 

 

Do you think, that intense physical exercise affects the 

value of creatine kinase activity? 

n (%) 

 

Yes, I do 

 

 

52 (53.6) 

No, I do not 

 

 

2 (2.1) 

I do not 

know 

 

43 (44.3) 
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Questions regarding the impact of physical activity on the value of creatine kinase activity 

turned out to be a real challenge for the respondents (Table 12). More than half 

of the respondents gave the correct answer, but 44% did not know the answer to this question.  

In the subject of physical activity, it is worth paying attention to the muscle-specific isoform 

of this enzyme - ceratin kinase-MM. It is the cytoplasmic, dimeric form of creatine kinase 

produced by skeletal muscle. It induces the reversible exchange of high-energy bond 

phosphate bonds between phosphocreatine and ADP, forming ATP and creatine. Its 

appearance in serum may indicate, for example, sarcomere disorders [67]. 

The information on the increase in CK activity after intense exercise is a well-documented 

fact. With a significant load on the body during heavy exercise, the activity of creatine kinase 

may increase up to 30 times. However, after about 7 days of rest, these values return 

to normal [68]. Other studies indicate that in 70% of cases, activity returns to normal values 

a little faster, within 3 days [69]. In the observations taking into account high physical effort, 

it was noticed that after the end of the high-intensity ultra-endurance race, the activity 

of creatine kinase reached 300%, in the group of men preparing for the marathon these values 

increased by 33% after 15 weeks of training [38,70]. Another study noted that heavy eccentric 

effort may lead to increased values of this enzyme [71]. After intensive training, an increase 

in creatine kinase by 58% was observed [72].  

In some studies, creatine kinase has even been used as an indirect indicator of muscle damage. 

Therefore, it can be assumed that exceeding the reference values of serum creatine kinase was 

associated with excessive training intensity and indicated the degree of overtraining. However, 

the proposed method was not fully accurate as there is a large interindividual variability in 

serum creatine kinase. Its level also depends on the level of training, the group of muscles 

involved during exercise, and gender. Compared to women, men have a higher resting 

creatine kinase activity. All these factors contribute to the difficulty in establishing standards 

for athletes [69,72]. 

 

Table 13: The percentage breakdown of responses to creatine kinase statements. 

Please indicate, whether the sentence or 

statement is true or false. 

 

The greater the training load, the higher the value of 

creatine kinase activity. n (%) 

The higher the training load, the lower the creatine 

kinase activity value. n (%) 

Training load does not affect the activity of creatine 

kinase. n (%) 

 

True 

 

66 (68,0) 

 

12 (12,4) 

 

28 (28,9) 

 

False 

 

31 (32,0) 

 

85 (87,6) 

 

69 (71,1) 

 

The set of questions ended with three statements (Table 13). The task of the respondents was 

to contradict or confirm a given thesis. The first was as follows: the more significant the 

training load, the higher the value of creatine kinase activity. 68% of the respondents gave the 

correct answer, 32% did not agree with the given statement.  
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The second concerned the decrease in the value of creatine kinase activity along with the 

increase in training load. The majority of respondents (78%) thought it was a false statement 

and it was the correct answer. 

In comparison, 22% said it was true. The last statement was related to the lack of influence of 

training load on creatine kinase activity. A significant percentage of the respondents (71%) 

decided it was false, 29% that it was true. All three statements were very similar to each other 

and were designed to test not only the knowledge but also the vigilance and reliability of the 

respondents. 

 

4. Conclusions 

The appropriate level of knowledge about physical activity helps in choosing a healthy 

lifestyle. However, information on health or diseases is obtained from various, not always 

reliable sources. Therefore, checking the knowledge about the influence of physical activity 

on selected blood biochemical parameters among sports enthusiasts would seem most justified. 

Among all the questions, the subjects most problematic were questions related to changes in 

the values of the lipid profile during regular physical exercise and the impact of intense 

exercise on the liver enzymes ALT and AST. Most of the answers to the questions concerning 

such biochemical parameters as glucose, insulin, and creatine kinase were correct. 

For better results, a structured knowledge transfer tool should be developed. It is possible that 

the knowledge obtained, for example, in the course of didactic classes would contribute to the 

improvement of the health of Poles. It is worth considering creating an appropriate 

educational program, including a series of meetings, e.g. in places that promote a healthy 

lifestyle, such as sports clubs, gyms, schools, and workplaces. In order to emphasize the value 

of physical activity and to properly prepare for it, such meetings could be enriched with 

workshops related to proper balancing of meals and hydration adapted to the needs of sports 

enthusiasts. 

At the end of July 2019, in Poland, there was a proposal to introduce a new subject in schools, 

"Knowledge about Health". The scope of knowledge and skills acquired during the classes 

would include, inter alia, principles of a healthy lifestyle, laws, basic knowledge of balanced 

food preparation, the importance of sport. According to the plans, the subject should be 

implemented in schools by the end of 2022. Education in this area may result in a better 

quality of life for Poles. 

It is also worth considering information on the influence of physical activity on selected blood 

biochemical parameters on the websites of medical laboratories so that the patient is aware 

that physical exercise performed on a daily basis or the day before the test may affect its 

results. 

The effects of the work can contribute to increasing the awareness of gaps 

in the systematization of information in physically active people, but also be used 

in the process of improving educational schemes and translate into increasing knowledge 

on this subject. 
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TRANSLATED QUESTIONNAIRE 

Statement: I am over 18 years old. I am not an athlete. I am a physically active person, my activity: it lasts at 

least 2.5 hours a week and its intensity is moderate / lasts at least 1.5 hours a week and its character is intense / it 

is about 6-8 thousand steps a day. 

o I agree 

o I do not agree 

Your age (in years): …  

Your weight (in kg): ….  

Your height (in cm): ….  

Your gender:  

a) female b) male  

Your place of living: 

a) rural area b) urban area to 50 000 residents c) urban area to 50 000-100 000 residents d) urban area to 

100 000-500 000 residents e) urban area over 500 000 residents 

Your education level: 

a) primary b) secondary c) tertiary d) vocational e) student 

Physical activity performer 

(multiple answer question) 

a) walks 

b) running 

c) football 

d) gym 

e) cycling 

f) another answer 

The period of physical activity performed: 

a) less than a year 

b) one to three years 

c) four to six years 

d) seven to ten years 

e) over ten years 

Training frequency 

a) two or more times a day 

b) one time a day 

c) five-six times a week 

d) three-four times a week 

e) two-three times a week 

f) one time a week 

Average length of training sessions: 

a) 30 minutes 

b) 45-60 minutes 

c) 60-90 minutes 

d) over 90 minutes 

Do you have any chronic diseases? 

(multiple answer question) 

a) I do not have 

b) obesity 

c) hypertension 

d) type 2 diabetes 

e) insulin resistance 

f) dyslipidemia  

g) another answer 
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What do you think is the proper fasting blood glucose level? 

a) at least 126 mg/dL 

b) 100 mg/dL to 125 mg/dL 

c) 70 mg/dL to 99 mg/dL 

Please indicate, whether the sentence or statement is true or false. 

a) Aerobic exercise reduces hyperglycemia in type 2 diabetes. 

b) Intensive anaerobic exercise may increase glycemia in the body of diabetics and increase glucose 

concentration after exercise. 

c) Any physical activity causes hypoglycemia in people with diabetes. 

d) Physical activity consumes glucose in the body. 

e) Regular exercise has a positive effect on the metabolism of glucose. 

Please indicate, which organ produce insulin? 

a) liver 

b) kidneys 

c) pancreas 

d) lungs 

Please indicate what insulin resistance is? 

 

a) A disorder of glucose homeostasis consisting of an increase in the sensitivity of muscles, adipose tissue, liver, 

and other tissues to insulin. 

b) A metabolic disorder in which there is a decrease in the sensitivity of tissues to the action of insulin despite its 

normal or increased level in the blood. 

c) A metabolic disorder that is not a cause of type 2 diabetes. 

Please indicate, whether the sentence or statement is true or false. 

a) Lack of physical activity and a high-energy diet can contribute to the development of insulin resistance. 

b) Physical activity worsens the tissue sensitivity to insulin. 

c) Both aerobic and resistance training improve insulin sensitivity and reduce the risk of cardiovascular disease. 

Please indicate which parameters are usually included in the lipid profile? 

(Please indicate the set of all parameters included in the lipid profile) 

a) Total cholesterol and triglycerides 

b) Total cholesterol, HDL and LDL cholesterol 

c) Total cholesterol, HDL and LDL cholesterol, triglycerides 

Please indicate, the proper level of total cholesterol in healthy people? 

a) <200 mg/dL 

b) <190 mg/dl 

c) <220 mg/dl 

Do you think, that physical activity reduces the total cholesterol level?  

a) Yes, I do 

b) No, I do not 

c) I do not know 

Do you think, that physical activity increases the level of HDL cholesterol in the blood serum? 

a) Yes, I do 

b) No, I do not 

c) I do not know 

Do you think, that physical activity increases the level of LDL cholesterol in the blood serum? 

a) Yes, I do 

b) No, I do not 

c) I do not know 

Do you think that the introduction of physical activity will reduce the concentration of triglycerides in 

people with high concentrations? 

a) Yes, I do 

b) No, I do not 

c) I do not know 
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Please indicate, the abbreviations ALT and AST 

a) Deoxyribonucleic acid and ribonucleic acid 

b) Thyrotropin and adrenocorticotropin 

c) Alanine aminotransferase and aspartate aminotransferase 

Do you think, that intense physical exercise increases the level of the liver enzymes ALT and AST? 

a) Yes, I do 

b) No, I do not 

c) I do not know 

Please indicate, what creatine kinase is? 

a) A hormone that plays a major role in the construction of the skeleton. 

b) A key enzyme involved in cell bioenergetics and plays an important role in cellular ATP homeostasis. 

c) Fat-soluble vitamin. 

Do you think, that intense physical exercise affects the value of creatine kinase activity? 

a) Yes, I do 

b) No, I do not 

c) I do not know 

Please indicate, whether the sentence or statement is true or false. 

a) The greater the training load, the higher the value of creatine kinase activity. 

b) The higher the training load, the lower the creatine kinase activity value. 

c) Training load does not affect the activity of creatine kinase. 

 

References 
1. Villablanca PA, Alegria JR, Mookadam F. Nonexercise activity thermogenesis in obesity management, 

Mayo Clin Proceeding, 2015 Apr;90(4):509-19. doi: 10.1016/j.mayocp.2015.02.001.  

2. Pabich M, Materska M. Biological Effect of Soy Isoflavones in the Prevention of Civilization Diseases. 

Nutrients. 2019 Jul 20;11(7):1660. doi: 10.3390/nu11071660. 

3. Kalbarczyk M, Mackiewicz-Łyziak J. Physical Activity and Healthcare Costs: Projections for Poland in the 

Context of an Ageing Population. Appl Health Econ Health Policy. 2019 Aug;17(4):523-532. doi: 

10.1007/s40258-019-00472-9 

4. Bull FC, Al-Ansari SS, Biddle S. World Health Organization 2020 guidelines on physical activity and 

sedentary behaviour. British Journal of Sports Medicine 2020;54:1451-1462. doi: 10.1136/bjsports-2020-102955. 

5. Hills AP, Dengel DR, Lubans DR. Supporting public health priorities: recommendations for physical 

education and physical activity promotion in schools. Prog Cardiovasc Dis. 2015 Jan-Feb;57(4):368-74. doi: 

10.1016/j.pcad.2014.09.010. 

6. Jefferies P, Ungar M, Aubertin P, Kriellaars D. Physical literacy and resilience in children and youth. 

Frontiers in Public Health. 2019;7:349. doi: 10.3389/fpubh.2019.00346. 

7. Strath SJ, Kaminsky LA, Ainsworth BE. : Guide to the assessment of physical activity: Clinical and 

research applications: a scientific statement from the American Heart Association. Circulation 2013;128 (20): 

2259-2279. doi: 10.1161/01.cir.0000435708.67487.da. 

8. Hills AP, Andersen LB, Byrne NM. Physical activity and obesity in children. Br J Sports Med. 2011 

Sep;45(11):866-70.  doi: 10.1136/bjsports-2011-090199. 

9. Morris JN, Hardman AE. Walking to health. Sports Med. 1997 May;23(5):306-32. doi: 10.2165/00007256-

199723050-00004. 

10. Blundell JE, Gibbons C, Caudwell P, Finlayson G, Hopkins M. Appetite control and energy balance: 

impact of exercise. Obes Rev. 2015 Feb;16 Suppl 1:67-76. doi: 10.1111/obr.12257. 

11. Lee KS, Lee JK, Yeun YR. Effects of a 10-Day Intensive Health Promotion Program Combining Diet and 

Physical Activity on Body Composition, Physical Fitness, and Blood Factors of Young Adults: A Randomized 

Pilot Study. Med Sci Monit. 2017 Apr 11;23:1759-1767. doi: 10.12659/msm.900515. 

12. Shahidi SH, Stewart Williams J, Hassani F. Physical activity during COVID-19 quarantine. Acta Paediatr. 

2020 Oct;109(10):2147-2148.  doi: 10.1111/apa.15420.  

13. Almond L, Whitehead, M (2012). Physical Literacy: Clarifying the Nature of the Concept. Physical 

Education Matters. 7(1). ISSN 1751-0988 

https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1751-0988


955 

14. Meyer J, McDowell C, Lansing J, Brower C, Smith L, Tully M. et al. Changes in Physical Activity and 

Sedentary Behavior in Response to COVID-19 and Their Associations with Mental Health in 3052 US Adults. 

Int J Environ Res Public Health. 2020 Sep 5;17(18):6469.  doi: 10.3390/ijerph17186469. 

15. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in the United States, 2000. 

JAMA. 2004 Mar 10;291(10):1238-45. doi: 10.1001/jama.291.10.1238. Erratum in: JAMA. 2005 Jan 

19;293(3):298. Erratum in: JAMA. 2005 Jan 19;293(3):293-4. 

16. Ruegsegger GN, Booth FW. Health Benefits of Exercise. Cold Spring Harb Perspect Med. 2018 Jul 

2;8(7):a029694. doi: 10.1101/cshperspect.a029694.   

17. Myers J, Prakash M, Froelicher V. Exercise capacity and mortality among men referred for exercise testing. 

N Engl J Med. 2002 Mar 14;346(11):793-801. doi: 10.1056/NEJMoa011858. 

18. Peluso MA, Guerra de Andrade LH. Physical activity and mental health: the association between exercise 

and mood. Clinics (Sao Paulo). 2005 Feb;60(1):61-70.  doi: 10.1590/s1807-59322005000100012.  

19. Musich S, Wang SS, Hawkins K, Greame C. The Frequency and Health Benefits of Physical Activity for 

Older Adults. Popul Health Manag. 2017 Jun;20(3):199-207. doi: 10.1089/pop.2016.0071. 

20. Callow DD, Arnold-Nedimala NA, Jordan LS. The Mental Health Benefits of Physical Activity in Older 

Adults Survive the COVID-19 Pandemic. Am J Geriatr Psychiatry. 2020 Oct;28(10):1046-1057. doi: 

10.1016/j.jagp.2020.06.024. 

21. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G et al. World Health Organization 

2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. 2020 Dec;54(24):1451-1462. 

doi: 10.1016/j.jagp.2020.06.024. 

22. Stamatakis E, Gale J, Bauman A, Ekelund U, Hamer M, Ding D. Sitting Time, Physical Activity, and Risk 

of Mortality in Adults. J Am Coll Cardiol. 2019 Apr 30;73(16):2062-2072. doi: 10.1016/j.jacc.2019.02.031. 

23. Matusiak-Wieczorek E, Lipert A, Kochan E, Jegier A. The time spent sitting does not always mean a low 

level of physical activity. BMC Public Health. 2020 Mar 12;20(1):317. doi: 10.1186/s12889-020-8396-3. 

24. U.S. Department of Health and Human Services.Physical Activity Guidelines Advisory Committee 

Scientific Report Washington, DC: US Department of Health and Human Services; 2018. 

https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf 

25. Miko HC, Zillmann N, Ring-Dimitriou S, Dorner TE, Titze S, Bauer R. Auswirkungen von Bewegung auf 

die Gesundheit [Effects of Physical Activity on Health]. Gesundheitswesen. 2020 Sep;82(S 03):S184-S195. 

German. doi: 10.1055/a-1217-0549. 

26. Palacios G, Pedrero-Chamizo R, Palacios N. EXERNET Study Group. Biomarkers of physical activity and 

exercise. Nutr Hosp. 2015 Feb 26;31 Suppl 3:237-44. doi: 10.3305/nh.2015.31.sup3.8771.  

27. Global report on Diabetes, WHO, 2016, http://www.who.int/diabetes/global-report/en/, download of the 

day15.08. 2021, ISBN: 9789241565257 

28. Alvim RO, Cheuhen MR, Machado SR, Sousa AG, Santos PC. General aspects of muscle glucose uptake. 

An Acad Bras Cienc. 2015 Mar;87(1):351-68. doi: 10.1590/0001-3765201520140225. 

29. Evans PL, McMillin SL, Weyrauch LA, Witczak CA. Regulation of Skeletal Muscle Glucose Transport 

and Glucose Metabolism by Exercise Training. Nutrients. 2019 Oct 12;11(10):2432. doi: 10.3390/nu11102432. 

30. Kadoglou NP, Iliadis F, Angelopoulou N. The anti-inflammatory effects of exercise training in patients 

with type 2 diabetes mellitus. Eur J Cardiovasc Prev Rehabil. 2007 Dec;14(6):837-43. doi: 

10.1097/HJR.0b013e3282efaf50. 

31. Pan B, Ge L, Xun YQ. Exercise training modalities in patients with type 2 diabetes mellitus: a systematic 

review and network meta-analysis. Int J Behav Nutr Phys Act. 2018 Jul 25;15(1):72. doi: 10.1186/s12966-018-

0703-3.  

32. Jorge ML, de Oliveira VN, Resende NM. The effects of aerobic, resistance, and combined exercise on 

metabolic control, inflammatory markers, adipocytokines, and muscle insulin signaling in patients with type 2 

diabetes mellitus. Metabolism. 2011 Sep;60(9):1244-52. doi: 10.1016/j.metabol.2011.01.006. 

33. Arora E, Shenoy S, Sandhu JS. Effects of resistance training on metabolic profile of adults with type 2 

diabetes. Indian J Med Res. 2009 May;129(5):515-9. 

34. Bacchi E, Negri C, Zanolin ME. Metabolic effects of aerobic training and resistance training in type 2 

diabetic subjects: a randomized controlled trial (the RAED2 study). Diabetes Care. 2012 Apr;35(4):676-82. doi: 

10.2337/dc11-1655. Epub 2012 Feb 16. 



956 

35. Freeman AM, Pennings N. Insulin Resistance. 2020 Jul 10. In: StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; 2021 Jan–. 

36.  Ferrari F, Bock PM, Motta MT, Helal L. Biochemical and Molecular Mechanisms of Glucose Uptake 

Stimulated by Physical Exercise in Insulin Resistance State: Role of Inflammation. Arq Bras Cardiol. 2019 

Dec;113(6):1139-1148. doi: 10.5935/abc.20190224. 

37. Petersen MC, Shulman GI. Mechanisms of Insulin Action and Insulin Resistance. Physiol Rev. 2018 Oct 

1;98(4):2133-2223. doi: 10.1152/physrev.00063.2017. 

38. Bessa A, Nissenbaum M, Monteiro A, Gandra PG. High-intensity ultraendurance promotes early release of 

muscle injury markers. British Journal of Sports Medicine. 2008 Nov;42(11):889-93. doi: 

10.1136/bjsm.2007.043786. 

39. Reidy PT, Mahmassani ZS, McKenzie AI. Influence of Exercise Training on Skeletal Muscle Insulin 

Resistance in Aging: Spotlight on Muscle Ceramides. Int J Mol Sci. 2020 Feb 22;21(4):1514.  doi: 

10.3390/ijms21041514. 

40. Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and insulin resistance: Underlying causes and 

modification by exercise training. Compr. Physiol. 2013;3:1–58. doi: 10.1002/cphy.c110062.  

41. Henriksen EJ. Effects of acute exercise and exercise training on insulin resistance. J. Appl. 

Physiol. 2002;93:788–796. doi: 10.1042/bse0420031.  

42. Zanuso S, Sacchetti M, Sundberg CJ. Exercise in type 2 diabetes: genetic, metabolic and neuromuscular 

adaptations. A review of the evidence. British Journal of Sports Medicine. 2017 Nov;51(21):1533-1538. doi: 

10.1136/bjsports-2016-096724.  

43. Mirabelli M, Russo D, Brunetti A. The Role of Diet on Insulin Sensitivity, Nutrients, 2020, 12[10]:3042. 

https://doi.org/10.3390/nu12103042 

44. Adeva-Andany M.M. Effect of diet composition on insulin sensitivity in humans, Clinical Nutrition ESPEN, 

2019,33:29-38. doi: 10.1016/j.clnesp.2019.05.014. 

45. Gołąbek K.d, Regulka-Ilow B, Dietary suport in insulin resistance: An overview od current scientific 

reports, ,,Advances in Clinical and Experimental Medicine” 2019,28[11]:1577-1585. doi: 

10.17219/acem/109976. 

46. Pownall HJ, Gotto AM Jr. Cholesterol: Can't Live With It, Can't Live Without It. Methodist Debakey 

Cardiovasc J. 2019 Jan-Mar;15(1):9-15. doi: 10.14797/mdcj-15-1-9.  

47. Tosheska Trajkovska K, Topuzovska S. High-density lipoprotein metabolism and reverse cholesterol 

transport: strategies for raising HDL cholesterol. Anatol J Cardiol. 2017 Aug;18(2):149-154. doi: 

10.14744/AnatolJCardiol.2017.7608. 

48. Zdrojewski T, Jankowski P, Bandosz P. Nowa wersja systemu oceny ryzyka sercowo-naczyniowego i 

tablic SCORE dla populacji Polski [A new version of cardiovascular risk assessment system and risk charts 

calibrated for Polish population]. Kardiol Pol. 2015;73(10):958-61. doi: 10.5603/KP.2015.0182 

49. 2016 European Guidelines on cardiovascular di- sease prevention in clinical practice: The Sixth Joint Task 

Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in 

Clinical Practice (constituted by representatives of 10 societies and by invited experts): Developed with the 

special contribution of the European Association for Cardiovascular Prevention and Rehabilitation (EACPR). 

Eur. He- art J. 2016;37(29):2315–2381.  doi: 10.1093/eurheartj/ehw106 

50. Catapano A.L, Graham I, De Backer G. 2016 ESC/EAS Guidelines for the Management of Dyslipidaemias: 

The Task Force for the Manage- ment of Dyslipidaemias of the European Society of Cardiology (ESC) and 

European Atheroscle- rosis Society (EAS) Developed with the special contribution of the European Association 

for Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016. doi: 

10.1016/j.atherosclerosis.2016.08.018.  

51. Chapman MJ, Ginsberg HN, Amarenco P. European Atherosclerosis Society Consensus Panel. 

Triglyceride-rich lipoproteins and high-density lipoprotein cholesterol in patients at high risk of cardiovascular 

disease: evidence and guidance for management. Eur Heart J. 2011;32:1345–1361. doi: 10.1093/eurheartj/ehr112. 

52. Cartier LJ, Collins C, Lagace M, Douville P. Comparison of fasting and non - fasting lipid profiles in a 

large cohort of patients presenting at a community hospi - tal. Clin Biochem. 2018;52: 61–66. doi: 

10.1016/j.clinbiochem.2017.11.007.  



957 

53. Kraus WE, Houmard JA, Duscha BD, Knetzger KJ, Wharton MB, McCartney JS et al.  Effects of the 

amo - unt and intensity of exercise on plasma lipoproteins. N Engl J Med. 2002;347:1483–1492. doi: 

10.1056/NEJMoa020194.  

54. Maeda K, Noguchi Y, Fukui T. The effects of cessation from cigarette smo - king on the lipid and 

lipoprotein profiles: a meta-analysis. Prev Med. 2003;37:283–290. doi: 10.1016/s0091-7435(03)00110-5.  

55. Sabatine MS. Advances in the treatment of dyslipidemia. Cleve Clin J Med. 2016 Mar;83(3):181-6. doi: 

10.3949/ccjm.83gr.16001. 

56. Shaw K, Gennat H, O’Rourke P, Del Mar C. Exercise for overweight or obesi- ty. Cochrane Database Syst 

Rev. 2006;4:CD003817. doi: 10.1002/14651858.CD003817.pub3.  

57. Huffman KM, Hawk VH, Henes ST, Ocampo CI, Orenduff MC, Slentz CA et al. Exercise effects on lipids 

in persons with varying dietary patterns-does diet matter if they exercise? Respon - ses in studies of a targeted 

risk reduction intervention through defined exercise I. Am Heart J. 2012;164:117–124. doi: 

10.1016/j.ahj.2012.04.014.  

58. Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA. Effect of alcohol consumption on biological 

markers associated with risk of coronary heart dise - ase: systematic review and meta-analysis of interventional 

studies. BMJ. 2011;342:d636. doi: 10.1136/bmj.d636.  

59. Liu Z, Que S, Xu J, Peng T. Alanine aminotransferase-old biomarker and new concept: a review. Int J Med 

Sci. 2014 Jun 26;11(9):925-35. doi: 10.7150/ijms.8951 

60. Mena P, Maynar M, Campillo JE. Changes in plasma enzyme activities in professional racing cyclists, 

British Journal of Sports Medicine 1996;30:122-124. doi: 10.1136/bjsm.30.2.122.  

61. Sierra AP, Oliveira RA, Silva ED, Lima GHO. O-51 Influence of power genotype score on muscle injury 

after endurance exercise, British Journal of Sports Medicine 2016(50):A29-A30. doi: 10.1007/s00421-016-3411-

1. 

62. Nesic D, Suzic-Lazic J, Djuric B. P-81 Nutritional status better correlates with aminotransferase levels in 

female athletes British Journal of Sports Medicine 2016;50:A76-A77. doi: 10.1136/bjsports-2016-097120.134. 

63. Smart NA, King N, McFarlane JR, Graham PL, Dieberg G. Effect of exercise training on liver function in 

adults who are overweight or exhibit fatty liver disease: a systematic review and meta-analysis. British Journal of 

Sports Medicine. 2018 Jul;52(13):834-843.  doi: 10.1136/bjsports-2016-096197. 

64. Malarz I, Wrześniewski K, Basiaga-Pasternak J. Selected psychological determinants of physical activity 

among women with metabolic syndrome, JKES 2018;28(84):45-50. doi: 10.5604/01.3001.0013.7811 

65. Hickman I, Jonsson J, Prins J, Ash S, Purdie D, Clouston A et al. Modest weight loss and physical activity 

in overweight patients with chronic liver disease results in sustained improvements in alanine aminotransferase, 

fasting insulin, and quality of life. Gut. 2004;53(3):413–419. doi: 10.1136/gut.2003.027581.  

66. Baba CS, Alexander G, Kalyani B. Effect of exercise and dietary modification on serum aminotransferase 

levels in patients with nonalcoholic steatohepatitis. Journal of gastroenterology and hepatology. 2006;21(1):191–

198. doi: 10.1111/j.1440-1746.2005.04233.x. 

67. Brancaccio P, Maffulli N, Limongelli FM. Creatine kinase monitoring in sport medicine. Br. Med. 

Bull. 2007;81–82:209–230.  doi: 10.1093/bmb/ldm014. 

68. Moghadam-Kia S, Oddis CV, Aggarwal R. Approach to asymptomatic creatine kinase elevation. Cleve 

Clin J Med. 2016 Jan;83(1):37-42. doi: 10.3949/ccjm.83a.14120. 

69. Lilleng H, Abeler K, Johnsen SH. Variation of serum creatine kinase (CK) levels and prevalence of 

persistent hyperCKemia in a Norwegian normal population. The Tromsø Study. Neuromuscul Disord. 2011 

Jul;21(7):494-500. doi: 10.1016/j.nmd.2011.04.007.  

70. Rumley AG, Pettigrew AR, Colgan ME. Serum lactate dehydrogenase and creatine kinase during marathon 

training. British Journal of Sports Medicine.. 1985 Sep;19(3):152-155. doi:10.1136/bjsm.19.3.152 

71. Koch AJ, Pereira R, Machado M. The creatine kinase response to resistance exercise. J Musculoskelet 

Neuronal Interact. 2014 Mar;14(1):68-77. PMID: 24583542. 

72. Pedersen ES, Tengesdal S, Radtke M, Langlo KAR. Major increase in creatine kinase after intensive 

exercise. Tidsskr Nor Laegeforen. 2019 Apr 8;139(7). doi: 10.4045/tidsskr.18.0120. 

 


