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Abstract

Background: Cardiovascular diseases are one of the main public health issues 
in developed and developing countries. Many recent studies indicate pleiotro-
pic diverse functions of vitamin D.

Aim: The objective of this study was to evaluate 25(OH)D concentration in 
plasma of patients suffering from different types of ischaemic heart disease 
(STEMI, NSTEMI, stable angina pectoris), prevalence of its deficiencies in these 
patients and relations between 25(OH)D plasma level and traditional biomar-
kers for cardiovascular diseases.

Results: In the conducted study a mean 25(OH)D concentration was 13.7±3.8 
and was below the recommended normal limit. The lowest mean concentration, 
7.5±3.2 ng/ml, was observed in patients with NSTEMI, in those with STEMI – 
13.4±2.1 ng/ml, and in patients with SAP – 19.6±4.2 ng/ml. No correlation 
was found between plasma vitamin D concentration and its dietary intake in 
all groups of patients. 25(OH)D concentration negatively correlated with age 
(r=-0.27), BMI (r=-0.31) and waist circumference (r=-0.29) in the studied gro-
up. Patients with normoglycaemia had a significantly higher 25(OH)D concen-
tration than those with glucose intolerance and type 2 diabetes (p=0.02), in 
patients with type 2 diabetes and glucose intolerance 25(OH)D concentration 
correlated negatively with serum glucose level (r=-0.29) and TG concentration 
(r=-0.31), and positively with HDL level (r=0.27).

Conclusion: A non-supplemented well-balanced diet does not significantly 
affect plasma 25(OH)D concentration. Occurrence of vitamin D deficiencies 
in patients with ischemic heart disease should be regarded as an independent 
factor increasing the risk of cardiovascular diseases. 
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Introduction

Cardiovascular diseases are one of the main public health issues in deve-

loped and developing countries. Many recent studies indicate pleiotropic 

and diverse functions of vitamin D and its deficiency correlates positively 

with a higher risk of cardiovascular diseases, arterial hypertension, dyslipi-

daemia, obesity or metabolic syndrome. Moreover, it has been proved that 

vitamin D deficiency affects progress of the atherosclerotic process [1,2].

Ischaemic heart disease includes all conditions involving ischaemia of 

the cardiac muscle related to lesions in coronary arteries. We may distin-

guish stable coronary syndromes, e.g. stable angina pectoris (SAP) and 

acute coronary syndromes (ACS) – with or without ST segment elevation 

(STEMI or NSTEMI). The most common cause of ischemic heart disease 

is coronary atherosclerosis and the cause of ACS – a sudden blockage of 

the coronary artery by a thrombus which forms on damaged atheroscle-

rotic plaque.

Vitamin D regulates many mechanisms that have impact on the car-

diovascular system, and its active form is 1.25 dihydroxy vitamin D with 

a peculiar intracellular receptor VDR. Most (90%) of the recommended 

daily intake is obtained from synthesis in the skin,  the remaining part 

should be supplemented by proper diet. The amount of vitamin D pro-

duction in the skin depends on the season of the year, degree of cloudi-

ness and air pollution, geographic latitude or skin pigmentation [1,3].

Vitamin D regulates homeostasis of calcium and phosphates, incre-

ases calcium absorption from the intestines and takes part (together with 

parathormone) in calcium resorption in the kidneys. It is also associated 

with arterial blood pressure regulation, and its level correlates inverse-

ly with plasma renin activity. Moreover, vitamin D deficiencies increase 

the risk of diabetes development since it may affect intracellular calcium 

concentration in pancreatic cells, which stimulates insulin production. It 

is also believed to have an impact on lipids metabolism, as its deficiency 

increases the systemic insulin resistance deteriorating the lipid profile, as 

well as the process of atherosclerotic plague formation. Therefore, there 
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are reasonable grounds for evaluating its level in patients with coronary 

disease [4,5,6].

The objective of this study was to evaluate 25(OH)D concentration in 

plasma of patients suffering from different types of ischaemic heart dise-

ase (STEMI, NSTEMI, stable angina pectoris), prevalence of its deficien-

cies in these patients and relations between 25(OH)D plasma level and 

traditional biomarkers for cardiovascular diseases. 

Material and methods 

Study population
The study included 192 patients, 112 males and 80 females, aged 41-65 

(mean 54.4±4.3 years). 

Biochemical analyses
Fasting blood glucose was determined with a reaction between glucose 

and ATP catalysed by hexokinase; TG concentration was enzymatically 

measured with coupled reactions in which TG was hydrolysed to produce 

glycerol; TC was measured with reactions using cholesteryl ester hydro-

lase, cholesterol oxidase, and peroxidase; HDL was measured using a he-

parin-manganese precipitation method; LDL was assessed using Friede-

wald rule.   

The concentration of 25-hydroxy vitamin D (25-OH-D) was evaluated 

with the application of the LIAISON® test using chemiluminescent im-

munoassay (CLIA) technology. The plasma level of 25(OH)D ≥30 ng/ml 

was considered normal, between 20 ng/ml and 30 ng/ml – suboptimal 

(hypovitaminosis) and ≤20 ng/ml – insufficient (deficiency) [7].

Anthropometry analyses
Body mass index (BMI) was calculated as weight (kilograms) divided by 

height in meters squared. Waist circumference was measured at the mid-

point between the bottom of the rib cage and above the top of the iliac 

crest during minimal respiration.
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Nutritional evaluation
The food intake was assessed using a twenty-four-hour dietary recalls 

(24HR), in accordance with the guidelines of the National Food and Nu-

trition Institute in Warsaw [8,9]. A total of 576 24HR (three 24HR for 

each patient) were obtained from subjects by the interviewer and means 

of consumption were calculated for each nutrient. The “Album of photo-

graphs of food products and dishes” of the National Food and Nutrition 

Institute of Warsaw was used to determine normal size of the consumed 

portions [9]. The vitamin D intake was determined with “Charts of nutri-

tive values of products and foods” and “Standards of Human Nutrition” 

using Diet 5.0 software (license No: 52/PD/2013), accorded to the Na-

tional Food and Nutrition Institute of Warsaw. The degree of insufficient 

intake of vitamin D was estimated according to the adequate intake stan-

dards (AI=15µg per day) [8,10].

Statistical analyses
Statistical analysis was performed using Statistica 7.1 PL and Office 2010 

software. The normal distribution was determined using the Shapiro-

-Wilk test. Continuous variables are presented as the mean value ± stan-

dard deviation (SD). The comparison between averages of two indepen-

dent groups was made using Student’s t test and Mann-Whitney U test 

for continuous variables, chi-square and Fisher’s exact tests were applied 

for dichotomic ones. Correlations were assessed by Spearman’s and Pe-

arson’s coefficient. One-way analysis of variance (ANOVA) with the post-

-hoc Bonferroni test for multiple comparisons was used to determine if 

differences exist between means of patients belonging to different gro-

ups,  p<0.05 was considered to be significant. 

The study was approved by the Bioethics Committee of the Medical 

University in Lodz (No. RNN/556/10/KB). A written consent was obta-

ined from all research participants.
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Results

Baseline groups characteristics
Characteristics of the studied groups are shown in Table 1. The three 

subgroups did not differ with regard to age, gender and smoking habits. 

Exactly 25% of the studied group were diagnosed with diabetes mellitus, 

17.71% – impaired glucose tolerance and 88.54% – hypertension. The 

three subgroups differ according to anthropometric and lipid profile para-

meters except for TC. The highest TG and LDL concentration was found in 

NSTEMI patients whereas the highest HDL – in SAP patients. Patients with 

NSTEMI were characterised by the highest BMI and waist circumference.

Table 1. Characteristics of the study group

NSTEMI (n=56) STEMI (n=62) SAP (n=74) p-value

Mean ±SD / 
%(n)

Mean ±SD / 
%(n)

Mean ±SD / 
%(n)

Age [years] 53.2±4,2 57.4±5.3 52.7±3,7 sn

Sex [% females] 42.9 (24) 41.9 (26) 40.5 (30) sn

Current smokers 
[%]

39.3 (22) 29.0 (18) 32.4 (24) sn

T2D [%] 28.6 (16) 22.6 (14) 24.3 (18) <0.001c

IGT [%] 17.9 (10) 16.1 (10) 18.9 (14) sn

HT [%] 96.4 (54) 80.6 (50) 89.2 (66) sn

BMI [kg/m2] 32.5±2.6 27.4±6.9 29.7±3.4 <0.0001a

Waist [cm] 104.54±8.9 96.66±12.3 101.8±8.2 <0.0001a

Glc [mmol/l] 5.7±0.9 5.7±1.2 5.8±0.35 <0.0001b

TG [mmol/l] 1.9±1.9 1.7±0.7 1.6±0.2 <0.0001b

TC [mmol/l] 4.5±1.8 4.5±0.9 4,6±1.2 sn

HDL [mmol/l] 1.2±0.1 1.3±0.2 1.4±0.4 <0.0001a

LDL [mmol/l] 2.9±0.8 2.7±0.7 2.7±0.2 <0.0001a

25(OH)D [ng/ml] 7.5±3.2 13.4±2.1 19.6±4.2 <0.00001a

a – Student’s t test, b – Mann-Whitney U test, c – χ2 test, sn – statistically non important
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Nutritional characteristics
The studied groups were well nourished according to the total energy in-

take, total protein, carbohydrates and fats intake, as well as dietary fibre 

(Table 2). The groups did not differ according to the absolute values of 

the energy obtained from macronutrients intake, also several similarities 

were found between the groups regarding minerals intake (sodium, po-

tassium, phosphorus, magnesium, iron, copper, zinc, iodine) and vitamins 

(B vitamins, vitamin A, vitamin D).

The percentage of the group with deficient of the vitamin D consump-

tion of the AI standard was 81.25% (n=156). A detailed analysis of the 

kind of products commonly chosen by the study group indicated dairy 

products, meat and fish.

Table 2. Dietary intake in the study group

NSTEMI (n=56) STEMI (n=62) SAP (n=74) p-value

Mean ±SD Mean ±SD Mean ±SD

Total energy [kcal/d] 1957±405 1896 ±348 2005±316 sn

Proteins [g/d] 107±29 96 ±28 99±27 sn

Fats [g/d] 84 ±33 76 ±31 82±28 sn

Carbohydrates [g/d] 278±38 277±41 269±32 sn

Cholesterol [mg/d] 321 ±85 272 ±95 289 ±43 sn

SFA [g/d] 35±12 31±16 32±12 sn

MUFA [g/d] 30±24 31±17 33±21 sn

PUFA [g/d] 12±8 11±6 10±11 sn

Fiber [g/d] 24 ±8 23 ±7 25±5 sn

Vtamin D [µg] 4.9±1.2 5.3±1.7 4.7±1.6 sn

sn – statistically non important

25(OH)D concentration and its correlations
In the conducted study a mean 25(OH)D concentration was 13.7±3.8 and 

was below the recommended normal limit. The lowest mean concentra-

tion, 7.5±3.2 ng/ml, was observed in patients with NSTEMI, in those with 
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STEMI – 13.4±2.1 ng/ml, and in patients with SAP – 19.6±4.2 ng/ml. The-

re was a statistically significant difference between the values. No corre-

lation was found between plasma vitamin D concentration and its dietary 

intake in all groups of patients.

Plasma 25(OH)D concentration below 20 ng/ml was observed in 

53.12% (n=102) of the subjects, significantly more frequently in NSTE-

MI patients than in the other groups, whereas hypovitaminosis (25(OH)D 

concentration of 20-30 ng/ml) – in 46.88% (n=90), most often in patients 

with stable coronary diseases. In none of the subjects the recommended 

25(OH)D concentration, over 30 ng/ml, was observed. Moreover, among 

those with 25(OH)D deficiency as many as 43.14% (n=44) had 25(OH)D 

concentration below 10 ng/ml (Table 3).

Table 3. Prevalence of 25(OH)D deficiencies and hypovitaminosis in various types of 

ischaemic heart disease  

Plasma 25(OH)D 
concentration (ng/ml)

NSTEMI 
(n=28)

STEMI 
(n=31)

SAP 
(n=37) p

% (n) % (n) % (n)

0-19 (deficiency) 78.57 (22) 54.84 (17) 32.4 (12) χ2=108.16, 
p<0.0000120-30 (hypovitaminosis) 21.43 (6) 45.16 (14) 67.6 (25)

Seasonality of changes in plasma 25(OH)D levels was observed. Pa-

tients admitted in the first quarter of the year (January-March) had the 

lowest mean 25(OH)D concentration, whereas the highest one in the fo-

urth quarter (October-December) (7.24±2.1 ng/ml vs. 15.78±2.9 ng/ml, 

p=0.008). In the second quarter the mean 25(OH)D concentration was 

11.37±3.1 ng/ml, and in the third quarter – 13.56±2.4.2ng/ml (p=0.005).

25(OH)D concentration negatively correlated with age (r=-0.27), 

BMI (r=-0.31) and waist circumference (r=-0.29) in studied group. Pa-

tients with normoglycaemia had a significantly higher 25(OH)D concen-

tration than those with glucose intolerance and type 2 diabetes (p=0.02 

(Table 4)). Moreover, in patients with type 2 diabetes and glucose into-

lerance 25(OH)D concentration correlated negatively with serum glu-



13

CC
-B

Y-
SA

 3
.0

PL

Dietary Vitamin D Intake Does Not Significantly Affect Plasma 25(OH)D Concentration...

cose level (r=-0.29) and TG concentration (r=-0.31), and positively with 

HDL level (r=0.27). Such relations were not observed in the group of 

patients with normoglycaemia. 

Table 4. Mean 25(OH)D concentration with respect to sex and carbohydrate metabolism 

disorders

Females (n=40) Males (n=56) All (n=96) p

10.7±2.6 13.5±4.2 12.9±3.1 0.12

NG (n=55) IGT (n=17) T2D (24) p

19.2±4.7 11.3±4.2 8.6±1,7 0.02

Discussion

Epidemiologic studies show that cardiovascular system diseases are 

the main cause of deaths in industrialised countries, and in develo-

ping countries rate of deaths due to these diseases will increase [11]. 

Recent data indicates that acute cardiovascular syndromes NSTEMI 

occur more often than STEMI [12], and mortality in both groups is si-

milar [13,14,15]. The inflammatory process is a factor that initiates 

atherosclerotic plague rupture and development of acute coronary 

syndrome. Other factors include vitamin D deficiency and hyperglyca-

emia which is a strong predictive factor of death in NSTEMI patients, 

and persistent increased fasting blood glucose level indicate poor 

prognosis [16,17].

In the conducted study it was proved that patients with ischemic he-

art disease have lower than recommended plasma 25(OH)D level, and 

in none of the patients the optimal level was observed. Whereas, a si-

gnificantly lower 25(OH)D concentration was recorded in the group of 

patients with acute coronary syndrome NSTEMI. Seasonal variations in 

25(OH)D concentration were found and the lowest values were recorded 

in the first quarter of the year. There was also a relation shown between 

disturbed carbohydrate metabolism and lipid profile and low 25(OH)D 

concentration. Moreover, the risk of 25(OH)D deficiencies in the studied 
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types of ischemic heart disease was estimated, and the highest predictive 

values were observed in the group of NSTEMI patients. 

In many studies it has been proven that vitamin D deficiencies are 

a common phenomenon occurring in many populations, particularly 

among obese people with metabolic disturbances and circulatory sys-

tem diseases [18,19,20], despite the general awareness of recommen-

ded vitamin D supplementation, particularly in autumn and winter 

seasons [21,22]. It has not been clearly defined yet what 25(OH)D con-

centration may be considered optimal. In European populations the es-

tablished recommended range is 30-50 ng/ml [22]. According to Polish 

and European recommendations 25(OH)D level of 20-30 ng/ml is con-

sidered as hypovitaminosis (suboptimal concentration), whereas below 

20 ng/ml is defined as vitamin D deficiency in the body [22,23]. Global 

recommendations are less restrictive – vitamin D concentration below 

10 ng/ml is regarded as deficiency [6]. In the conducted study we obse-

rved too low 25(OH)D concentration in all the patients with ischemic 

heart disease, and in over 50% of the subjects the concentration was 

below 20 ng/ml. These results correspond to those obtained by other 

researchers [4,23]. It must be emphasised that very low 25(OH)D con-

centration occurred significantly more often in the group of NSTEMI 

patients than among those with STEMI and stable angina pectoris. The 

results were not confirmed in De Metrio study in which no differences 

in 25(OH)D concentration were identified between STEMI and NSTE-

MI patients [24].

Despite very low 25(OH)D concentrations in the patients, seasonal 

variations were found with the highest level being recorded in the first 

quarter of the year (January-March). Variations in 25(OH)D concentra-

tion depending on seasons of the year were confirmed by many studies 

[2,25,26]. It is particularly evident in Northern countries where sunshi-

ne exposure, especially in autumn and winter, is insufficient for vitamin 

D synthesis in the skin. It may be particularly important for people with 

a high risk of cardiovascular diseases, mainly the elderly, in whom a de-

creased vitamin D synthesis in the skin may be expected. 
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In literature, many epidemiologic studies, both Polish and European, 

indicate very common occurrence of 25(OH)D deficiencies [27,28,29], 

particularly in patients with cardiovascular diseases [3,5,23,30]. Among 

factors increasing the risk of vitamin D deficiencies there are being 

a representative of dark-skinned ethnic groups, a distance of one’s pla-

ce of living from the equator, obesity or being female [3,4,31]. Howe-

ver, in the conducted study this data was not confirmed. Females had 

lower 25(OH)D concentrations than males but those differences were 

not statistically significant. Due to the fact that the group was not very 

diversified in respect of nutrition level (all the patients were overwe-

ight or obese), it was not possible to estimate the impact of this factor 

vitamin D nutrition.

On the other hand, a negative correlation was shown between 25(OH)

D and TG concentrations and a positive correlation with HDL level. Mo-

reover, a significant relation was found to exist between diabetes occur-

rence and glucose intolerance and 25(OH)D concentration, which corre-

sponds to the results obtained by other researchers [4,32]. The patients 

suffering from diabetes and glucose intolerance had lower 25(OH)D con-

centrations than those with normal glucose level. Diabetes and glucose 

intolerance are common in patients with ischemic heart disease, never-

theless, it has not been established yet whether vitamin D deficiency af-

fects carbohydrate metabolism and whether vitamin D supplementation 

may improve it. Regardless of vitamin D mechanism of action analysed 

in the light of carbohydrate metabolism balance, it appears necessary to 

monitor vitamin D nutrition in these patients. 

Vitamin D plays an important role in cardiovascular diseases prophy-

laxis, among others by regulating arterial blood pressure, insulin sensi-

tivity or condition of blood vessels. Many studies confirmed a strong re-

lation between vitamin D deficiencies and a high risk of cardiovascular 

diseases resulting both from modification of known risk factors as well as  

a direct impact on the vascular endothelium. Although there is still 

a need to conduct further studies on the relation of vitamin D with in-

cidence and mortality due to cardiovascular diseases and many other 
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conditions, vitamin D deficiencies should be regarded as a significant 

threat to public health. 

Conclusion

A non-supplemented well-balanced diet does not significantly affect pla-

sma 25(OH)D concentration. Occurrence of vitamin D deficiencies in pa-

tients with ischemic heart disease should be regarded as an independent 

factor increasing the risk of cardiovascular diseases. 
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Abstract

Introduction: According to WHO studies, over 300 million people worldwide 
suffer from oedema [1]. It is estimated that in Poland the number of patients 
with lymphoedema is about 300,000 [2]. In the majority of the cases the lym-
phoedema turns into chronic incurable disease which requires constant control 
and treatment. In the case of lower limbs, the oedema is often associated with 
other chronic diseases, e.g. diabetes, severe obesity or chronic venous insuffi-
ciency. In such cases, it is very important for the patient to understand the cau-
se of the oedema, the irreversibility of the changes, and the fact that the thera-
py will be necessary for the rest of their life. Unfortunately, the lack of proper 
and comprehensive treatment results not only from insufficient awareness and 
patient’s knowledge, but also from the limited possibilities of public health care.

Objectives: The aim of the study was to determine the impact of oscillato-
ry-cycloid vibrations (OCV) on the 1st and 2nd degree oedema of the lower 
limbs.

Material and methods: The study involved 47 patients who developed first- 
and second-degree oedema. Patients underwent 10 oscillatory-cycloid vibra-
tions treatments for 5 consecutive days. Their G1 and G2 circumferences were 
measured before and after therapy and filled in a questionnaire. 

Results: Measurements of lower limb circumferences at the ankle and calf have 
decreased: average circumference of the left ankle from 27.04 cm to 25.3 cm 
and average circumference of the right ankle from 26.81 cm to 25.36 cm, while 
the average circumference of the left calf from 41.36 cm to 39.15 cm and ave-
rage right calf circumference from 40.89 cm to 39.11. 78.7% of patients expe-
rienced a reduction in oedema, 42.6% noticed smaller cramps in their limbs, and 
38.3% of patients declared feeling lighter in their legs.

Conclusions: 1. Oscillating-cycloid vibration treatment can be an effective 
method of reducing the first- and second-degree oedema. 2. Vibration therapy 
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can be used as a method supporting the treatment of oedema in patients with 
peripheral circulatory insufficiency or can be used as secondary prevention to 
maintain the effects after the phase of maximum oedema reduction. 3.  The 
subjective feelings of patients confirm the effectiveness of the performed pro-
cedures.

Key words: lymphoedema, venous insufficiency of the lower limbs, oscillatory-
-cycloid vibrations.
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Introduction

Although there is no definite definition of lymphoedema that would be 

consistent with international consensus, based on existing literature, 

oedema can be defined as pathological, excessive fluid accumulation in 

lymphatic vessels and in the extracellular space [1,2]. The problem with 

congestive lymphatic insufficiency and hence lymphoedema is rarely the 

result of congenital vascular malformations that usually manifest them-

selves from early childhood [3].

Most often, oedema occurs due to [4,5]:

1.	 neoplastic diseases involving lymph nodes and radiation therapy,

2.	 chronic venous insufficiency (30% of cases of oedema are due to 

deep vein thrombosis),

3.	 surgical procedures and injuries,

4.	 viral, bacterial and parasitic infections.

	

Chronic venous disease is one of the most common vascular diseases. 

Among the European population, 40-60% of women and 15-30% of men 

suffer from this disease, while in the Polish population 47% of women 

and 37% of men showed signs of venous disease. Incidence increases si-

gnificantly with age [6,7]. 

The main cause of venous insufficiency is the reduction of venous wall 

tone and impairment of venous valve function in both deep and superfi-

cial vessels. 

It causes:

1.	 development of venous hypertension, which is responsible for the 

development of pathological changes in the veins and tissues aro-

und the vessel,

2.	 slower venous outflow from the lower limbs,

3.	 the formation of reflux in the superficial and deep veins, which is 

further intensified by standing position, warmth, obesity and pre-

gnancy,

4.	 development of varicose veins and venous ulceration.
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Congestive processes in microcirculation and venous hypertension 

lead to adhesion, migration and activation of leukocytes, which, as a re-

sult, damages microcirculation, resulting in excessive capillary permeabi-

lity. This, in turn, causes swelling of the limbs and impaired tissue nutri-

tion (trophic changes appear in the form of discolouration, inflammation 

of the subcutaneous tissue and ulceration) [7]. All this consequently leads 

to functional failure of lymphatic vessels and affects the degeneration of 

the walls of lymphatic vessels and the overgrowth of their light with pro-

tein-cellular material [8].

It is estimated that venous insufficiency is the cause of lymphoedema 

in about 300 million people worldwide [9].

To diagnose the cause of oedema, a thorough interview, clinical exami-

nation along with limb volume measurement and in some cases imaging 

tests (lymphoscintigraphy, Doppler ultrasound of the venous system) are 

important [10]. To correctly determine the degree of lymphoedema of 

the lower limbs, Brunner’s classification can be used [11,12]:

1.	 1st degree – a slight swelling that covers the foot and lower leg, 

most often visible at the end of the day and disappearing automa-

tically after the elevation of the limb;

2.	 2nd degree – swelling occurs throughout the day and disappears 

after a night. Stemmer’s symptom appears, i.e. thickening of the 

subcutaneous tissue and skin, which prevents the pinching of the 

skin fold above the second toe;

3.	 3rd degree – permanent oedema, but without deformity of the 

limb;

4.	 4th degree – permanent oedema causing deformities of the limb, 

skin lesions may appear in the form of: eczema, erysipelas, lym-

phatic fistulas;

5.	 5th degree – called “elephantiasis”, is characterised by large 

swelling, which significantly distorts the lower limb. It is accom-

panied by thickening of the skin, muscle changes and impaired 

limb function.
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Current medical knowledge and scientific research confirm that the 

key role in the treatment of lymphoedema is physiotherapy, which should 

start with the patient’s education. Unfortunately, most patients or people 

at risk of lymphoedema do not have sufficient awareness and knowledge 

about the disease itself and the risks of not receiving treatment. For this 

reason, particular attention should be paid to introducing patients with 

oedema to lymphatic educational and preventive measures to the reha-

bilitation program. Early treatment prevents the appearance of compli-

cations and allows complete reduction of oedema. 

One of the basic forms of prevention in cardiovascular failure should 

be physical activity. Analysing statistical data, it can be said that physical 

activity after the age of 40 is inversely proportional to the frequency of 

incidence. Cardiovascular insufficiency increases with age, while physical 

activity decreases at higher age ranges [13]. Reduced physical activity in 

the elderly may be due to many factors, including co-morbidities charac-

terised by high intensity of pain, which can effectively discourage motor 

activities. Lack of movement, in turn, intensifies the congestive processes 

of the lymph and venous systems. 

Given the effect of vibration on the circulatory and lymphatic systems 

in the form of:

•	 elimination of congestive symptoms,

•	 reduction of oedema,

•	 better venous outflow,

•	 lower blood resistance in the arteries, which facilitates the work 

of the heart,

•	 widening of blood vessels and an increase in the speed of blood 

circulation,

•	 increased oxygen and nutrient supply to organs,

it can be assumed that oscillatory-cycloid vibrations (OCV) may com-

plement the daily motor activity of patients and may support preventive 

actions in the field of reducing lymphoedema in people with congestive 

heart insufficiency.
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The aim of this study was to determine whether and to what extent 

oscillatory-cycloid vibrations (OCV) will affect the reduction of lower 

limb circumferences in patients with oedema and whether it can be a me-

thod used to support primary and secondary oedema prevention in chro-

nic peripheral circulatory insufficiency in the lower limbs.

Material and methods

47 people took part in the study, the vast majority of whom were women 

(89.4%).

Among the surveyed population, the decisive number of respondents 

was in the age range of 61-80 years (80.9%). Other age groups were re-

spectively: 18-40 years – 2.1%, 41-60 years – 12.8% and over 80 years 

– 4.3%.

Prior to the study patients were interviewed to be included or excluded. 

During the interview, patients were asked about cardiovascular diseases 

and co-morbidities, as well as co-morbidities, as noted in the survey.

Based on the interview, the study group excluded:

1.	 patients during treatment and after a history of cancer,

2.	 people whose oedema was the result of surgery or mechanical in-

jury and the tissues did not fully heal,

3.	 people who are diagnosed with the acute phase inflammation.

The study included people who had a history of oedema and ailments 

related to lower limb circulatory system insufficiency. The most com-

mon problems that patients declared were: oedema (100%), varicose 

veins (74.5%), telangiectasias (74.5%), hypertension (55.3%) and cramps 

(55.3%). Oedema reported by patients was classified as first and second-

-degree oedema.

Co-morbidities that may affect cardiovascular insufficiency of the lo-

wer limbs were diagnosed in the following percentage of respondents: 

obesity – 25.5%; diabetes – 23.4%.

Patients participating in the study had measurements of lower limb 

circumferences at levels:
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1.	 G1 – 1st shin, circumference of the lower leg in the thickest place 

(the results are described as calf measurement)

2.	 G2 – 2nd shin, measurement just above the ankle (measurement 

of the ankle joint, but for simplicity the results are described as an-

kle measurement).

Measurements were made on the first day before starting the therapy 

and on the last day of therapy after the end of the treatment. 

Each patient underwent 10 oscillatory-cycloid vibration treatments 

on a Vitberg + medical apparatus with an attached specialised module for 

lower limb massage, which was carried out over the next 5 days. Each tre-

atment lasted 29 minutes and 10 seconds and 2 treatments were perfor-

med without a break between them on one day. The operation characte-

ristics of the apparatus in terms of frequency, amplitude and acceleration 

are presented in Table 1.

The vibration treatment was performed with A program, the charac-

teristics of which are presented in Figure 1 in A1 in accordance with the 

instructions for use (Figure 2).

Table 1. Parameters of the oscillating-cycloid vibrations

Massage 
Intensity

Acceleration Amplitude Frequency

Min [m/s2] Max [m/s2] Min [mm] Max [mm] Min [Hz] Max [Hz]

1 0.01 6.9 0.01 0.21 10.1 42.5

2 0.1 10.5 0.01 0.21 10.3 43.6

3 0.1 11.5 0.01 0.21 11.6 47.5

4 0.1 13.5 0.01 0.19 19.3 52.2

Source: Rehabilitacyjny Aparat Masujący Vitberg+. Instrukcja użytkowania. Nowy Sącz: 

Vitberg; 2016.
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Figure 1.  Characteristics of the program A (LEGS) in the Vitberg + apparatus in position A1 [14]

Figure 2. A1 position on the Vitberg + apparatus for the lower limbs therapy

Source: own.

Figure 1. 

 

Figure 3. 

 
Figure 4. 
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Results

After analysis of the measurement of lower limb circumferences before 

and after the vibration treatment, it was found that the circumferences are 

reduced in all four measurements: G1 and G2 left limb and G1 and G2 right 

limb. The results are presented for each measurement in Tables 2 and 3 se-

parately.

Table 2. Measures of median tendency and dispersion along with the values of t-Student 

test for dependent samples: circumference of the left calf and ankle – before and after 

the treatments (N=47)

Left calf – 
before 

treatment

Left calf – 
after 

treatment

Left ankle – 
before 

treatment

Left ankle –  
after 

treatment

Average 41.36 39.15 27.04 25.30

Median 41.00 39.00 27.00 25.00

Standard deviation 3.46 3.09 3.03 2.50

Minimum 36.00 35.00 21.00 21.00

Maximum 52.00 49.00 35.00 30.00

Slant .798 .833 .271 -.085

Kurtosis .663 .726 -.273 -.956

t-Student test t=9.906; p<0.001 t=10.392; p<0.001
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Table 3. Measures of median tendency and dispersion along with the values of t-Student 

test for dependent samples: circumference of the right calf and ankle – before and after 

the treatments (N=47)

Right calf – 
before 

treatment

Right calf – 
after 

treatment

Right ankle – 
before 

treatment

Right ankle – 
after 

treatment

Average 40.89 39.11 26.81 25.36

Median 41.00 39.00 27.00 26.00

Standard deviation 3.39 3.18 2.72 2.44

Minimum 35.00 34.00 22.00 21.00

Maximum 52.00 50.00 34.00 30.00

Slant .669 .807 .305 -.189

Kurtosis 1.081 1.522 -.357 -1.033

t-Student test t=8.577; p<0.001 t=7.539; p<0.001

Analysis of the G1 measurement of the left lower limb (Figure 3):

1.	 Before the treatments, the average circumference of the patients’ 

left calf was 41.36 cm with a standard deviation of 3.46 cm, with 

the lowest recorded measurement being 36 cm and the highest 52 

cm. The median value is 41 cm.  The distribution of measurements 

obtained was rightwards skewed and had a greater concentration 

around the middle value than the normal distribution.

2.	 After the procedures, the average circumference of the left calf of 

the subjects was 39.15 cm, the standard deviation was 3.09 cm. 

The minimum value of the circumference was 35 cm, while the 

maximum was 49 cm, and the median obtained was 39 cm. The 

distribution of recorded measurements was rightward skewed 

and had a greater concentration around the central value than the 

normal distribution. 

Analysis of the G2 measurement of the left lower limb (Figure 4):

1.	 Before the treatments, the average circumference of the patients’ 

ankle was 27.04 cm with a standard deviation of 3.03 cm, with the 

lowest recorded measurement being 21 cm and the highest 35 cm. 
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The middle value is 27 cm. The distribution of measurements ob-

tained was rightward skewed and had a lower concentration aro-

und the median value than the normal distribution.

2.	 The average circumference of the left ankle of the subjects after 

treatment was 25.3 cm, the standard deviation is 2.5 cm, with 

a minimum value of 21 cm and a maximum of 30 cm. The median 

was 25.5 cm.  The distribution of measurements obtained was le-

ftward skewed and had a lower concentration around the median 

value than the normal distribution. 

Analysis of the G1 measurement of the right lower limb (Figure 5):

1.	 Before the treatments, the average circumference of the patients’ 

right calf was 40.89 cm with a standard deviation of 3.39 cm, and 

the median value was 41 cm. The lowest recorded measurement is 

35 cm, while the highest was 52 cm. The distribution of measure-

ments obtained was rightward skewed and had a greater concen-

tration around the median value than the normal distribution.

2.	 The average circumference of the right ankle of the subjects after 

treatment was 39.11 cm, the standard deviation is 3.18 cm, with 

a minimum value of 34 cm and a maximum of 50 cm. The median 

was 39 cm. The distribution of measurements obtained was righ-

tward skewed and had a higher concentration around the median 

value than the normal distribution. 

Analysis of the G2 measurement of the right lower limb (Figure 6):

1.	 Before the treatments, the average circumference of the patients’ 

right ankle was 26.81 cm with a standard deviation of 2.72  cm, 

with the lowest recorded measurement being 22  cm and the hi-

ghest 34 cm. The median value was 27 cm. The distribution of me-

asurements obtained was rightward skewed and had a lower con-

centration around the median value than the normal distribution.

2.	 The average circumference of the right ankle of the subjects 

after treatment was 25.36 cm, the standard deviation is 2.44 cm, 

with a minimum value of 21 cm and a maximum of 26  cm. The 

minimum value is 21 cm, while the maximum is 30 cm. The distri-
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bution of measurements obtained was leftward skewed and had 

a lower concentration around the middle value than the normal 

distribution. 

Analysis by t-Student test for dependent samples showed a significant 

difference in the case of G1 and G2 measurements for the left and right 

lower limbs made before and after the treatments.

Based on all 4 measurements, it was noticed that the performed treat-

ments were highly effective in reducing lower limb oedema.

The subjective feelings of patients were also analysed, and it was no-

ticed that the majority of respondents after the treatments noticed a re-

duction of oedema (78.7%). A relatively high percentage of respondents 

also felt smaller cramps (42.6%) and had a feeling of lighter lower limbs 

(38.3%). In turn, 36.2% of respondents noticed warmer feet. The respon-

dents noticed better feeling in the limbs (17%) the least frequently. 

To illustrate the results, a photo of the left limb of one of the patients 

was taken before and after the procedures, as illustrated in Figure 7.

Figure 3. Average with 95% confidence interval: left calf circumference – before and 

after treatments (N=47)

Figure 1. 

 

Figure 3. 

 
Figure 4. 
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Figure 4. Average with 95% confidence interval: left ankle circumference 

– before and after treatments (N=47)

Figure 5. Average with 95% confidence interval: right calf circumference 

– before and after treatments (N=47)

 
 

 

 

Figure 5. 

 

 
 

 

 

Figure 5. 
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Figure 6. Average with 95% confidence interval: right ankle circumference 

– before and after treatments (N=47)

Figure 7. Photo of the patient’s left lower limb: a – before the vibration treatment, 

b – after the 10 vibration treatments

Source: own.

Figure 6.  
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Discussion

In the literature there are numerous studies on the effects of vibrations 

on the cardiovascular system in both healthy people and the elderly who 

have been diagnosed with cardiovascular insufficiency. The effect of vi-

brations on the cardiovascular system may have an indirect effect on the 

lymphatic system, as improving blood flow in the arteries and veins may 

reduce peripheral circulatory insufficiency and congestive processes, 

which in turn may reduce the risk of oedema.

Kerschan-Schindl et al. examined 20 healthy adults to assess changes 

in blood volume in muscles after applying vibrations to the entire muscle. 

After applying the vibrations, the following effects were achieved: an in-

crease in blood circulation in the calf and thigh muscles, an increase in the 

average blood flow velocity in the popliteal artery from 6.5 to 13.0 cm/s 

and its lower resistance index [14]. 

In turn, Pośpiech et al. in the work “The impact of low-frequency vibra-

tions on selected physiological parameters of athletes” after applying the 

vibration noticed: a decrease in the value of systolic pressure, a decrease 

in pulse rate, an increase in body temperature, a decrease in body weight 

and a decrease in body fat. In their conclusions, the authors pointed out 

that vibrations increase blood flow due to a decrease in peripheral vascu-

lar resistance resulting from greater blood flow through the working mu-

scles that are actively involved in vibration absorption [15].

Similar research was carried out by Z. Damijan who published the 

results in 2009 in the work entitled: “Trening wibracyjny w rehabilita-

cji kardiologicznej (Vibration training in cardiac rehabilitation)”. During 

the study, Damijan noticed: in 96% of respondents a decrease in systolic 

pressure, a decrease in heart rate in 92% of subjects, a lower percentage 

of body fat in 76% of patients and a lower body weight for all subjects, 

and a decrease in total cholesterol in 76% of the sample. In addition, he 

found an increase in temperature in 88% of subjects and an increase in 

HDL cholesterol in 76% of people participating in the study. The summa-

ry states the usefulness of vibration training in cardiac rehabilitation due 
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to positive effects in the field of hypertension, obesity, atherosclerosis 

and physical fitness [16].

Among many research works there is also a direct reference to the ap-

plied vibration for oedema.

Narin et al. in their work used a device that was designed to produce 

vibrations similar to the physiological vibrations of the human body, its 

tissues and organs. These vibrations were called Matrix Rhythm Therapy 

(MRT). They were used in the case report of a 36-year-old woman with 

lymphoedema. In the summary, the researchers point out that self-treat-

ment did not effectively reduce oedema, but it can have a positive effect 

on oedema if it is used for a long time and repeatedly. Researchers also 

point out that MRT can be combined with compression therapy, which 

can make a positive contribution to the use of Comprehensive Oedema 

Therapy [17]. 

The literature also meets research on the comparison of effects when 

using manual lymphatic drainage and manual drainage combined with 

deep oscillations. In 2008, Jahr et al. examined 21 women with secondary 

lymphoedema of the upper limbs and chest after surgery. They divided 

them into 2 groups: the first study group (n=11) had 12 manual lymph 

drainage procedures supplemented with deep oscillations, while the se-

cond control group (n=10) had manual drainage alone. Summing up the-

ir research, the researchers wrote that the additional deep oscillations 

complementing manual lymphatic drainage can significantly reduce pain 

and oedema compared to lymphatic drainage alone [18]. 

In 2016, Teo et al. also compared the effects of MLD (manual lym-

phatic drainage) with MLD in combination with deep oscillations, 

using the HIVAMAT 200 device. The average lower limb volume re-

duction when using MLD in combination with oscillations was 902 ml, 

while the average leg volume reduction only for MLD was 707 ml. The 

study used high resolution ultrasonography to analyse oedema. Rese-

archers concluded that the limbs treated with MLD and deep oscilla-

tions showed a much greater reduction in oedema than limbs treated 

with MLD alone [19]. 
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In the literature, there are also studies on the reduction of oedema 

after the use of vibrations in other disease entities than circulatory in-

sufficiency in the lower limbs. In “Rheumatology” in 2014 the study of 

Skopowska et al. was published, who examined 44 people suffering from 

gonarthrosis. Patients were subjected to vibroacoustic therapy for 15 mi-

nutes on a Vitafon-T device, which has a wave frequency from 30 Hz to 

18000 Hz and an amplitude of vibrations from 0.0001 to 0.05 mm. They 

noticed that vibroacoustic therapy had positive analgesic and anti-oede-

ma therapeutic effects, which also improved the functional efficiency of 

patients [20]. 

In turn, Vladeva et al. (2018) examined 50 patients with knee joint re-

placement. For the study, they used Deep Oscillations, which are deep 

therapeutic oscillations that use tissue vibrations with a minimal external 

mechanical effect and combined them with kinesiotherapy. During the 

study, deep oscillations were shown to be effective in reducing inflamma-

tion, oedema and pain, and increasing the range of motion in early rehabi-

litation after knee replacement. The combination of oscillations and ap-

propriate exercises gives better results in terms of the rate of functional 

regeneration [21].

Other studies that addressed the effect of vibration on the lympha-

tic system are studies by Stewart et al. who examined 18 women aged 

46-63. They used a vibrating platform which they placed on the tilting ta-

ble footrest using measurements at 0, 15, and 45 Hz. During the study, 

a change in microvascular filtration under the influence of vibration and 

an increase in lymphatic flow was observed [22].

The conclusions of the above studies suggest the need for further re-

search and observation of the impact of vibration on the cardiovascular 

system, including the lymphatic system. The need for research on larger 

samples and for a long time was also highlighted.
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Conclusions

1.	 The values ​​of the t-Student test for dependent samples to test the 

effectiveness of the applied procedures testify to the occurrence 

of a significant difference in measurements of lower limb circum-

ferences made before and after the procedures, which indicates 

the high effectiveness of the performed procedures in reducing 

the 1st degree oedema.

2.	 The subjective feelings of patients confirm the effectiveness of the 

performed procedures in reducing swelling of the lower limbs.

3.	 Based on the results obtained, it can be concluded that vibration 

therapy can be used as a method supporting the treatment of first- 

and second-degree oedema in patients with peripheral circulatory 

insufficiency. It can also be used as secondary prevention to main-

tain effects after the phase of maximum oedema reduction.

4.	 To confirm the results, further tests should be carried out on a lar-

ger sample with 2 groups: test and control with a single blind. It is 

also worth considering research for a group of patients with 3rd 

degree lymphoedema.
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Abstract

Introduction: According to the British Medical Association, there is no safe 
level of exposure to secondhand smoke. Passive smoking can cause difficul-
ties in getting pregnant, low birth weight, and premature births. Children 
exposed to environmental tobacco smoke have an increased risk of asthma, 
lower respiratory tract infections, bronchitis, middle ear disease, bacterial 
meningitis and sudden infant death syndrome, as well as overall reduced re-
spiratory function.

Aim: The aim of the study was to assess exposure to passive smoking and to 
analyze socioeconomic correlations associated with passive exposure to to-
bacco smoke among pregnant women.

Material and metods: A cross-sectional study was conducted among pregnant 
women receiving antenatal care at the Poviat Health Care Complex in Piotr-
ków Trybunalski in 2018. The research tool was a questionnaire. The study 
design received a positive opinion of the Bioethics Committee at the Medical 
University of Lodz RNN/ 386/17/EC of December 19, 2017 and the consent 
of the head of this unit.

Results: Over 30% of the respondents were exposed to passive smoking. The 
most common exposure was at home (23.5%), at work (22.5%) and in the 
car (18.8%). Former and current smokers were more likely to be exposed to 
secondhand smoke (OR=2.09, 95% CI: 1.00-4.38 p<0.05 and OR=19.48 
95% CI: 6.53-58, 20 p<0.001). Women whose partner smoked were at more 
than six times greater risk of exposure to tobacco smoke (OR=6.44 95% CI: 
2.57-16.16, p<0.01). Women with very low monthly income were at almost 
twice the risk of passive smoking (OR=1.66, 95% CI: 1.08-2.81 p<0.05) com-
pared to high-income respondents. Smokers more often lived in homes where 
complete smoking bans were not introduced (OR=1.71, 95% CI: 1.32-2.21; 
p<0.001).
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Conclusions: There is a need for interventions to encourage smoking bans in 
pregnant homes, together with arrangements enabling policy makers to deve-
lop measures to effectively implement interventions to introduce tobacco-free 
home policies.

Key words: passive smoking, pregnancy, socioeconomic status, smoke-free 
homes. 
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Introduction

Passive smoking, also known as exposure to environmental tobacco 

smoke, is the inhalation of smoke generated by other people during ci-

garette smoking. The American Environmental Protection Agency (EPA) 

classifies environmental tobacco smoke as a class A carcinogen (known 

to man) along with asbestos, arsenic, benzene and radon gas [1]. Accor-

ding to the British Medical Association, there is no safe level of exposure 

to secondhand smoke [2]. Non-smoking women who are exposed to se-

condhand smoke during pregnancy are more likely to give birth to chil-

dren with lower weights [3]. Infants born by non-smoking women whose 

partners smoke weigh less than babies born by non-smoking couples [4]. 

Exposure to passive smoking is also significantly associated with preterm 

labor [5]. Other studies suggest that non-smoking women at risk of se-

condhand smoke are at greater risk of difficulties in becoming pregnant, 

premature or stillbirth, miscarriage and childbirth with birth defects 

[6,7]. In addition, some evidence suggests that female fertility may be im-

paired during utero if the woman’s mother was exposed to secondhand 

smoke during pregnancy [8]. It was found that exposure to secondhand 

smoke may also be harmful in terms of successful pregnancy outcomes 

in women undergoing in vitro fertilization (IVF) or other assisted repro-

ductive technology (ART) [9]. Lack of attention, ability to concentrate 

and attention deficit hyperactivity disorder have also been associated 

with exposure to passive smoking at home, in addition to smoking by the 

mother during pregnancy [10]. Exposure to secondhand smoke at home 

is strongly associated with middle ear disease in children [11]. Some stu-

dies suggest that prenatal and postnatal exposure to tobacco smoke in-

duces leukemia, especially acute lymphoblastic leukemia. In 2010, The 

Royal College of Physicians published a groundbreaking report entitled 

“Secondhand smoke and children”. The report recognizes the importance 

of smoking ban legislation in reducing exposure to passive smoking in the 

workplace but notes that the main source of exposure for non-smokers 

is home, and children are particularly at risk [12]. The authors conclude 
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that‚ secondhand smoke at home poses a serious health risk to millions of 

UK children living with smokers’ and that‚ secondhand smoke is a signi-

ficant cause of infant morbidity and mortality’. The report confirms that 

a child exposed to SHS is at an increased risk of developing asthma, lower 

respiratory tract infections, bronchitis, ear diseases, bacterial meningitis 

and sudden infant death syndrome, as well as overall reduced respiratory 

function [13].

Material and methods

Study was conducted among  pregnant women  receiving antenatal care 

at the Poviat Health Care Complex in Piotrków Trybunalski in 2018. The 

respondents were recruited at the outpatient clinic of the Poviat Health 

Care Team in Piotrków Trybunalski. The study design received a positi-

ve opinion of the Bioethics Committee at the Medical University of Lodz 

RNN/386/17/EC of December 19, 2017 and the consent of the head of 

this unit. All women agreed to participate in the study. For women under 

18 years of age after obtaining the written consent of a parent or legal 

guardian were included in the study. The study was conducted from Janu-

ary 2018 to December 2018. The research tool was a questionnaire. The 

questions in the questionnaire cover the following issues: sociodemogra-

phic data, smoking and use of e-cigarettes by both pregnant woman and 

her partner, smoking intentions, exposure to secondhand smoke.

Results

The study involved 600 pregnant out of 1,326 patients receiving antena-

tal care at the Poviat Health Care Center in Piotrków Trybunalski in 2018 

– the response rate is 45.2%. The detailed characteristics of the subjects 

are given in Table 1.

Over 30% of respondents were exposed to second hand smoke, 65.5% 

were not exposed. In the group exposed to passive smoking, 14.3% were 

non-smokers, 4.2% declared to quit smoking and 16% continued smo-
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king during pregnancy (Table 2). Home (23.5%), car (18.8%), work (22.5%) 

were mentioned as the most common place of exposure, 28% of respon-

dents indicated another place (Table 3). The average number of hours 

of exposure to tobacco smoke was 5.1±3.4/day, which gives 35.5±23.9 

hours per week. Complete regulations regarding smoking ban were ad-

opted only in 26.3% (n=158) of the study participants. The respondents 

were also asked how often tobacco is smoked in their homes, regardless 

of the smoking ban: at least once a week, at least once a month, less often 

than once a month, 10.0%, 21.3%, 32.5 %, 14.7%, 21.5% of respondents 

respectively (Table 4).

Passive exposure to tobacco smoke was significantly associated with 

factors such as respondent smoking status, education, employment, li-

ving with a smoking partner, and monthly income per family member. 

Former and current smokers were significantly more likely to be expo-

sed to secondhand smoke OR=2.09, 95% CI: 1.00-4.38 p<0.05 and OR = 

19.48 95% CI: 6.53-58, 20 p<0.001. The probability of passive exposu-

re to tobacco smoke in pregnant women with basic education was three 

times higher (OR=2.91, 95% CI: 1.17-7.21, p<0.05) compared to people 

with higher education. Women who are not working because of taking 

care for a child or other family member have a higher risk of passive 

smoking compared to those who are active (OR=1.12, 95% CI: 1.11-2.84 

p<0.01). Compared with women living with a non-smoking partner, those 

whose partner smoked were at more than a six-fold greater risk of pas-

sive exposure to tobacco smoke (OR=6.44 95% CI: 2.57-16.16, p<0.01). 

In addition, women declaring a very low monthly income below PLN 700 

were at almost twice the risk of passive smoking (OR=1.66, 95% CI: 1.08-

2.81 p<0.05) compared to respondents whose income exceeded 2000 

PLN per month (Table 5). 

In comparison with non-smokers, smokers more often lived in homes 

where complete smoking bans were not introduced (OR=1.71, 95% CI: 

1.32-2.21; p<0.001). Odds ratios (OR) and 95% confidence intervals (CI) 

for not introducing a total smoking ban at home have shown that respon-

dents who were unaware of the risks of exposure to ETS had a much gre-



51

CC
-B

Y-
SA

 3
.0

PL

Exposure to Environmental Tobacco Smoke and Tobacco-free Homes…

ater chance of not entering a smoking ban at home compared to people 

who are aware of such threats (OR=1.28, 95% CI: 1.00-1.65, p<0.05). 

Other variables in the analysis were not significantly associated with the 

lack of introduction of smoke-free home rules (Table 6).

Discussion

In the study of Adamek et al. 32% of pregnant women were exposed to 

secondhand smoke [14]. In his subsequent works, Adamek also shows 

that exposure to passive smoking occurs in 30% of pregnant women, 

especially in their place of residence [15]. Similarly, in Jędrzejczyk’s stu-

dy, 32% of non-smoking pregnant women were exposed to secondhand 

smoke [16]. Bilar et al. noted that just over a half of pregnant women 

were not exposed to tobacco smoke. On the other hand, non-smoking 

but passively exposed women constituted about 19% of the respondents 

[17]. A study by Do et al. showed that 23% of pregnant women were 

exposed to tobacco smoke [18]. In a study by Balwicki et al. from 2007, 

it was observed that about 45% of pregnant women were exposed to se-

condhand smoke. In this group, 31.4% were non-smokers, 14.9% decla-

red smoking cessation during pregnancy, and 30.7% respectively conti-

nued smoking during pregnancy. Pregnant women indicated home as the 

main place of exposure – home, then public places and the workplace in 

third place [19]. In 2017, 12% of Poles admitted that in their homes the-

re was permission to smoke tobacco without any restrictions. About 7% 

of respondents declared that cigarettes were smoked in their homes in 

locked rooms designated for this purpose. In about 20% of the respon-

dents’ homes, tobacco was smoked, but only outside, e.g. on a terrace 

or balcony. About 87% of smokers said they smoke at home. In addition, 

around 36% of them said they smoke without any restrictions, i.e. all over 

the house. In 76% of homes of non-smoking respondents, smoking was 

strictly forbidden. In addition, 13% of Poles indicated exposure to passi-

ve smoking in their place of residence. The smoking percentage of wo-

men exposed to tobacco smoke at home was 22%, and men 27%. While 
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11% non-smoking women and 8% non-smoking men were exposed to 

secondhand smoke. The results from all previous editions of the study 

carried out by Kantar Public show that the percentage of people exposed 

to secondhand smoke in their workplace in the last few years has been 

systematically decreasing from 14% in 2009 to about 8% in 2013-2017. 

Admittedly in 2015 there was an increase in the frequency of exposure 

to passive smoking in the workplace, but in 2017 its level returned to the 

level of 2013 – 8%. The percentage of households in which a total smo-

king ban was introduced was relatively low and only 26.3% of pregnant 

respondents residing in the Piotrków poviat declared introducing a smo-

king ban at home. Earlier data based on the GATS survey conducted in 

2009-2010 say a percentage of 37.1%. As with ETS exposure, there is no 

previous comparative data covering rural population or current surveys 

available for the entire population that would illustrate the total percen-

tage of households with total smoking ban. Passive exposure of pregnant 

women to tobacco smoke was significantly associated with factors such 

as the status of smoking respondents, education, employment, living with 

a smoking partner, monthly income per family member. The following fe-

atures were associated with the lack of a complete ban on smoking in the 

place of residence: smoking status, education, concern about the harm-

fulness of smoking to the fetus, trimester of pregnancy. Analyzes based 

on the results of previous studies also showed significant relationships 

regarding smoking at home, i.e. smoking and lack of awareness about the 

risks associated with ETS exposure. Stronger relationships, e.g. permit-

ting smoking in the homes of smokers (compared to non-smokers) seem 

obvious and confirmed by other research in this field [20,21]. In the stu-

dy by Milcarz et al. overall 19.4% of respondents were exposed to ETS at 

home, including 17.1% men and 20.4% women. In the non-smoking gro-

up 15.5% of respondents (6.6% men and 18.3% women) were exposed to 

ETS at their place of residence (p<0.0001). In the smokers group 25.0% 

of respondents (25.1% men and 25.5% women) were exposed to ETS in 

the last month (p>0.05). However, total smoking bans were adopted by 

22.1% of study participants. In the non-smoking group 25.5% of respon-
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dents implemented a total ban on smoking in their place of residence. 

Among smokers 16.5% of respondents (17.3% men and 15.9% women) 

implemented a complete smoking ban at home [22]. In Poland, Kaleta et 

al. showed that at the smokers’ home the risk of not introducing a total 

smoking ban was twice as high compared to non-smokers [20]. Similarly, 

Heck et al. showed that the introduction of a complete smoking ban at 

home is correlated with the household’s smoking status and the demo-

graphic characteristics of respondents [23]. In the study of Kaleta et al., 

the lack of knowledge about negative health effects related to passive 

smoking was an important factor reducing the frequency of introduc-

tion of smoking bans at respondents’ homes. Respondents who were not 

aware of the harmful effects of passive smoking were at about twice the 

risk of not introducing the smoking bans at home, compared with respon-

dents perceiving exposure to passive smoking as harmful [20].
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Table 1. Characteristics of the study population (n=600)

Characteristic N %

Age in years

min-max
average
median

19-41
26
5.6

<19 10 1.7

20-24 120 20.0

25-29 243 40.5

30-34 159 26.5

35-39 65 10.8

40-44 3 0.5

45+ 0 0.0

Week of pregnancy at the time of the study
x 31.5; median 35.0   

SD 9.5

Trimester of pregnancy

I trimester 32 2.0

II trimester 128 15.9

III trimester 440 82.1

Education

basic 129 21.5

professional 153 25.5

average 231 38.5

higher 87 14.5

Currently pregnancy

1 270 45.0

2 210 35.0

3 85 14.2

4 20 3.3

5 10 1.7

6 5 0.8

Delivery

one delivery 270 45.0

many deliveries 330 55.0
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Number of deliveries

0 270 45.0

1 245 40.8

2 60 10.0

3 15 2.5

4 5 0.8

5 5 0.8

Employment

employed 465 77.5

unemployed 35 5.8

other 90 15.0

no answer 10 1.7

Type of work

physical work (predominance of 
physical effort)

180 38.7

intellectual work (predominance of 
mental effort)

285 61.3

Marital status

married 474 79.0

single 117 19.5

widow/divorced 9 1.5

Living with a partner

Yes 562 93.7

No 38 6.3

Subjective income assessment “makes ends meet”

with great difficulty 0 0.0

with difficulty 25 4.2

with some difficulty 248 41.3

fairly easy 206 34.3

easily 88 14.7

very easy 33 5.5

Monthly income
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up to 500 PLN 20 3.3

over 500 to 700 PLN 49 8.2

over 700 to 1000 PLN 213 35.5

over 1000 to 1500 PLN 188 31.3

over 1500 to 2000 PLN 86 14.3

over 2000 to 2500 PLN 17 2.8

over 2500 PLN 27 4.5

Subjective assessment of health condition

very good 245 40.8

good 275 45.8

neither good nor bad 70 11.7

bad 5 0.8

very bad 5 0.8

Family help and support

at all 30 5.0

sometimes 110 18.3

often 85 14.2

always 375 62.5

Table 2. Exposure to environmental tobacco smoke among pregnant women (N=600)

Exposure to environmental tobacco smoke N %

not exposed to secondhand smoke 393 65.5

exposed to secondhand smoke

- non-smoking during pregnancy  86 14.3

- quit smoking during pregnancy  25 4.2

- continues smoking during pregnancy 96 16.0

Sum 600 100%
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Table 3. Passive exposure to tobacco smoke of pregnant women (N=600)

Answer N %

Where are you most often exposed to tobacco smoke:

at work 135 22.5

at home 141 23.5

in the car I travel 113 18.8

other place 168 28.0

No data 43 7.2

Does your husband/partner smoke cigarettes?

Yes 253 42.2

No 347 57.8

Did your parents smoke cigarettes?

none of them 124 20.7

only father 195 32.5

only mother 57 9.5

both 224 37,3

Do your friends smoke cigarettes?

none of them 103 17.2

some of them 422 70.3

most or all of them 75 12.5
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Table 4. Implementation of smoking bans at respondent homes (N=600)

Answer N %

Which of the following best describes your smoking policy at 
home?

smoking is allowed 122 20.3

smoking is prohibited, although there are exceptions to this rule 157 26.2

smoking is completely prohibited 158 26.3

no rules 163 27.2

lack of total protection against tobacco smoke 442 73.7

How often are cigarettes smoked inside your home (regardless 
of applicable rules)?

every day 60 10.0

at least once a week 128 21.3

at least once a month 195 32.5

less than once a month 88 14.7

never 129 21.5
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Abstract

Introduction: Maintaining body balance requires integration of vestibular, 
proprioceptive and visual information. The effectiveness of postural control 
system has great importance in humans life – it is an essential condition of 
security of moving and doing life important activities. Stability disturbances 
could be a result of individual activity, as well as it could be an effect of interac-
tion with the environment. 
The aim of this study was to assess an influence of auditory stimuli on selected 
parameters of body stability, which was measured among young, healthy and 
physically active subjects.
Methods: The research was carried out on a group of 60 people; aged 19-25 
(21±1,67).
The force platform, Cosmogamma, was used to examine static maintenance of 
postural stability in variety of auditory conditions (relative silence; with music 
through headphones; immediately after music exposure).
The analysis of results showed a statistically significant influence of music 
(with established spectrum) on the following stability parameters: Mean Lo-
ading Point (plane X and Y), Average Speed, Lateral Speed and Subtended 
Area. However, the difference between postural stability of female and male 
had insignificant influence only (without dependence on auditory conditions).

Key words: balance, postural stability, posturography, acoustic stimulus, aco-
ustic sensitivity.
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Introduction

The balance control system can be regarded as a control system with 

three entry points, including: vestibular system, visual system and deep 

sensory receptors. The obtained information is provided and processed 

by the central nervous system and then passed to the effector organs – 

muscles of a trunk and extremities as well as eyeballs, resulting in the po-

sture coordination reactions [1,2,3]. 

The research showed that for healthy persons, the postural stability 

in space, in the conditions of even, hard ground, 70% depends on the pro-

prioreceptors located in muscles, tendons, joints and skin. Other systems 

provide subsequently: 20% (vestibular system) and 10% (visual system) 

of the information. However, when the ground is changed for uneven, less 

stable, the key role in the stability control is played by the deep sensory 

receptors and the visual system over the vestibular system [4,5]. If the 

information from the proprioreceptors and the visual system is incorrect 

or it is significantly reduced (e.g. in the situation of standing or walking in 

the dark, especially on soft and irregular surface), the vestibular system 

will play the key role in the balance control process [5,6].

In the static posturography, most often the basis to assess balance in-

volves the analysis of small, involuntary movements of the centre of gra-

vity of a body while standing still. These movements i.e. sway of the body, 

usually cause the view of the centre of gravity oscillate within a radius 

of a few millimetres to several centimetres. They are usually associated 

with the change of the position of the centre of gravity (COG), the view of 

which, in upright posture, is in a small specific area of a supporting surfa-

ce. This area is approximately 5 cm forward in relation to the lateral mal-

leolus of the ankle joint. Due to the significant cost, time-consuming and 

low availability of the measurement of oscillation of the centre of gravi-

ty of a body, it seems to be beneficial to replace it with a measurement 

of displacement of the centre of foot pressure (COP). In the case of free 

standing, the passes of both signals are very close (their compliance is 

up to 97%), and the sways amplitude is burdened with a negligible error 
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[2,7,8,9,10,11]. A posturographic platform is a device commonly used in 

the research of body posture, in static conditions, i.e. a small plate equ-

ipped with a set of three or four sensors, recording pressure forces and 

moments of these forces, exerted by feet to the ground. The supports 

equipped with these sensors record a displacement of the centre of gra-

vity of a body of a researched person in the platform plane. The value of 

displacements is automatically subjected to computer analysis, and cur-

rently displayed on a monitor. Based on the data obtained, the computer 

calculates the location of the centre of foot pressure (in static conditions 

also with the view of the centre of gravity of the body), and its sways are 

presented in a graphic form, as statokinesiogram. The registration of the 

centre of feet pressure, executed in time, allows to follow and measure 

the momentum of sways of the whole body (stabilogram). In order to avo-

id errors in the interpretation of the data, the computer analysis is ap-

plied, taking into account the patient’s weight and height. The application 

of such a processing system allows to calculate a series of parameters: 

speed of sways of the body, mean sways value, maximum sways amplitu-

de, expanded surface field and Romberg indicators (analysed in the case 

of two consecutive tests: with open and closed eyes) [12,1,13,14,15].

It was not easy to define standards for posturographic variables. A se-

rious obstacle constitutes a lack of population without postural defects 

and dysfunctions, because these disorders influence the result of the 

posturographic research. On the one hand, narrowing of the researched 

group to persons without any loss prevents from the specification of 

“standards”, and on the other hand, its extension influences the substan-

tial enlargement of the range of variation of the measured parameters. 

The purpose of this work is to specify the influence of the acoustic 

stimuli on selected parameters of stability of standing posture of young, 

healthy and physically fit persons. The following was assessed: average 

load point, maximum sway, mean sway, average speed, lateral speed, an-

tero-posterior speed, subtended area, speed area, time within circle R13 

and R25 mm.  
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Materials and methods 

The researched group consisted of 60 people: 19 men (31.7%) and 41 wo-

men (68.3%) aged 19-25 (average 21±1.67). All people expressed their 

written consent to the research. The research of balance for the asses-

sment of static posture of a patient was executed on Cosmogamma ba-

lance platform (Figure 1). The system consists of a stability-metric plat-

form and a computer connected to it, with a suitable computer program. 

In addition to the listed equipment, the research stand has a CD player 

and widely available inner ear canal type earphones (Philips SHE9503). 

A song, unknown to the researched persons, was used as the auditory sti-

mulus. Spanish lyrics prevented from focusing on the words and singing. 

A spectral characteristic of the song as a potential source of balance in-

terference was developed at the Institute of Physics, University of Rze-

szow (Figure 1).

Figure 1. Cosmogamma platform ready for operation

Cosmogamma platform is a system that monitors changes in the po-

sition of the centre of foot pressure (CFP) by providing a variety of as-

sessment parameters, such as: graphical representation of the oscillation 

of the CFP (static-dynamic diaphragm), graphical representation of the 

oscillation in the antero-posterior direction (static diagram), load distri-

bution and frequency spectrogram based on Fourier analysis (FFT). This 

device is characterised by high repeatability of executed measurements 

and is considered a good method for the balance assessment [16]. The 

stability-metric research was executed in accordance with the recom-

- 1 -

Figure 1. Cosmogamma platform ready for operation 

Figure 1. A – Correct positioning of feet, the view from the top. B – Correct positioning of feet, the view 

from the side

Figure 2. The research stand during the measurement
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mended methodology. During the first test, the conditions of relative 

silence were assured. The researched persons stood on the platform 

barefoot, in upright position, with their hands along a torso and a head 

towards. Just a few metres away, vertical straps were attached on a wall 

(Figure 2, Figure 3).

Figure 2. A – Correct positioning of feet, the view from the top. B – Correct positioning of 

feet, the view from the side

Figure 3. The research stand during the measurement

The computer screen was reversed to prevent from possible visual 

control of the oscillation of the COP (feedback) during the test. Particu-

lar attention was paid to the correct positioning of the patient’s feet, the 

recommended distance of 2 cm between heels was kept, feet were posi-

tioned at an angle of 30°, lateral ankles were positioned on the horizontal 

- 1 -

Figure 1. Cosmogamma platform ready for operation 

Figure 1. A – Correct positioning of feet, the view from the top. B – Correct positioning of feet, the view 

from the side

Figure 2. The research stand during the measurement

- 1 -

Figure 1. Cosmogamma platform ready for operation 

Figure 1. A – Correct positioning of feet, the view from the top. B – Correct positioning of feet, the view 

from the side

Figure 2. The research stand during the measurement
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red line (Figure 2A, B). The justification of such rigorous compliance with 

the methodology of positioning is to provide conditions for the accuracy 

of the measurements, because only if they are met, the centre of gravity 

of the posture lies in the sagittal axis of the platform. In order to facilitate 

correct positioning, the form of feet positioning was used. The research 

stand is shown in Figure 3.

The research procedure included three subsequent tests, which 

were executed while standing on both feet, with open eyes, in the sa-

gittal plane of the platform. The test period was subsequently: 1 min. 

(conditions of relative silence), 2 min. (music administered directly into 

the ear canal by earphones), 1 min. (the earphones in ears, no music).  

All three tests were executed directly after each other, and the rese-

arched persons were each time informed about the beginning and end 

of the test. In order to assure the repeatability of the method, the scale 

of the panel sensitivity of all researched persons was the same, i.e. 200 

mm. Similarly, the volume of the heard song during the tests with mu-

sic was the same for all researched persons. Before the measurements 

were executed, all the participants had been informed about the pro-

gress and the appropriateness of the experiment being executed, and 

the use of its results. In addition, the harmlessness of the executed re-

search was assured. 

Research results

The obtained results of the survey and the stability were entered to MS 

Excel, in which the initial analysis was executed. In order to carry out 

a thorough analysis, Excel file was imported to Statistica 6.0 PL. In the 

work, the commonly used methods of descriptive statistics were employ-

ed, which allowed to specify the compatibility of the results with the nor-

mal distribution. Arithmetic mean, median and standard deviations were 

calculated. Minimum and maximum values ​​of individual parameters were 

specified, as well. Mutual relations between the tests were researched 

using non-parametric tests.  
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In the researched population, parameter changes were assessed in 

terms of postural stability during three subsequent tests – in conditions 

of relative silence, during the operation of the acoustic stimulus, and im-

mediately after stopping. The basis of the assessment involved the pa-

rameters generated by the centre of feet pressure on the platform. An 

original survey was the source of the information on the researched gro-

up. The largest portion of the respondents started listening by earphones 

approximately 2-3 years ago (Figure 4). 

Figure 4. The frequency of listening to music by the respondents

Analysed parameters of posturogram	

The non-parametric Wilcoxon matched pairs test was executed in order 

to specify the relationships between the various parameters. 

Null hypothesis – H0: the results of the analysed parameters do not 

differ. Alternative hypothesis – Ha: the results of analysed parameters 

are different.  

In the research, statistically significant variables were with the signifi-

cance level of p=0.05, p<0.05 (Figure 5).

The difference in the mean load point in the lateral plane of the plat-

form between measurement II (with music) and measurement I (condi-

- 2 -

Figure 3. The frequency of listening to music by the respondents

Figure 4. The difference in the mean load point in the lateral plane of the platform between measurement II 
(with music), and measurement I (conditions of relative silence)  
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tions of relative peace) is statistically significant (Figure 5). The signifi-

cance level is equal to 0.04. The mean value of the load point in the lateral 

plane is higher in the conditions of relative silence (2.62). The sways ran-

ge of the mean load point in the lateral plane of the platform for the te-

sted group is from 5 mm to 10 mm for measurement I and -5 mm to 5 mm 

for measurement II (Figure 6).

Figure 5. The difference in the mean load point in the lateral plane of the platform between 

measurement II (with music), and measurement I (conditions of relative silence) 

Figure 6. The difference in the mean load point in the anterior-posterior plane, between 

measurement II (with music), and measurement of I (conditions of relative silence)

- 2 -

Figure 3. The frequency of listening to music by the respondents

Figure 4. The difference in the mean load point in the lateral plane of the platform between measurement II 
(with music), and measurement I (conditions of relative silence)  

- 3 -

Figure 5. The difference in the mean load point in the anterior-posterior plane, between measurement II 
(with music), and measurement of I (conditions of relative silence) 

Figure 6. The difference in the average speed between tests I and II  
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The difference in the mean load point in the anterior-posterior plane 

between measurement II and I is statistically significant (Figure 6). Sta-

tistical significance is 0.003. The average value of the analysed parame-

ter is higher in measurement 2 (with music). The sway range of the mean 

load point in the anterior-posterior plane for the researched group is in 

the range of 30-50 mm for measurement I and 30-60 mm for measure-

ment II. 

The mean value of the average speed of the centre of feet pressure 

on the ground is slightly higher in measurement I (Figure 7). The range of 

values ​​for the analysed parameter is from 6 mm to 12 mm for both tests. 

Figure 7. The difference in the average speed between tests I and II

The significance of the difference of the average speed between me-

asurements I and III was measured (Figure 8). It is statistically significant. 

The significance level is equal to 0.0009. The mean value of the average 

speed is higher in the group of the researched persons in the conditions 

of relative silence compared to the group of persons with earphones in 

their ears, without music played. The range of the analysed parameter for 

test I is from 6 mm to 12 mm, while in test III: from 6 mm to 10 mm. 

The significance of the difference of the average speed between me-

asurements II and III was measured (Figure 9). It is statistically significant 

for the level of significance equal to 0.03. The mean value of the lateral 

- 3 -

Figure 5. The difference in the mean load point in the anterior-posterior plane, between measurement II 
(with music), and measurement of I (conditions of relative silence) 

Figure 6. The difference in the average speed between tests I and II  
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speed is higher in the group of the researched persons listening to music 

compared to the group of persons with earphones in their ears, without 

music played. The range of the analysed parameter for tests II and III is 

from 2 mm to 5 mm. 

Figure 8. The difference in the average speed between tests I and III

Figure 9. The difference in the lateral speed between measurement I and III

In addition, the difference in the lateral speed in two measurements: 

in the conditions of relative silence (measurement I) and in the conditions 

of silence, with earphones in their ears (measurement III) was measured 

- 4 -

Figure 7. The difference in the average speed between tests I and III

Figure 8. The difference in the lateral speed between measurement I and III

- 4 -

Figure 7. The difference in the average speed between tests I and III

Figure 8. The difference in the lateral speed between measurement I and III

Mańdziuk, Martowska, Krawczyk-Suszek, Kubicka, Szpunar, Kołodziej, Bednarski
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and illustrated in Figure 10. The mean value of the analysed parameter 

is higher for the group of persons in the conditions of relative silence. 

The range of the analysed parameter for measurement I is from 3 mm to 

5 mm, while for measurement III: from 2 mm to 5 mm (Figure 10).

As shown in fig. 11, the measurement value of the subtended area is 

more than twice higher in the conditions of music (8.39) compared to the 

measurement in the conditions of relative silence (4). This difference is 

statistically significant for p=0.000<α (Figure 11).

Figure 10. The difference in the lateral speed between measurement I and III

Figure 11.  The difference of the subtended area between measurements I and II

- 5 -

Figure 9. The difference in the lateral speed between measurement I and III

Figure 10. The difference of the subtended area between measurements I and II

- 5 -

Figure 9. The difference in the lateral speed between measurement I and III

Figure 10. The difference of the subtended area between measurements I and II

The Impact of Sound on a Fixed Spectrum and Intensity on Selected Parameters of Stability
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In addition, the difference of the subtended area between measure-

ment II and III was measured (fig. 11). In the test with music the mean va-

lue of this parameter is 8.39, while in test III: 3.75  (Figure 12).

The significance of any of the researched parameters is not lower than 

0.05, that is, none of the parameters depends on gender.

Figure 12. The difference of the subtended area between measurements II and III

Discussion

The smooth operation of the balance control system of a body is impor-

tant in human life. It allows to safely and securely move and execute im-

portant activities. In case of any disturbances of ability to maintain a sta-

ble position, the risk of falling and injury increases. For this reason, it is 

justified to search for factors (extracorpereal and autosomal) influencing 

on increased and decreased stability. The efficiency of the balance system 

depends on the cooperation between labyrinth, cerebellum, eye, proprio-

receptors located in muscles and joints, and feet touch receptors [2,17]. 

The constant interaction of various environmental factors, on which 

a human is exposed, tends to conduct research on their influence on the 

process of balance control. This work is an attempt of such searches.  The 

most important aspect of the research was to specify the effect of aco-

- 6 -

Figure 11. The difference of the subtended area between measurements II and III
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ustic stimuli on postural stability. The executed research indicates the 

appearance of the interaction between the acoustic stimuli, and the pro-

cess of maintaining body stability. The influence of the acoustic stimuli on 

postural stability is related to the proximity of receptors, i.e. auditory and 

vestibular in inner ear. Their stimulation can be proved by results of the 

research the documented by Russolo, in which he observed decreased po-

stural stability under the influence of the acoustic stimuli of high intensity 

(118.5 dB) and the particular characteristics of frequency (500 Hz) [18]. 

Similar results for the acoustic stimuli above 100 dB were documented in 

other works [19,20]. An interesting fact seems to be a positive influence 

of the acoustic stimuli on the quality control of postural stability. Pole-

choński stresses its increase under the influence of certain sounds. Based 

on the executed experiments, he proved that white noise (of continuous, 

sustainable characteristics of spectrum power) and supporters’ applause 

of a certain intensity (60, 80, 100 dB), shortens the area of the resulting 

pressure point on the ground. In another research, the author used mu-

sic as an acoustic stimulus. In this case, he recorded the improved stabi-

lity in the conditions of exposure to music, as well. Despite the fact that 

the first and the second research were executed in static conditions, the 

author suggests that the successfully obtained results can be transfer-

red to the conditions of dynamic stability. The research on motility issues 

support the thesis [19,20]. Bearing in mind the significant influence of the 

intensity of the acoustic stimulus on body stability, it seems necessary to 

specify it exactly. In executed own research, all persons were stimulated 

with the same music, with the same spectrum. The measurement of the 

mean intensity and the spectrum frequency is beyond the scope of this 

work. As it is known, three systems are directly involved in control of po-

sture maintaining: the vestibular system, visual system and deep sensory 

receptors [2,3]. In addition to these systems, some researchers also em-

phasise an important role of hearing information coming from the surro-

unding (audio-feedback) to the process of maintaining stability. The rese-

arch executed with patients with hearing loss within the vestibular system 

can prove the aforementioned statement. In order to assess the degree 
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of relationship between hearing stimuli, and the stability of a body, other 

control systems (soft ground, limited visual control) were excluded. The 

only information about the posture sway involved auditory signals, the 

occurrence of which were the reason for improved postural stability [21]. 

The experiments executed in recent years suggest another possible inte-

raction between auditory and postural stability – no recorded auditory in-

fluence [22]. In the case of own research, one can also observe this trend 

for selected parameters (no statistically significant difference). A proba-

ble cause of such a result can be the fact that the whole researched group 

consisted of young, healthy persons with high compensation abilities (no 

balance disorders). The influence of habituation phenomenon seems to 

be crucial; most researched persons had used earphones for listening to 

music for a long time, which probably largely excluded balance disorders. 

Tanaca stresses differences in maintaining balance in the elderly and the 

young, as a result of operation of the auditory signals. He researched two 

groups, a group consisted of young people (21.9 years old) and consisted 

of the elderly (68.9 years old). In the older group, under the influence of 

“moving” auditory stimuli, he recorded higher sways in the lateral plane 

than in the representatives of the young. In the light of these results, the 

author suggested that balance of the elderly largely depends on the au-

ditory information, and therefore it is disrupted under the influence of 

such signals more easily [23]. An important aspect of the research was to 

specify the influence of gender on balance parameters. Different acoustic 

conditions of the tests allowed both to assess the comparative stability 

of women and men in the conditions of relative silence, and to compare 

the sensitivity of their posture to acoustic stimuli. Significant differences 

between postural stability for men and women did not appear, howe-

ver, in the case of any of the analysed parameters, regardless of the aco-

ustic conditions. Polechoński obtained completely different test results.  

In the executed experiments with closed and open eyes, in the conditions 

of relative silence, better stability was a feature typical of women, which 

was explained with their favourable body proportions [19,20]. However, 

some authors, pointing to anatomically smaller supporting area of women 
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than men, do not notice the gender dimorphism in body balance [24,25]. 

To some extent, this was specified in further research executed by Pole-

choński with the acoustical stimulation. Based on the obtained results, 

one could not clearly state whether the sensitivity of the balance control 

system of body posture is dependent on gender (the results of most tests 

were similar). Significant differences appeared, however, in the measure-

ments without visual control, suggesting higher sensitivity of the balance 

control system of women during exposure to acoustic stimuli [19,20]. The 

issue of the influence of the acoustic stimuli on postural stability is still not 

known. The executed research can be regarded as an introduction to fur-

ther analyses, specifying their directions. 

In the future, the researched group should certainly be extended in 

order to be considered as a representative of the population. The exe-

cution of the research not only in different acoustic conditions, but with 

limited access to information from other sources of postural control (va-

riable conditions of visual control, a ground with different textures and 

hardness) seems to be beneficial. It is also interesting to research the rela-

tionship of the stability parameters and the auditory frequency. Executing 

a comparative analysis of the posturographic research results, one should 

remember that are often executed in different conditions, they involve 

a different procedure and the researched persons are of different age.  

Conclusions

The research results allow to form the following conclusions:  

1.	 Postural stability both in the conditions of relative silence, and the 

acoustic stimuli is not dependent on gender. 

2.	 Music with a fixed spectrum has statistically significant influence 

on balance of the following parameters: 

•	 Mean load point X and Y 

•	 Average speed 

•	 Lateral speed 

•	 Subtended area, increasing their range. 
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3.	 The use of earphones without music (III test) significantly incre-

ased the parameters of the average and lateral speed compared 

with test I, where for a period of 1 minute, the time of absolute si-

lence dominated.
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Abstract

Introduction: The World Health Organization declared stress a disease of the 
21st century. Its health consequences can be painful and long lasting. Stress is 
one of the common threats in the modern work environment. Nurse care in me-
dical units is one of the most difficult organisational forms. The work of a nurse 
is associated with constant exposure to stress factors that may cause burnout. 

Material and methods: The study was conducted among 120 nurses employ-
ed at the University Clinical Hospital of the Military Medical Academy – Cen-
tral Veterans Hospital in Q3 2017. 

Objective: The aim of the article was an attempt to diagnose stress factors and 
determine their degree of impact, while assessing the risk of burnout among 
nursing staff.

Results: The major stress factors are discussed in this paper. Aspects affecting 
the emergence of the concept of occupational burnout among nursing staff 
were characterised. This study has proven that stress is an inherent process in 
the work of a nurse. Based on the respondents’ answers, the inadequate re-
muneration, high responsibility, lack of equipment, lack of promotion oppor-
tunities should be considered the most important stress factors. Interpersonal 
relationships with the patient and their family can affect the feeling of stress. 

Conclusions: The vital element is that the choice of this profession was moti-
vated by the will to help others and the recognition of this profession as presti-
gious. A positive message is that despite the difficulties of the profession, most 
of the respondents go to work with satisfaction or sense of duty.

Key words: stress, burnout, nurse, stress, stress factors.
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The concept of stress

The concept of stress was introduced to the dictionary by Hans Hugo Se-

lye, who devoted 50 years of research to studying this phenomenon. For 

this reason, he was nicknamed Dr. Stress. Selye was the first to hypothe-

sise that a number of somatic diseases is the result of man’s inability to 

cope with stress. He called this phenomenon the so-called “general ada-

ptation syndrome deficiency”  and described it in his first book on stress 

in 1956 entitled “The Stress of Life”. 

Stress is a concept that most people perceive negatively, and the very 

feeling of stress is perceived by them as a weakness, hindering effective 

action. 

The World Health Organization has defined stress as “the disease of 

the century, because the cause of the colourful and dangerous picture of 

adaptation disorders can be physical, as well as chemical, toxic, infectio-

us, psychological and sociopathic factors” [1].

“Stress” in encyclopaedic terms is “a state of load on the psychological 

regulation system, arising in a situation of danger, obstruction or impos-

sibility of achieving goals, tasks, values important for the individual” [2]. 

There are several definitions of stress that should be presented in 

three categories:

•	 Stress – stimulus – severe, bothersome and distracting from activity:  

this type describes various, troublesome situations that cause 

stress, e.g. noise in the workplace, illness, death.

•	 Stress as a reaction to an onerous stimulus from the outside: de-

termination of reactions that appear both physically and mentally 

in a person in response to unpleasant situations, e.g. worse perfor-

mance of a task.

•	 Stress as an effective adaptive relationship occurring among the 

adaptation capabilities of an individual and stress factors. Taking 

preventive behaviour is an experiment to restore balance [3].

A certain level of motivating stress is necessary for the productive func-

tioning of a person. Too low level can cause a decrease in motivation, pas-
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sivity and boredom. Too high can contribute to excessive experience thro-

ugh tension, difficulty concentrating, incapacity or slowing of reflexes.

Work-related stress is the most important health and safety chal-

lenge. It is present in our lives and despite many fears of its effects, we 

often cannot prevent it. It is a motivating factor in all disciplines of life. 

Every fourth employee is an addressee of stress, and research shows 

that stress is experienced on 50-60% of all critical working days. This can 

mean a tremendous cost in both the constellation of health disorders and 

the mediocre economic balance. Stress in the workplace does not distin-

guish between functions or positions. It can affect anybody. It occurs in 

both public and private sectors, in a small and large enterprise. It carries 

a huge burden on the health and safety of individuals, but also affects the 

activity of national organisations and economies. “Stress triggers a cer-

tain alarm situation, thanks to which the body prepares for increased de-

fensive activity. The nervous system is stimulated, hormones conducive 

to sharpening of the senses are released, the pulse accelerates, breathing 

becomes more intense, muscles tighten. Despite some individual diffe-

rences, our physiological responses are similar. Short-term stress is not 

very burdensome for our bodies, long-term experience of stress can be 

extremely harmful to our health and senses” [4]. 

Stress caused by work, says M. Gólcz, has a huge impact on the or-

ganisation of the entire workplace. Employees and managers experien-

cing excessive stress are most often on the verge of physical and mental 

exhaustion. It should be borne in mind that people working under seve-

re and chronic stress are more likely to get sick. It also affects their per-

formance and making more mistakes, and thus, reduces the efficiency of 

their work. They are usually more assertive in carrying out tasks, they use 

sick leave or holiday more often. There is probability of circumventing 

legal provisions and basic safety principles. It happens extremely often 

that this is a cause of accidents at work. Lack of commitment and loss of 

willingness to work is another dominant aspect of employees exposed to 

excessive stress. In extreme situations, they often give notice and leave 

work [5].  
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The concept of occupational burnout, its causes and symptoms

The problem of occupational stress is strongly associated to occupational 

burnout. The metaphorical term “burn out” clearly indicates the compo-

sition of one’s exhaustion due to stressful job predilections. What should 

be taken into account when wanting to recognise a burnout syndrome? 

Emotional exhaustion, i.e. excessive fatigue, lack of dynamics and expres-

sion is routinely given.

In this case, it can be described as a much more significant amount of 

work that a person must do to achieve guaranteed results. Workers expo-

sed to burnout syndrome often see excessive indifference towards them 

in relation to other people. Confidences are deprived of their current cha-

racter and become outdated. This condition is also associated with the 

minimisation of satisfaction with one’s own professional activities – a de-

crease in the sense of one’s own skills and work dynamics comes into play 

[6]. Occupational burnout, occupational burnout syndrome, and burnout 

syndrome – a condition when work is no longer satisfying, an employee 

ceases to evolve professionally, they feel uncomfortable due to overwork 

and are dissatisfied with their duties, which they enjoyed the day before. 

This is a result of stress associated with the overwork condition, most 

often determined in professions requiring many contacts with people, 

i.e. among psychologists, educators, doctors, nurses teachers and para-

medics and others. People who experience burnout syndrome are those 

who were workaholics before. 

According to Christina Maslach, there are three components of occu-

pational burnout. They are referred to as: 

1.	 Emotional exhaustion – a feeling of inertia and a large outflow of 

strength caused by excessive psychological and emotional requ-

irements that were set for the employee (or they set such unreali-

stic requirements to their own abilities);

2.	 Depersonalisation – defines a feeling of far-reaching barbarism, 

impersonality, cynical looking at other people, a decrease in sensi-

tivity towards others;
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3.	 Lowering the perception of one’s own achievements – the feeling 

of wasting time and effort on one’s work result [7].

The nature of the work of nursing staff

Working as a nurse is extremely difficult and multi-tasking. First of all, it 

is focused on meeting the needs of the patient, but they also largely work 

with medical documentation. Performing nursing and treatment work, 

operating medical equipment and devices as well as cooperation with the 

staff and the patient’s family often requires predispositions and skills [8].

The profession of a nurse should be exercised by a person with speci-

fic professional qualifications, the right to practice a profession, as well as 

having the skills to cooperate in an interdisciplinary team [9].

The manner in which a nurse and midwife perform work is regulated 

by the Act of 15 July 2011 on the professions of nurse and midwife. 

The provisions of the Act define the profession of midwife and nurse 

as a free and independent profession, consisting in providing health se-

rvices, in particular:

1.	 recognising the patient’s health conditions and needs;

2.	 recognising patient care problems;

3.	 planning and providing patient care;

4.	 independent provision, within a specified scope, of preventive, 

diagnostic, therapeutic and rehabilitation services as well as medi-

cal rescue operations;

5.	 the implementation of medical orders in the process of diagnosis, 

treatment and rehabilitation;

6.	 deciding on the type and scope of care and nursing benefits;

7.	 health education and health promotion [10].

Nurse care in medical units is one of the most difficult organisatio-

nal forms. Its aim is to provide the patient with round-the-clock care in 

a continuous, uninterrupted work system, i.e. both on working days and 

on Sundays and holidays. The work system in hospitals is usually of one 

shift – 7 hours 35 minutes or two 12-hour shifts [11,12].
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In their work nurses encounter stress from various sources on a da-

ily basis. First of all connected with the patient, their medical problems, 

often with a threat to life and health, and the necessity of making sudden 

decisions. The patient’s family, therapeutic team, mutual interactions, 

work environment and conditions as well as high responsibility are also 

a source of stress [13]. 

Material and methods

As part of the work, the thesis was put forward that the work of a nurse due 

to its specificity is associated with increased stress than other professions.

The purpose of the article was to attempt to diagnose stress factors 

and determine the degree of impact of these factors, while assessing the 

risk of burnout among nurses employed at the University Clinical Hospi-

tal of the Medical University of Lodz, Military Medical Academy – Cen-

tral Veterans Hospital. 

The following research questions were asked in the paper: 

1.	 Is burnout related to the nurse’s seniority?

2.	 Is burnout syndrome related to the nurse’s age?

3.	 What are the most stressful factors?

4.	 Does the nurse’s profession affect their personal life?

5.	 Do professional relationships influence the feeling of burnout?

Methodology

The study was conducted among 120 nurses employed at the Universi-

ty Clinical Hospital of the Military Medical Academy – Central Veterans 

Hospital in Q3 2017. 

After obtaining informed consent, staff were asked to fill out the qu-

estionnaire voluntarily and independently. 

The tool used for the study was the author’s questionnaire, containing 

closed questions and using a four-level and five-grade assessment scale. 
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The form in MS Excel was used for statistical processing. Table 1 shows 

the age of the studied group and the gender of respondents.

 Table 1. Research group characteristics

Category (%)

AGE

20-30 27%

31-40 28%

41-50 39%

51-60 4%

over 61 2%

GENDER

Female 93%

Male 7%

EDUCATION

vocational 1%

secondary 7%

bachelor’s degree 24%

master’s degree 68%

Among 120 respondents, the largest group were middle aged (41-50) 

women (93%). Only 1% of respondents had vocational education. 92% of 

respondents had bachelor’s and master’s degrees.

Most nurses pointed to the average material situation. 30% consi-

dered their financial situation as good. In a group of 9% of respondents, 

extreme feelings of their situation were noticed. And so 2% described it 

as very good, while 7% described it as bad or very bad. This is illustrated 

in Figure 1.

The largest seniority group (30%) are nurses with 16 to 20 years of 

experience. 25% of respondents reported seniority from 11 to 15 years. 

The seniority of 23% of nurses ranged from one to 5 years, and from  

6 to 10 years – 16% of respondents. 5% have worked in the profession 

for over 20 years, and only 1% for less than 1 year. The seniority is shown 

in Figure 2.
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Figure 1. Material status

 

Figure 2. Seniority

Almost 90% of respondents felt stress at work very often and often. 

12% admitted to feeling stress rarely. None of the respondents indicated 

the answer „Never”, which may suggest that they all feel stress as an inse-

parable element of work. Feeling stress at work is shown in Figure 3.

For most respondents, stress is an unnecessary element of work 

(56%), while almost a third of respondents consider it necessary, but to 

a limited extent. Only one percent of respondents considered stress as 
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a motivator for work and identified its existence as significant. 10% of re-

spondents had no opinion on this matter. The answers to the questions 

are shown in Figure 4.

Figure 3. Feeling stress at work

Figure 4. Stress at work

Jóźwik, Karpińska-Marszałek
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The most stressful factors for the largest group of respondents were: 

1.	 Too low remuneration (65% of respondents gave this answer 5 po-

ints), 

2.	 Lack of resources, equipment and materials needed for work (82% 

of respondents gave this answer 4 points), 

3.	 Too high responsibility (57% of respondents gave this answer  

4 points), 

4.	 Time pressure (60% of respondents gave this answer 4 points) 

5.	 No prospects for professional development and promotion (75% 

of respondents gave this answer 4 points). 

6.	 Strained relations with patients and their families (level 4 for 

68%), strained relations with other staff (level 4 for 52%). 

Respondents were the least stressed by: constant contact with harm-

ful substances (86% of respondents gave 1 point to this answer), contact 

with death (44% gave 2 points), shift work (64% gave 2 points), poor work 

organisation (1 points for 54% of respondents), employment uncerta-

inty (1 point for 87% of respondents). In addition, the respondents did 

not stress the necessity of making quick decisions (2 points for 71% of 

people) and monotony (1 point for 90% of people). Physical and mental 

overload with work was considered to be a factor causing average stress 

(50%, 3 points). Rivalry among employees is less than 40 percent (3 po-

ints for 39% of respondents). Factors causing stress at work are specified 

in Table 2.

Negative emotions (anxiety and fear) related to the attitude to going 

to work are observed only in 6% of the staff. A positive symptom is that 

a 43% group goes to work with satisfaction, while 29% comes to work 

with a sense of duty. Lack of attitude is manifested by the group of indif-

ferent, constituting 22%. None of the respondents indicated other than 

the given attitudes in coming to work. Figure 5 illustrates the attitude to-

wards going to work of the respondents.

Assessment of Factors Conditioning Stress and Burnout in a Group of Nurses...
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Table 2. Factors causing stress at work

Very 
low

Low Average High
Very 
high

Contact with death 5% 44% 23% 22% 6%

Too high responsibility 4% 7% 7% 57% 25%

Pressure of time 1% 2% 32% 60% 5%

Constant contact with harmful 
substances 

86% 12% 1% 1% 0%

Lack of prospects for professional 
development and promotion 

2% 9% 13% 75% 1%

Physical and mental overload with 
work 

0% 1% 50% 33% 16%

Shift work 0% 64% 25% 7% 4%

Strained relations with patients and 
their parents 

0% 0% 2% 68% 30%

Strained relations with other staff 2% 3% 33% 52% 5%

Rivalry among employees 7% 20% 39% 23% 11%

Poor work organisation 54% 12% 26% 8% 0%

Employment uncertainty 87% 2% 11% 0% 0%

Too low remuneration 0% 0% 3% 32% 65%

Lack of resources, equipment and 
materials needed for work 

0% 0% 1% 82% 17%

Necessity of prompt decision making 0% 71% 0% 15% 14%

Monotony 90% 2% 2% 6% 0%

Figure 5. Attitude to going to work
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A disturbing fact is that as many as 57% of respondents show dissatis-

faction with the conditions in the workplace. Housing conditions, outdated 

equipment, often the lack of disposable equipment and difficult interper-

sonal contacts have an impact on the assessment. Every fourth respondent 

described the conditions as good. This is illustrated in Figure 6.

Figure 6. Conditions at work

The declared level of satisfaction with the work performed was usu-
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dents recognised the profession as prestigious. Family relations were not 

without significance, because about 20% of the respondents chose this 

profession because of the work of a loved one (Figure 8).

Figure 7. Satisfaction level

Figure 8. Reasons for choice
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turned out to be remuneration for work, because 89% considered it ina-

dequate (Table 3).

Table 3. Relations at work

YES NO

Is communication between colleagues successful? 52%

At work, can you count on mutual support? 57%

Are employees burdened with excess duties? 59%

Are employee-subordinate relations successful? 46%

Is the remuneration adequate to the work performed? 89%

Is the responsibility for the tasks performed too high? 38%

The respondents pointed to the lack of power and energy to work 

(18%), loss of motivation (11%) as well as fatigue and emotional exhau-

stion. These symptoms were indicated as occurring frequently. The oc-

currence of these symptoms has sometimes been determined by more 

staff (45%, 39% 19%, respectively). 43% of respondents indicated that 

stress at work affects their personal lives, but more than 50% can distin-

guish between private and professional life. The manner of answering is 

given in Table 4.

Figure 9 illustrates the impact of long-term stress on the occurrence 

of the somatic symptoms set out in the previous question.

81% of respondents believe that long-term perception of work-rela-

ted stress can affect the occurrence of the symptoms described in the 

previous question.

An extremely important fact is the possible help in case of failures illu-

strated by Figure 10. In the event of failures, most respondents can count 

on the help of a loved one. Only 1% can count on the help of a specialist, 

and 7% from a superior.
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Table 4. Symptoms of burnout

Never Rarely Sometimes Frequently

Irritation with minor  
setbacks at work 

2% 40% 53% 5%

Lack of faith in one’s own 
abilities 

1% 51% 41% 7%

Lack of empathy and  
indifference in relations with 

patients 
42% 34% 23% 1%

Irritability and lack of  
patience with patients 

2% 49% 42% 7%

Avoiding personal contacts 
with patients 

21% 69% 9% 1%

Inability to concentrate 11% 74% 12% 3%

Mistakes and errors in the 
performance of tasks at 

work 
1% 84% 13% 2%

Lack of power and energy 
for work 

5% 32% 45% 18%

Loss of motivation 3% 39% 47% 11%

Discouragement to work 27% 41% 28% 4%

Feeling that I’m not good 
enough 

8% 74% 9% 9%

Emotional fatigue and 
exhaustion 

5% 63% 19% 13%

Colds, headaches, infections 1% 47% 50% 2%

Weight loss or overweight 78% 15% 5% 2%

Problems with sleeping 38% 43% 16% 3%

Problems with alcohol and 
tobacco abuse 

94% 4% 2% 0%

Resignation and lack of 
prospects 

20% 65% 6% 9%

Irritability, anxiety,  
depressive states 

10% 63% 21% 6%

Anger and aggression 71% 24% 3% 2%
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Figure 9. Feeling stress

Figure 10. Persons offering assistance to respondents in case of failures

Discussion
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tal of the Medical University of Lodz. The group subjected to the test is 
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and age.
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The largest group in terms of age are employees between 41 and 

50 years of age (39%). The least numerous are people over 51 years of 

age. 27% of respondents are 20-30 years old. The vast majority of the 

staff have higher education (68% higher master’s, 24% bachelor’s). Only 

7% are people with secondary education and 1% – vocational.

Most of the respondents have worked for over 11 years (11-15-25%, 

16-20-30%), which is more than half of the respondents. Only 5% indica-

ted seniority over 20 years, while extremely short (one year) 1%.

As Mastalerz has stated, work can be a source of satisfaction, but at 

the same time it can be associated with too high emotional burden, which 

in fact can lead to burnout.

This study shows that 86% of respondents experience stress at work 

often or very often. Only 1% described the very rare occurrence of stress 

at work. None of the respondents gave an answer that confirms that 

stress never occurred.

The results of Modzelewska and Kulik show that as many as 73.3% of 

nurses in Lublin hospitals felt stress related to their work [13,14,15].

Importantly, 56% of our respondents, although experiencing stress, 

do not think it is needed. The results of already published studies show 

that stress is not affected by the ward in which nurses work [16].

However, important factors determining the level of stress were establi-

shed. And so, as much as 65% described the lack of adequate remuneration 

as significant (weight 5). There were as many as 88% people who did not feel 

satisfied with their remuneration, 42% of which declared low satisfaction, 

and 46% minimum. Basińska’s research has shown that low remuneration is 

a stress factor for staff and can lead to frustration and dissatisfaction [17]. 

In the 21st century, the selection of equipment and resources by the 

workplace seems simple. However, 82% of respondents admitted that 

the lack of the above also causes dissatisfaction, and sometimes can cau-

se stress. Other factors listed by the respondents were too high respon-

sibility (57% weight 4), interpersonal relations with the patient and their 

family (68% – 4) and contact with death (44% – 4).

The latter is inseparable in the work of a nurse.
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What may seem irrational is that 71% of respondents do not see ma-

king quick decisions as a stress factor.

Professional promotion turned out to be an important factor for the 

respondents, but it was poorly assessed by 86% of respondents, which 

may suggest the lack of possibility and transparency of a possible pro-

motion. Nursing staff has developed a separation of the professional and 

personal sphere. 58% of respondents claim that they can separate these 

spheres.

Conclusions

1.	 This study has proven that stress is an inherent process in the 

work of a nurse. 86% of respondents said they felt stress.

2.	 Based on the respondents’ answers, the inadequate remunera-

tion, high responsibility, lack of work equipment, lack of promo-

tion opportunities should be considered the most important stress  

factors.

3.	 Interpersonal relationships with the patient and their family can 

affect the feeling of stress.

4.	 The choice of this profession was motivated by the will to help 

others and the recognition of this profession as prestigious.

5.	 The promotion system is not transparent (86% of respondents as-

sess poorly their chances of promotion).

6.	 Despite the difficulties of the profession, most of the respondents 

go to work with satisfaction or sense of duty.

7.	 43% of staff felt the negative impact of stress on private life.

Occupational burnout refers to the state of exhaustion of the body. 

The article discusses the definition and conceptualization of the con-

cept. Although both occupational burnout and engagement are associa-

ted with important work-related outcomes, burnout appears to be more 

strongly associated with health outcomes, while engagement with work 

is more closely associated with motivational outcomes [18].
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Burnout is considered a socio-cultural concept or set of symptoms. 

They were considered a professional syndrome associated with unem-

ployment and employment. From the beginning of 2022, it will be po-

ssible to get sick leave for this condition. According to the International 

Statistical Classification of Diseases (ICD-11) maintained by the World 

Health Organization, burnout can be diagnosed [19]. We know, after all, 

that this phenomenon is multidimensional, because it changes the em-

ployee’s behaviour, affects their attitude and interrelationships with pe-

ople, and affects their health.
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Abstract

Background: Breast cancer is the most commonly diagnosed cancer in women 
all around the world. In 2018 alone, this type of cancer has been diagnosed in 
2 million cases. Women who are transmitters of the BRCA mutation are more 
likely to get breast and ovarian cancer at their young age than women who do 
not possess this kind of genetic mutation. 

Objectives: This project aims to analyze clinical studies in the mutation of 
genes BRCA1 and BRCA2 in breast cancer. Specifying the active substances 
allows the approximation of which substances are being examined at the mo-
ment as innovations.

Material and methods: The web database www.clinicaltrials.gov was used for 
the analysis of clinical studies related to BRCA1 and BRCA2 mutations. The 
analysis covered research conducted in the European Union and the United 
States.

Results: The most clinical trials of BRCA1 and BRCA2 gene mutations in bre-
ast cancer are conducted in the USA – 9 studies, which indicates a 56.2% sha-
re in the entire market of research in medicinal products in this indication. Of 
the EU countries, the majority of research is conducted in Spain – 6 (37.5%). 
Most of the clinical studies are conducted in an active substance Talazoparib – 
6 types of research.

Conclusion: Clinical studies in breast cancer in the BRCA1 and BRCA2 gene 
mutations give hope to many patients waiting for innovative treatments. The 
United States is conducting more clinical trials in this disease than the Europe-
an Union.

Key words: clinical trials, cancer, BRCA1 gene, BRCA2 gene, mutation.
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Introduction

Breast cancer is the most commonly diagnosed cancer in women all aro-

und the world. In 2018 alone, this type of cancer has been diagnosed in 

2 million cases. It is estimated that around 5-10% of breast cancer has 

a genetic origin [1]. One of the genetic factors, which may cause breast 

and ovarian cancer is the mutation of genes BRCA1 and BRCA2. BRCA1 

and BRCA2 are tumor suppressor genes. Their main role is to fix dama-

ged fragments of the DNA, playing an important role in providing stabi-

lity to the varying genetic material of the cell. When any of these genes 

are mutated or are not modified in a way that protein end product is not 

created or does not function correctly, the damaged DNA cannot be fixed. 

As a result, these types of cells are at risk of genetic changes, which may 

lead to malignant transformations. Patrimonial BRCA1 and BRCA2 muta-

tions increase the risk of breast and ovarian cancer in women, in addition 

to increasing the possibility of developing other cancers. Women who are 

transmitters of the BRCA mutation are more likely to get breast and ova-

rian cancer at their young age than women who do not possess this kind of 

genetic mutation. This mutation may be inherited from mother or father, 

every child of a parent who has the variation of this gene has a 50% chan-

ce to inherit this mutation [2]. Women inheriting the BRCA1 or BRCA2 

mutation have an approximately 50% to 80% chance of developing bre-

ast cancer in their lifetime, as well as a 40% chance of developing ovarian 

cancer [3]. The average age of getting breast cancer in BRCA1 mutation is 

forty years old. This mutation very often redounds to medullary carcino-

ma of the breast in cases of low expression of the estrogen receptor. The 

oncology clinical studies are a huge chance to access innovative medica-

tions for patients; therefore, the development of research of the product 

is significantly essential. The enormous number of clinical studies conduc-

ted on breast cancer allows the oncologist to fit adequate treatments and 

to present access to innovative therapies. The analysis of studies in breast 

cancer of BRCA1 and BRCA2 genes allows approximating the amount of 

research, their stages, and the best treatments accessible on the market. 
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Material and methods

The web database www.clinicaltrials.gov was used for the clinical study 

analysis, which relates to mutation BRCA1 and BRCA2. It is a database of 

international clinical studies that are either private or founded by public 

resources. The information is provided by the US National Library of Me-

dicine, in which the analysis of the amount of research associated with 

mutation BRCA1 and BRCA2, stages of research, and tested treatment 

schemes was made. The data covers the period from the 1st of January to 

the 25th of January 2020. The analysis covered the research conducted 

in the European Union and the United States.

Aim

This project aims to analyze clinical studies in the mutation of genes 

BRCA1 and BRCA2 in breast cancer. Specifying the active substances 

allows the approximation of which substances are being examined at 

the moment as innovations. The analysis will also determine the co-

untry where the most significant amount of clinical studies in BRCA1 

and BRCA2 mutation was conducted, divided into the phases of the 

research.

Results

During the analysis period, there are 16 clinical studies associated with 

mutation of BRCA1 and BRCA2 gene in breast cancer, where 9 of them 

are in the US, and seven are in the EU. There are six clinical trials in the 

recruitment stage, and ten are in the active stage. Figure 1 shows the 

number of clinical trials divided into phases. 
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Figure 1. Division by the phase of gene mutation studies BRCA1 and BRCA2 in breast 

cancer

Analyzing the following diagram (figure 1) we can notice that most of 

those studies with BRCA1 and BRCA2 gene mutation in breast cancer 

are conducted in the second phase – 10 studies, then the third phase –  

4 trials, and in the third place is phase number one – 2 studies. 

Table 1 presents all the countries included in the analysis. The most 

clinical trials of BRCA1 and BRCA2 gene mutations in breast cancer are 

conducted in the USA – 9 studies, which indicates a 56.2% share in the 

entire market of research in medicinal products in this indication. Of the 

EU countries, the majority of research is conducted in Spain – 6 (37.5%), 

followed by France, Poland, and the UK – 5 (31.2%), the third places are 

Hungary and Italy – 4 (25%). Furthermore, EU countries do not exceed 

19% market share in the clinical trials of BRCA1 and BRCA2 gene muta-

tion in breast cancer in the EU and the US. Nine of the EU countries do 

not conduct any medical research in this diagnosis. 

Table 2 presents clinical experiments by NCT numbers (clinical trials 

number from the clinicaltrials.gov database): the active substance being 

tested and the countries that participate in the project. When analyzing 

the active substance, which during the analysis period was most often 

studied in clinical trial projects in the EU and the US, Talazoparib comes 

first – 6 studies (37.5%). Olaparib is second – 3 studies (19%), Niraparib, 

and Veliparib are in the third place – 2 (12.5%). The fourth place take  

Table and Figure:

Figure 1. Division by the phase of gene mutation studies BRCA1 and BRCA2 in breast cancer 

4 

10 

2 

Figure 1. Division by the phase of gene mutation 
studies BRCA1 and BRCA2 in breast cancer 

Phase III Phase II Phase I

The Clinical Trials Analysis of Active Ingredient in Mutations of BRCA1 and BRCA2 Genes...
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active substances: ABT-888, Temozolomide, Denosumab, and Pembroli-

zumab after 1 study (6.2%).

Table 1. The countries participating in the analysis

Country Number of clinical trials 

US 9

Spain 6

France 5

Poland 5

UK 5

Hungary 4

Italy 4

Belgium 3

Germany 3

Sweden 3

Czechia 2

Netherlands 2

Romania 2

Bulgaria 1

Denmark 1

Greece 1

Finland 1

Ireland 1

Portugal 1

Austria 0

Cyprus 0

Estonia 0

Latvia 0

Lithunia 0

Luxembourg 0

Malta 0

Slovakia 0

Slovenia 0
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Table 2. The clinical experiments by NCT numbers, divided in to:  

active substance, phase, country and status

NCT number
Active 

substance
Phase Country Status

NCT 
0200622

Olaparib 3

Bulgaria, Czechia, France, 
Germany, Hungary, Italy, 
Spain, Sweden, Poland, 

Romania, UK, US

Active

NCT 
01945775

Talazoparib 3
Belgium, France, Germa-

ny, Ireland, Italy, Spain, 
Poland, UK, US

Active

NCT 
01905592

Niraparib 3

Belgium, France, Greece, 
Hungary, Italy, Nether-
lands, Spain, Portugal, 

Poland, UK, US

Active

NCT 
01506609

Veliparib 2

Belgium, Czechia, Den-
mark, Finland, France, 
Hungary, Netherlands, 
Spain, Sweden, Poland, 

Romania, US

Active

NCT 
03286842

Olaparib 3
Hungary, Itlay, France, 

Germany, Spain, Poland, 
UK, US

Active

NCT 
01078622

Olaparib 2 Spain, US Active

NCT 
02034916

Talazoparib 2 UK Active

NCT 
01009788

ABT-888, Te-
mozolomide

2 US Active

NCT 
02282345

Talazoparib 2 US Active

NCT 
02286687

Talazoparib 2 US Recruitment

NCT 
03382574

Denosumab 1 US Recruitment

NCT 
03428802

Pembrolizu-
mab

2 US Recruitment

NCT 
03329937

Niraparib 1 US Recruitment

NCT 
01149083

Veliparib 2 US Active

NCT 
02401347

Talazoparib 2 US Recruitment

NCT 
03499353

Talazoparib 2 US Recruitment
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Discussion

During the analyzed period, seven active substances were tested in the 

BRCA1 and BRCA2 gene mutations in breast cancer. Most of the clinical 

studies are conducted in an active substance Talazoparib – 6 types of re-

search, which from the 16th of October 2018 is officially approved by the 

FDA as medicine in advanced treatment of breast cancer in BRCA positi-

ve patients [4]. The second place is Olaparib – 3 trials, which is registered 

in Europe and the United States in the treatment of ovarian cancer in fur-

ther line therapy [5]. The use of this medicine may not reach the full poten-

tial; therefore, there are conducted other clinical studies in differential 

diagnosis and treatment lines, which gives hopes to ill patients. Another 

active substance is Veliparib – 4 types of research, which from 2014 is in 

the third stage of ovarian cancer recognition, triple-negative breast can-

cer, and non-small-cell lung carcinoma [6]. Niraparib also 2 trials; it was 

approved for treating ovarian cancer on 27th of March 2017 in the US 

and in Europe on 16th of November 2017 [7,8]. Another active substan-

ce, which is tested in the event of BRCA mutation, is the Tremelimumab 

– 1 trial, which was unsuccessfully tested in the recognition of malignant 

melanoma, mesothelioma, and non-small-cell lung cancer [9]. Temozolo-

mide – 1 trial is registered as a medicine for patients with newly diagno-

sed glioblastoma multiforme in a combination of x-ray therapy, and next 

with monotherapy [10]. The last two active substances that have proven 

effects are Pembrolizumab and Denosumab. Pembrolizumab is a humani-

zed antibody used in cancer immunotherapy. Pembrolizumab is approved 

by the FDA for several different cancers [11]. Denosumab is a human mo-

noclonal antibody for the treatment of osteoporosis, treatment-induced 

bone loss, metastases to bone, and giant cell tumor of bone [12,13]. In the 

United States, more research is being carried out in this diagnosis than in 

the European Union. The United States also dominate in terms of clini-

cal trials during recruitment. About 58% of clinical trials in breast cancer 

worldwide are conducted in the United States. The clinical trials market 

in the United States has more significant development potential than the 
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European Union market. One EU concept for improving the situation 

of clinical trials is a Regulation (EU) No 536/2014 of the European Par-

liament and of the Council of the 16th of April 2014 on clinical trials on 

medicinal products for human use, and repealing Directive 2001/20/EC. 

The primary purpose of the Regulation is to streamline and shorten the 

procedure for obtaining permits for clinical trials of medicinal products. 

It provides for the submission of one central application (via the Internet 

portal), which will allow sponsors to avoid the preparation of various do-

cumentation and international application forms for global clinical trials. 

Due to delays in creating the portal, the application of this Regulation 

has been postponed several times. According to unofficial information, it 

is planned until the end of the first quarter of 2020 [14]. Oncologist en-

gagement in clinical trials has an effect on patient recruitment, which in 

turn can affect trial success. Encouraging primary care physicians to a pa-

tient participant in clinical trials should be the next step in improving the 

EU clinical trial market. A survey conducted in Canada on 127 physicians 

by Bylund L. et al, shows that primary care physicians may be an impor-

tant group to target in trying to improve cancer clinical trial participation 

among minority patients. Future work should explore methods of an edu-

cational intervention for such interested providers [15]. A survey con-

ducted on 221 oncologists by Somkin CP. et al shows that to increase trial 

participation, there is a critical need for infrastructure to support trials, 

especially additional support staff and research nurses. In addition, there 

is a need for better intra-organizational communication and considera-

tion of the impact of trial design on internal health plan resources. This 

research supports the need to continue a national dialogue about the 

broadly defined benefits and costs of clinical trials to patients, physicians, 

and health plans [16].

Conclusion

Clinical studies in breast cancer in the BRCA1 and BRCA2 gene muta-

tions give hope to many patients waiting for innovative treatments. The 
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United States is conducting more clinical trials in this disease than the 

European Union. The most commonly studied drug substance is Talazo-

parib. Most studies are conducted in phase III. Of the European Union 

countries, Spain is the country where the largest number of studies on 

medicinal products in the BRCA1 and BRCA2 gene mutations are carried 

out in breast cancer.
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Abstract

Unfavorable living conditions, particularly in rural areas, and the relatively low 
level of health culture (manifested by incorrect nutrition, insufficient physical 
activity, alcohol abuse, and smoking) do not promote health of the population. 
The aim of this study was an assessment of research on health behaviors, ba-
sed on literature, which could serve as a basis for developing health education 
programs for children and adolescents from rural areas.
Specialist literature indicates that health education is neglected, non-uni-
form, and conditioned by various factors: both environmental and individu-
al. Therefore, identifying threats, pointing to their conditions, and diagnosing 
situations, especially among school adolescents, is particularly needed and 
welcomed. 
The issue of researching health behaviors of young people, especially from ru-
ral areas, as well as the development of a compatible research tool, is of utmost 
importance. The lack of such a tool results in problems when one needs to com-
pare research results obtained by various authors. The theoretical knowledge 
and implementation of some health programs often does not bring any practi-
cal results. 
What is needed are specific actions aimed at promoting health at school and 
at home, as well as the ability to use existing knowledge to analyze and search 
for factors conditioning health behavior of adolescents. 

Key words: health programs, rural areas, health situation, health behaviors, 
health education.
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Introduction

Health behaviors of young people, particularly from rural areas, have 

become the subject of interest of numerous researchers in recent years 

[1,2,3,4,5].

This issue is very current and important in terms of searching for the 

causes of unsatisfactory health condition of children and adolescents 

[6,7,8].

In Poland and Europe, health behaviors are a particularly burning is-

sue, therefore finding a solution or making decisions in this regard se-

ems to be very urgent. Currently, many adverse health behaviors are 

observed in school groups from urban and rural areas; at the same time, 

it is increasingly difficult to observe health-promoting health behaviors 

[12,9,10,11].

Health and education of children and adolescents translate into a he-

althy and prosperous future. Health behaviors of pupils, as suggested by 

numerous studies, are in the process of shaping [12,13,14,15]. They are 

flawed with many irregularities; in order to eliminate or reduce their im-

pact, it is necessary for the pupils to be able to actively implement rules 

of conduct which will give them a sense of value, responsibility for the-

ir own health and for others’. For this to happen, a young person should 

know that for maintaining and improving health, enhancing knowledge 

and following the rules of healthy lifestyle are needed; this is not easy 

because the majority of our society is accustomed to an unhealthy life-

style and ignoring doctors’ warnings, which causes e.g. deterioration of 

children and adolescents’ health [16,17,18,19].

The aim of the study

The aim of this study was an assessment of research on health behaviors, 

based on literature, which could serve as a basis for developing health 

education programs for children and adolescents from rural areas.
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Review methods

The paper includes studies in Polish and English, published in 2000-2017, 

which were selected on the basis of a review of the following databases: 

Web of Science, ResearchGate, Google Scholar. The databases were se-

arched using the following keywords and their combinations: health be-

haviors, health education, health programs, rural environment, health 

promotion and literature analysis of the discussed issue.

Review results

Health situation of children from rural areas

Children and adolescents constitute over 30% of the total Polish popula-

tion. An analysis of the age structure of children and adolescents by resi-

dence indicates that the size of the youngest age groups in rural areas is 

increasing, with the size of these groups in cities is getting smaller (Table 1).

Unfavorable living conditions, particularly in rural areas, and the rela-

tively low level of health culture (manifested by incorrect nutrition, insuf-

ficient physical activity, alcohol abuse, smoking) do not promote health of 

the population. Country’s health situation, including situation of children 

and adolescents, is assessed as highly unsatisfactory [8,19].

In the child population, this is reflected by the still too high infant mor-

tality, a high rate of various types of birth defects, while in older children 

and adolescents in high morbidity (Table 2), high disability rate and mor-

tality rate [8].
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Trends in morbidity and mortality in the population of Polish children 

and adolescents are quite constant.

The compiled structure of hospitalizations by age and main causes of 

morbidity indicate that respiratory diseases are the cause of 23.4% of all 

hospitalizations, while:

•	 injuries and disorders – 16.2%

•	 digestive system diseases – 14.7%

•	 infectious diseases – 7.6%

•	 urinary tract diseases – 7.0%

•	 diseases of the nervous system – 6.9% [8,20].

The six main reasons for hospitalization amount to 75% of cases of ho-

spitalization for patients aged 1-19. With age, there is a decrease in the 

frequency of hospitalizations due to:

•	 respiratory diseases (from 37.2% in the 1-4 age group to 8.5% in 

the 15-19 age group),

•	 congenital malformations (from 6.1% to 1.7%), while the incidence 

of hospitalizations due to injuries increases (from 12.3% to 22.4%).

An important reason for hospitalization of girls aged 15-19 in Poland 

and worldwide are obstetric causes: complications of pregnancy, child-

birth, and puerperium [6,8,21].        

Comparison of hospitalization rates in terms of patients’ place of resi-

dence indicates that main causes of morbidity (except for complications 

of pregnancy and childbirth) have a significantly higher hospitalization 

rate in cities than in the rural areas [8].

The mortality rate of children and adolescents, despite its decline, is 

still higher in Poland than in other European countries (especially in the 

boys’ population). In 2016, 4,127 deaths were registered in the group of 

children and adolescents, which gives a rate of 36.3%/100,000 of popu-

lation, which is lower by 1.1% than in 2010. 2,267 deaths of children and 

adolescents took place in urban areas and 1,960 deaths in the rural envi-

ronment (respectively 32.4 and 42/100,000 of population). As many as 

65% of deaths in this age group were boys’ deaths.

Investigating Health Behaviors as a Basis for Developing Health Education Programs...
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The most common causes of death for children and adolescents were: 

accidents, poisoning and injuries (51.9% of all deaths), cancer (14.4%), 

nervous system diseases (8.6%), birth defects (7.5%) and cardiovascular 

diseases [6,19].

A disturbing upward trend is the suicide deaths of children and adole-

scents.

According to the data of the Central Statistical Office (GUS), 85% of pa-

rents assess the state of health of their children aged 0-14 as ‘very good’ or 

‘good’. The study also shows that a quarter of children suffer from at least 

one chronic disease. The highest percentage of chronically ill patients is in 

the 10-14 age group, while the lowest in the 0-4 age group [19].

According to parents, children most often suffer from chronic allergic 

diseases (9.9%), posture defects (7%), lung diseases, including bronchitis, 

asthma (4.7%), neuroses (2.4%) (mainly children aged 10-14) [22].

Boys are more prone to sickness than girls. As many as 11.2% of chil-

dren have hearing, vision and speaking problems – definitely more in the 

urban areas (13%) than in the countryside (8.8%).

The research indicates that urban adolescents more often show 

weight deficiencies than their peers from rural areas (13% versus 7%) 

[21,23,24]. The state of health of urban children and youth seems worse 

than that of children and youth from the countryside, regardless of the 

financial status of the family. 

Health behaviors of children from rural areas

The deteriorating health situation of the society, as well as numerous he-

alth threats and health problems of the population, force us to look for 

ways to improve the situation. Health should be taken care of at every 

stage of life: both in childhood and later on. One should think about their 

own health, how to maintain it and improve as early as in the school pe-

riod. During the development of correct habits and attitudes, there must 

be space for healthy lifestyle, protecting one’s own health, and health 

education [4,25,26,27].

Sygit, Sygit, Krakowiak
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Specialist literature indicates that this sphere of life and health edu-

cation is somewhat neglected, undoubtedly highly diversified, and condi-

tioned by various factors: both environmental and individual [19,28,29].

Therefore, identifying threats, discovering their conditions, and dia-

gnosing situations, especially amongst school adolescents, is particularly 

needed and welcomed. The creation of health promotion and prevention 

programs for the school-aged group must be based on a fully reliable dia-

gnosis of the social situation – documented and monitored.

Information from school environments as well as daily press reports 

indicate a need for specific actions in the field of school health educa-

tion, led by a qualified staff of educators. These are the expectations and 

needs of young people and those who are not indifferent to their health 

[19,30].

According to B. Woynarowska, health behaviors should be defined as 

behaviors or actions (or lack thereof) which directly or indirectly affect 

human health and well-being [19].

The following health behaviors may be distinguished: health-pro-

moting (pro-health, positive), such as physical activity, proper nutrition, 

maintaining cleanliness of the body and the environment, maintaining 

safety or maintaining a proper relationship between people; and beha-

viors that threaten health (anti-health, negative), such as smoking, alco-

hol abuse, use of other psychoactive substances, risky sexual behavior 

[19,31,32,33].

Health behaviors of young people, particularly in recent years, have 

become the subject of interest of numerous researchers [1,5,9,10,20,34].

This issue is very current and important in terms of searching for the 

causes of unsatisfactory health condition of children and adolescents.

Studies on health behaviors of school children were initiated in Euro-

pe in 1982 in three countries: Finland, Norway, and England. The rese-

arch program was approved by the World Health Organization (WHO) as 

a comparative research program in Europe, repeated every 4 years. The 

first series of studies was carried out in 1983-1984 in 4 countries, the se-

cond in 1985-1986 in 11 countries, the third in 1989-1990 in 14 coun-

Investigating Health Behaviors as a Basis for Developing Health Education Programs...
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tries and the fourth in 1993-1994 in 22 countries and Canada. Poland 

was admitted as a full member of the international group in 1989 and 

participated in the third and fourth series of studies [23].

In Poland, health behaviors are a particularly burning issue, therefo-

re finding a solution or making decisions in this regard seems to be very 

urgent. This may be demonstrated by data on the morbidity rates, and 

consequently disability and death rates, because 75% of all deaths are 

caused by cardiovascular diseases, cancer and injuries [8,19]. The report 

of the National Health Program stated that if the linear increase in mor-

tality is maintained, the death rate per 100,000 people in 2020 will reach 

800 [19].

Increased expenditure on health care cannot mitigate this problem. It 

is important to take advantage of the fact that corrective medicine has 

only a minor impact on health. Hence, primary prevention offers promi-

sing benefits, implemented through appropriate modification of human 

behavior, improving awareness and health culture of the society [11,19].

Currently in Poland many adverse health behaviors are observed in 

school-age groups from urban and rural areas, while it is increasingly 

difficult to observe health-promoting health behaviors. Health and edu-

cation of children and adolescents translate into a healthy and prospe-

rous future. In Poland, the number of children and adolescents reaches 

12.2  million, which equals 32% of the total population of the country; 

their psycho-physical condition is not the best: the average 15-year-old 

will probably live 6-7 years shorter than their peer in developed coun-

tries. Polish youth assess their own health increasingly worse: as many 

as 13% of pupils aged 11-15 believe that they are ‘not very healthy’, while 

e.g. in Hungary, it is only 1% [19,11,22].

Individual and population health depends on 4 groups of factors: li-

festyle and health behaviors are the most important (they condition 

50-60% of health potential), then physico-social environment (20-25%), 

genetic factors (approx. 20%), and healthcare (10%) [6,7,11,19]. Health 

education – especially introduced in rural schools – may help solve the 

problem [19,35,36].

Sygit, Sygit, Krakowiak
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Schools offer a great opportunity to impart knowledge about he-

alth and to develop skills and values important for a healthy future. 

Education prepares children for independence and the role of a he-

althy and productive individual. Therefore, health education should 

play the most important role not only in the aspect of health, but also 

education itself [19].

Meeting the most important health-oriented needs will ensure the he-

alth of the whole society. This goal is justified by the deteriorating health 

condition of Poles [21].

According to numerous studies, health behaviors of pupils are not ul-

timately shaped. They are flawed with many irregularities; in order to eli-

minate or reduce their impact, it is necessary for the pupils to be able to 

actively implement rules of conduct which will give them a sense of value, 

responsibility for their own others’ health. For this to happen, a young 

person should know that for maintaining and enhancing health, know-

ledge and following the rules of healthy lifestyle are needed; this is not 

easy because the majority of our society is accustomed to an unhealthy 

lifestyle and ignoring doctors’ warnings – which causes deterioration of 

children and adolescents’ health [12,32,33,37].

The issue of researching health behaviors of young people, also from 

rural areas, as well as the development of a compatible research tool, is 

of utmost importance. The lack of such a tool results in problems when 

one needs to compare research results obtained by various authors.

The theoretical knowledge and implementation of some health pro-

grams often does not bring any practical results. 

What is needed are specific actions aimed at promoting health at 

school and at home, as well as the ability to use existing knowledge to 

analyze and search for factors conditioning health behavior of adole-

scents. Skillful combination of thinking, actions and knowledge of factors 

that condition health behaviors will help counteract one-sided learning 

tendencies, and will focus more on skills and versatility in harmonious de-

velopment of adolescents. It is a necessity because today’s schools do not 

fully prepare their pupils for life [12,20,38,39].

Investigating Health Behaviors as a Basis for Developing Health Education Programs...
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To achieve this goal, child’s upbringing should start from an early age, 

and be based on a proper health education program to shape health beha-

viors. “Education is the foundation of freedom” (J. Tischner) because only 

a free man can work creatively and solve current challenges – including 

those related to their own health. Health education clearly supports this 

process and plays a part in who the child becomes, how independent they 

will be in their actions, in experiencing the truth, and in choosing the way 

to preserve – or even improve – their own health and improve the health 

situation of rural adolescents [29,30,39].

Conclusions

 	

1. The practical significance of the study and analysis of health behaviors – 
to provide health education in rural areas

In order to form a strategy in the field of health education addressed to 

schoolchildren and adolescents in rural areas, it is important to know 

the perception of health in this environment. Research on pupils’ health 

awareness can be divided into groups: e.g. a health self-assessment, 

confrontation with classic definitions that take into account age, gen-

der, etc. [39].

Providing children with health knowledge, developing their skills, be-

liefs and attitudes, we may facilitate a healthy lifestyle, and improve their 

health and quality of life. Health education at school is believed to be the 

most profitable, long-term investment in the society’s health.

When developing educational programs, it is assumed that health 

education consists of acquiring knowledge, shaping skills, beliefs and at-

titudes necessary to preserve and improve one’s own health and health 

of other people.

Therefore, the goal of school health education must be to help pupils:

•	 make responsible decisions that enable them to develop harmo-

niously and in health,

•	 develop a healthy lifestyle,

Sygit, Sygit, Krakowiak
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•	 identify their own health problems and take measures to solve 

them [28,29].

The concept of comprehensive health education at school (recom-

mended by WHO) assumes:

•	 taking into account the holistic approach to health (in all of its 

aspects) and factors that condition health which are related to pe-

ople, the environment and living conditions,

•	 using all circumstances for the purpose of health education,

•	 striving to unify health information that pupils receive from vario-

us sources – family, school, peers, mass media, advertising,

•	 encouraging pupils to a healthy lifestyle and creating conditions and 

opportunities that promote pro-health behaviors at school [19,23].

2. The role of a parent in health education

Parents are an important element in the health education of children 

and adolescents – in accordance with the WHO motto: ‘Health begins 

at home’. Parents are the first health educators of their children and play 

this role even during the child’s school education [1,19,29].

The effectiveness of this parental education depends on parents’ edu-

cation, social status, understanding of health issues, attitude towards he-

alth issues, economic status, worldview, etc. Hence, the ultimate effec-

tiveness of health education depends on the extent to which the school 

initiates and develops cooperation with parents, which should include:

1.	 Determining the most important topics with parents and joint 

analysis of the possibility of their implementation, as well as edu-

cating parents,

2.	 Giving parents the opportunity to report back about what the 

child has learnt from the lesson, and what the effects of school 

education are.

3.	 Encouraging parents who have appropriate knowledge and skills 

to volunteer to conduct certain classes at school.

4.	 Organizing health-related events at school together [4,29,30,35].

Investigating Health Behaviors as a Basis for Developing Health Education Programs...
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Recent years served for the development of educational programs of-

fered to schools on various health topics.

It is important for each school to develop its own child health protec-

tion program. Due to the procedure for developing specific educational 

programs, health education should help them (but also other members of 

the school community, i.e. teachers and parents of pupils):

•	 acquire and verify knowledge about how to stay healthy,

•	 shape and modify the so-called ‘life skills’ (in the context of health 

regeneration),

•	 shape or change beliefs,

•	 shape or verify attitudes necessary to keep, improve and restore 

one’s own health and health of other people [19,35,40].

In young person’s life there are situations directly related to keeping 

health (e.g. vaccinations or a decision to visit a doctor) and ones related 

indirectly (which are much more common), such as various elements of 

a lifestyle: rest, nutrition, physical activity.

These situations are accompanied by specific behaviors which direc-

tly or indirectly affect health. Health education program for pupils should 

therefore address these situations and behaviors.

The education system offers a great opportunity to affect the health 

of children and adolescents. Naturally, it should not be forgotten that the 

process of socialization is dominated by the family, therefore patterns 

observed at home may either strengthen or be in conflict with the pat-

terns of a healthy lifestyle.
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Abstract

Oral health status during cystic fibrosis may have an influence on respiratory 
system infections in the group of cystic fibrosis (CF) patients. This important 
clinical problem was taken in research in the Department of Medical Biolo-
gy, Medical University of Warsaw, in cooperation with Institute of Tuberculo-
sis and Lung Diseases in Warsaw. In this project an oral health status in the 
group of adult CF patients was examined. The aim of the current study was 
to report a case of 33-year old woman, treated in the Institute of Tuberculosis 
and Lung Diseases. The woman was qualified to the dental and microbiological 
examinations because of the particularly intensified lesions in her oral cavity. 
Research included a dental history, evaluation of the dentition and a micro-
biological analysis. The dental study involved an oral hygiene and a previous 
treatment. During examination of an oral cavity, attention was paid to: enamel 
and mucosa defects, dental and periodontal condition, decay intensity, dental 
plaque index and bleeding index. Saliva properties were analysed, using Saliva 
Check Buffer test. CRT Bacteria test was used to evaluate presence of carioge-
nic bacteria. What is more, the Cone Beam Computed Tomography was perfor-
med. Basing on the research, it was demonstrated that CF may influence redu-
ced saliva secretion and microbiological changes, resulting in a development of 
intensified dental caries. Reported case may contribute to formulate a dental 
care program in CF patients.

Key words: oral health status, cystic fibrosis. 
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Introduction

Cystic fibrosis (CF) is a congenital, incurable, multi-system genetic 

disease. In the Caucasian population, cystic fibrosis is the most com-

mon autosomal recessive inherited disease [1,2]. The highest inci-

dence of cystic fibrosis is observed in northern European countries 

– 1:2500/3500 births in which every 25th person is a carrier of the 

cystic fibrosis gene [3]. 

In Poland, the CF group is estimated at around 2,000 patients [4,5]. 

In contrast, the Polish Cystic Fibrosis Registry only covers 1,600 pa-

tients. The survival of patients with CF in Poland is much shorter (me-

dian death 22 years) than in other countries. In Western Europe, the 

median death increases >40 years [3,6]. 1/3 of Polish patients with CF 

are adults [4]. With the progress of medicine, this group is constantly 

growing.

Cystic fibrosis is caused by mutations in the CFTR (cystic fibrosis 

transmembrane conductance regulator) gene located on the long arm of 

chromosome 7. The mutations lead to disorders in transport of chloride 

ions and increase in absorption of sodium ions and water in the membra-

nes of epithelial glands of exocrine glands. As a result, the secretion thic-

kens and increases, which causes disorders of the functioning of many 

organs. Thick secretions and mucous plugs are mainly found in the lungs, 

pancreas, liver and gastrointestinal tract [4].

Dysfunctions occurring in both respiratory and digestive systems may 

predispose cystic fibrosis patients to the development of oral diseases, 

in particular caries and periodontal disease. Dental problems and anti-

biotic therapy undertaken in the course of cystic fibrosis may affect the 

incidence of respiratory infections in this group of patients [1,3]. Invasive 

respiratory tract infections are the main cause of hospitalisation and pre-

mature deaths of CF patients [5,6]. In cystic fibrosis, good oral health can 

have a significant impact on a patient’s overall well-being. 
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Aim of the research

Dental and microbiological assessment of oral health in adults with cystic 

fibrosis.

Material and methods

Research was carried out at the Department of Medical Biology in coope-

ration with the Department of Dental Surgery of the Medical University 

of Warsaw. The study involved 10 adults with cystic fibrosis (7 women 

and 3 men, average age 30.1±6.52), treated at the Institute of Tubercu-

losis and Lung Diseases in Warsaw. Patients with particularly severe le-

sions in the mouth were qualified for the study.

The project involved subject tests, including general and dental histo-

ry. The subject tests were dental procedures in the oral cavity and micro-

biological development of clinical samples taken from patients. 

Dental examinations and lesions were evaluated in the structure of 

enamel, changes on the mucosa, the state of teeth and periodontium, 

the presence of caries. The DMFT (Decayed, Missing, and Filled Per-

manent Teeth) index was determined. The API oral hygiene index (Ap-
proximal Plaque Index) indicating the level of dental plaque and the BoP 

(bleeding on probing) index were determined. The biochemical proper-

ties of saliva samples were determined using the Saliva Check Buffer 

(Vivadent) test. 

Microbiological tests included the assessment of the presence of ca-

riogenic bacteria Lactobacillus spp. and Streptococcus mutans in the mouth 

with the use of the CRT Bacteria test (Vivadent). In addition, studies were 

performed on the occurrence of Staphylococcus aureus strains in samples 

of patients’ saliva as a potential respiratory pathogen.

Oral Health Status in Adults with Cystic Fibrosis – Dental and Microbiological Assessment
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Results

General history

Subjective studies found that patients were chronically taking a num-

ber of primary therapy medications. Mucus-reducing preparations such 

as Pulmozyme® were mainly used in nebulisation. Patients were taking 

bronchodilators, including Sabumalin®. In patients with diagnosed asth-

ma, Salmex® was additionally used in therapy. Patients were supplemen-

ted with enzyme preparations (Kreon 25,000®, Proursan®). 

In hormonal disorders i.e. diabetes or hypothyroidism or hyperthyro-

idism, insulin and/or thyroid hormones have been used. Patients were sub-

jected to constant antimicrobial therapy. Bactericidal antibiotics were used, 

mainly against Gram-negative bacteria, including Colistin® from the poly-

myxin group. Subjective tests showed a reduced value of forced expiratory 

volume in one second (FEV1), on average 57.4% of the value due. Continu-

ous inhalations with 3% sodium chloride were conducted as a support. 

Dental history

Information was obtained on regular attendance for follow-up and the-

rapeutic visits to the dentist. The patients performed hygienic activities 

properly. Most patients brushed their teeth twice a day, using a manual 

and electric brush alternately, using toothpaste with a high abrasion rate. 

Five patients (50%) reported subjective discomfort in the mouth. The 

main causes of discomfort reported by patients were the occurrence of 

dry mouth, gum and tooth pain, and a feeling of too little saliva. In one 

case, the patient experienced increased salivation (Table 1). 
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Table 1. Characteristics of the studied group of patients with cystic fibrosis

Patient 
No.

Age Enamel lesions Other changes Subjective discomfort

1 57 - -
dryness

sore gums
toothache

2 33
hypoplasia

hypomineralisa-
tion

-
dryness

little saliva

3 27 hipoplazja - -

4 31 -
bruxism

abraded chewing 
surfaces

-

5 22
hypoplasia

hypomineralisa-
tion

- -

6 22
hypoplasia

- dryness

7 27 - - -

8 21 discoloration - dryness

9 32 - gingivitis large amount of saliva

10 29 hypoplasia - -

Dental examination

In the intraoral examination, in 6 patients (60%) changes in the structu-

re of hypoplasia, hypomineralisation and discoloration of enamel were 

found. No changes in the enamel structure were observed in 4 patients 

(40%). Additional changes were found in 2 patients, including abraded 

chewing surfaces (bruxism) and gingivitis (Table 1). The oral mucosa of 

patients was faded.

The dentition of the patients was assessed. One patient (32 teeth) 

presented the full dentition. Other patients had shortages, respectively: 

31 teeth – 2 patients, 30 – 3, 29 – 1, 25 – 1, 24 – 1 and 21 teeth – 1 pa-

tient (Table 2). 

In half of the patients (5 patients) ≥50% of dentition was affec-

ted with caries, including two people where caries was observed in all  

Oral Health Status in Adults with Cystic Fibrosis – Dental and Microbiological Assessment
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teeth (100%). The above data allowed calculating the caries severity in-

dex (DMFT) in the range of 3-27. In one case a very low DMFT index of 

3 was observed. The patient had twenty-nine teeth in his mouth, he lost 

three teeth due to complications of caries. In the remaining four patients, 

the DMFT index ranged from 9-15. Of 24-31 teeth present in the oral ca-

vity, 37.5%-48.4% of them had cavities, teeth were affected by caries or 

filled teeth during treatment because of this (Table 2).  

Table 2. Dental indicators of oral health of patients with cystic fibrosis

Index name
Index values obtained in patients with 

cystic fibrosis
Interpretation

DMFT

3-27:

27 – 1 patient (10%)
25 – 1 patient (10%)
21 – 1 patient (10%)
17 – 1 patient (10%)

15 – 2 patients (20%)
12 – 2 patients (20%)

9 – 1 patient (10%)
3 – 1 patients (10%)

significant number 
of teeth with carious 

changes

API
norm: 

<39%  sufficient 
condition

<25% – optimal 
hygiene

16-61%:

<25% – 1 patient (10%)
<39% – 2 patients (20%)
>45% – 7 patient (70%)

sufficient or poor oral 
hygiene, to be improved

BoP
norm: <10%

3-68,9%:

>10% – 9 patients (90%)
within norm – 1 patient (10%)

moderate and high 
extent of gingivitis

pH
norm: 6,8-7,8

5,8-7,8:

<6,8 – 5 patients (50%)
within norm – 5 patients (50%)

too low, enamel 
demineralisation po-

ssible

Buffer capacity
norm: 10-12

2-12:

<10 – 7 patients (70%)
within norm – 3 patients (30%)

reduced acid 
neutralisation capacity
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The API oral hygiene index revealed the presence of dental plaque in 

the range of 16% to 61% of interdental spaces examined. An optimal API 

rate of <25% was obtained for only one patient. A fairly good oral hygie-

ne index <39% was obtained for two patients. Seven patients showed 

a sufficient and poor level of hygiene (API> 45%), with a recommendation 

for improved hygiene (Table 2). 

According to the BoP index, between 90% and 68.9% of bleeding sites 

were observed in 90% of patients due to gum probing. Only one patient’s 

BoP result was within the norms and was 3% (Table 2).

Saliva buffer capacity and pH were also assessed in dental tests using 

the Saliva Check Buffer test. Normal buffer capacity was obtained in 

three patients. Seven patients had low results, which meant a reduced 

ability to neutralize acids. 50% of patients had normal pH values in the 

range of 6.8-7.8. In the second half of the group of patients low pH values 

compared to normal values (5.8-6.6) were obtained, which reduced the 

possibility of enamel demineralisation (Table 2). 

Microbiological tests of the oral cavity

The conducted microbiological tests with the use of CRT Bacteria tests allo-

wed to determine the level of cariogenic bacteria in samples of stimulated sa-

liva taken from patients. In five patients (50%), very numerous (≥105cfu/ml) 

granulosa of Streptococcus mutans type, acid-forming streptococci involved 

in the development of caries were grown. The amount of S. mutans in saliva 

from 104 to 105cfu/ml, promotes the deposition of these microorganisms in 

the plaque and initiates caries. Other patients (50%) were in a group of low 

risk of developing caries: <105 cfu/ml or no growth in S. mutans (Table 3). 

the next isolates from patients were Lactobacillus bacteria. 4 patients 

(40%) who were cultured with ≥105 cfu bacteria per ml of saliva were 

classified as high risk of caries. This type of bacteria is acidophilic and 

acid-forming, constituting the second important group of pathogens in-

volved in the development of caries. Low levels of these cariogenic bacte-

ria were found in six patients (60%) (Table 3).

Oral Health Status in Adults with Cystic Fibrosis – Dental and Microbiological Assessment
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Table 3. The level of cariogenic bacteria in the saliva of patients with cystic fibrosis

Caries-causing bacteria Number of colonies 
(CFU/ml)

Number of 
patients

Interpretation of 
bacterial levels

Streptococcus mutans ≥105 5(50%) high

<105 1(10%) low

brak wyhodowania 4(40%) -

Lactobacillus spp. ≥105 4(40%) high

<105 6(60%) low

During microbiological tests, saliva samples were cultured for Staphy-
lococcus aureus strains. This species is the most common etiological factor 

in respiratory tract infections in patients with cystic fibrosis. Very nume-

rous and numerous colonies of S. aureus (≥105-104 cfu/ml) were cultured 

from three patients (30%). Single S. aureus colonies were isolated from 

four patients (40%). The growth of these bacteria was not determined in 

three patients (30%) (Table 4).

Table 4. Appearance of Staphylococcus aureus in saliva samples of patients  

with cystic fibrosis

Cultured Staphylococcus aureus Number of patients

≥105 – 104 cfu/ml 4 (40%)

Single colonies (102 cfu/ml) 3 (30%)

Lack of growth 3 (30%)

Discussion

The oral health status of cystic fibrosis is a significant clinical problem. 

Dental disorders, including caries and periodontitis, may deregulate the 

microbiome of the mouth. Oral conditions, bacterial imbalance and cystic 

fibrosis persistent antibiotic therapy predispose to the development of 

invasive, fatal infections in the respiratory and digestive systems. The to-

pic of infection in children with cystic fibrosis is constantly raised in the 

literature. In contrast, research on the adult patient population, both glo-
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bally and in Poland, is much less common. The available literature lacks 

a comprehensive assessment of the oral condition of a group of adults 

with CF. In addition, available data often leads to contradictory conclu-

sions [13]. Therefore, the research presented in this paper is a very im-

portant report, especially in the aspect of prophylaxis of invasive respira-

tory tract infections. 

Many authors dealing with the subject of cystic fibrosis point to a con-

stantly growing population of patients with cystic fibrosis. According to 

the results of the Burgel et al study, by 2025 the number of patients may 

increase by up to 50%. According to estimates, up to 75% will be adults. 

The research concerned a large group of patients treated in 34 European 

countries. According to researchers’ estimates, in Poland in 2025, nearly 

78% of patients will be adults [15]. That is why research conducted in this 

group of patients is so important. New diagnostic and therapeutic pro-

blems are emerging that still pose a challenge to medicine. New CFTR 

protein mutations are diagnosed, in which the combination of clinical 

symptoms, including dental ones, is constantly changing.

The results of many Polish and world studies indicate poor oral con-

dition and great importance of dental treatment in the group of patients 

with cystic fibrosis, both children and adults. Some researchers indicate 

that CF patients are at risk of developing periodontal and oral mucosa 

diseases due to frequent upper respiratory tract infections and oral re-

spiration [15]. Similar conclusions are presented by Ferrazzano et al. who 

estimated a larger number of tartar in CF patients, usually on the surface 

of the lower front teeth [11].

In the literature, you can also find studies showing good oral health in 

this group of patients [14]. According to Peker et al., continuous intake of 

antibiotics may reduce the number of bacteria in the oral cavity, in parti-

cular cariogenic ones, i.e. Streptococcus mutans. These studies have shown 

that chronic antibiotic therapy can be an inhibitor of bacterial biofilm de-

velopment in the oral cavity and thus reduce tooth decay [14].

The presented clinical case of an adult patient with cystic fibrosis con-

firms the relationship between the state of oral health and the develop-

Oral Health Status in Adults with Cystic Fibrosis – Dental and Microbiological Assessment



162

CC
-B

Y-
SA

 3
.0

PL

ment of infection and the general well-being of patients. The patient had 

dental disorders, high caries, dental plaque and bleeding gums as well as 

a high percentage of caries. At the same time, the patient was diagnosed 

with chronic infections of bacterial and fungal aetiology requiring antimi-

crobial therapy.

Analysing the given clinical case and available literature data, it seems 

reasonable to undertake further dental and microbiological tests in pe-

ople with cystic fibrosis. In addition, it seems necessary to compare the 

results of tests performed in both groups of patients, children and adults. 

The basis of preventive and therapeutic measures is the development of 

a long-term dental management plan for CF patients, which can trans-

late into reduction in the percentage of invasive respiratory infections, 

more effective primary and antimicrobial therapy, higher percentage of 

successful, uncomplicated infections, lung transplantation and longer pa-

tient survival. 

Results

Enamel lesions, hypoplasia, discoloration and hypomineralisation were 

observed in patients. Four patients had particularly advanced lesions. 

The average bleeding index was 33.28%, which proved a moderate extent 

of inflammation. Nearly half of the respondents (45.38%) showed a high 

plaque index. Significant advancement of caries was observed in the ma-

jority of patients. The DMFT index was on average 16.2, which accounted 

for more than half of the teeth affected by carious lesions. Studies have 

shown a reduced saliva buffer capacity, on average at 6.8 and normal sa-

liva pH values (6.8). A high percentage of caries-forming bacteria of the 

Lactobacillus and Streptococcus mutans types. In terms of the number of 

cariogenic bacteria in saliva, patients were classified in classes 2 and 3 – 

with a high level of cariogenic bacteria (>105 CFU/ml of saliva). At the 

same time, patients were diagnosed with chronic infections of bacterial 

and fungal aetiology requiring antimicrobial therapy.
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Summary 

The oral health condition is worse or without significant differences com-

pared to the oral cavity of healthy patients, there is a need to continue 

research with the extension of the research group.

The results of the research are an introduction to the development of 

a scientific program on the principles of dental management in patients 

with cystic fibrosis.

The basis of preventive and therapeutic measures is the development 

of a long-term dental management plan for CF patients, which can trans-

late into a reduction in the percentage of invasive respiratory infections, 

more effective primary and antimicrobial therapy, a higher percentage of 

successful, uncomplicated infections, lung transplantation and longer pa-

tient survival.

The condition of oral health may affect the survival rate and improve 

the quality of life of patients with cystic fibrosis. The results of global and 

Polish scientific research indicate a significant relationship between the 

state of oral health and oral microbiome in the pathogenesis of invasive 

respiratory infections of bacterial and fungal aetiology [7-10]. 

In the light of the above-mentioned studies, the most common oral 

health disorders in CF patients are: developmental defects, enamel de-

fects and discolouration, reduced salivation, high levels of caries and 

an increase in oral colonisation with Streptococcus mutans streptococci 

and other cariogenic bacteria [1,11-13]. It seems that the development 

of these diseases is influenced by CFTR protein dysfunction, regulating 

the level of mineralisation and enamel pH, as well as the use of long-term 

antibiotic therapy, mainly from the tetracycline and carbapenem groups 

[6,9,13-16]. Other oral disorders in this group of patients are periodontal 

and mucosal diseases, mainly inflammation and an increased amount of 

tartar, usually found on the surface of the lower front teeth [16-19].
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