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Physician Survey of Practices on Diet, Physical Activity
and Weight Control: Questionnaire on Adult Care - validation
of the Polish language version of the questionnaire
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ABSTRACT

Introduction. According to the World Health Organization, non-infectious chronic diseases will become the leading cause of
disability by 2020 and can be the most expensive health problem. Type 2 diabetes, hypertension, smoking, poor eating habits,
insufficient physical activity and the resulting overweight and obesity are among the main modifiable factors of non-infectious
chronic diseases. The results of epidemiological studies indicate that the prevalence of these factors in the Polish population is
constantly growing, which is associated with the dissemination of unfavorable eating habits and sedentary lifestyle. Their com-
bating and preventive and educational activities of patients in the scope of modifiable lifestyle behaviors related to lifestyle
should be implemented primarily through primary care physicians.

Aim. To validate the Polish language version of Physician Survey of Practices on Diet, Physical Activity and Weight Control:
Questionnaire on Adult Care.

Material and methods. A Polish version of the questionnaire “Physician Survey of Practices on Diet, Physical Activity and
Weight Control: Questionnaire on Adult Care” was created. Validation was carried out on a group of 30 primary care physicians.
Results. Very good results in terms of internal coherence of the questionnaire were obtained - the Alpha-Crombach coefficient
was 0.82. The level of reproducibility was established with an ICC factor, which was 0.81.

Conclusions. The tested Polish version of the questionnaire can be used to conduct research among primary care physicians
in Poland.

Keywords. diet, physical activity, weight control

Introduction developing countries in which 85% of premature deaths
Prevention of non-infectious diseases including such as are recorded.! The main reason for the increase in the
diabetes, hypertension or obesity and their complica- incidence of these diseases are lifestyle changes, reduced
tions is a serious challenge for the health care system of physical activity and changing habits. Nutrition based
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on high consumption of high-calorie products and a
diet deficient in valuable nutrients. According to the
World Health Organization (WHO, report, in 2014 39%
of adults worldwide (over 18 years of age) were over-
weight (38% of men and 40% of women), whereas be-
tween 1980 and 2014 the worldwide prevalence of
obesity increased almost twice, ie over half a billion
adults were classified as obese. In 2013, about 42 million
children under the age of 5 (6.3%) were overweight. The
upward trend in this phenomenon is worrying as the
overweight in the group of children increased from
around 5% in 2000 to 6% in 2010 and 6.3% in 2013.
Currently, it is estimated that the problem of overweight
and obesity affects over 340 million children world-
wide.?’ It has been shown that excessive consumption of
high-calorie products containing high levels of saturat-
ed fats, trans fatty acids, simple sugars and the supply of
large amounts of salt as an independent factor or in
combination with insufficient physical activity can sig-
nificantly contribute to the development of obesity and
diabetes and other non-infectious chronic diseases.* El-
evated BMI (Body Mass Index) is the main risk factor
for non-communicable diseases, such as: cardiovascular
diseases (mainly heart disease and stroke), which was
the leading cause of death in 2012, diabetes, musculo-
skeletal disorders (particularly degenerative disease) ar-
thritis); some cancers (including endometrial, breast,
ovarian, prostate, liver, gallbladder, kidney and colon).
The risk of non-communicable diseases increases with
increasing BMI. Overweight and childhood obesity is
associated with a greater chance of premature death,
disability and obesity in adulthood. In addition to in-
creased risk in the future, obese children experience dif-
ficulty in breathing, increased risk of fractures,
hypertension, early markers of cardiovascular disease,
insulin resistance and psychological effects.” The preva-
lence of overweight and obesity among adults over 50%
of the population is not less than 21 countries from 34
OECD countries.® The World Health Organization rec-
ognized obesity as the most frequent metabolic disease
and the global epidemic of the 21st century. Excessive
body weight is the fifth most common risk factor for
deaths in the world. Nearly 2.8 million adults die each
year as a result of overweight or obesity, yet the preva-
lence of obesity is high and increasing. Obesity is a
chronic disease and in the majority of cases resulting
from abnormal health behaviors related to lifestyle, pos-
itive energy balance, poor diet and sedentary lifestyle.”**
Results of the Central Statistical Health Surveys of
WOBASZ II in Poland in 2013-2014 that every fourth
inhabitant of Poland is obese, and over the last decade
obesity in the general population has increased, espe-
cially among men. Abdominal obesity was observed in
every third man and almost every second woman. Obe-
sity was found in 24.4% of men and in 25% of women,

overweight in 43.2% of men and 30.5% of women. Also
worrying is the fact that since 2005, the weight distribu-
tion according to the BMI category has been shifted to
higher values and the incidence of obesity in men has
increased, while the percentage of adults with normal
waist circumference significantly decreased in both sex-
es.!®!! Lipid metabolism disorders are the most wide-
spread and least-controlled risk factor of cardiovascular
disease in Poland. Type 2 diabetes, hypertension, smok-
ing, poor eating habits, inadequate physical activity and
the resulting overweight and obesity are among the
main modifiable risk factors for atherosclerosis and its
complications such as ischemic heart disease, stroke and
peripheral arterial disease. The results of epidemiologi-
cal studies indicate that the prevalence of these factors
in the Polish population is constantly growing, which is
associated with the dissemination of unfavorable eating
habits and sedentary lifestyle.'>* Their control is one of
the main challenges in public health, so it is so import-
ant to take activities of population prevention. Primary
care physicians are especially responsible for patients at
high risk, because the patient first reports to the patient
indicating a health problem. The fight against over-
weight and obesity and the factors predisposing to it
should be part of a broader strategy aimed at reducing
the total cardiovascular risk and, consequently, reducing
mortality, morbidity and disability resulting from car-
diovascular diseases. Lipid metabolism disorders are the
most widespread factor of cardiovascular risk, and the
prevalence of dyslipidemia in Poland is estimated at 60-
70% of people in the population over 18 years of age."
Based on the results of the NATPOL study carried out in
2011, it was found that in Poland hypertriglyceridemia
occurs in 30% of patients, more often in men than wom-
en (38% vs. 23%)."® In 2 years, WOBASZ II hypercholes-
terolemia was diagnosed in 70.3%. men and 64.3% of
women over the age of 20, which constituted 67.1% of
the total population studied. It was also found that as
many as 60.6% of those tested with hypercholesterol-
emia were not aware of this fact, and only 6% were effec-
tively treated and reached the reference lipid level.'®
Assuming that in the model practice, the primary care
physician cares for a population of approx. 2,500 pa-
tients, of which adults account for more than 75% and
taking into account the prevalence of dyslipidemia in
Poland estimated at 60-70% of people in the population
over 18 years, it can be assumed that every doctor is un-
der the care of about 1100-1300 people with lipid disor-
ders, including up to 10 patients with familial
hypercholesterolemia.”” The most common cause of
deaths of people over 65 are cardiovascular diseases. The
main risk factors for cardiovascular disease include ab-
dominal obesity (BMI over 30 and waist circumference
over 80 cm in women and 94 cm in men). These values
are often underestimated by patients who have no
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knowledge about the impact of these factors on their
health, hence the role of the general practitioner in rais-
ing awareness and educating their patients.'® The cur-
rent public health problem is also the sarcopene obesity,
characterized by an increase in the amount of adipose
tissue while losing muscle mass, which is more and
more common in the population of older people around
the world, which results from the progressive aging of
the population and the prevalence of overweight and
obesity, as well as in lifestyle over the last few decades.
The pathogenesis of sarcopene obesity is multifactorial.
There is a relationship between aging, sedentary lifestyle
and unhealthy eating habits, insulin resistance, inflam-
mation and oxidative stress, resulting in a quantitative
and qualitative decrease in muscle mass and increased
fat mass.'** Sarcopathic obesity in people older people
are associated with metabolic complications and inap-
propriate health behaviors and pose a major public
health challenge in people over 65 years of age. 24 An-
other major health problem faced by primary care phy-
sicians are cancers, whose incidence increases with age.
It is estimated that approximately 60% of people diag-
nosed with cancer are over 65 years old and diagnosis is
made almost 2.5 times more common in adults over 65
years of age compared to people aged 45-64. In most Eu-
ropean countries, the incidence of cancer increased
from 1-3% in the 1990s to 4-5% in 2010. This increase is
largely due to earlier detection and more effective treat-
ment. The prevalence of people who have won the fight
against cancer in Europe is estimated at an average of
2% and only 1% in Poland.”"*” In 2005, chronic diseases
were the cause of 35 million deaths, half of which affect-
ed patients under 70 years of age. Currently, 41 million
people die every year due to non-communicable chron-
ic diseases, which corresponds to 71% of all deaths in
the world. There are 7.2 million deaths each year (in-
cluding exposure to passive smoking) and a significant
increase is expected in the coming years, an estimated
4.1 million deaths per year are affected by excess salt /
sodium in food, while 1, 6 million deaths per year are at-
tributed to inadequate physical activity.® Cardiovascu-
lar diseases are the leading cause of death (17.9 million
annually), followed by cancers (9.0 million), respiratory
diseases (3.9 million) and diabetes (1.6 million). These
four groups of diseases account for over 80% of all pre-
mature deaths due to non-infectious chronic diseases.
Lack of physical activity, unhealthy diet, high body
weight, smoking and risky drinking increase the risk of
death from non-communicable chronic diseases.? It is
estimated that there are chronic diseases in 133 million
people worldwide, and this number is expected to in-
crease by 1% annually by 2030, resulting in a population
of 177 million chronically ill. According to WHO data,
75% of the general population has at least one chronic
disease, and almost half of people with chronic condi-

tions suffer from at least two diseases that require con-
stant contact with healthcare. Visits of patients with
chronic diseases constitute 80% of consultations as part
of primary care. On average, 15% of these patients have
three or more chronic conditions, and 30% of hospital-
izations are a consequence of exacerbation of the clinical
condition in this group of patients. According to the
World Health Organization, non-infectious chronic dis-
eases will become the leading cause of disability by 2020
and can be the most expensive health problem.**

The incidence of type 2 diabetes is also a growing
problem worldwide. Diabetes was directly responsi-
ble for 1.5 million deaths in 2012, and its incidence in
2014 in the world population was 9% .3 It is estimated
that around 415 million adults have diabetes and, ac-
cording to recent forecasts, this number will increase to
642 million by 2040.** The high costs of treatment and
the reduced professional activity associated with diabe-
tes is a serious problem and economic burden for the
sick, their families and for the entire health care system.
In 2010, about 12% of total health care expenses in the
world were the costs of treating diabetes and its compli-
cations.* There is scientific evidence that people at high
risk of diabetes (eg with impaired glucose tolerance)
can be prevented from significantly reduce its effects by
maintaining a healthy lifestyle, maintaining a healthy
weight, using the right diet and physical activity.*** Ba-
sic health care is the first place, and often the only con-
tact of the patient with the health care system. The role
of the family doctor in the health care system is crucial
in the context of the increase in the number of chron-
ically ill people. The family doctor should focus his
thinking not only on the sick, but also on healthy mem-
bers of the population to prevent them from falling ill.
His task should also be to systematically carry out pro-
motional and screening activities in order to prevent the
development and minimization of the effects of chron-
ic non-communicable diseases. The role of the primary
care doctor is to educate the public, based on promot-
ing a healthy lifestyle, that is, encouraging physical ac-
tivity, maintaining a healthy body weight, following
a healthy diet and avoiding stimulants including ciga-
rettes and alcoholic beverages. The doctor should influ-
ence his patients in order to maintain and improve their
health.’®* The most difficult challenge for the current
health care system is to prevent preventive and prophy-
lactic activities from being only of a share nature (such
as prevention programs or, for example, the WOBASZ
project), only to be gradually incorporated into existing
social systems. This would allow to provide appropriate
conditions for systematic, lasting action to improve the
health of the Polish population. Currently, there are no
tools in the Polish language that would allow to assess
the frequency of advice on diet, physical activity and
weight control provided by primary care practitioners
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and which would allow the doctor to determine the fre-
quency of the assessment of these factors in adult pa-
tients (both those with chronic or at risk patients as well
as healthy patients).

Questionnaire Physician Survey of Practices
on Diet, Physical Activity and Weight Control:
Questionnaire on Adult Care
The translation, development and validation of the Pol-
ish language version of the questionnaire assessing the
frequency of advice provided by the primary care doc-
tor concerning the correct diet, physical activity and
weight control as well as the frequency of assessment
of these factors in the patients he treated were made.
For this purpose, the Physician Survey of Practices on
Diet, Physical Activity & Weight Control Questionnaire
was used: The National Cancer Institute in collabora-
tion with the Office of Behavioral and Social Sciences
Research, the National Institute of Child Health and
Human Development, the National Institute of Diabetes
and Digestive and Kidney Diseases, and the Centers for
Disease Control and Prevention. It is a sample of Fami-
ly Medicine Physicians, General Internists, Obstetrician
/ Gynecologists, and Pediatricians. The questionnaire is
freely available and can be downloaded from the Na-
tional Cancer Institute website.

The questionnaire of the questionnaire is intended
for doctors treating adults and consists of four sections:

Section A: Characteristics of the population of treat-
ed patients.

Section B: Barriers in the process of evaluation, con-
trol and patient management.

Section C: Health status / health behaviors.

Section D: General information

Section A includes the characteristics of treated
patients, contains questions about the frequency and
method of assessment of the patient in terms of diet,
level of physical activity and body weight, as well as
questions about the frequency of advice to patients on
changing eating habits, physical activity or weight loss.
The questionnaire includes questions regarding the in-
clusion of their patients in the professional doctor and
outside their physical activity, the nature of the ques-
tions with which this assessment is carried out, as well as
the range of questions assessing the diet and frequency
of the doctor’s measurements in their patients, includ-
ing such as body weight measured on the scales, waist
size, height, BMI. Questions also concern the frequen-
cy of commissioning diagnostic tests (blood glucose
level) in overweight and obese patients. The last ques-
tion in this section concerns the coexistence of the as-
sessment of diet, physical activity and body weight with
the treatment of patients suffering from diseases such
as asthma, type II diabetes, cancer, eating disorders, hy-
percholesterolemia, overweight and obesity, hyperten-

sion, coronary heart disease, arthritis, apnea drowsiness
and family history of neoplastic diseases, heart disease
or diabetes.

In section B of the questionnaire there are ques-
tions about barriers in the process of evaluation, control
and management of the patient, they concern improve-
ments for doctors, which could help to reduce the health
problems of patients dependent on diet, physical activi-
ty and body weight. This section also includes questions
about the doctor’s position regarding the promotion of
a healthy lifestyle, being the authority of their patients
in this area, possessing the appropriate skills needed to
effectively advise their patients about healthy eating,
physical activity, maintaining a healthy body weight or
her reduction. Section C contains questions about the
health behavior and health of the doctor, its height and
weight, eating habits, the frequency of consumption of
specific groups of food products, the intensity and type
of physical activity. The questions also concern smok-
ing, exposure to passive tobacco smoke, propagation of
anti-smoking prophylaxis among their patients, ordina-
tion of nicotine replacement therapy or pharmacologi-
cal treatment in patients addicted to nicotine, as well as
the role of the doctor in the process of persuading pa-
tients to quit smoking. This part of the survey also in-
cludes questions about the type, quantity and frequency
of consuming alcoholic beverages. Section D contains
questions about the year of birth, sex, and the main
place of medical practice, the number of patient visits
during the standard working week.

Materiat and methods

The English version of the questionnaire was translated
into Polish by two independent translators, in accordance
with international recommendations. During the transla-
tion process, all the lexical difficulties resulting from the
cultural differences of the two countries were identified
and resolved so that the words and phrases used would
adequately reflect their meaning. The two Polish versions
of the text created in this way were compared with each
other in terms of existing differences. Then a common
version was created on their basis. A bilingual medical
expert got acquainted with the initial versions of transla-
tions and evaluated them. All translation sentences were
discussed until the opinion was compliant. As a result of
these operations, a version that meets the condition of se-
mantic compatibility with each answer was created. Vali-
dation of the questionnaire was done using the guidelines
for the translation and validation of questionnaires con-
tained in the document describing the process of transla-
tion and adaptation of WHO instruments.*! In the next
stage, the scale was re-translated, ie translated into the
original language by a translator whose native language is
English, but who lives in Poland and is fluent and speaks
Polish fluently. The next step was to meet the criterion
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of functional equivalence of the questionnaire. An as-
sessment was carried out to check whether the translated
questionnaire can be used to evaluate the same purpos-
es as the original version. The assessment of the scale of
sensitivity and its resistance to the same disturbing fac-
tors that result from the cultural differences of the coun-
tries in which the questionnaire is used was also made.
The principle of face questionnaire equivalence has been
preserved, which consists in maintaining compliance in
terms of graphics, the manner and amount of formulating
questions and a cafeteria response to the questions and
instructions on how to fill in the questionnaire. A high
degree of facade equivalence with the original version of
the scale has been achieved. While preparing the Polish
version of the questionnaire, the same graphic form of the
questionnaire as the one in the original version was used.
Fidelity to the reconstruction has been preserved. In or-
der to determine the accuracy and reliability of the scale,
statistical methods such as the value of the Alpha-Cron-
bach coefficient were used. The psychometric equivalence
of both questionnaires was also assessed. Research ana-
lyzes of elements similar to those in the original version
were carried out. As a result of the activities carried out,
a Polish version of the questionnaire was created, on the
basis of which preliminary research was carried out.***

Preliminary research was carried out on a group of
10 primary care physicians practicing in public health-
care facilities in the Podkarpackie Voivodeship. The
time needed to complete the questionnaire was mea-
sured and then questions were asked about the clarity
and comprehensibility of the content contained therein.
All doubts and suggestions from the respondents were
noted. On the basis of the information obtained, a re-
port was prepared. Subsequently, the tool was validat-
ed in a group of 30 POZ doctors who were asked to fill
in the questionnaires twice, observing a 10-day interval
in the study. The obtained results were subjected to sta-
tistical analysis to assess the reliability of the question-
naires developed. The internal coherence of the scales
was examined using the Alpha-Cronbach coefficient
and by determining the correlation coefficients between
the response of the individual questions and the total
score of the scale. Test-retest reliability was determined
based on a comparison of the results obtained during
the same questionnaire twice being filled in 10 days with
the same questionnaire and by determining the intra-
class correlation coefficient (ICC). The obtained results
were subjected to statistical analysis using the STATIS-
TICA 10.0 program, statistical analysis was performed
at the confidence level a = 0,05.4*

Results

As a result of statistical analysis, the Alfa-Crombach
coefficient was calculated, which was 0.82, which indi-
cates very good internal coherence of the questionnaire.

On the basis of properly completed questionnaires, the
questionnaire credibility was analyzed. A high correla-
tion was found between the results obtained for each
question and the total number of points. The level of re-
peatability was determined using the ICC factor, which
was 0.81. There were no statistically significant differ-
ences between the total score and the score for individ-
ual questions after completing the questionnaire twice.
Correlation coeflicients between responses to individ-
ual questions obtained during the first and second sur-
vey fill were calculated, and a statistically significant and
high correlation was found between the results obtained
for each question during the two-time completion of the
questionnaire.

Discussing the results

This questionnaire will be the first tool of this type in the
Polish language that will help assess the frequency and
help show the methodology of basic care provided by
primary care physicians regarding proper diet, physical
activity and weight control, and will show barriers that
prevent or significantly hinder doctors for this assess-
ment. In addition, the questionnaire has a part regarding
the assessment of the health behavior of the respondent,
that is the primary care doctor. Smith and coworkers
used the Physician Survey of Practices on Diet, Phys-
ical Activity and Weight Control questionnaire with a
national representative sample of primary health care (n
=1211) in the US to examine primary care physicians
clinical practices regarding overweight and obesity. The
response rate for the survey was 64.5%. Less than 50%
of respondents reported that the doctor always provides
them with detailed guidelines on diet, physical activi-
ty or weight control. The results of the conducted study
indicated that the primary care doctor was more likely
to advise his patients on the subject of physical activi-
ty than to observe the proper diet or weight control (ps
<0.05). Over 70% of physicians answered that they pre-
scribed pharmacological treatment in the treatment of
overweight, and 86% directed the patient to an opera-
tion related to obesity. In conclusion, the study conclud-
ed that the assessment and management of the patient’s
therapy by the primary care physician in terms of phys-
ical activity, diet and body weight is very low in relation
to the size of the problem in the US.*%

Conclusions

Due to the high values of the Alfa-Cronbach coefficient
and the intra-group ICC correlation coeflicient, the Pol-
ish version of the Physician Survey of Practices on Diet,
Physical Activity and Weight Control: Questionnaire on
Adult Care can be considered reliable and thus it is pos-
sible to use it to conduct research among primary phy-
sicians healthcare in Poland.
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ABSTRACT

Introduction. It is commonly known that physical activity has great influence on the quality of life and health in the people of
all age groups. Physical activity has a beneficial influence on both functional and locomotive abilities, the dynamics of which
deteriorates during the process of aging, and this in turn has an impact upon satisfaction of basic biological, social and psy-
chological needs.

Aim. The main purpose of this study was an assessment of selected factors affecting the level of physical activity in the elderly.
Material and methods. The study group consisted of 100 participants (85 women and 15 men), aged from 65 to 69 years old.
An International Physical Activity Questionnaire (IPAQ) - Polish long version was used.

Results. A high level of physical activity was reached by 44 participants, moderate level of physical activity was noted in 53 par-
ticipants, and low in physical activity was found in 3 participants. Older the subjects reached lower MET value in case of job-re-
lated physical activity and higher MET value in case of physical activity in free time and total intense effort.

Conclusion. The level of job-related physical activity, the level of physical activity in free time and the total intense level of ac-
tivity depended on the age of the subjects. There were no association between the level of total physical activity and sex, place
of residence and BMI of participants.

Keywords. physical activity, older people, factors

Introduction which physical activity can be mentioned, which is the

The World Health Organization (WHO) recognizes the
age of 60 as the beginning of late adulthood (old age).
Three basic stages are distinguished: from 60 up to 75
years of age - early period of old age; from 75 up to 90
years of age - late old age; over 90 years of age — longevi-
ty.! Successful aging consists of numerous factors among

sphere of human activity giving the opportunity to ex-
press oneself in a very individualized form, taking into ac-
count ones potential, preferences, and allowing to shape
own interests and activate creative processes.” Physical
activity has many health benefits, especially for the elder-
ly. The benefits of physical activity for both physical and
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mental health among older adults has been shown in nu-
merous studies.* Maintaining activity in the elderly gives
the ability to use existing reserves of energy, develops the
opportunity to make new contacts and communicate
with people. In addition, physical activity makes it pos-
sible to play important roles in the field of social life. Ac-
cording to Bien, the deficit of activity among older people
evokes feelings of loneliness, social isolation, the progres-
sion of disability, and even premature mortality.*

Seniors constitute a huge part of our society which
has to cope with many problems and concerns about
their existence. According to research estimates, in the
next twenty years there will be rapid growth in the num-
ber of the elderly due to the increase in the average life
expectancy. The analysis of test results revealed that by
2035 seniors in Poland will represent a quarter of the en-
tire population. According to calculations, the greatest
number of seniors will live in cities.’

The level of physical activity in older people is
not satisfactory in Poland in comparison to other EU
countries. The residents of the Scandinavian countries,
particularly Sweden, where the greatest number of cen-
tenarians live, are the most active.®* However, the phe-
nomenon of longevity is more complex. Women are
usually more physically inactive than men, regardless of
their place of residence. This fact is confirmed by the
present study, however, statistically they live longer.”

Aim

The aim of the study was to assess the level of physical
activity of people over 65, as well as to analyze selected
factors affecting the level of physical activity.

Material and methods

Participants

The research involved elderly people attending classes
organized by the University of the Third Age in Prze-
mysl. Out of the 225 seniors attending classes and lec-
tures, 100 agreed to take part in the study. The youngest
of the respondents were 65 years old and the oldest were
69 years old. Written consent for participation was ob-
tained from participants prior to the study. All subjects
were informed about the possibility of dropping out of
the study at any stage.

Outcome measurements

We used the International Physical Activity Question-
naire (IPAQ) - Polish long version. The questionnaire
consists of 5 parts containing a total of 27 questions.
Each of these parts refers to the following areas of activ-
ity: (1) job-related, (2) transportation, (3) housework,
(4) recreation, sport, and leisure-time, (5) time spent
sitting. The questionnaire contains detailed questions
about the activity undertaken during the last week. In-
dividual types of effort were defined in Metabolic Equiv-

alent of Task (MET) units min / week. Based on the
obtained calculations, the level of physical activity was
determined. Three types of physical activity levels are
specified: (1) low - physical effort not taken at all or the
total activity value is not higher than 600 MET-min /
wk; (2) moderate - total physical activity is in the range
above 600 MET-min / wk and does not exceed more
than 3000 MET-min / wk; (3) high - determines physi-
cal effort above 3000 MET-min / wk.?

Data analysis

Results of the study were developed using descriptive
statistics: number (n), %, X (mean) and standard devia-
tion (SD). To analyze the results obtained in this study,
non-parametric tests were used.

The Spearman’s rank correlation coefficient was
used to determine the relationship between two numer-
ical features and is an indicator that takes values from
the range of 1 to 1. The correlation coefficients 0.9 or -
0.9 indicate the same (very high power of correlation),
although the conclusions drawn on their basis will be
opposite - in the first case with the increase in the val-
ue of one feature, the value of the other also grows, and
in the second case they decrease. In this study, the fol-
lowing adjectival scale was assumed: Correlation force:
| R | <0.3 - no correlation; 0.3 < | R | <0.5 - weak cor-
relation; 0.5 < | R | < 0.7 - average correlation; 0.7 < | R
| < 0.9 - strong correlation; 0.9 < | R | <1 - very strong
correlation; | R | = 1 - perfect correlation. The Pearson
chi-square test was used to analyze variables having the
character of qualitative data. The significance level was
adopted at p < 0.05. Calculations were performed with
Statistica 10.0.

Results

The study was attended by 100 participants aged over
65 (85 women and 15 men). The average age of the re-
spondents was 61.3 + 3.8 years. The youngest of the re-
spondents was 65 years old and the oldest was 69 years
old. The body weight of respondents ranged from 52 kg
to 102 kg. The BMI of the respondents ranged from 19.7
kg/m? to 32.9 kg/m’. Table 1 presents the general char-
acteristics of the groups.

The average job-related activity in the studied group
was 206.8 + 498.8 MET min / wk. This value, however,
seems to be biased looking at the distribution of results
obtained by individuals. According to the obtained data,
the majority of respondents in this category obtained 0
MET (inactive professionally - retired or on pension).
The average value for transportation was about 939.3 +
675.8 MET min / wk. The smallest recorded activity in
this sphere was 132 MET and the largest 2772 MET. The
value recorded in the case of physical activity related to
housework, general housekeeping and family care was
on average 1063.8 + 511.4 MET min / wk. The smallest
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recorded activity in this area was 132 MET, and the larg-
est 2370 MET. The value recorded in the case of physical
activity in free time was on average 629.1 + 418.9 MET
min / wk. The smallest recorded activity in this sphere
was 66 MET and the largest 1706 MET (Table 2).

Table 1. General characteristics of the studied groups

Variable Full sample

Sex?

Woman 85

Man 15
Education®

Secondary 46

Higher 54
Place of residence @

City 76

Village 24
Age [year] ® 61.3+3.8
Body mass [kg] 72.8+11.0
Body mass index [kg/m?]® 26.0+3.6
Body mass index ®

Normal 38

Overweight 43

Obesity 19

Data are expressed as: 2 n (%);°x (SD).

On the basis of the results obtained in the IPAQ
questionnaire, data was recalculated according to the
appropriate scale and transformed into qualitative data,
so that it was possible to determine the total physical ac-
tivity of individuals. High level of physical activity was
reached by 44 subjects, moderate level of physical activ-
ity was noted in 53 subjects, and low in physical activity
was found in 3 subjects (Table 2).

Table 2. Level of physical activity

Physical activity Value
Job-related physical activity 2 206.8 +498.8
Transportation related physical activity? 939.3 +675.8

Housework, house maintenance and car- 1063.8 +511.4
ing for family related physical activity @

Recreation, sport, and leisure- time relat- 629.1 +418.9
ed physical activity®

Walking in total® 1246.9 £776.9
Moderate physical activity in total® 1484.9 £ 694.4
Intensive physical activity in total® 90.8 + 182.0
Physical activity in total @ 2822.6 + 1092.0
Time spent sitting in total @ 1844.7 £ 588.6
Average time spent sitting ® 263.5 £ 84.1
Level of physical activity®

High 44

Moderate 53

Low 3

Data are expressed as: * MET — minutes/week: X (SD); ® n (%)

Statistical analysis by Spearman’s rank correlation
test confirmed that job-related physical activity, free
time physical activity and total intense effort was related
to the age of the subjects (p < 0.05). The absolute values
of the correlation were | R | = 0.2 which indicates a very
weak correlation power. Correlation orientation in the
case of job-related physical activity was negative, which
means that the older the subjects were, the lower was the
MET value. In the case of physical activity in free time
and in the case of total intense effort, the orientation of
the correlation was positive, which means that the older
the respondents were, the higher the value of MET they
obtained (Table 3).

Table 3. Age and BMI vs. the level of physical activity

Level of physical activity Spearman'sR p

Age

Job-related physical activity -0.2 0.027*
:cl'il;jai;\;portatlon related physical ac- 01 0320
Housework, house maintenance and

caring for family related physical 0.0 0.783
activity

Walking in total 0.1 0.256
Moderate physical activity in total -0.1 0312
Intensive physical activity in total 0.2 0.018*
Physical activity in total 0.1 0.489
Time spent sitting in total 0.0 0.941
Average time spent sitting 0.0 0.942
BMI

Job-related physical activity -0.0 0.961
'tri:/ai?;portatlon related physical ac- 01 0.143

Housework, house maintenance and
caring for 0.1 0.437
family related physical activity

Recreation, sport, and leisure- time

related physical activity 0.2 0.059
Walking in total 0.2 0.033*
Moderate physical activity in total 0.1 0.555
Intensive physical activity in total 0.1 0.487
Physical activity in total 0.2 0.107
Time spent sitting in total 0.2 0.086
Average time spent sitting 0.2 0.087

Based on the results presented in Table 3, it was
found that there is a relationship between the level of
physical activity associated with total walking and the
BMI value of the subjects (p < 0.05). The absolute val-
ue of the correlation was | R | = 0.2 which testifies to its
very weak strength (Table 3).

The level of total physical activity in the subjects was
not inflenced by their sex. The education of the respon-
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dents was not a factor determining the statistically sig-
nificant level of physical activity. More often, however,
a high level of activity was recorded among the respon-
dents with higher education. People with secondary ed-
ucation more often than the others presented moderate
and low activity.

The general level of physical activity did not depend
on the place of residence of the respondents. The level of
high and moderate activity was more frequently demon-
strated by rural residents. The low level was more fre-
quently observed among urban residents.

The general level of physical activity of the sub-
jects was not dependent on the BMI value. It can be ob-
served, however, that the highest level was obtained by
obese people, while the moderate level was obtained by
overweight people. The low activity level was only found
in people with normal body weight (Table 4).

Table 4. Sex, place of residence and BMI vs. the level of
physical activity

Level of physical activity

Variable High Moderate Low p

n (%) n (%) n (%)
Sex
Woman 36 (42.3) 46 (54.1) 3(3.5) 0602
Man 8(53.3) 7 (46.6) 0(0)
Education
Secondary 18(39.1) 26 (56.5) 2(4.3) 0556
Higher 26 (48.1) 27 (50.0) 1(1.8)
Place of residence
City 33(43.4) 40 (52.6) 3(3.9) 0612
Village 11 (45.8) 13 (54.2) 0(0)
BMI
Healthy 16 (42.1) 19 (50.0) 3(7.9)
Overweight 18 (41.8) 25 (58.1) 0(0) 0.224
Obesity 10 (52.6) 9(47.3) 0(0)
Discussion

The results of our research confirm that the study group
willingly decided to spend time actively. This is demon-
strated by the analysis of the declared activity. Out of 100
subjects, as many as 53% were characterized by moder-
ate levels of physical activity. A high level was noted in
44% of the respondents, while a low level was found by
3% of the respondents. In studies carried out in War-
saw, among the respondents of a similar age, it was
found that over 67% of the respondents declared high
and moderate levels of physical activity, while 32.4%
found themselves among those least involved in active
leisure activities 32.4 %.° Similar results are presented
among the students of the University of the Third Age in
Walcz, who present a high and moderate level of activity
amounting to 58.3%.'° The reverse results were obtained
by analyzing the entire Polish population. It turns out
that despite the National Health Program campaigns to

raise awareness of the benefits of running various forms
of activity in the elderly, only 10% of seniors are willing
to follow the recommendations."

The results of our research showed that older sub-
jects achieved lower MET index. The results of stud-
ies conducted by Szymczak and Skrzek also indicated
a negative correlation between the level of physical
activity and the age of the subjects. The authors also
showed a slight difference in the level of physical activi-
ty between women and men."

Based on the analysis of the results of own re-
search, it was shown that physical activity related to
job-related physical activity was at a low level. The ex-
planation of these results may be the fact that the ma-
jority of the respondents were professionally inactive.
In turn, in the studies of Szymczak and Skrzek, the sur-
veyed men were a group of economically active people,
which is why they obtained higher results than in our
research.”? In a study conducted in a group of nurses,
Bergier et al. noted high MET indicators in the group
of health care staff.”® Topolska et al. noted low values of
job-related physical activity among elderly women in
Zamo§¢ area, as well as in the work related to house-
hold duties."*

The results of our research have shown that in the
field of leisure activity, as well as analyzing the total in-
tense physical effort, older subjects obtained higher
values of the MET index. It can be assumed that the stu-
dents of the University of the Third Age are aware of
the benefits of active spending free time for their health.
Age is not an obstacle for them to take recreational
forms of activity. According to research carried out by
De¢bicka and Chudecka, the University of the Third Age
students are characterized by a high level of physical ac-
tivity in comparison with other peers.”” Older nurses in
the range above 51 yrs., in comparison with younger
collegues, also spent their free time actively by partic-
ipating in recreational physical activity. This group was
most likely to take such activities as cycling or running.
To a lesser extent they were interested in swimming or
dancing."”® According to Topolska et al., similarly a lot
of free time had women aged 55-65 from Zamos¢ area.
They also had high rates of transportation related phys-
ical activity."* Research by Tuero et al. confirms the rela-
tionship between active spending free time and physical
fitness.'® Many researchers have also proven that there is
a relationship between spending free time actively and
the occurrence of obesity."”

In the present study, no correlation was found be-
tween sex of the subjects and the total level of physical ac-
tivity. In turn, the results of research conducted by Tablot
et al. indicated that women had a lower level of phys-
ical activity than men.”! In the studies of Szymczak and
Skrzek, the studied elderly women were also characterized
by a lower level of physical activity in relation to men.*?
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In our study, no relationship between the total level
of physical activity and the BMI index was found. How-
ever, obese or overweight people were more likely to
have high or moderate levels of physical activity. The re-
sult may also be due to the fact that these people may
have tried to reduce excessive body mass by intensifying
the level of physical activity. However, in studies carried
out in the area of University of the Third Age in Walcz,
81.3% of obese people have a low level of physical ac-
tivity.'® Similarly, according to Szymczak and Skrzek,
overweight respondents were characterized by a lower
level of physical activity."? As it is commonly known, the
proper level of physical activity affects the maintenance
of normal body mass. The finding of this dependence
has contributed to the formulation of many recommen-
dations for people who are overweight or obese. It is be-
lieved that it is necessary to perform at least 60-90 min
of physical activity daily at moderate level to maintain a
healthy body weight.?

In our research, the level of education was not a de-
terminant of physical activity at the statistically signifi-
cant level. However, people with higher education were
more likely to have high levels of physical activity. Simi-
larly, Knapik et al. in their research have proved that an
important factor influencing the level of activity in older
people is education, which subsequently influences the
self-assessment of health.”

According to analyzes carried out by Piatkowska,
age is the most important factor conditioning the atti-
tude of Poles towards physical activity.** Literature re-
view confirms the relationship in which the level of
activity decreases with age both among men and wom-
en.” Similar data obtained the researchers from other

countries.?

Conclusion

The level of job-related physical activity, the level of
physical activity in free time and the total intense lev-
el of activity depended on the age of the subjects. There
was a relationship between the level of physical activity
associated with total walking and the BMI.
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ABSTRACT

Introduction. Depression is a mental illness widespread in the population and is the most common mental disorder. There has
been an increase in number of depression diagnoses among the wider population in the past few years.

Aim. The aim of the study was to gain knowledge regarding the attitudes towards depression and to measure the occurrence
of depression symptoms among open populations of Polish and British people.

Materials and methods. The study was conducted from March to May 2015 by posting an electronic survey on a social network
in Polish and English language. 143 completed questionnaires were obtained. The method of diagnostic survey was used in this
study. The research tools was a survey created by the authors and the Beck Depression Inventory (BDI).

Results. Every third respondent acknowledged that they have a sufficient knowledge of depression. Based on BDI results, 75%
of Poles and 39% of British did not show any signs of depression.

Conclusions. The British understand the term “depression” correctly more often than Poles. The inhabitants of Poland and Great
Britain take a positive attitude towards people with depression. The British have depressive symptoms more frequently than
Poles. Nationality and age do not affect the severity of depressive symptoms in both groups.

Keywords. attitudes, depression, Poland, United Kingdom

Introduction

According to the WHO (World Health Organization),
depression is a common mental disorder character-
ized by sadness, loss of interest or pleasure, guilt or re-
duced self-esteem, sleep and eating disorders; feeling
of tiredness and decreased concentration.! The follow-
ing description of depression is provided from a clini-
cal psychology manual: “This disease is dominated by
depressed mood, deep sadness, despair, a sense of emp-

tiness and hopelessness and helplessness; the feeling of
pleasure and joy disappears, and mood disorders are ac-
companied by loss of interest, apathy and inhibition of
activity. Depression and anxiety may also accompany
depressive mood.”?

The term depression is used to describe general
well-being or mood, e.g. as a temporary state of dyspho-
ria (the opposite of euphoria), which can last from a few
moments to several days. The words depression is also
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used in colloquial language to refer to reactions to diffi-
cult life situations. According to Hammen, depression is
“a set of experiences, including not only the mood, but
also physical, psychological and behavioral experienc-
es that define a more long-lasting, harmful and serious
condition that can be clinically diagnosed as a depres-
sive syndrome.”

Recently, an increased incidence of depression has
been observed in wider populations.’ According to
WHO data from 2013, 27% of the general adult pop-
ulation (18-65 yrs) in Europe (EU + Iceland, Norway,
Switzerland) experienced at least one psychological
problem (psychosis, anxiety, depression, substance de-
pendence, eating disorders) within last year. The scale of
the problem is enormous, as it is estimated to affect ap-
proximately 83 million people. The report also confirms
greater prevalence of such disorders among women
(33.2%) than in men (21.7%). WHO data on depression
indicate that currently depression is the fourth most
common health issue worldwide, and estimates that in
2020 it will be the second only to cancer.®”

According to the US Healthline health website based
on various data, it is estimated that around 121 million
people in the world are struggling with depression. Most
cases are recorded in India (> 36%), followed by the
Netherlands, France and the United States (> 30%), fol-
lowed by European countries (including Poland), Aus-
tralia and Canada (> 20-30%). In the United States, one
in ten people has depression, and the number of pa-
tients increases by 20% each year, and 80% of the pa-
tients do not receive any treatment. Risk factors include
unemployment and divorce, age (45-64 years), and sex
as depression affects women more often than men. Ac-
cording to this data, the symptoms of baby blues affect
1 in 10 mothers up to seven days after birth.?

Aim

The aim of the study was to gain knowledge regarding
attitudes towards depression and measure depression
symptoms among a open population of Polish and Brit-
ish people.

Material and method

Anonymous surveys were conducted between March
and May 2015 by posting an electronic survey in Polish
and English on one of the social networking sites. 143
correctly completed questionnaires were obtained. The
research tool was a survey designed by the authors and
Beck Depression Inventory (BDI).

The characteristics of the studied group were based
on the data contained in the author’s part of the ques-
tionnaire including: country of residence, sex, age, oc-
cupational and housing status, family and material
status, perception of the most important values in life
and problem solving, and self-assessment of knowl-

edge and attitudes towards people with depression. 76
Poles (53.1%) and 67 Britons (46.9%) participated in the
study.

The mean age of the respondents was 34 (19-63), 35
years for respondents from Poland and 29 years from
Great Britain. Almost 40% own a flat, 35% rent a flat,
and 27% live in a family home. Over half of the respon-
dents are professionally active (56%); an equal percent-
age of the respondents of both nationalities (21%) study
or work and study simultaneously. Most participants
(62%) are in relationship, and 38% are single. The gen-
eral financial situation of the respondents is quite good;
64% earn enough to manage their needs, and 36% earn
less than their needs.

Table 1. Socio-demographic characteristics of the studied
population

Variables Poland  Great Britain p
Country 76 53.1% 67 469
Sex 0.7157

Man 26 342% 21 31.3%
Woman 50 65.8% 46 68.7%

Housing situation 0.0250*
Lives with parents 22 289% 16 23.9%
Rents a flat 19 25.0% 31 46.3%
Owns a flat 35 46.1% 20 29.9%

Professional status 0.0017%*
Studies 22 289% 8 11.9%
Works 31 408% 49 73.1%
Studies and works 21 276% 9 134%
Does not study or 2 26% 1 15%
work

Family status 0.6530
Single 30 395% 24 358%
In relations 46 60,5% 43 64,2%
Material status
0.3294
Income lowerthan 31 40.8% 20 29.9%
expenses
Income equal to 35 46.1% 34 50.7%
expenses
Income higherthan 10 13.2% 13 19.4%
expenses
The most important 0.0005***
value in life
Family 49 645% 57 85.1%
Health 24 316% 4 6.0%
Friends 3 39% 6 9.0%
Problem solving 0.6015

Manage indepen- 46 60.5% 44 657%
dently

Family suport 15 19.7% 14 20.9%
Parents, siblings 15 197% 9 13.4%
support
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Family is the greatest value in life, as declared by
74% of the participants, and 20% of people put health
first in the hierarchy of values. In the face of difficult
life situations, 63% of the respondents manage inde-
pendently, other respondents need family support (17%)
or friends (20%) (Table 1). As in the case of research
agency PBS (Partner in Business Strategies) study, the
most important value for Poles is their family (51%). In
the CBOS (Centre for Public Opinion Research) study
“Values and norms in Polish lives” from 2005, respon-
dent indications confirmed that the most important val-
ues are family life (84%), and health (69%), and in the
2010 study, health was ranked first (97%) before family
life (95%). These two values always rank highest in the
hierarchy of Polish values. Interestingly, in our research
only 20% of the respondents put health first in the hier-
archy of values.’

The method of diagnostic survey was used in the
study, the research tools were a questionnaire developed
by the author and the Beck Depression Inventory (BDI).
The author’s questionnaire contained 12 questions, of
which 5 were related to the socio-demographic charac-
teristics of the surveyed group. Another 7 questions al-
lowed for determining the attitude of the respondents
towards depression and the sources of knowledge about
this disease.

The Beck Depression Inventory (BDI) by Aaron
Temkin Beck (1961) is one of the most popular auxilia-
ry tools to measure the symptom severity of depressive
syndrome, and the Polish version of the scale was devel-
oped in 1977 by Parnowski and Jernajczyk.’ The scale
consists of 21 questions with 4 variants of the answers.
The respondent could score from 0 to 3 points for each
answer. The sum of points obtained in the assessment
of individual symptoms is the numerical value - the so-
called depression level indicator ranging from 0 to 63
points. The following interpretation of the results of BDI
was adopted in the study: up to 10 points - no depres-
sion, lowered mood, between 11-27 points moderate
depression, from 28 points severe depression.' The chi-
square independence test, the Mann-Whitney test and
the Spearman rank correlation coefficient were used in
the statistical analysis. The level of significance was as-
sumed at p = 0.05, and the strength of dependence was
marked in the text respectively: * weak dependence, **
moderate dependence, *** strong dependence. It should
be added that BDI is not a recognized tool in the diag-
nosis of depression and can only serve as an auxiliary
tool in determining the severity of symptoms consid-
ered depressive.

Results

Depression is the most widespread mental illness and
depressive mood is treated as a predisposition and ten-
dency to depression which may turn into this disease in

the future. Taking into account statistical data and sci-
entific reports pointing to the growing scale of the prob-
lem of depression in the world population, a study was
undertaken to learn about attitudes towards depression
and the incidence of depressive symptoms in the open
population of Poles and British. 143 people, including
96 women and 47 men, participated in anonymous on-
line questionnaire.

The majority of the respondents stated that they did
not have sufficient knowledge about depression (68.5%),
only every third respondent recognized that they had
such knowledge (31.5%). The British assessed their
knowledge better (p = 0.0043 **).

When asked about depression, most respondents
said it was a disease (45%), 30% of the respondents
think that it was low mood, 19% believe it was a tem-
porary breakdown and 6% claim it was an excuse in dif-
ficult situations. The correct answer that depression is
a disease was more often provided by the British - 59.7%
and by 31.5% of Poles (p = 0.0048 **).

Among the sources of knowledge, the respondents
most often indicated the Internet - 65.3%, books 24.5%,
and TV and radio 10.2% (p = 0.0030 **).

People with depression or other mental illness
are often stigmatized socially. In our study, these ten-
dencies are more optimistic. Most respondents would
accept a person with depression in the closest neigh-
borhood (93%), at work (85.3%), among friends
(93.7%) or in a family (95.8). Regarding the neighbor-
hood, the highest tolerance was shown by Poles (p =
0.0005 ***) (Table 2).

The tendency to depression based on the results
of Beck Depression Inventory occurs at various levels
in Poles and Britons. Surveyed British definitely show
more depressive symptoms. The mean results in Beck
Depression Inventory for Poland was 8.2 points and 15
points for Great Britain. Also the median value is twice
as high for the British as for the Poles (p = 0.0000 ***)
(Table 3).

A descriptive depression scale based on BDI con-
firmed that the symptoms described as “severe depres-
sion” are reported by 11.9% of Britons. Almost half of
the respondents from Great Britain and every fourth
Pole showed signs of moderate depression. The major-
ity of investigated Poles (75%) recognize that they do
not struggle with symptoms of depression. In the case of
the British, this percentage was 39%. According to our
analysis, Poles are in a better mental condition. This de-
pendence is statistically significant (p = 0.0000 ***) (Ta-
ble 4).

In the latter part, an analysis of the impact of sex
and age on the symptoms of depression was made. The
analysis was conducted independently for the Polish
and British communities, the results are presented in
summary tables.
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Table 2. Depression in the opinion of the respondents

Poland Great Britain p
Self-assessment of knowledge about depression 0.0043**
I have knowledge about depression 16 21.1% 29 43.3%
I don't have knowledge about depression 60 78.9% 38 56.7%
What is depression? 0.0048**
A state of lowered mood 31 40.8% 12 17.9%
State of temporary breakdown 16 21.1% 11 16.4%
Disease 24 31.6% 40 59.7%
An excuse in difficult situations 5 6.6% 4 6.0%
Sources of knowledge about depression 0.0030%*
Internet 32 53.3% 32 84.2%
Books 18 30.0% 6 15.8%
TV, radio 10 16.7% 0 0.0%
Would you accept a person with depression?
In neighborhood 76 100% 57 85.1% 0.0005***
At work 65 85.5% 57 85.1% 0.9393
Among friends 71 93.4% 63 94.0% 0.8811
In a family 72 94.7% 65 97.0% 0.4978

Table 3. Results for BDI

Beck Depression Inventory (pts.)

Country T Me s min max
Poland 8.2 7.5 5.7 0 26
Great Britain 15.0 14 9.3 0 41
p 0.0000%***

p - test probability value calculated using the Mann-Whitney test

Table 4. Results for BDI

. Country
Level of depression Total
Poland Great Britain
no 57 75.0% 26 38.8% 83
moderate 19 25.0% 33 493% 52
severe 0 0.0% 8 11.9% 8
p 0.0000%**

Comparing the results in the group of women and
men, it turns out that 80.8% of Polish men and only
23.8% of British men and 72% of Polish women and
45.7% of British women did not show any symptoms of
depression. Moderate depression was reported by 19.2%
of Polish men and 71.4% of British men and 28.0% of
Polish women and 39.1% of British women. The score
corresponding to severe depression was obtained by
15.2% of women and 4.8% of men from Great Britain.
Both Polish men and Polish women did not receive a
score corresponding to severe depression.

As can be seen from the tables below, there is no
basis for finding a statistically significant effect of sex
on the level of depression determined by Beck’s point
scale. Both in the Polish and British communities, the
mean level of depression for women and men is almost

identical. The lack of statistical significance of differenc-
es is evidenced by the high probability p values calculat-
ed using the Mann-Whitney test (Table 5).

Regarding the Beck Depression Inventory, an adjec-
tive evaluation of the level of depression was also used,
presenting the results in the form of a contingency table
and assessing differences in the percentage structure us-
ing the chi-square independence test. After categorizing
up to three levels of depression, the differences in their
distribution in the group of women and men in the Brit-
ish population are statistically significant (p=0.0463 *).
Although the nature of this relationship is quite com-
plicated - among women there are more cases of lack of
depression and severe depression, and less of moderate
depression. Comparing the results in the group of women
and men, it turns out that the features of depression did
not occur in 80.8% of Polish men and in only 23.8% of
British men and 72% of Polish women and 45.7% of Brit-
ish women. Moderate depression was reported by 19.2%
of Polish men and 71.4% of British men and 28.0% of Pol-
ish women and 39.1% of British women. The score corre-
sponding to severe depression was obtained by 15.2% of
women and 4.8% of men from Great Britain. Both Pol-
ish men and Polish women did not obtain a score corre-
sponding to severe depression (Table 6).
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Table 5. Results for Beck Depression Inventory

Beck Depression Inventory (pts.)

Sex Poland Great Britain
T Me s min max e Me s min max
man 7.8 5.0 6.7 0 24 15.4 16.0 8.0 2 4
woman 8.4 8.0 5.2 1 26 14.8 135 10.0 0 41
p = 0.3459 p = 0.6340
p - test probability value calculated using Mann-Whitney test
Table 6. Intensity of depression among the Polish and British
L. . Poland Great Britain
Depression intensity
man woman man woman
lack 21 80.8% 36 72.0% 5 23.8% 21 45.7%
moderate 5 19.2% 14 28.0% 15 71.4% 18 39.1%
severe 0 0.0% 0 0.0% 1 4.8% 7 152%
p =0.7042 p = 0.0463*
Table 7. Age of the respondents.
Age
Country T Me s min max
Poland 34.6 35 1.3 19 52
Great Britain 33.6 29 124 19 63
p=0.5958

p - test probability value calculated using Mann-Whitney test

The analysis confirmed that the age does not differ-
entiate the level of depression in the studied groups, the
probability value measured by the Mann-Whitney test
is: p = 0.5958 (Table 7).

Table 8. Correlation coefficients between age and BDI

Age

Poland Great Britain

-0.03 -0.04
p=0.7647 p=0.7770

Beck Depression Inventory (pts.)

In the case of the study of the influence of age on the
level of depression, the Spearman rank correlation coef-
ficient was also used. The table below presents the values
of correlation coeflicients between age and BDI in the
Polish and British communities. Statements of statistical
significance of the analyzed dependences are given in
brackets. As a result of the analyzes, a model example of
the lack of any dependencies was obtained, because the
value of the age correlation coefficient is close to zero
(statistically insignificant).

The result is illustrated in the scatterplot. Simple re-
gressions, marked on the chart, have almost zero slope,
which means that age does not differentiate the level of
depression. This is somewhat understandable, because
depression is not a disease for which age is a risk factor,
as in many other diseases (cardiological diseases, cancer,

etc.). It is worth noting that the simple regressions for
the Polish and British communities are almost parallel,
which means that the difference between the mean val-
ues of the BDI scale in both compared countries is sim-
ilar for different age groups.

Counkry:
"0, Peland [R = -0,03 (p = 0,764T)]
M, Great Britaln  [R = 0,04 (p = 0,7770)]
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Fig. 1. Age in years (18-63) and BDI points (0-40)

In summary, it can be stated that age does not con-
dition the intensity of depression in the studied groups,
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and the features that affect this in a significant way is
nationality and sex. In the case of sex, it does not differ
from the observed trends described in the introduction.

Discussion

According to the research of the British Mental Health
Foundation, between 8 and 12% of the population suf-
fers from depression every year, and 2% experience a
depressive episode without accompanying anxiety
symptoms. It is estimated that more than half of people
experiencing a depressive episode will experience an-
other in the future, while those experiencing a second
depressive episode will have 70% chance of relapse. Af-
ter the third episode, the risk increases to 90%. Depres-
sion is chronicin 1 in 5 people. Worldwide, 5.8% of men
and 9.5% of women will experience depression within
12 months, which gives about 121 million people. The
World Health Organization believes that in 2020 de-
pression will be the second most frequently occurring
disease, coexisting with other disorders."

According to NIFCE data in the United Kingdom,
depression is more common in women than in men,
where every fourth woman requires treatment for de-
pression at some point in life, for men it is about one in
ten. The reasons for this are unclear, this is due to both
social and biological factors. It was also found that de-
pression in men may be unrecognized because they
present symptoms of the disease differently than wom-
en (National Institute For Clinical Excellence, 2003).'3
Further data confirm these trends. According to the of-
ficial data of the ONS (Office for National Statistics)
based on a study conducted in 2010-2011 in 40,000
British households, 1/5 adults in the UK experience
anxiety or depression. Anxiety and depression were
most common in people aged 50-54, and more often
in women (21%) than men (16%). This study also con-
firms a greater tendency for depression among single
persons (27%) than those living in formal and infor-
mal relationships (16%). A higher level of depression
was also observed among the unemployed (23%) than
in those with permanent employment (15%). The re-
sults also confirmed the relationship between overall
satisfaction with health and the symptoms of depres-
sion. Symptoms of depression occur in 38% of those
dissatisfied with their health and 11% of those who
showed such satisfaction.

Epidemiological research on mental disorders
(EZOP) on a sample of 10,000 Poles aged 18-64 have
estimated that symptoms such as anxiety, irritability
and mood depression occur in 20-30% of the popu-
lation. A dozen or so percent indicate such symptoms
as: fits of anger, social anxiety or attacks of pan-
ic. Mood disorders (depression, dysthymia, mania)
were confirmed in 3.5% of the respondents. Depres-
sion alone with varying intensity was reported by 3%

of the respondents. Sex was confirmed as the socio-de-
mographic factor predisposing to this type of symp-
toms, - women were more vulnerable than men to the
symptoms of this type of disorder, occupational situ-
ation, where the most vulnerable groups are the un-
employed, pensioners, the retired and housewives, low
social support, loneliness - people without a life part-
ner, residents of big cities. All these symptoms may
in the future manifest themselves with mental disor-
ders (EZOP, 2007)." Another study on 445 inhabitants
of the Wielkopolska rural areas with the use of BDI
showed that symptoms of depression were observed in
30% of the respondents. The severity of symptoms was
dependent on age, sex and quality of life.'¢

High social awareness, knowledge of mental diseas-
es and knowledge of depression may contribute to bet-
ter acceptance and tolerance of people affected by this
disease. Polish CBOS research from 2007 entitled “Pub-
lic opinion on mental disorders” shows that the best-
known mental disorder is schizophrenia, as declared by
40% of the respondents. The second one in the list is
depression, which was confirmed by every fifth respon-
dent (22%). Nearly two-fifths of the respondents (40%)
admitted that they could not point to any mental illness.
The self-assessment of Polish society regarding knowl-
edge about mental illness is not satisfactory. More than
half of the respondents (52.7%) said they knew little
about mental illness, and more than one third (36.5%)
estimated that they knew practically nothing about
them. This report also shows that mental illness in the
opinion of Poles most often arouses sympathy (58%),
and mentally ill are treated worse than others in many
areas of social life."”

The level of knowledge on depression declared by
the respondents in our research is also not satisfacto-
ry, because the majority of the respondents claimed not
to have sufficient knowledge on this issue 68.5% and
only every third respondent recognized having such
knowledge (31.5%). In the study by Kuzel, 73% rated
their level of knowledge about depression as average.'®
In Podbrozna’s research, only 5% of the respondents as-
sessed their own knowledge about the mentally ill at
a high level, 39% - at a moderate level, 38.5% - negli-
gible, and 7.5% admitted that they did not have knowl-
edge on this subject.”

When asked about what depression was, most re-
spondents answered that it was a disease (45%), 30% of
the respondents thought that it was a low mood, 19% of
people believe it to be a temporary breakdown, and 6% -
an excuse in difficult situations. The correct answer that
depression is a disease was more often given by the Brit-
ish 59.7% than Poles (31.5%). To compare, in the study
of Iwanicka-Maciura, over 89% of the surveyed students
were able to correctly define depression as a disease, and
in the study by Kuzel et al. 77% of the respondents con-
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sidered depression to be a serious disease impeding nor-
mal functioning.'®

In the study we also asked to indicate the most im-
portant source of knowledge about depression. The re-
spondents most often mentioned the Internet - 65.3%,
books 24.5%, and TV and radio 10.2%. In other authors
the Internet is also one of the most important sources of
information, for example, in Iwanickia-Maciura study
the Internet was indicated by 70.6 % of the respon-
dents, similarly in Kuzel’s, the respondents acquired the
knowledge about depression mainly from the media
(66.5%) and the Internet (60.5%).2*8

People with depression or other mental illness are of-
ten stigmatized socially. The conducted research confirms
great acceptance for people with depression in the near-
est environment, over 85% of the respondents declare ac-
ceptance of an ill person at work, in the neighborhood,
in the family and among friends. In the Iwanicka-Maciu-
ras study, over 90% of the respondents are able to accept
the disease in the closest people, and about 40% declare
friendship and create a relationship with a person after
depressive episodes. In the studies of Kuzel et al. conduct-
ed in the group of nurses and teachers, 77% of the respon-
dents accept people with depression.?*!®

In 2015, social studies were conducted in Great Brit-
ain, which showed a higher level of social acceptance for
people with depression than with schizophrenia. Over
70% of the respondents are willing to accept a friend
or neighbor with depression. A relationship with a per-
son suffering from depression is much less acceptable
- 36%.?! In research by Podbrozna, 60% of the respon-
dents would agree to build a center dealing with mental-
ly ill people in their neighborhood.”

In the CBOS report from 2012, almost two-thirds of
the respondents (65%) declare that they have a sympa-
thetic attitude towards the mentally ill, in which slight-
ly more than half (52%) define their attitude as “rather
benevolent.” Few respondents admit to dislike (5%), and
every fourth (26%) - to indifference.

Conclusions

1. 'The British understand the term ,,depression” cor-
rectly more often than Poles.

2. The inhabitants of Poland and Great Britain take
a positive attitude towards people with depression
and declare high acceptance of people with depres-
sion in the closest environment.

3. Based on the results of Beck Depression Inventory,
it can be concluded that the British have depressive
symptoms more frequently than Poles.

4. Nationality and age do not affect the severity of de-
pressive symptoms in both groups, while sex is a
feature significantly influencing the level of depres-
sion only in the British population.
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ABSTRACT

Introduction. Computed tomography (CT) is inexpensive radiological examination of high diagnostic effectiveness. However,
common use of CT tests has led to increased exposure to ionizing radiation in the population.

Aim. To assess the effect of organ dose modulation (ODM) technique on the radiation dose received by patients during head
CT scan.

Material and methods. A retrospective analysis of 120 tests in two groups of patients who had CT scans without and with ODM.
Every group consisted of 60 people (30 women and 30 men in each). The ability to perform tests in two algorithms (without
and with ODM) resulted from the fact that after installing the apparatus, tests were carried out using standard technique, and
only then the ODM function was launched.

Results. We found that during examinations with ODM, patients received a reduced dose of ionizing radiation. The mean DLP
value with ODM is 9.4% lower than the mean DLP value without ODM by comparing the tests with and without contrasting
agent. The mean DLP value obtained in men using ODM was 11.9% lower than the mean dose without ODM, and in women
this difference was 6.6%.

Conclusion. The mean DLP value received by men with ODM was by 11.9% lower than the mean dose without ODM, and in
women this difference was 6.6%. Patients receive a lower dose both in tests with and without a contrasting agent compared to
the tests where ODM was not used. A statistical significance of the obtained results was found.
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Introduction

Computed tomography (CT) is available and rela-
tively inexpensive radiological examination of high
diagnostic effectiveness. Multi-detector row CT
scanners and shortened acquisition time have led
to more frequent clinical use of CT. The result was a sig-
nificant increase in the number of tests - it is estimated
that it amounts to as much as 40% of all diagnostic ex-
aminations. In the past 25 years, worldwide, the number
of nuclear medicine examinations has almost tripled,
while the number of CT examinations has increased
more than twenty times.!

However, common use of CT tests has led to in-
creased exposure to ionizing radiation in the popu-
lation. United States citizens are exposed to ionizing
radiation from medical devices almost six times high-
er than in 1980, and CT constitutes 45% of the total
exposure to medical radiation in the USA, although it
has only a 12% share in medical procedures.? Head CT
is one of the most common CT examinations. Expo-
sure to X-rays in this area has a twofold aspect. First
of all, there are eye lenses which are an anatomical ele-
ment particularly sensitive to X-rays. Secondly, it is the
anatomical area with a high content of bone elements,
hence the need to use X radiation of greater hardness
which results in the emission of higher doses.? In addi-
tion, in many clinical situations it is necessary to repeat-
edly examine the same patient. All these issues require
the head CT scan to be performed in such a way that the
patient is exposed to the lowest possible dose.

P LI

Fig. 1. Graphical principle of the ODM function.®
Reference: Siemens Healthcare, Guide to Right Dose

One of the ways of dose reduction, also in the case
of CT scan of the head, is the use of the organ dose mod-
ulation (ODM) technique. This technique is based on
automatic adjustment of the lamp current in real time,
in order to obtain the optimum quality of the diagnos-
tic image at the lowest possible dose, depending on the
size and construction of the patient. Thus, the radiation
dose is modulated to adapt to the image of the organ
and the patient’s body characteristics (Fig. 1) in order to

better manage the dose in relation to the anatomy of the
examined patient.*

Aim

The aim of the study is to compare X-rays doses ob-
tained during CT examinations performed in standard
technique and ODM technique.

Material and methods

A retrospective analysis was performed in
two groups of patients who had CT scans due
to different clinical indications. Each group consisted of
60 people (30 women and 30 men in each). Patients had
the examination performed using a 256-slice Revolution
CT scanner by GE. The ability to perform tests in two
algorithms (without and with ODM) resulted from the
fact that after installing the apparatus, tests were carried
out in the standard technique, and only then the ODM
function was launched.

Group A - patients who had head CT scans without
ODM,; mean age was 66.7 (26 to 90 yrs).

Group B - patients who had head CT scans with the
ODM,; mean age was 62.5 (19 to 92 yrs).

The same protocol was used in all examinations. First,
two preliminary images (Scout views) were taken with
250 mm coverage - the first in the anterio-posteri-
or projection (a-p), the other in the lateral projection.
The transverse plane of slices was set through the na-
sal bridge and external auditory openings. A constant
voltage of 120 kV and the examination time - 9 s (with
the rotation time of the lamp-panel system - 1 s), pitch
1.0 were used. mA values were automatically selected -
SmartmA 100-300 mA. The test was performed using
2.5 mm slices, the test range was 16 cm to cover the en-
tire head. Noise Index in all examinations was at 2.5. All
patients had the examination initially without and later
with a contrasting agent. Dose Length Product (DLP)
was recorded for each patient. DLP is the product of
CTDlIvol (in mGy) and scan length (in cm). CTDIvol is
CT volume dose index expressed in the form of CTDIw
divided by pitch factor (quotient of the displacement of
the table during a complete revolution of the X-ray lamp
and the thickness of a single slice. CTDIw is a weighted
CT dose index that allows the assessment of the average
dose in a single slice.

The variable distribution has been checked. It de-
viates from the normal distribution. Normalization
by logarithm did not bring enough change. Therefore,
non-parametric tests were performed. The Mann-Whit-
ney U test was used to compare the mean DLP doses in
the examinations without and with ODM, without con-
trasting agent and after its administration, as well as a
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comparison of mean DLP doses with and without ODM
between the sexes.

The Wilcoxon signed-ranks test was used to com-
pare mean doses of DLP in the examinations without
and with ODM in the groups of women and men. Sta-
tistical significance was defined at p < 0.05.

Results

After performing the test without and with the contrast-
ing medium, the mean DLP values for groups A and B
were calculated. The differences in mean DLP values be-
tween group A (the standard technique, without ODM)
and B (with ODM) were analyzed. The results are shown
in Figure 2.

Fig. 2. Comparison of mean DLP values between groups
A and B during CT scan without and with the contrasting
agent

The mean DLP value for all patients during the head
examination with ODM was 9.4% lower than the mean
dose without ODM. The difference is 117.99 mGy/cm
and is statistically significant (p = 0.000007).

Then the differences in mean DLP values for men
in group A and B were analyzed. The results are shown
in Figure 3.

1 s 1500 L} e |

Fig. 3. Comparison of mean DLP values between groups A
and B in men during CT scan without and with ODM

The mean DLP value in men during the head exam-
ination with ODM was 11.9% lower than the mean dose
without ODM. The difference amounted to 160.44 mGy
/ cm and was statistically significant (p = 0.0007).

In the same way, the difference in doses of DLP re-
ceived by women in group A and B was analyzed. The
results are presented in Figure 4.

1050 1100 1150 1200

mGy/cm

Fig. 4. Comparison of mean DLP values between groups A
and B in women during CT scan without and with ODM

As in the group of men, women received by 6.6%
lower dose of DLP when using ODM. The mean
DLP dose with ODM was by 71.86 mGy / cm low-
er and the difference was statistically significant
(p = 0.006).

Due to differences in mean values in the group of
men and women, a comparison was made between both
sexes.

Mean doses were compared in men and women
during CT scan without and with a contrasting agent,
without ODM and the results are summarized in Fig-
ure 5.

Mean DLP dose in
women without ODM

Mean DLP dose in
men wlthout ODM

mGy/cm

Fig. 5. Comparison of the mean DLP values between men
and women in the CT examination without and with the
administration of a contrasting agent, without ODM

The mean DLP dose without ODM in men was
1341.44 mGy/cm, whereas in women 1166.1 mGy /cm.
The difference was 13% - 175.3 mGy / cm and was sta-
tistically significant (p = 0.000001).
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An analogous comparison was made in case of
ODM use. The results are shown in Figure 6.

|
Mean DLP dose in | . ! l

women with ODM

Mean DLP dose in 111
men with ODM

Fig. 6. Comparison of the mean DLP values between
women and men in the CT examination without and with
the administration of a contrasting agent, with ODM

The mean DLP dose with ODM in men was 1181
mGy /cm, whereas in women 1094.24 mGy /cm. The
difference was 7.3% - 86.76 mGy / cm and was statisti-
cally significant (p = 0.0072).

Concluding, the difference in the values of received
doses (DLP) during the CT examination between wom-
en and men in case ODM was not used amounted to
13% and in the case of ODM use, 7.3%.

Since a significant percentage of CT scans are per-
formed without the use of a contrasting agent (most
tests in case of injuries), an analogous analysis was made
as for the first part of the study, except no contrasting
agent was administered.

The mean DLP values for groups A and B were calcu-
lated. The differences in mean DLP values between group
A (the standard technique, without ODM) and B (with
ODM) were analyzed. The results are shown in Figure 7.
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Fig. 7. Comparison of mean DLP values between groups A
and B during CT scan without contrasting agent

The mean DLP value for all patients during head ex-
amination without ODM was 10.9% higher - 76.38 mGy

/ cm - than the value when ODM was used. The differ-
ence was statistically significant (p = 0.000001).

Discussion

A significant increase in the number of CT ex-
aminations worldwide allows better detection
of pathological lesions. However, the widespread use of
this method results in an increase in the level of X-ray
doses in the patient population.

The number of CT apparatuses in the world
are constantly increasing - although the number
of apparatuses per 1 million inhabitants in individ-
ual countries is very diverse. The highest number
of tomographs are in Japan (almost 103.1 per 1 mil-
lion inhabitants). To compare, there are 17.2 CT ap-
paratuses per 1 million inhabitants in Poland.® In
this way, the risk of cancer due to CT examina-
tions also increases.”” However, dose levels in CT ex-
aminations (typical effective dose expressed in mSv
in the case of head scan is 1.6 mSv) are significantly low-
er than the threshold dose for inducing deterministic
effects, nevertheless they may affect the stimulation of
gene mutations and carcinogenesis.’* Hence, doses gen-
erated in CT examinations may particularly pose a risk
to pediatric patients, youth and adult women.'"> Both
doctors referring to examination as well as the patients
and their benefactors are generally unaware of the dos-
es of radiation received in the CT examination, its risk
of carcinogenesis and the importance of reducing ex-
posure in younger patients.’** Radiologists, who
generally have a higher education in radiation bi-
ology and radiation risk, often have no direct rela-
tionship with patients who are imaged."”” It has been
calculated that in the US, 700 people (including 170
children) die due to radiation-induced malignan-
cies by CT scan of the head and abdominal region
a year.'® The risk of breast cancer is doubled in wom-
en with two or more CT examinations before
the age of 23.7

The latest epidemiological results and studies on
animals suggest that dose thresholds causing deter-
ministic effects (e.g. lens opacities that may even-
tually lead to cataracts) are or may be lower, than
has been assumed. '** The radiation dose for the
eye lens may vary between 10.6 and 25.5 mGy with
an average value of 18.8 mGy.?**!

Therefore, despite obvious benefits, limitations
on the diagnostic CT tests (especially in children)
are introduced because of their potentially dan-
gerous oncogenic effects.”? The presented issue re-
quires common analysis of radiologists, medical
physicists, government legislative bodies and producers
of CT equipment.
curately select protocols for individual types
of examinations, individualizing them in relation to

CT staff began more ac-
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specific patients. Two important principles have also

been formulated:

1. Referral to CT examination must be well-grounded.

2. All technical aspects of the test must be optimized
to achieve the required level of image quality while
maintaining the lowest possible doses for every CT
scan.”

Manufacturers, in subsequent generations of CT de-
vices, began to implement techniques to minimize ra-
diation doses. Among various methods, one of more
effective techniques is organ-dose modulation (ODM).*

There are few publications describing the use of
ODM and they mainly concern phantom research. The
first results were presented in 2011 in the American
Journal of Roentgenology. It was assessed that the use
of ODM reduced the dose on the phantom surface by
27 - 50%, depending on the anatomical region (head or
chest) without deterioration in image quality.?

In 2012, studies were performed in which the in-
fluence of dose reduction on the eye lens using bis-
muth shielding and ODM protection was compared.
Dose reduction with ODM was found to be higher.
The dose in the standard CT scan for the eye lens was
32.16 mGy, with bismuth shielding 23.66 mGy, and in
case of ODM 22.39 mGy.*

In 2015, the results of experimental research on
anthropomorphic thoracic and head phantoms were
presented. Dose reduction was found in all dosimeter
locations with reference to SmartmA (angular modula-
tion and Z axis) 31.3% (nipple), 20.7% (lungs), 24.4%
(heart), 5.9% (spine), 18.9% (eye) and 10.1% (brain). On
the other hand, simulation studies with voxelized phan-
toms have shown average reduction of doses: 33.4%
(nipple), 20.2% (lungs), 18.6% (spine), 20.0% (eyeball)
and 7.2% (brain).”’

In 2016, another assessment of ODM effectiveness
was published - it was found that CTDIvol decreased by
about 20%, increasing the noise index by about 14%.%®

Whereas the producer (General Electric) declares
in the manual of the CT apparatus used to perform the
tests analyzed in the presented paper, that in the case
of head examination - dose reduction up to 30% is ex-
pected with the reservation that the accuracy of ODM
will be affected by the exact positioning of the patient.
Therefore, incorrect positioning of the patient in the a-p
direction will affect the effectiveness of dose reduction
for radiosensitive organs.”

Our calculations have also shown that the use of
ODM reduces the dose of DLP both in women and men.
The mean DLP value for all patients during the head ex-
amination (without and with contrasting agent) with
ODM was 9.4% lower than the mean dose without ODM.
The mean DLP value in men during the head examina-
tion with ODM was 11.9% lower than the mean dose
without ODM and in women, the difference was 6.6%.

Mean DLP doses without using ODM before and after
administration of the contrasting agent were higher than
the doses obtained using ODM and were higher by 10.9%
and 6.2% respectively. In addition, significant differenc-
es were observed when comparing mean doses received
by women and men during tests without and with ODM.
The difference in tests without ODM was 13% in favor of
women, with ODM it was 7.3% also for women. The re-
sults of the quoted studies concerned tests performed on
phantoms. In the results of our study, when patients were
examined, no such significant values of DLP dose reduc-
tion were found. Nevertheless, it was found that it is rea-
sonable to use ODM protocols at each head CT scan. This
seems particularly important in view of the very large
number of patients referred for CT scanning of the head
which are not always well justified.®

Conclusion

1. Results of the paper confirmed that the use of ODM
technique reduces the dose of X-radiation received
by the patient during the CT scan of the head.

2. We found that the reduction of DLP in patients is
lower than in phantom studies.

3. The mean DLP value using ODM was reduced
in the study group by 9.4% and the difference
is statistically significant.

4. The mean DLP value obtained by men using ODM
was by 11.9% lower than the mean dose without
ODM, and in women this difference was 6.6%.
Both results are statistically significant.

5. The mean DLP dose without the use of ODM
during the examination without contrast was higher
by 67.38 mGy / cm (10.9%) than the doses obtained
by the subjects when ODM was used.

6. A difference was found in the values of received
doses (DLP) during the CT examination between
women and men. In case ODM was not used, DLP
values in the group of women were 13% lower
and in the case of ODM use by 7.3%. The difference
was statistically significant.

7. 'The use of ODM technique should be necessary in
all CT scans of the head.
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Professional experience of midwives is not sufficient to accurately
assess the amount of blood loss during labor
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ABSTRACT

Introduction. Postpartum hemorrhage is still one of the causes of maternal mortality and morbidity. The purpose of investiga-
tion was an examination of practical skills in blood loss assessment during labor by midwives.

Aim. To examine the practical skills of midwives that have different professional experience in blood loss assessment during labor.
Materials and methods. A case-control prospective study of labour blood loss volume assessment with the use of a birthing
simulator was conducted among midwives from 1 September 2016 to 30 May 2017. Midwives were divided in to 2 groups:
Group | consisted of midwives who were recent university graduates without professional experience. Group Il consisted of
midwives with a minimum of two years of professional practice and assistance at more than 1000 births. This was a multicenter
study. Outcome measures included visual evaluation of blood loss during simulation scenario.

Results. Average evaluation of blood loss: Group | - 737 ml, Group Il - 610 ml (p = 0.0002). There were no statistically significant
differences between the groups in terms of diagnosing the cause of hemorrhage in the third stage of labor (p = 0.1503) neither
in terms of identification of hemorrhage after perineal injury (p = 0.1503) . The examined midwives underestimated blood loss,
however the midwives in Group | assessed blood loss statistically better.

Conclusions. Subjective assessment of the amount of blood loss during labor is underestimated. Professional experience does
not improve the accuracy of assessment of blood loss volume during labor.

Keywords. delivery, education, postpartum hemorrhage

Introduction of identification of changes occurring during labor is the

Postpartum hemorrhage is still one of the main causes
of maternal mortality and morbidity. It is often the cause
of loss of the ovarian reserve and preterm menopause.
Development of an action plan and strategy based on
rapid assessment of obstetric situation is crucial for the
improvement of obstetric outcomes.'* The practical skill

basis for early risk identification. Accurate evaluation of
blood loss during labor constitutes the basis for perinatal
care model. This type of care is recommended by Word
Health Organisation (WHO).*"* The problem of vali-
dating the practical skills of midwives makes simulation
training a tool that is increasingly used for teaching and
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analysing the operations of an obstetric team. Trainings
with simulators allow for gaining practical skills and im-
prove the results of perinatal care."” Currently, obstetric
staff are required to participate in projects aimed at en-
suring a normal and safe pregnancy and childbirth. It is
only possible when the education and training process
is based on the latest medical standards adopted in the
world."**16!7 Nowadays, training with simulators is an
important part of medical education, thus it is essential
to carry out research and organize thematic workshops
in this field. Birthing scenarios including elements of la-
bor pathology are often used in simulation team train-
ings. Simulation training that mirrors real situations
allows for gaining the practical skills required to make
quick decisions and undertake specific actions.">!1151819

Aim of the study

The aim of this study was to examine the practical skills
of midwives having different professional experience in
blood loss assessment during labor.

Materials and methods

This is a case- control prospective study. The study was

carried out from 1 September 2016 to 30 May 2017. The

study was carried out with the use of the SimMom birth-
ing simulator (ADM 377-02050). It was attended by
midwives divided into two groups (Group I and Group

II). This was a multicenter study. Participants were re-

cruited from all 4 provincial hospitals in the Podkar-

packie province. The number of births in each of these 4

hospitals exceeds 2000 every year.

Inclusion criteria for the groups:

- Group I: Midwives with recent university graduates
without professional experience.

- Group II: Midwives with a minimum of two years
of professional practice and assistance at more than
1000 births.

We included midwives who were first to respond to
an invitation letter. The invitation letter was sent to all
126 midwives in the Podkarpackie province who just
graduated with a university diploma without profes-
sional practice and to all 187 midwives employed for a
minimum of 2 years as a full time employees in those
4 provincial hospitals. The number of births in each of
those hospitals exceeds 2000 every year. After years of
employment in these hospitals each of the recruited
midwives assisted at more than 1000 births.

Exclusion criteria for the groups:

- Previous experience in workshops or training with
birthing simulators.

Participation in the research was voluntary. The
consent of the Local Bioethics Committee was obtained.
The brand validated labor simulation scenario which
summarized the case of natural delivery complicated
with hemorrhage was used in the study. The participants

were familiarized neither with the scenario nor the clin-

ical diagnosis. The scenario included 3 stages of labor. It

contained the following risk factors and disorders:

1. First stage of labor: PROM, secondary uterine ady-
namia.

2. Second stage of labor: haemorrhage after perineal
injury.

3. Third stage of labor: incomplete afterbirth.

In both groups the midwives were supposed to:

1. actively participate in patient care according to the
prepared scenario,

2. identify and specify the risk factors of bleeding in
the presented case,

3. identify the clinical situation and assess intranatal
blood loss.

The assessment of risk factors consisted in the anal-
ysis of the presented case study as well as observation
and participation in the labor according to the simu-
lation scenario. 800 ml of artificial blood was used to
carry out the assessment of blood loss during each sim-
ulation. The tool for data collection was SimMom birth-
ing simulator computer system and the procedure was
arranged by a brand original birth simulation scenario.

Statistical analysis was performed based on STA-
TISTICA 10.0. The following tests were applied: T-Stu-
dent test for independent variables or an alternative
Mann-Whitney test, which were used to evaluate the
differences in the average level of measurable character-
istics in two populations, and the Pearson’s chi-squared
test when variables having qualitative characteristics
were used in the analysis. The value of p < 0.05 was as-
sumed as the statistical limit level of significance.

Results

The number of recruited subjects to the groups was
equal: Group I - 30 midwives and Group II - 30 mid-
wives. The age of the examined midwives in Group I
and Group II was statistically significantly different. The
midwives with active professional practice over 2 years
(Group II) were older (p=0.0000).

Table 1. Sociodemographic characteristics of the Groups

Group In. Grouplin.

Criteria 30 30 P
Average age (years) 235 445 0.000
Minimum age 21 30 0.001
Maximum age 38 56 0.001
Age standard deviation 3.38 6.9 0.043
Race white white n/a
Sex female female n/a
Education status quversity Ur!iversity n/a
Diploma Diploma

Hemorrhage after perineal injury as a disorder of
second stage of labor was well diagnosed by the exam-
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ined midwives. The differences between the groups were
statistically insignificant (p=0.1503).

Table 2. Identification of second stage of labor disorders

Second stage of labor

disorders Group|

Group I P

Hemorrhage after

. LT 30(100%) 29 (93.3%) =0.1503
perineal injury

Table 3. Identification of third stage of labor disorders

Third stage of labor

disorders Groupl

Group P

Incomplete afterbirth 30(100%) 30(100%) =0.1503

There were no statistically significant differences
(p=0.1503) between the groups in terms of diagnos-
ing the cause of hemorrhage in the third stage of labor.
All of the examined midwives stated that the most likely
cause of the hemorrhage in the third stage of labor was
an incomplete afterbirth.

Table 4. Evaluation of intranatal blood loss

Average Minimum Maximum S
Criteria blood loss blood loss blood loss standard
(ml) (ml) (ml) deviation
Group | 737 550 1100 1104
Group | 610 300 850 1138

p=0.0002

Both in Group I and in Group II, the midwives un-
derestimated intranatal blood loss, however, midwives
in group I assessed blood loss statistically significantly
better (p = 0.0002).

Discussion

The presented study shows that assessment of the
amount of blood loss during labor is underestimat-
ed by midwives. Equally important is the fact that the
professional experience of midwives does not improve
the accuracy of that assessment. This is a novel find-
ing. Similar works like Dunlop et al. demonstrate low
accuracy of visual estimation of intrapartum blood
loss.? The authors conclude that methods that accu-
rately and objectively quantify intrapartum blood loss
are needed for clinical and research purposes, but they
do not realize that professional experience of medical
staff is not one of these methods. It may be surprising
that the midwives who had only academic knowledge
assess blood loss during labor better then midwives
with professional experience (Table 4). Midwives with
many years of professional experience underestimated
blood loss significantly. It may result from job “routine”
that occurs from time to time, and thus from a dan-
gerous underestimation of frequently observed clinical
symptoms. This shows a real problem of lack of validat-

ed methods of practical skills training of midwives in
blood loss estimation. According to Mbachu et al. pe-
riodic education by simulation using clinical scenarios
could improve the accuracy of visual blood loss estima-
tion.?! The examination presented in this study on the
practical skills of midwives with the use of a birthing
simulator revealed a significant problem, that is a gen-
eral underestimation of perinatal blood loss by obstet-
ric staff. This phenomenon seems to increase with years
of working in the profession. This is consistent with the
studies of Hancock et al. ' The authors noted that com-
mon underestimation of blood loss during childbirth
results in the fact that medical actions are undertaken
not as a reaction to blood loss but as a reaction to clin-
ical symptoms caused by blood loss, and thus with a
delay. Moreover, the authors emphasize that there is no
possibility to teach how to properly evaluate blood loss
during labor because it is a function of not only bleed-
ing intensity but also the function of time. It makes this
skill one of the most difficult to master by midwives. In
an integrative review of literature Hancock et al. con-
clued that there is little evidence that improvement of
maternal outcomes can be achieved through improv-
ing the accuracy of blood loss volume measurements.?
The authors request a need for change in the direc-
tion of future research to explore these in more detail.
Our study is a small part of such research and reveals
that professional experience, like years of employment
and number of assistance at birthing procedures is not
the means to improve the accuracy of blood loss vol-
ume measurements during labor. Delayed reaction to
excessive blood loss is associated with a higher ratio
of complications, including maternal deaths as well as
higher treatment costs. According to Lertbunnaphong
et al. visual estimation is not optimal for measurement
of blood loss during labor and should be withdrawn
from standard obstetric practice.”* Nowadays, training
with medical simulators seems to be the best method of
learning how to evaluate intranatal blood loss because
it is the only way to verify and correct our own errors
and mistakes retrospectively. In the long run, the cost
of training with birthing simulators can be compensat-
ed by lowering the expenses related to the treatment of
women who suffered from perinatal bleeding, and what
is most important, the safety of those in labor can be
increased. Criteria for the diagnosis of hemorrhage are
very well known.*'>!416 Regardless of the definition, we
should remember that the actual blood loss assessed vi-
sually and subjectively is very difficult and not precise.
Frequently, it depends on one’s experience and accord-
ing to other authors, it accounts for only 30 - 50% of
the actual blood loss, which in confrontation with an
objective assessment carried out in this study with the
use of a birthing simulator allows to conclude that the
assessment of the amount of blood lost by women giv-
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ing birth with excessive bleeding and perinatal hemor-
rhage is underestimated.'®!>!¢**** The use of a birthing
simulator in the subject study for the assessment of
practical professional skills has highlighted the parts of
the training that can be mastered during academic ed-
ucation, and those that require many years of practical
training. The main limitation of presented study was a
small number of participants in the groups, however,
their homogeneity allows to present the obtained re-
sults. The strength of the study was multicenter recru-
tation of participants from four different hospitals with
different training programs. The advantages of training
with the use of simulators are emphasized in the avail-
able literature.'”" It is noteworthy that all participants
were interested in team training with a birthing simula-
tor, both the graduates without professional experience
and midwives with many years of work experience.
According to Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) report, it is rec-
ommended to carry out team trainings in cases involv-
ing high risk to mothers and foetuses. These actions
and activities are aimed at teaching professionals more
effective cooperation under stress and time pressure.
During the workshops with a simulator, it is possible
to analyse the strengths and weaknesses of partici-
pants, deepen the knowledge, develop skills and com-
munication in the team. Due to the increasing number
of evidence proving that simulation improves team-
work, optimizes care and improves treatment results,
American College of Obstetricians and Gynaecolo-
gists (ACOG) recommends simulation team trainings.
In the opinion of the participants, simulation allows to
verify knowledge and skills, and it is undoubtedly the
future of medical education. It is consistent with the
conclusions of other authors.>*'7* Support of supe-
riors, management and academics or favourable con-
ditions for learning are just some of the factors that
encourage to implement new educational methods and
tools, such as simulation trainings, in the workplace
and training centers.

Conclusions

1. Subjective assessment by midwives of the amount
of blood loss during labor is underestimated.

2. Professional experience of midwives does not im-
prove the accuracy of assessment of the amount of
blood loss during labor.
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ABSTRACT

Introduction. According to epidemiologic research, the number of obese and overweight children is increasing. A common
way of dealing with this problem is enacting legislation regarding food served in educational institutions. In Poland, the reg-
ulations regarding the assortment of school shops are contained in the Ordinance of the Minister of Health of 26th June 2015
(and its subsequent amendments).

Aim. The main aim of this study is to evaluate the product range of school shops and vending machines in Rzeszéw.

Methods and materials. The study covered 52 primary and secondary schools in Rzeszéw. The schools included in the study
had 15568 students altogether. Products bought by students in school shops and vending machines were recorded over the
period of 3 days.

Results. The study has shown a statistically significant relationship (p <0.001) between the amount and types of products
bought in primary and secondary schools. Healthy snacks only made up a small percentage of products sold. Secondary
schools sold 20% more snacks with high sugar content compared to primary schools. A majority of products sold were com-
pliant with regulations (p=0.12).

Conclusions. The assortment of school shops has changed after the implementation of the Ordinance of the Minister of Health
of 26 June 2015 (and its subsequent amendments). The newly introduced restrictions significantly narrowed down the range
of products offered in schools, reducing the number of products containing more than 15g of sugar (13.5g per 100g/mlin case
of dairy products) or 10g of fat per portion.

Keywords. nutritional habits, childhood and adolescent obesity, public health

Introduction requires a balanced diet, which stimulates somatic and

Childhood is a vital phase in human development. The
processes taking place in a person’s body during pre-
school and school years determine the quality of their
life in later stages. Correct development of the organism

motoric development in early years of life and is the fun-

damental element of “diseases of affluence” prevention.
According to epidemiologic research, the amount of

obese and overweight children has increased over the last
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years. In the 1st quarter of 2017 the number of obese peo-
ple in the world stood at around 670 million. Worldwide,
2.6 million people per year die due to obesity or excess
weight.!” The problem involves all social groups, affecting
the appearance of disorders with a metabolic background,
such as: high blood pressure, type 2 diabetes, atheroscle-
rosis on a great scale.** These medical conditions are cur-
rently being called the “diseases of affluence” Research
involving 12,491 people show that an average of 70% of
children with excess weight become obese adults."

Guardians and the environment during childhood
have an enormous impact on the nutritional habits of
children and teenagers.!"'* Another factor is the propa-
gation of different diets though widely accessible media,
such as the internet (1 in 4 Poles uses these media).!*"’

Countries all around the world undertake initia-
tives aiming to decrease the number of overweight stu-
dents. Many educational programs are created to help
prevent the above mentioned diseases and propagate a
correct way of eating. A common way of dealing with
excess weight and obesity is passing laws regarding the
food that may be sold in educational institutions. Both
European and worldwide organizations (such as WHO
- World Health Organization) publish solutions which
could decrease the number of obese children.'®*

In Poland, the law regarding the range of products in
shops and vending machines located in educational insti-
tutions is regulated by the Ordinance of the Minister of
Health of 26th June 2015 (with later changes). It concerns
the types of food and snacks that may be sold in schools
and the requirements that have to be met by the products
used to feed the children and teenagers in schools.*

In previous years, the assortment of school shops
was characterized by lack of legal restrictions. The al-
teration of regulations in 2015 resulted in a big change.
The majority of highly processed food had to disappear
from school shop shelves.” The situation caused public
objection and a media outburst. 390 press publications
mentioned the subject.?

After a year, the regulations were made less strin-
gent through the novelization of the Ordinance of the
Minister of Health of 26th August 2015 which occurred
on 26th June 2016.

Aim
The main aim of this study is to evaluate the product
range of shops and vending machines in the schools of
Rzeszow.

The study also aims to show whether the assortment
of those shops and vending machines has been adjusted
to the criteria contained in the new regulations.

Materials and methods
The study included 52 schools (primary and secondary)
in Rzeszéw that teach a total of 15568 students (10317 in

primary schools and 5251 in secondary schools). Some

of the institutions were school complexes. According to

the collected data, 4 shops included in the study have

gone bankrupt after the change in regulations in 2015.

Ultimately, 16 shops were subjected to the study. In 5

schools, next to the shop, there was a canteen serving

hot meals.

Each vendor was asked to take notes of the amount
of sold products of different kinds. During each break,
the vendors took record of products bought by stu-
dents. The notes were taken in a table designed for this
purpose which contained a list of products based on
information from literature published before the im-
position of the Ordinance of the Minister of Health of
26th August 2015.” The data was recorded over a pe-
riod of 3 days.

Products were then classified into 8 groups:

- Products with high sugar content - snacks contain-
ing more than 15g added sugar per portion; candy,
cookies, lollipops, gum, jellybeans, fruit bars, sweet-
ened drinks, sodas, flavored milk and water, mouss-
es, juices, coca, muesli.

- Products with high fat content; open sandwiches
(baguettes), savory pastries, braided bread.

- Products with high sugar and fats content; bars, ses-
ame crackers, sweet buns and other sweet pastries,
compound chocolate products and waffles.

- Products with high salt content; salted peanuts.

-  Products with high fats and salt content; pretzels,
crackers, chips, breadsticks, popcorn, corn pufts
with added spice mixes.

- Products with low nutritional value (containing
a trifling amount of nutrients) - waffles, rice waftles,
puffed rice.

- Appropriate snacks (higher nutritional value com-
pared to products from other categories, lack of
substances that could negatively affect the organ-
ism); kefir, natural yoghurt, fresh salads (without
dressings), wholegrain buns, fresh (quality) sand-
wiches, fresh and dried fruit.

- Bottled water.

The analysis also included products found in vend-
ing machines located in schools. The data was verified
with the help of the owners of vending machines.

Analysis of the empirical data was conducted with
the chi-squared test which was used to determine
whether there is a statistically significant relation be-
tween the variables (p < 0.05).

Results
The amounts of sold products of different groups in pri-
mary and secondary schools with reference to the num-
ber of students are shown in Table 1.

The research shows a significant correlation be-
tween primary schools and secondary schools, in the
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amount of sold products of different types (p < 0.001).

The products most frequently bought by second-
ary school students were sweet buns (with or without
filling). Sweet buns, sold by 80% of secondary schools,
made up 45.47% of sold products. Secondary school
students bought almost 50% more sweet buns compared
to other, healthier snacks.

The second most popular product was bottled still
water, which attributed to over 30% of the assortment.
Sparkly water was 60% less frequently bought compared
to still water. The percentage of sold juices was 26.11%,
which is almost 19% less in comparison to sold sparkly
water. Fruit mousses and pulp juices made up 20% of all
sold products. Sodas such as Coca-Cola were only avail-
able in one of the schools (a sport-profiled secondary
school).

The third group of most-sold products were lolli-
pops, making up 30% of products bought by secondary
school students. The school shops did not offer dragée,
jellybeans or ice cream.

The results of the study show that students preferred
highly processed products with high sugar, fats or salt
content.

Products containing excess sugar were frequently
bought. Lollipops were in the assortment of 60% of pri-
mary schools subjected to the observation. They were
bought in the amount of 20.33% per student. More lol-
lipops were sold in secondary schools (33.82%). Choc-
olate bars were more popular than fruit bars. “7 Days”
croissants were only available in one of the schools in-
cluded in the study.

Among sweetened drinks, the most frequently
bought group of products were “100%” juices, the sec-
ond most-popular group of products were fruity drinks
and the third group - pulp juices (“Kubus”). Students
did not buy flavored water, flavored milk or fruit mouss-
es very often. Sodas were not sold in any school shop in
the schools subjected to observation.

Students also preferred to buy sweet buns. Primary
school students bought sweet buns over 50% more often
than braided bread.

The study showed that students often bought prod-
ucts with high salt content, such as chips, breadsticks
and popcorn.

Fresh sandwiches and fruit were the most popular
healthy snacks. Students bought nuts and dried fruit less
often. Salads were rarely offered in school shops (n = 2)
and only made up 2.36% of sold products.

No shops sold pretzels, waftles, crackers or puffed
rice.

In primary schools, the amount of sold products
with high sugar content almost equaled the number of
students (close to 1 product per student). In secondary
schools, products of that type were sold 20% more often
(with reference to the number of students).

Table 1. Amounts of products sold in schools with
reference to the number of students

Products sold per 1 student (%)

Product Primary schools Secondary schools

Products with high sugar content

flavored milk 7.32 0.10
100% juices 13.96 26.11
fruity drinks 12.10 11.84
fruity mousses 6.64 8.13
pulp juices (Kubus$) 8.63 7.49
chewing gums 19.67 22.17
lollipops 20.33 33.82
cookies 10.14 1.65
candy 1.40 1.48
sweetened muesli 2.65 3.14
sodas 0.00 1.32
flavored water 7.38 2.71
Products with high sugar and fats content
compound 0.55 0.39
chocolate products
sweet buns 8.11 45.47
chocolate bars 5.05 6.52
7-Days 2.40 2.61
fruity bars 6.04 4.45
sweet wafer-cakes 1.07 0.00
ladyfingers 1.89 0.00
biscuits 1.04 0.00
sesame crackers 0.00 0.48
filled doughnuts 0.00 2.10
Products with high fats and salt content
corn puffs 10.55 17.88
chips 2.19 10.20
breadsticks 10.82 6.16
popcorn 10.68 9.04
crackers 0.19 0.00
pretzels 0.41 0.00
Products with high fats content
savoury pastries 2.84 0.61
braided bread 4.13 2.84
open sandwiches 0.96 0.00
(baguettes)
Products with high salt content
peanuts (salted) 0.25 0.00
Snacks with low nutritional value
rice waffles 5.90 6.00
waflles 7.95 6.68
puffed rice 0.05 0.00
Appropriate snacks
high-quality fresh 14.94 2491
sandwiches
fruit 6.07 7.03
dried fruit 3.01 4.94
nuts and dried fruit 4.37 4.74
mixes
natural yoghurts 191 0.39
kefirs 0.03 0.03
fresh salads with no 0.00 2.36
dressing
Bottled water
still water 24.59 32.11
sparkling water 15.14 17.36

Source: own elaboration.
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Table 2. Amounts of products from different groups sold in schools with reference to the number of students

Group of products

Primary schools - 3660 students

Secondary schools - 3099 students

Amount of sold

Products sold per

Amount of sold

Products sold per

products student (%) products student (%)
high sugar content 3616 98.80 3665 118.26
high fats content 186 5.08 88 2.84
high fats and sugar content 1332 36.39 1973 63.67
high salt content 9 0.25 0 0.00
high salt and fats content 1423 38.88 1360 43.89
low nutritional value 507 13.85 393 12.68
appropriate snack 1110 30.33 1376 44.40
bottled water 1454 39.73 1533 49.47
Sum 9637 10388

Source: own elaboration.

Table 3. Percentages of products from different groups sold in primary and secondary schools

Group of products Primary schools Secondary schools
Amount of products  Percentage out of all Amount of Percentage out of all
sold products (%) products sold products (%)

high sugar content 3616 37.52 3665 35.28
high fats content 186 1.93 88 0.85
high fats and sugar content 1332 13.82 1973 18.99
high salt content 9 0.09 0 0.00
high salt and fats content 1423 14.77 1360 13.09
low nutritional value 507 5.26 393 3.78
appropriate snacks 1110 11.52 1376 13.25
bottled water 1454 15.09 1533 14.76

Sum 9637 100 10388 100

Source: own elaboration.

Table 4. Percentages of sold products compliant and non-compliant with the law

Primary schools

Secondary schools

Amount of sold Percentage out of all

Amount of sold

Percentage out of all sold

products sold products (%) products products (%)
Products compliant with 8704 90.32 9448 90.95
regulations
Products non-compliant with 933 9.68 940 9.05
regulations
Sum 9637 100 10388 100

Source: own elaboration.

Appropriate (healthy) snacks were sold 15% more
often in secondary schools than in primary schools.

Bottled water was sold more often in secondary
schools (48.47%) than in primary schools (39.73%). Ta-
ble 2. shows the amount of sold products from different
groups in primary and secondary schools with reference
to the number of students.

Most distinct correlations were observed in the
amount of sold products with high sugar and fats con-
tent. Secondary school students bought around 5%
more of this type of product compared to primary

school students (sold products per student). Table 3.
shows a comparison between primary and secondary
schools with regard to the amount of sold products of
different types and the frequency of purchases (with re-
gard to the number of students).

A majority (90.32%) of sold products were compli-
ant with the law. Analysis with the use of chi-squared
test did not show a statistically significant correlation
between primary and secondary schools, concerning
the amount of sold products compliant and non-com-
pliant with the law. Table 4. shows the amounts of sold
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products that were compliant and non-compliant with
the regulations and what percentage of all products they
made up.

Students of 4 primary schools and 5 secondary
schools were able to buy food both from shops and
vending machines.

Vending machines were located in 16 schools out of
52 included in the research. The number of machines
varied between 1-3. Usually there were 2 machines per
school.

Interpretation of gathered data was difficult due
to the method used while placing products in the ma-
chines.

Observation showed that 75% of vending machines
offered sweet drinks, sweets snacks and savory snacks.
Sweet snacks included “7 Days” croissants, bars, waffles,
cakes. Some machines offered dragée or sesame crack-
ers. Savory snacks included breadsticks, crackers, pret-
zels, crisps and flavored peanuts. As opposed to school
shops, the vending machines offered sweetened drinks.

The above mentioned products are non-compliant
with the Ordinance of the Minister of Health of 26 June
2015 (and its subsequent amendments) and were not
approved for sale in schools. Majority of products had
high caloric value and contained high amounts of sugar,
fats and salt. Such snacks took up 50% of the machine.

Some machines offered products not mentioned in
the Ordinance of the Minister of Health of 26 June 2015
(and its subsequent amendments). 25% of machines sold
snacks of lower sugar, fats and salt content and lower
food energy. These machines offered mostly fruit juices,
breadsticks, muesli bars and flavored water. Moreover,
owners of the vending machines claimed to be selling
chips made of dried fruit and vegetables, fruit and nut
mixes, sunflower seeds, peanuts, rice/corn/spelt waffles,
flavored soy milk. All of these products were compli-
ant with the regulations. They contained less than 15g of
sugar, 10g of fats and 1g of salt per a 100 g/ml portion.

Discussion
According to literature, during their time in school,
majority of students consumes food acquired from the
school shop. Research conducted by Gajda et al. indi-
cates that over 80% of children shop in school shops.
Wawrzyniak’s analysis shows that this percentage equals
97.9%.282

The students choice of a snack may be influenced
by how much pocket money they get. According to own
observations, prices of most products varied between
0.3-2.5 zt. Urbanska’s analysis shows that majority of
students received enough money to buy different prod-
ucts in school shops. Low retail prices of products sold
in school shops encourages the students.

The most popular products sold in portions in
school shops in Rzeszéw were candy and cookies. Ac-

cording to research published by Wawrzyniak et al., stu-
dents attending school in the suburbs consumed food
from school shops which averagely providing 912 calo-
ries out of their daily caloric intake needs. In schools in
the city this amount was even higher, standing at 1000
calories, which makes up almost 40% of an average daily
caloric intake of a student.

The amount of juices bought by students in Rzeszéw
recorded in this study is higher than the amounts from
previous years (20% higher in primary schools and 40%
higher in secondary schools). Szymandera-Buszka’s
studies showed a similar result. The juices sold in school
shops contain sugars added by the producer. Juices pro-
moted as “100% juices” are the primary source of sim-
ple sugars.**!

According to APP (American Academy of Pediat-
rics) recommendations, the children need to be educat-
ed about the superiority of fresh juices over sweetened
juices.* The HBSC report from 2016 shows that 25% of
interviewed respondent drinks artificially sweetened
sparkly drinks. Meta-analysis shows that the consump-
tion of sweetened drinks affects the body mass.***

After the introduction of The Ordinance of the Min-
ister of Health of 26th June 2015, there has been a posi-
tive change in the amount of consumed sodas. Beverages
of that type were in previous years often bought by chil-
dren.”*° Urbanskas and Zynarska’s studies (before the
regulation was introduced) showed that children drink
sweetened drinks almost daily. According to Wakmans-
ka, this type of beverage was consumed by 60% of chil-
dren.*!

After the regulations were introduced, this amount
decreased. This year, only one of schools subjected to
this study sold sodas.

The literature from previous years shows the pres-
ence of energy drinks in school shops. This year there
were no energy drinks in the school shops subjected to
the study.

Students of primary and secondary schools in Rz-
eszow frequently (7.32%) bought flavored milk drinks,
which contains added sugar.

Flavored water was sold in over 33% of school shops
in Rzeszéw. From a nutritionist’s point of view, water
should not provide energy or be a source of simple sugars.

Despite the introduction of The Ordinance of the
Minister of Health of 26th June 2015 (and its sub-
sequent amendments), students are still able to buy
sweets. Snacks from this group (sweet buns, bars, lolli-
pops) were frequently bought. Sweet buns were the most
popular snacks (in secondary schools), available in ev-
ery school shop. In secondary schools, sweet buns were
chosen twice as often as regular sandwiches, which is an
unsettling fact.

In some shops, which did not comply with the reg-
ulations (10%), the students could still buy “7 Days”
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croissants, chocolate bars or muesli containing more
than 15g of sugar per 100g.

During the production of snacks such as sweet buns,
candy, chocolates, pretzels and cakes, producers often
use palm oil. Hardening of this oil may involve creation
of substances claimed as potentially cancerogenic.**

The amount of high-calorie snacks in school shops
has decreased in previous years. The newly introduced
restrictions significantly narrowed down the range of
products in school shops, decreasing the number of
products containing over 15g of sugar per 100g/ml,
10g of fats per 100g/ml or 13,5g of sugar in case of milk
products. The shops stopped selling jellybeans, fruity
chewing gum and dragée, which have previously been
bought very often. The shops also decreased the range
of chocolate bars.

Children and teenagers spend most of their day at
school. The daily time spent in educational institutions
is averagely between 4-8 hours. During breaks between
lessons the students feel hungry, which can cause diffi-
culties with focusing.

Typical short breaks take 5-10 minutes and there is
one longer break that lasts 20 minutes.

A country that has successfully resolved the issue
of students having little time to eat is Macedonia. The
teachers are legally obliged to provide students with at
least 15 minutes for snacks and 30 minutes for a bigger
meal.* In Poland, school principals decide how much
time students have to have a meal at school.

Not enough time for students to buy and eat a meal
means they would rather buy snacks in vending ma-
chines. Convenience of use, wide range of products
and relatively low prices encourage students to buy
from vending machines rather than eat other meals.
An evaluation made by NIK (Najwyzsza Izba Kontro-
li) has shown that 87% vending machines in schools in
Wroctaw offers products with low nutritional value such
as sweet drinks, chips, candy bars. A high percentage of
schools reports a need for stricter control of food of-
fered in shops and vending machines.*

Mass media, occurring mostly in a form enabling
communication, are used by around 1 in 4 Poles. Among
people aged 12-15, the most popular are Internet media
such as chats, forums, messengers and blogs. A possible
influence are also: television, films or video games.

According to a research done by GUS in 2016, chil-
dren (aged 2-14) averagely spend 2 hours and 20 min-
utes daily using media. Boys usually spend more time
on media than girls. According to the study, 25% of chil-
dren spent 1 hour a day using media, 20% of children
spent close to 2 hours daily using media and 12.5% of
children used media for almost 4 hours a day. An av-
erage child watches close to 40,000 advertisements per
year, which takes up around 333 hours. Around 95% of
advertisements in Great Britain promote sweets or oth-

er food products containing a lot of sugar. Currently in
Poland it is forbidden to place such advertisements on
school grounds.***

Propagating healthy nutrition in schools can be
possible with the use of different marketing techniques.
According to research from 2016, the use of such tech-
niques greatly increased the consumption of vegetables
among primary school students. The aim of the above
mentioned research was to investigate whether there is
a correlation between the daily exposure to materials
promoting vegetable consumption and the nutritional
choices of students. Banners depicting vegetables were
placed in 10 British schools over the period of 6 weeks.
Also, some teachers played short videos with a “vegeta-
ble hero” as the lead. As a result of hanging the vegeta-
ble posters, 90.05% more children chose vegetables as
a snack. In groups that additionally watched vegetable
videos, 239.2% more children chose vegetables.*®

Numerous research indicate that an unhealthy was
of eating in childhood increases the risk of metabolic
disorders in later years of life.**

Children develop different eating habits as a result
of spending time out of their home and becoming inde-
pendent. The quality of children’s diets depends on the
nutritional policy - a correct health-promoting policy
can cause a decrease in the number of overweight and
obese people. Lack of nutritional education means poor
awareness of correct nutrition. Propagating proper diet
can involve different forms. It is vital to create ways to
change the unhealthy habits of young people.

Conclusions

1. The newly introduced restrictions significantly nar-
rowed down the product range in school shops,
eliminating products containing over 15g of sugar,
10g of fats per a 100g portion (or over 13.5g of sug-
ar per 100ml in drinks). Shops stopped selling jelly-
beans, fruity gum, dragée and reduced the amount
of sold sodas, chocolate bars and chips.

2. Despite the enactment of the Ordinance of the
Minister of Health of 26th June 2015 (and its sub-
sequent amendments), students continued to buy
highly processed snacks. Most popular were sweet
snacks, making up 33% of the assortment of shops
in primary and secondary schools.

3. Around 20% more products with high sugar con-
tent were sold in secondary schools compared to
primary schools.

4. Snacks characterized by a high nutritional value
and lack of potentially harmful substances made up
a small percentage of all products sold in schools in
Rzeszow.

5. A statistically significant relation (p < 0.001) was
shown between products of different types sold in
primary and secondary schools.
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6.

No statistically significant relation (p = 0.12) was
shown between the amount of sold products com-
pliant and non-compliant with the regulations.

A high percentage of vending machines (75%) of-
fered sweet drinks, sweets and savoury snacks.
Highly processed food usually took up 50% of the
machine.
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ABSTRACT

Introduction. Carpal tunnel syndrome (CTS) is a neuropathy caused by pressure on the median nerve taking a course in the
carpal tunnel. The characteristic symptoms of CTS are: pain, numbness, and a prickling sensation in the hand usually at night
or after the physical effort. Symptoms of the disease affect patient quality of life which is desribed as a subjective estimation
of life situation.

Aim. The aim of this study was to assess the quality of patient life in those who suffer from carpal tunel syndrome. The studies
were aimed to descripe the general quality of patient life and the effect of symptoms on individual aspects in the life of the
afflicted.

Materials and methods. The study sample was composed of 60 patients from rehabilitation and physiotherapy institutions lo-
cated in the Lublin Voivodship (Poland). The studies were based on the questionnaries of life quality estimation dependent on
health WHOQOL- BREF and EQ-5D-5L as well as on our own poll questionnaire.

Conclusions. Symptoms of carpal tunel syndrome deteriorate the quality of patient life. Such patients have difficulties with
daily activities. Among those examined, as many as 94.12% reported problems performing everyday actions (EQ — 5D - 5L).
Difficulties with chores were reported by 86.70% of those examined. The patients with carpal tunel syndrome are less effective
at work. Reduced achievements at work were reported by 73.30% of those examined, and a need for a shorter work day was
reported by 60%. For 53.30%, difficulties in doing their jobs were significant; 20% of the examined had to change their profes-
sion or work station. The examined patients often experienced pain which deteriorated quality of sleep and disturbed everyday
functioning. The patients were presented with serious difficulties in doing professional work.
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Introduction

According to the conception of World Health Organiza-
tion (WHO), life quality is related to all aspects of human
functioning. Its essential element is the health condi-
tion. Accordingly, the conception health related quality
of life (HRQOL) was formulated.!? It defines the effect
of disease and accompanying symptoms on functioning
of persons in differents spheres. Occurrence of pain and
disturbances of organ functions are often connected with
life style and limitations in performing some actions. In
order to determine the effects of disease on a person’s
functioning, studies on life quality of patients there are
carried out in those suffering from some illnesses or dis-
function."” The most popular questionnaires for life qual-
ity evaluation are WHOQOL-BREF and EQ-5D.2

Carpal tunnel syndrome is the most frequentyly oc-
curring pressure mononeuropathy of the peripheral
nerve innevating the man’s upper limb.** This relates to
the median nerve which is the main nerve supplying the
man’s upper limb. Comming to the palm surface of the
hand, it is divided into terminal branches i.e. the mus-
cle branch to the wave of muscles and sensorial branches
to the skin of palm surface three and half fingers on the
radius side.” The carpal tunnel is one of neuralgic sites
where the median nerve can undergo excessive compres-
sion and lose its function. The capral tunnel syndrome
is caused by narrowing of the carpal tunel or swelling
of tendons or their capsules. Narrowing in the tunnel
strike the median nerve causing symptoms of paraesthe-
sia. Such syndrome is affected also by diseases of the en-
tire system, inflammatory state as well as overwork e.g.
in the computer operator, hairdresser, mechanic.%”® This
illness is arduous due to the night and post endeavour
pain. Parasthesia, feeling distrubance and arm motorial
disfunction render carrying on work and everyday activ-
ities render difficult. The carpal tunel syndrome is one of
the most frequent reasons for the sick - leave. According
to the epidemological data, in well developed countries
this syndrom is found in about 10% of women and 5% of
men professionally active. About 50 year old women are
the most frequent group suffering from it. Due to profes-
sion, however, it is more frequent in men. Another reason
for this diseases in female are hormonall changes during
menopausal period.”

One of the symptoms of this illness is lower sleep
quality with results in regulary life disturbance. Pain
and disfunction of hand result in limited men’s activity
in many areas. This is connected with functioning in so-
matic, psychological and social spheres.” !

Etiology of carpal tunnel syndrome

Injury of the median nerve is caused by the increased
of pressure in the carpal tunnel to above the critical lev-
el and the decrease of blood flow below that provid-
ing sufficient nerve nourishment. Even the increased of

pressure to above 30 mmHg can lead to mild ailments
due to the symptoms. However, if the pressure in the
tunel reaches 40 - 50 mmHg severe injury of the median
nerve occurs. The histological studies of injured nerves
showed demyelination and/or axonal degeneracy. CTS
can have primary character when the nerve is injured
because of the mechanical conflict (limited space in the
carpal tunnel) and processes associated with it, as well
as the secondary one, caused by injury or disease.'>"
Its general causes can be, among others, endocri-
nology diseases (diabets, thyroid gland hypofunction),
connective tissue diseases (rheumatological arthritis)
degenerations and arthritis, hemophilia, acromegaly,
obesity, amyloidase, boreliosis, sarcoidose, dialyse ther-
apy, pregnacy swelling innate tendency to compression
neuropathy.* This is connected mainly with the situa-
tion of compression of the nerve inside the deformed
carpal tunnel caused by the body position during work.'s
This results from repeated flexion and extension and ex-
tension of the carpal, particularly connected with neces-
sity of getting hold of something with fingers or closing
the hand. In the case of people whose symptoms are
connected with doing physical work CTS occurs mostly
on one side and refers to the dominant hand.'® However,
the studies by Brhel et al. Proved that despite subjective
or clinical occurrence of symptoms in one limb, bilateral
injury was found in 81,4% of the patients by electromy-

10,17

ography (EMG) examination.

Symptoms of carpal tunnel syndrome

Due to the fact that the sensory fibre of the median
nerve are injured first, the initial symptoms of the car-
pal tunnel syndrome are parasteses in the hand. Firts
they occur in the finger bulbs and then the palm surface
of the hand. The characteristic subjective symptoms are
pain and prickling sensation after the effort and at night
resulting in awakening.'® The second - sided manifesta-
tion of symptoms is more common than the one - sided
(60%). However, it is more frequent or stronger in the
dominant hand." Pain and feeling disturbances inflict
first of all the thumb, the index finger, finger III and half
of finger IV. These symptoms are often accompanied by
the feeling of hand swelling and stiftfness. In the furher
phase muscles in this area are weakenes. Pains and
numbness appear not only at night but also during the
day. The carpal pains can be accompanied by ailments
in the forearm being so called distant or tranfer pain.
The advance stage of the carpal tunel syndrome is asso-
ciated with loss symptoms: muscle obliteration, weak-
ening sense of touch, sweating disturbance in the area
provided by the median nerve. Muscle weakening leads
to motorial precision handicap. Moreover, there occur
some difficulties in grasping small objects (disturbance
of thumb opposition function). In the objective studies
loss of thumb muscles wave is evident. This results in
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the position of the first finger in the palm plance which
gives the picture of so calles ,,monkey hand”*

Aim of the paper

The aim of the paper was to determine life quality of
patients with the carpal tunnel syndrome. The paper
includes the information about the declared and real
quality of life studied by means of questionnaires. More-
over, the investigations are oumed at revealing the data
about intensification of symptoms of carpel tunnel syn-
drome and their effect on quality of sleep, doing work,
and every activities. They also estimated the effect of
pain on emotions and social relations.

Material and methods

60 patients from local rehabilitation and physiothera-
py insituations in the Lublin Voivodship were subjected
to the study. They were not operated on the carpal tun-
nel syndrome. The main group were 50 - 65 years old
patients. The investigations were carried out at the be-
ginning of 2016 and participation was anonymous. The
research tools were three questionnaires: the own ques-
tionnaire, the World Health Organization (WHOQOL
- BREF) and the questionnaire EQ-5D-5L.

Characteristics of the studied group

The study group was 60 patients, 44 women (73.30%)
and 16 men (26.70%). The patients were divided into
three group : « 35, 35 - 49, 50 - 65 years old. The largest
number was at the age 50 — 65 (34 people : 24 women
and 10 men). The average age was 47 years old. Most of
them lived in the village (42 people - 70%), the others
lived in towns up to 100 thousand inhabitants (18 peo-
ple - 30%). In most of them the ailments connected with
the carpel tunel syndrome lasted for 4 - 12 months. In
the examined group there were 8 pensioners (13.33%)
and 52 profesionally active people (86.67%). Most of
them were manual workers (40 people - 66.67%).

Results

General quality of life of the people suffering from the
carpal tunnel syndrome estimated by means of the ques-
tionnaire WHOQOL - BREF was on the average 3.23
#0.77. No significant statistical differences were found
regarding quality of life between men and women as
well as place of living. Considering the age, the estima-
tion of life quality was the lowest in the case of 50 - 65
years old (53.85% in this group described it as bad). The
best estimation of life quality came from 35 - 49 year old

Table 1. Classification of replies about life quality depending on pain intensification and time of disease symptoms duration

(n — the numer of the people beig examined)

Bad Neither bad nor good Good
n % of the given n% of the given n % of the given Statistical
feature feature feature analysis
% of the total % of the total % of the total
Intensification of pain  1-3 0 2 8
in the scale VAS - 20 % 80%
- 3.33% 13.33%
4-6 0 6 10
- 37.5% 62.5%
- 10% 16.67% df=23,
7-10 14 12 8 p=0,002750
41.18% 35.29% 23.53%
23.33% 20% 13.33%
How long have the < 3 months 0 0 6
symptoms lased - - 100%
- - 10%
4-12 2 8 14
months 8.33% 33.33% 58.33%
3.33% 13.33% 23.33%
2-3 years 2 4 6
16.67% 33.33% 50%
3.33% 6.67% 10% df=23,
4-5 years 4 6 0 p=0,000367
40% 60% -
6.67% 10% -
> 5 years 4 4 0
50% 50% -
6.67% 6.67% -
Age <35 0 4 8
- 33.33% 66.67%
- 6.67% 13.33%
35-49 2 2 18
9.1% 9.1% 81.82% df=23,
3.33% 3.33% 30% p=001
50-65 14 4 8
53.85% 15.38% 30.77%
23.33% 6.67% 13.33%
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people (81.82% estimated it as good). These dependenc-
es were statistically significant (p < 0.01).

Statistically significant dependences between the
estimation of life quality and degree of pain intensifi-
cation as well as time of illness symptoms (p < 0.05).
The higher the pain intensification measured using the
scale VAS, the worse estimation of life quality. Taking
into consideration the time of ailment, the estimation of
life quality decreased with the inereasing time of symp-
toms occurrence. All patients with the symptoms lasting
over 4 years did not estimate their life quality positively.

Despite relatively good estimation of life qual-
ity, most of those being examined were dissatisfied
with their health condition (22 persons — 36.7%). The
average estimation in the scale 1-5 of questionnaire
WHOQOL-BREF was 2.80 +/- 0.96. The statistically
significant dependence was found between the satisfac-
tion with the health state and pain intensification as well
as the time of duration of the carpal tunnel syndrome
symptoms (p<0.05 and p < 0.01 respectively). The pa-
tients’ dissatisfaction with their own health condition
grew with the length of disease occurrence.

The questionaire WHOQOL - BREF included the
questions referring to four areas of human life: somatic,
psychological cosial and environmental. The social area
was estimated the most highly.

The reply to the question in the own questionnaire:
»Do you thinh that health condition affects negatively
you and your life?” - most of the examined person re-
plied - ,Yes” (34 women - 77,30% of the group and 10
men - 62.50% of the group). The dependence of the re-
ply about the negative effect of health condition on life
on age was statistically significant (p<0.01). There was
significant statistical correlation between the reply to
the question about the negative effect of health condi-
tion on life and the question about satisfaction with the
health condition (p <0.05). With the inerease of dissat-
isfaction with the own health condition, the increas-
ing number of replies confirming the negative effec of
health condition on life was obtained.

In the questionnaire EQ- 5D - 5L the patients made
the five - scale evaluation in the following categories: lo-
comotive faculty, self — service, common activities (e.g.
work, education, housework, family activities leisure ac-

Table 2. Classifiction of replies to the questions about satisfaction with the own health state depending on pain
intensification and duration of disease symptoms ( n - the numer of subjects)

Very satisfied Unsatisfied mﬂ:mﬂ;ﬁglzd Satisfied o
- - - - Statistical
n % of the given N % of the given N % of the given N % of the given analysis
feature feature feature feature
% of the total % of the total % of the total % of the total
Pain intensification in 1-3 0 2 0 8 df=23,
the scale VAS - 20% - 80% p=0,005560
- 3.33% - 13.33%
4-6 0 4 6 6
- 25% 37.5% 37.5%
- 6.67% 10% 10%
7-10 4 16 10 4
11.76% 47.06% 29.41% 11.76%
6,67% 26,67% 16.67% 6.67%
How long have the <3 0 0 2 4 df=23,
symptoms lased months - - 23.67% 66.67% p=0,001555
- - 3.33% 6.67%
4-12 0 6 8 10
months - 25% 33.33% 41.67%
- 10% 13.33% 16.67%
2-3 years 2 4 2 4
16.67% 33.33% 16.67% 33.33%
3.33% 6.67% 3.33% 6.67%
4-5 years 2 4 4 0
20% 40% 40% -
3.33% 6.67% 6.67% -
>5 years 0 8 0 0
- 100% - -

13.33%
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Table 3. Classification of the replies to the question:, Do you think that the health condition affects your life negatively?
Depending on the age and answers to the question about satisfaction with the own health condition ( n — the numer of

examined people)

Yes Itis hard to say No
N % of the given N% of the N % of the given Statistical
feature givenfeature feature analysis
% of the total % of the total % of the total
Age <35 8 4 4
50% 25% 25% df=23,
13.33% 6.67% 6.67% p<0,01
35-49 6 0 4
60% - 40%
10% - 6.67%
50-65 30 4 0
88.24% 11.76% -
50% 6.67% -
Are you satisfied Very 4 0 0 df=17,
with your health dissatisfied 100% - - p=0,040437
condition? 6.67% - -
Dissatisfied 22 0 0
100% - -
36.67% - -
Neither 10 4 2
satisfied 62.5% 25% 12.5%
nor 16.67% 6.67% 3.33%
dissatisfied
Satisfied 8 4 6
44.44% 22.22% 33.33%
13.33% 6.67% 10%

tivities), pain/discomfort, anxiety and low spirits. Prob-
lems with the locomotive faculty were reported in the
age group 50 - 65.

The dependences between the consciousness of
health condition, age and gender were not statistically
significant. However, the relations between the estima-
tion of health condition in the scale EQ VAS and the
estimation of the own health one by means of the own
questionnaire proved to be statistically important.

The subjects had difficulties in doing profession-
al work due to the carpal tunnel syndrome. However,
among office workers such difficulties were insignificant
or great. These dependences were not statistically signif-
icant (p<0.01).

The ailments resulting from the carpal disease set
bounds to the activities requiring precision e.g. writ-
ing, cutting or lacing. They affected not only work but
also ways of spending leisure time. As many as 44 peo-
ple (73.30%) had to give up some jobs and necessity of
shorteninig of work time was reported by 60 % of those
examined. 86.70% had difficulties doing chores. Statis-
tically significant dependence was found between the
feeling of pain or discomfort (measured by the ques-
tionnaire EQ-5D, -5L) and necessity of giving up some

leisure activities (p< 0.05). All people experiencing
acute pain nor discomfort had to rule out some forms
of spending free time. A similar statistically significant
estimates (p<0.01) was found between the symptoms
of CTS and pain intensification meansured by the VAS
scale.

Discussion

Treatment of patients should not be confined only to
improvement of clinical indices. Of significant impor-
tance is paying attention to subjective symptoms accom-
panying diseases which affect greatly patients’ life and
its quality.®® Getting to know the problems particulary
arduous for the patient and the illness oriented treat-
ment improve communication with the patient and re-
sults in greater engagement of the sick in the treatment
proces. This leads to more effective therapy and reduc-
tion of its costs.’

Life quality is particularly affected by chronic and
recurring diseases resulting in pain and restriction of
function of some organs. The carpal tunnel syndrome
is such a disease. It most frequently occurs in 30-60
year old people. Moreover, the numer of women suffer-
ing from it is 2-3 times greater than that of men."* In
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the own investigations most of the 60 — people research
group were 50 — 65 year old patients ( 34 persons -
56.7%). Mostly they were women (44 persons - 73.3%)
which is consistent with the literature data.”

As follows from the investigations the greater in-
jury of the median nerve and degree of disease devel-
opment, the larger emotional disorder of the patients
is. The sick with chronic pain ailments have tenden-
cy toward depression and symptoms exaggeration.
This affects the feeling of pain and extent of disability.
The studies by Pogorzelski showed the correlation be-
tween the pain in the hand, feel deteronation, smaller
strength in hand disappearance of muscles wave as well
as appearance of anxiety and depression. The results ob-
tained by the questionnaire EQ-5D, -5L showed anxiety
and depression in 83.33% of the patients. The question-
naire WHOQOL - Bref showed worse results in somatic
and psychological areas compared to the other two areas
(social and environmental).?>?

Atroshi et.al. carried out investigations on life quali-
ty of patients suffering from the carpal tunnel syndrome
before and after the capral operation. They estimated,
among others, physical functioning, its effect on play-
ing roles, social functioning as well as influence of emo-
tional state on everyday life.?* Similar to the own studies
the social functioning category showed the best results.

Despite the fact that self - estimation of life quality
and health condition was quite good, a great number of
those studied were dissatisfied with their health condi-
tion. In the studies by Sanni et al. the value of patients’
health with the CTS symptoms estimated using EQ VAS
was lower (60 — 80. the average 70) but higher than in
the own examination.*

According to the examined patients, the health con-
dition affects negatively their life. Such opinion was
most frequently expressed by those in the oldest group.
The estimation of health condition effect on life correlat-
ed with their own estimation of health condition - the
worse health estimation, the more negative its effect on
life of the examined. According to the hitherto reports
the frequency of CTS occurrence in computer users and
in general population is similar.?* The investigactions by
Lewanska et al. proved that despite patients’ expecta-
tions and common belief the symptoms connected with
the carpal tunnel syndromes have another cause than
work with the computer.”

Of five categories estimated by means of the ques-
tionnaire EQ-5Dm -5L the largest problems involved
pain or discomfort. All examined patients felt pain or
discomfort and estimated it as mild. There were fra-
quent statements that pain nor discomfort was strong
(30%) — mainly among 35 - 49 year old patients (40% of
the group). Of the patients examined by Sauni et al. pain
or discomfort was experienced by 85.1 %. Also the stud-
ies by Atroshi et al. proved low estimation of pain which

reached the averge value 36.9.%

Due to common character and frequent occurrence
in the production age people, the carpal tunnel syn-
drome is a the production age people, the carpal tunel
syndrome is a cause of sick leave. ** All examined pa-
tients had difficulties in doing their jobs due to it. For
most of them they were serious (32 people — 53.3%).
Twelve of them were not able to perform their profes-
sional duties (20%) and they were forced to change their
jobs or posts. A large part of the examined declared the
need to shorten the work time (36 persons - 60%) and
smaller achievements at work (44 persons - 73.3%) due
to the symptoms of carpal tunnel syndrome. Zyluk and
Puchalski reported in their studies that 39% of profes-
sionally active patients experienced arduous pain be-
cause of carpal tunnel syndrome which resulted in the
three — month sick leave.”®
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ABSTRACT

Introduction. Magnetic Resonance Imaging methods are now frequently used for the analysis of the diseased tissue. These
methods are based on the fact that the spin-lattice, T,, and the spin-spin, T,, relaxation times are different in diseased tissue as
compared to that of normal tissue.

Aim. Here we present measurements of spin-lattice relaxation time T, on a Magnetic Resonance Imaging scaner with field
strength 1.5 Tesla.

Material and methods. Measurements of T, relaxation time and analysis of literature.

Results. We provide procedure for measurements of T, relaxation time with field strength 1.5 Tesla and present a discussion of
current applications.

Keywords. Magnetic Resonance Imaging; T, relaxation; field strength 1.5 Tesla

Introduction

Magnetic Resonance Imaging (MRI) has been shown to
be very useful tool for imaging of anatomy and morphol-
ogy as well as the chemical composition of tissue. MRI
is based on hydrogen nuclei, and does not involve emis-
sion of weak ionizing radiation as in Computed Tomog-
raphy (CT) techniques. MRI is most commonly used for
samples containing 'H nuclei in high concentration in
magnetic fields that range between 0.05 — 14 Tesla. Brief-

ly, MRI evaluates the physical properties of the sample
area relative to neighboring areas. MRI in vivo is main-
ly used to image anatomical and morphological chang-
es in the human body. The main applications of MRI in
vitro are monitoring of water and other solvents, con-
trolled release of dosage forms, hydration and diffusion.
Currently, MRI is used as a standard test in central ner-
vous system, heart, muscle, or soft tissue imaging. MRI
is one of the most popular diagnostic methods available

Corresponding author: Dorota Bartusik-Aebisher, E-mail: dbartusik-aebisher@ur.edu.pl

Participation of co-authors: A — Author of the concept and objectives of paper; B — collection of data; C - implementation of re-

search; D - elaborate, analysis and interpretation of data; E — statistical analysis; F — preparation of a manuscript; G - working out

the literature; H - obtaining funds

Received: 10.07.2018 | Accepted: 23.08.2018
Publication date: September 2018

Bober Z, Aebisher D, Truszkiewicz A, Oz6g L., Bartusik- Aebisher D. The usefulness of relaxation time using MRI measurements. Eur

J Clin Exp Med. 2018;16(3):224-227. doi: 10.15584/ejcem.2018.3.8


http://www.ejcem.ur.edu.pl/en/ 
http://orcid.org/0000-0002-7035-0677
http://orcid.org/0000-0002-2661-6570
http://orcid.org/0000-0002-5762-0492
http://orcid.org/0000-0003-4562-1639
http://orcid.org/0000-0002-5557-5464
http://dx.doi.org/10.15584/ejcem.2018.3.8
mailto:dbartusik-aebisher%40ur.edu.pl?subject=

The usefulness of relaxation time using MRl measurements

225

to modern medicine and, in addition, with high sensitiv-
ity and specificity, it is considered to be the most accurate
method of medical imaging. In the opinion of clinicians
and researchers, MRI is one of the most accurate nonin-
vasive imaging methods available.! This method allows
one to make sections in any plane of both living organ-
isms and non-anatomical structures. The signal that we
receive in MRI is dependent on the object being tested
and its properties, but also on the individual protocol
created.” In MRI, we have the ability to obtain data with
morphological, functional and metabolic information.
This allows one to see changes in the chemical composi-
tion of tumor tissue and then make a diagnosis of wheth-
er a drug works properly. For a sample placed in a strong
magnetic field, you can operate with radio frequencies of
a specific frequency. The nucleus absorbs the energy of
the transmitted waves, rendering it to emit waves of the
same frequency.’ In MRI there are two relaxation times
which strongly depend upon the local molecular envi-
ronment: the first is T, (the spin lattice relaxation time)
and the second T, (the spin-spin relaxation time). T, de-
scribes the exponential recovery of the equilibrium lon-
gitudinal magnetization that is aligned with the applied
magnetic field. T, describes the exponential decay of the
precessing component of the magnetization, and hence
also the decay of the MR signal.* In our work present-
ed here we optimized sequence and measurd T, and T,
relaxations time on a 1.5 Tesla General Electric Health-
care MRI scaner. For the phantoms we used a solution of
CuSO, and sugar.

Material and Method

Measurements of T relaxation time were made using a
1.5 Tesla Magnetic Resonance Imager (Optima MR360
Advance, General Electric Healthcare). Three prepared
containers with a solution of CuSO, and water at a con-
centration of 0.1 %, 0.2 %, 0.4 % and a mixture of sugar
and water at a concentration of 2.5%, 5% and 10% were
placed in the magnet. The samples were then scanned
using Fast Spin Echo sequences with a coronal projec-
tion using a 4 channel small flex coil with a matrix size
of 320 x 224, a field of view of 10 cm x 10 cm, and a
slice thickness of 2 mm. The T, relaxation time was mea-
sured using the saturation recovery method with a TE
of 3 ms and TR values of 30 ms to 15000 ms. Based on
the generated image sequence, the MR signal was read
from the region of interest that covered the same area in
each sample.

In the next step, sparkling Vitamin C tablets from
Efferta Sp. z o.0. with a weight of 4g containg 80 mg of
vitamin C was used. A minimum amount of water was
given to the container in which the tablet was placed,
then measurements were made using magnetic reso-
nance field with a 1.5 Tesla Optima MR360 model from
General Electric Healthcare. In addition, the composi-

tion of the tablets were acidity regulators: citric acid and
sodium carbonates, glucose, flavors, sweeteners: aspar-
tame, saccharine and riboflavin. The relaxation time T,
was then measured. A sample was prepared with a dis-
solved vitamin C tablet in 5 ml of water, then placed in
a magnet and the sample was scanned using the FSE se-
quence in a coronal projection using a 4-channel small
flex coil with a 320 x 224 size matrix, a 10 cm x 10 cm
field of view and a distance between layers of 1 mm. The
relaxation time T, was determined at a constant echo
time TE = 3 ms and TR values from 50 ms to 15000 ms.
Measurements were made for three successive layers.

Results

The relaxation times of all the mixtures of CuSO, and
water are plotted in Figure 1 and mixtures of sugar and
water are presented in Figure 2. Figures show the effect
of the CuSO, and sugar concentrations on the T, re-
laxation time. The T, relaxation time decreased as the
CuSO, and sugar concentration increases.
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Fig. 1. T, relaxation curves for water solution with CuSO,
concentration of 0.1% (black square), 0.2% (red circle) and
0.4% (blue triangle)
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Fig. 2. T, relaxation curves for water solution with sugar
concentration of 2.5% (black square), 5% (red circle) and
10% (blue triangle)
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In Table 1 are listed results of T, time measurement
for CuSO0, at concentrations 0f 0.1%; 0.2%; 0.4% and re-
sults for sugar mixtures with water of various concen-
tration.

Table 1. Relaxation time T1 results for CuSO, and sugar
solution

CuSO,inH,0
Concentration (%) 0 0.1+ 0.2 0.4
T, (ms) 3100+15 250+4 155+10 59+4
SugarinH,0
Concentration (%) 0 25 5 10
T, (ms) 310012 2950+7 2450+10 215012

The obtained results showed that an increase of both
sugar and CuSO, in solution causes T, shortening. The
initial concentration of CuSO, was 0.1% and for this
solution we measured a 250 ms relaxation time. When
concentrations of CuSO, increased two-fold, T, de-
creased about 38%. When concentrations of CuSO, in-
creased four-fold to 0.4%, the decrease of T, was 76.4%.
We observed a consistent relation between increased
concentration of CuSO, agent and measured T,
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Fig. 3. Relaxation curve T, for water solution of vitamin C
(tablet + 5ml of water) On the basis of the relaxation curve
T, the longitudinal relaxation time T,=710.86 ms was
determined

We used solution of sugar in H,O to confirm the
sensitivity of T, measurements to concentration. When
sugar concentration in H,O was increased from 2.5%
to 5%, T, decreased about 17%, and for a concentration
at 10%, we measured a 28% decrease of T, when com-
pared to solution of concentration 2.5%. In the next step
we carefully revised all quantitative measurements of
T, done at 1.5 T. We found that quantitative MRI mea-
surements have been used in several studies to investi-
gate vegetal tissues.’ The transverse relaxation time T, is
known to be related to the water status in cell compart-

ments which encompasses water content, water mobility
and interactions between water and macromolecules.®
In general, the lower the molecular mobility, the short-
er the T, relaxation time, so that the signal from wa-
ter bound within a polymer matrix decays away faster
(1-100 ms) than that from free water. In solids, the sig-
nal decays away in less than 100 us and this is usually
not sufficient for spatial encoding to be applied.

Measurements of the relaxation curve T, were
made for water solutions of vitamin C (tablet + 5 ml
of water, Fig. 3). On the basis of the relaxation curve
T, the longitudinal relaxation time T,=710.86 ms was
determined.

Current applications
T, and T, relaxation times have been measured on hu-
man tissue samples of adipose, muscle, bone mar-
row and osteolytic skeletal metastases at temperatures
ranging from +37°C to —10°C.” Relative signal intensi-
ties for T, proton density and T,-weighted imaging se-
quences were also calculated. T, and T, of adipose tissue
decreased almost linearly with decreasing temperature
while for muscle, bone marrow and metastases T, and
T, decreased slightly to moderately, with temperature
reduction to about —5 °C at which temperature a sudden
marked decrease occurred.™ Calculated signal intensi-
ties showed a decrease in image contrast with tempera-
ture reduction and reversal of contrast between adipose
tissue and the other tested tissues with all imaging se-
quences at temperatures around 0°C.” The aim of the
study was to examine the validity and reliability of a
quantifiable measure of inflammation using magnet-
ic resonance imaging (MRI) in children with juvenile
dermatomyositis (JDM). Ten children with active JDM,
10 with inactive JDM and 20 healthy children complet-
ed the study. There was no significant difference in ages
between the three groups. The MRI T, relaxation times
were significantly increased in active JDM compared
with inactive JDM and healthy children (P = 0.05), indi-
cating a detectable increase in inflammation within the
muscles. There were also good correlations between the
MRI scores and the measures of muscle strength and
function; however, there was no correlation between
the MRI and muscle enzymes. The MRI T, relaxation
time can be used as a quantitative measure of muscle
inflammation and it has good correlations with other
measures of disease activity.®! To pool and summarize
published data from magnetic resonance longitudinal
relaxation measurements of the human lung at 1.5 T to
provide a reliable basis of T, relaxation time constants
of healthy lung tissue both under respiration of room
air and of pure oxygen were measured. In particular, the
oxygen-induced shortening of T, was evaluated.’
Several circumstances may explain the great varia-
tion in reported proton T, and T, relaxation times usual-
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Table 2. Relaxation time

CLINICAL scaners

Relaxation Time a magnetic field Ref
T, 2300 to 3100 ms H,O 15T Kjaer 1987
T, 1520 ms H.O, after distillation 15T Jerome 2016
T, 1321.5 ms+2.14%, mean tissue water 3T Knight-Scott 2016
T, 65.2 ms+2.45%, mean tissue water 3T Knight-Scott 2016
T, 2950 ms (20° C) Oxygen-free water Simpson 1958
T, 1377 £37.1 Water in soleus muscle 3T Kr3sédk 2004
T, 1387 £12.3 tibialis anterior 3T Kr$sak 2004
T, 31,3+1.2 Water in soleus muscle 3T Kr3sak 2004
T, 28,4 +0.7 tibialis anterior 3T Krssak 2004
EXPERIMENTAL
Relaxation Time a magnetic field Ref
T, 3905+311.3 H,0 400MHz Bruker spectrometr Kamaly, 2010
Fraction of Water Oml:  H_O/D_O mixtures with and BRUKER AVANCE-400 MHZ 'proton _ .
T, 1537 \jvithozut 0.2 g of albumin. NMRspectrometer operating at Bilgin Zengin, 2012
400.132 MHz.
T, 3300 95%H,0 Bruker DRX 500 MHz spectrometer Eykyn 2005

ly seen. This study was designed to evaluate the accuracy
of relaxation time measurements by magnetic resonance
imaging (MRI) operating at 1.5 Tesla. Using a phantom
of nine boxes with different concentrations of CuSO,
and correlating the calculated T, and T, values with ref-
erence values obtained by two spectrometers (corrected
to MRI-proton frequency = 64 MHz) we found a maxi-
mum deviation of about 10 per cent. Measurements per-
formed on a large water phantom in order to evaluate
the homogeneity in the imaging plane showed a varia-
tion of less than 10 per cent within 10 cm from the cen-
ter of the magnet in all three imaging planes. Changing
the gradient field strength apparently had no influence
on the T, values recorded. Consequently, diffusion pro-
cesses seem without significance. It is concluded that
proton T, and T, relaxation times covering the majority
of the biologic range can be measured by MRI with an
overall accuracy of 5 to 10 per cent.

Conclusion

T, and T, relaxation times are determined largely by the
macromolecular environment of hydrogen nuclei. The
more macromoleculesin sample, the shorter T,. Dis-
eased tissues tend to have longer T, and T, values, and
higher spin-densities, than normal tissues.
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ABSTRACT

Introduction. Photodynamic therapy (PDT) is a clinically approved therapeutic procedure that exerts selective cytotoxic activ-
ity toward malignant cells.

Aim. Our goal is to present the PDT procedure which involves administration of a photosensitizing agent followed by irradia-
tion at a wavelength corresponding to the absorbance band of the photosensitizer and energy transfer to ground state oxygen

to generate cytotoxic singlet oxygen
Material and methods. Analysis of literature.

Results. In this paper we described the basics of PDT and lifetime of singlet oxygen in different media.
Keywords. Photodynamic therapy, lifetime of singlet oxygen, photosensitizing agent

Introduction

Singlet oxygen ('O,) is a highly reactive oxygen spe-
cies (ROS) and is the predominant cytotoxic agent pro-
duced during photodynamic therapy (PDT).! Oxygen in
the lowest excited electronic state is a reactive interme-
diate in many chemical processes.? In PDT, we can dis-
tinguish several main elements that must be properly
selected to make the therapy effective. First, you need a
suitable photosensitizing (PS) drug that is given to the
patient that, after delivery, accumulates in cells of malig-
nant tissue. The photosensitizer and the applied light in
themselves cannot be toxic. The next element is expos-
ing the area to light. The ntensity and duration of light

pulses are pre-determined.’ The luminescence emitted
by 'O, during PDT is very weak, therefore the detec-
tion of this signal requires advanced measurement tech-
niques and very sensitive devices. Measurement of the
weak near infrared luminescence of 'O, is possible in
cells in vitro and tissues in vivo.* This paper describes
the principle of photodynamic therapy, the principles of
choice of light sources used, photosensitizers and exam-
ples of singlet oxygen measurement methods.

Light sources in PDT
Red light (650 nm - 800 nm) for most tissues has the
ability to penetrate several mm.’ In the case of pho-
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todynamic therapy, wavelengths in this range are the
most commonly chosen.® The exact excitation wave-
length must be properly tuned to match the absorption
range of the PS. The use of UV light is also applicable
due to the greater absorption of some PS in this wave-
length range, however, this range is outside the ther-
apeutic window and has defects such as endogenous
stimulation of the PS, as shown by studies conducted
by Baier et al. 2006.> Short wavelength visible light pen-
etrates tissue to a very small extent compared to red
and infrared light, which is why in each case we cannot
use any PS and any light source. The sources of light
in PDT most often diode lasers due to their small size,
price, exposure time and ease of installation.”® Very of-
ten for solid tumors, PDT is performed using inter-
stitial fiberoptic light sources illuminated with a light
from a single laser.” For many skin lesions, non-laser
light sources such as filtered lamps or more recently,
light emitting diodes ' are used. Regardless of which
light source is used, the light field must be uniform to
accurately calculate the dose.

Table 1. Lifetime of singlet oxygen in different media

Photosensitizers and synthetic dyes
Photosensitizers are an essential element in PDT. Most
of them have a structure similar to that contained in
the protoporphyrin prosthetic group. PSs have differ-
ent absorption ranges that depends on their exact struc-
ture."""* The ideal PS should have a strong absorption
peak in the spectral range from 650 nm to 800 nm. This
is because the absorption of photons with a wavelength
> 800 nm is unable to provide sufficient energy for con-
version *0, to '0,."* Another required feature that an
ideal PS should have is a lack of ,,dark” toxicity and
rapid clearance from the body."” PSs are usually hydro-
phobic compounds that diffuse into cells quickly. The
lifetime of 'O, is very short, as shown in Table 1. Because
of the short lifetime of singlet oxygen, the distribution
of 'O, in cells is limited to ca. 55 nm."*

As has been said before, the absorption of a photon
of light having the appropriate energy and wavelength
leads to the excitation of a PS electron to an orbital with
higher energy. Then, with the appropriate energy trans-
fer, ground state oxygen is converted to singlet oxygen.
In Figure 1, the general principle of photodynamic ther-
apy is schematically presented.

References Applied light Dye Photosensitizer Media '0, lifetime
Tetra (p-sulfophenyl) porphyrin cell suspensions
1 _
Schlothauer J.et al. 670 nm Trypan blue (TPPS) (intracellular) 0.5-1.0 s
5,10,15,20-tetrakis(N-methyl-4-pyr-
. 3-14,5- . idyl)-21H,23Hporphine 1.7 us
. dimethylthi- cells
Jiménez-Banzo A. ) (TMPyP) .
etal? 532 nm azol-2-yl]-2,5-di- 5.10,15,20-tetrakis-(4-sulfonatophe- (Foreskin cells,
’ phenyltetrazolium ="~ "~ | p ATCC CRL-1635)
bromide (MTT) ny )‘. 1.5 us
21H,23H-porphine (TPPS)
5,10,15,20-tetrakis(N-methyl-4-pyr- Hela cellsin H.O =3.2us
Hatz S. et al.™ 420 nm Rh123 idyl)-21H,23Hporphine .
(TMPyP) Hela cellsin D,O =68 Uus
Niedre M. etal 630 -670 nm - AlS Pc suspensions of o0
4 leukemia cells
Oelckers S. et al.’ 675 nm - pheophorbide-a (PHEO) red cell g.host 35-100 ps
suspensions
1] prenncing &
photosendtiacs
2] irFadiateann
0f 1hee bumes 1] phatodymamic &) dedtroyed
it lighs &l BCtinn [
the
MppIopreate
wvelength

Fig. 1. Schematic of PDT treatment of a tumor
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The largest group of PSs that are used in PDT in-
clude tetrapyrrole structures. In the case of this group
of photosensitizers, singlet oxygen in most cases is pro-
duced via a type II mechanism that has been accurate-
ly described by Foote.” In this process, energy from
triplet excited state (T)) is directly transferred to *O,
forming 'O,. Only when sensitizer is in the same trip-
let state multiplicity as ground state oxygen can ener-
gy transfer to *O, occur.”” Type I and type II processes
occur simultaneously, however, the type II mechanism
is the dominant process in photodynamic therapy and
is catalytic. The tetrapyrrole structures that play an im-
portant role in PDT also include chlorins, bacteriochlo-
rins, and phthalocyanines.? One of the most important
tetrapyrrole compounds used as a PS in PDT are, in-
ter alia, ALA-induced protoporphyrin IX (Phorphyrin);
5,10,15,20-Tetrakis (1-methylpyridinium-4-yl) porphy-
rin tosylate; Monoaspartyl chlorin (e6), talaporphin so-
dium; HPPH (Chlorin); Chloroaluminium sulfonated
phthalocyanine (CASP) (Phthalocyanine) or Phthalocy-
anine RLP068.16 Haematoporphyrin derivative (HpD)
and Photofrin were among the first PSs used in PDT
and are still widely used.”

Another group of PSs is synthetic dyes. An exam-
ple of such a dye used in PDT is Rose Bengal (RB).
RB is a photoactive dye that efficiently generates sin-
glet oxygen. RB has a maximum absorption in the re-

gion 540-570 nm.* Another example of synthetic dyes
are Methylene Blue (MB) and Toluidine Blue (TB). Both
of these dyes are characterized by their photobacteri-
cidal efficacy. TB exhibits a greater bactericidal activi-
ty than MB. The absorption maximum for these dyes is
660 nm and 630 nm respectively.”** In this group there
are also dyes that are based on the 4,4-difluoro-4-bo-
ra-3a, 4a-diaza-s-indacene (BODIPY) core. They have
properties desirable in PDT such as high extinction
coefficients, environment insensitivity, and resistance
to photobleaching.*** They have heavy halogen atoms
in the pyrrole rings. Examples of such dyes are, for ex-
ample, Zinc (II) -dipicolylamine di-iodo-BODIPY or
DIMPy-BODIPY. The synthetic dyes group also in-
cludes transition metal compounds and phenalenones.'
There are also natural products that can act as photosen-
sitizers. These types of PSs are mostly of plant origin. An
example of such a PS is, for example, Hypercyol with an
absorption maximum at 600 nm. Hypericin is a hydro-
phobic molecule, which means that it requires a formu-
lation in a drug delivery vehicle.”®* Hypocrellins A and
B belong to the PSs of natural origin, along with cur-
cumin and riboflavin used as antimicrobial PS.?**

Detection equipment
Different methods of measurement are used to detect
'O, luminescence. The main detection methods are an-

Laser System

::-1. I

a)
bs)

e) e)

\/

NIR detector | j)

Fig. 2. An optical excitation and detection system scheme for measurement singlet oxygen lifetime; a) laser system (light
source); b) bandpass filter centered at the excitation wavelength; ¢) lens used to focus light onto the sample; d) cuvette with a
sample (made of quartz); e) and g) long pass filters to remove unwanted scattered excitation light and fluorescence from the
sample (typical 1000 nm and 800 nm); f) lens to collimate light from the sample; h) bandpass filters (1270 nm corresponds

to the peak of the 'O, luminescence spectrum; typically 1200 nm and 1330 nm filters which lie outside the 'O, band used to
determine the background fluorescence); i) lens used to focus light onto the detector window; j) detector allows extremely

sensitive detection in the 1200 - 1330 nm ranges.
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alogue detectors, which are usually based on semicon-
ductor diodes and photon counting techniques using
near-infrared photomultipliers (NIR-PMT). Detection
of singlet oxygen luminescence (around 1270 nm) is
very difficult due to the very weak signal caused by the
low quantum yield of the transition.” Cryogenic germa-
nium diodes were used often to detect singlet oxygen
luminescence, however, it is even more important to
provide quantitative information, even in water where
'0, lifetime is 3.8 x 10*s. ** To improve the sensitivity
of measurements using semiconductor detectors, a dif-
ferentiation technique is used. The use of two photodi-
odes enabled simultaneous measurement of the sample
and the background, giving a signal as a difference, as
shown in studies carried out by Kiryu et al. in 1999.*
Currently, one of the most accurate methods of singlet
oxygen detection is measurement using near infrared
photomultipliers whose sensitivity in the 1270 nm re-
gion is almost an order of magnitude greater than that
of Ge diodes (germanium).® The experimental setup
for the lifetime of singlet oxygen using NIR detector is
shown in Figure 2.

In vitro measurements of singlet oxygen lumines-
cence require the use of not only sensitive detectors, but
also a range of optical elements such as lenses, optical
filters and cuvettes. Lenses are used for focusing light
onto the sample and collimating light from the sample.
Optical filters are used, among others, to remove un-
wanted scattered excitation light and fluorescence from
the sample. When testing near-infrared luminescence
emission from singlet oxygen using optical detectors, it
is required that the detector be characterized by high
sensitivity with a low signal-to-noise ratio. In addition,
the signal obtained requires careful analysis to separate
the true 'O, signal from scattered light and from phos-
phorescence and delayed fluorescence emissions from
other molecules.” Due to its high reactivity, 'O, is char-
acterized by having the shortest lifetime in the aquatic
environment of all the reactive oxygen species (ROS).*
For this reason, designing sensors to detect it is one
of the most difficult tasks. Researchers are increasing-
ly working on a singlet oxygen detection system based
on a photomultiplier, which uses optical fibers to direct
and collect signals directly from the PDT site.’>***” The
power of the signal received in this way is much smaller
compared to the configuration of the free NIR space of
the detector.’ However, the use of a fiber optic enables,
for example, the provision of a suitable dose of PDT by
collecting signals through a tip placed directly in the tis-
sue of the patient (interstitial). Recently, many research-
ers have proposed detectors based on superconducting
single-photon detectors (SNSPDS) working at cryogen-
ic temperatures.* However, this technique has disad-
vantages such as high cost, complexity and size.

Conclusions

PDT has the potential to meet many currently unmet
medical needs in cancer treatment. The ability to detect
singlet oxygen luminescence is critical in any prediction
of appropriate dosimetry.
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ABSTRACT

Introduction. Diabetes is associated with a number of complications, including renal disease, peripheral neuropathy, retinop-
athy, and vascular events.

Aim. Article presents the research results reported in the scientific literature about the influence of diabetes on connective tis-
sue and the bone-joint system.

Material and methods. Analysis of literature.

Conclusion. Due to its multi-systemic nature, the development of additional manifestations, such as musculoskeletal compli-
cations, is possible including, for example diabetic osteopathy, limited joint mobility, joint disorders, and other, many of which
are subclinical and correlated with the disease duration and its inadequate control. They should be recognized and treated
properly, because their management improves the patients’ quality of life.

Keywords. diabetes mellitus, diabetic osteopathy, limited joint mobility, joint disorders

Introduction

Concomitant metabolic disorders affect many organs
and systems including the motor organs - bones, joints, -
and soft tissues. These changes are related to other dis- -
orders: angiopathy and neuropathy.! Changes in motor

organs have a diversified picture.

Among the musculoskeletal complications of diabe-
tes, two basic groups can be identified:’
effects of diabetes on the muscle tissues
effects of diabetes on joints and the connective
tissue.
An extensive discussion of these diseases has been

As opposed to vascular complications, musculo-
skeletal manifestations of diabetes are common, but
not life threatening. They are an important cause of
morbidity, pain, and disability. They usually occur in
patients with poorly controlled diabetes of long dura-
tion and in those who suffer from other more serious
complications.?

presented by Brazilian authors.*

The review of these musculoskeletal manifestations
in diabetic patients has been also presented by Polish au-
thors.’ In this paper we wish to recall some of these mus-
culoskeletal manifestations based on the literature data
and our own observations.
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Diabetic osteopathy

Even though studies on the pathogenesis of diabetic
osteopathy have a considerably long history, there are
many mechanisms leading to metabolic disorders of
bones in diabetes mellitus that have not been explained.
As a consequence of diabetes, processes of rebuilding
and creation of bones are both disordered. There are ex-
perimental studies on rats conducted, aimed to explain
mechanisms of metabolic disorders of bones in diabetes
mellitus.® Both types 1 and 2 of diabetes mellitus consti-
tute a risk factor for bone fractures.”

Based on a meta-analysis comprising long-term stud-
ies on the risk of bone fracture in diabetic patients, Adami
stated that in patients with type 1 diabetes, an increased
risk of fracture is associated with a decreased BMD level,
while in patients with type 2 diabetes this risk exists de-
spite a correct or increased BMD level.® The author pre-
sented the results of an overview of relevant literature
data from January 1970 to November 2008, relating to the
correlation between the bone mass and an increased risk
of fragility fracture in patients with diabetes.

The same observations are described by other au-
thors. An important difference, however, is that in type 1
diabetes, the risk of fracture is associated with a lower lev-
el of bone mineral density, while patients with type 2 dia-
betes usually have a correct or even increased BMD level.’

Many researchers confirm that the risk of fracture
occurs in patients with type 2 diabetes despite a BMD
level within the normal range.'*"

Much attention is devoted to pathophysiology of
bone changes in diabetes.'?

An extensive discussion of this issue has been re-
cently presented by Ferrari.”* The author analyzes mech-
anisms that may lead to an increased risk of fractures in
diabetic patients.

The risk of bone fracture concerns especially pa-
tients with uncontrolled diabetes.!***

Some scientists claim that the loss of bone mass oc-
curs both in patients with type 1 and type 2 diabetes.
Other authors state that osteopathy in young patients
with type 1 diabetes is in fact a diabetes-related compli-
cation, whereas in older patients with type 2 diabetes it
is actually gerontic osteoporosis, and diabetes only plays
arole of and enhancer of this process.

In the opinion of the majority of researchers, the pa-
tient’s age when diabetes is diagnosed has a great effect
on the occurrence of bone lesions. It seems that patients
with diabetes diagnosed in their growth period, prior to
skeletal maturation, are particularly predisposed.

Additionally, the role of calcitonin secretion disor-
ders, diagnosed in diabetic patients, has not been ex-
plained yet. Considering the vitamin D insufficiency
as one of the causes of diabetic osteopathy, as well as
potential vitamin D metabolism disorders at the final
stages of its transformation, is controversial, although

it seems that a decrease of the biological activity of this
metabolite or a drop in the number of receptors in the
target tissue are more possible than the deficiency of
1,25(OH)2D. Opinions about the PTH secretion in dia-
betic patients and its relevance to the occurrence of dia-
betic osteopathy are differentiated.

In recent years, a whole series of studies on bones
density and bones turnover in patients, mainly in chil-
dren and adolescents with type 1 diabetes, were pub-
lished.'¢"!®

It was stated that the bone status of adolescents with
type 1 diabetes mellitus assessed with QUS differs from
that of their healthy peers and is dependent on long-
term metabolic control.”

Results of these investigations are equivocal. Most
of them state that bone density in patients with diabe-
tes is lower than in their healthy peers; however, this
decrease concerns unequally individual cases of bone
meshwork (cortical bone, spongy bone).

The most frequently observed changes did not re-
veal any association with the stage of metabolic balance
in diabetes mellitus; however, Valerio et al., who stud-
ied the effect of diabetes on the bone density and the re-
sorption processes in 27 juvenile patients (aged 13.1 +
1.7) with type 1 diabetes lasting 6.9 + 3.0 years, conclud-
ed that incorrect metabolic control in diabetes mellitus
in puberty may constitute a risk factor of the osteopathy
progression in adult age, whereas optimized metabolic
control in growing children may prevent the osteoporo-
sis occurrence in their later life.

It is assumed that an increased tendency for the oc-
currence of VF (vertebral fracture) in diabetic patients
with a correct level of BMD (bone mineral density) is an
effect of concomitant obesity and hyperglycemia, which
was proven in Japanese studies conducted in a group of
male patients with type 2 diabetes.”!

Japanese authors propose a range of factors that may
prove important in the risk assessment of fractures in
patients with type 2 diabetes. It was shown that the se-
rum level of the insulin-like growth factor-I (IGF-I) may
be useful in the assessment of the intensification of ver-
tebral fractures (VFs).?

Another factor considered by authors as useful in
the risk assessment of vertebral fractures is the OC/BAP
coeflicient (osteocalcin/bone-specific alkaline phos-
phatase). The OC/BAP ratio could be clinically useful
for assessing the risk of vertebral fractures regardless of
BMD. #

Authors indicate the usefulness of the serum adi-
ponectin level for the BMD evaluation in patients with
type 2 diabetes.”* The correlation between the state of
bones and the level of adiponectin was investigated also
by Polish authors.”

The authors conducted a study on the effect of
metabolic control of diabetes on selected bone turn-
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over markers, the bone mineral density, and serum ad-
iponectin concentrations in post-menopausal women
with newly diagnosed Type 2 diabetes. They found that
the level of adiponectin is inversely correlated with the
bone mineral density of the entire body.

Osteoporotic fractures may be affected by medica-
tions applied in the course of diabetes treatment. It is
assumed that such an influence may be exerted by thi-
azolidinediones (TZD). It was stated that the application
of these medications may increase the risk of fracture.
In vitro studies suggest to the contrary that incretin
medications have a positive effect on the metabolism of
bones.”*

Currently, studies on the effect of metformin on the
metabolism of bones are being conducted. Further ran-
domized trials are required concerning this issue.”

During the First International Symposium on Dia-
betes and Bone in Rome in November 2014, the risk of
the increased incidence of fractures due to a rapid rise
in the number of diabetic patients was considered as a
serious problem, also from the financial perspective.?

Limited joint mobility syndrome - LIMS

The LJM - limited join mobility syndrome is a diabetes
complication well known for a long time, but recently
it is getting more interesting to scientists.” Many diabe-
tes complications are induced by changes in the collagen
structure.3*? Probably, changes in the collagen struc-
ture induce the LJM syndrome, and advanced glycation
end-products may play a role in this process.*

In the opinion of many scientists, symptoms of LJM
may be far ahead of other chronic diabetes complica-
tions; therefore, they could be used as their risk factor.

The LJM syndrome results in the limited joints
mobility that affects the metacarpal-phalanx joints and
the interphalangeal joint of the 5" finger, usually in
the beginning. Afterwards, changes progress gradually
through the carpal tunnel and the cubits to the shoul-
der. Currently, it is known that LJM may also affects
lower limbs or joints of the cervical and thoracic-lum-
bar spine. These changes may be unnoticed by patients
as they do not cause any pain.

Previous observations allow to state that the LJM
syndrome occurs more often in diabetic patients than
in non-diabetic subjects. It is a complication that occurs
relatively early both in children and adolescents, as well
as in adults with type 1 and 2 diabetes.’***

Initially, studies on LJM were conducted mainly in
patients with type 1 diabetes. This syndrome was diag-
nosed for the first time in juvenile patients in 1974 by
A.L. Rosenbloom. Later investigations carried out by
this author revealed that improved metabolic control in
diabetes mellitus has a significant effect on the decrease
of the LJM incidence.*

Lindsay et al. performed a retrospective analysis of
the LJM incidence in patients with type 1 diabetes.” Au-
thors revealed that a better diabetic treatment and im-
proved metabolic control in diabetes mellitus distinctly
decrease the LJM occurrence.

The first studies on the LJM incidence in Poland
were conducted by Petrulewicz-Salamon.* They in-
volved 51 patients with type 1 diabetes at ages of 11-57
(average: 26.6) and the diabetes duration from 1 to 34
years (average: 10.9 years). The LJM syndrome was di-
agnosed in 21 patients (41.18% of all the patients). The
LJM syndrome was associated with other chronic com-
plications (retinopathy, neuropathy, nephropathy and
hypertension).

In particular, the group of patients with type 1 dia-
betes and LJM as the only chronic diabetic complication
was very interesting. There were 8 patients (~30% of all
subjects) aged 11-20 who had suffered from diabetes for
1-9 years. It may confirm the fact referred to in the sub-
ject literature that the LJM syndrome can foreshadow
other chronic complications and its occurrence requires
tightening of the metabolic balance criteria.

Currently, there are more and more cases where
LJM is diagnosed in patients with type 2 diabetes. A
comprehensive analysis of the incidence of musculo-
skeletal disorders of the hand in patients with type 2 di-
abetes has been carried out by Mustafa et al.*

Authors paid attention to the incidence of concom-
itant retinopathy and hypertension. Other scientists
have focused on the association between diabetes mel-
litus and several pathologic conditions of the hand.* In
the group of 200 diabetic patients, 30% of patients had
neuropathy, 37.5% had nephropathy, and 44.5% had ret-
inopathy. In the study population, 67% of patients were
having one or more hand disorders. The most common-
ly recognized maladies are limited joint mobility, Du-
puytren’s disease, the trigger finger, and carpal tunnel
syndrome. The incidence of these hand disorders has in-
creased in the setting of diabetes.

The LJM syndrome is a diabetic complication that is
linked to micro- and macroangiopathy. Correct metabolic
control of glycaemia is very important in the L]JM pro-
phylaxis. 4!

Diagnosis of the LJM syndrome.
The basic test in the diagnosis of LJM is the assessment
of the degree of the adherence of the palm to a flat sur-
face. The correct result is when palms adhere to the
surface with all of their surface area. Another prelimi-
nary test is the verification whether palms fit together
in a ‘prayer sign’ In both test fingers should be splayed.
In the LJM syndrome palms do not fit together and do
not adhere closely to the flat surface."*>*

The evaluation should include the thickening of tis-
sues surrounding the joints. Inability to lift a skin fold,
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especially on the dorsal side of the hand, indicates ab-
normality. The assessment of straightening of the car-
pus and cubit, of the flexion of the ankle, as well as the
verification of the mobility of the cervical and thorac-
ic-lumbar spine are necessary. The changes of joints are
accompanied by skin lesions: thickening, tension and
waxy appearance, predominantly on the dorsal side of
palms and lower arms.

LJM is considered as the one of the complications
in juvenile patients with type 1 diabetes that occur the
earliest. In the subject literature, it is highlighted that
the LJM syndrome may foreshadow other chronic com-
plications, and thus it requires tightening of the meta-
bolic balance criteria. The tests of fitting palms together
(‘prayer sign’) and adhering hands to a flat surface, which
are easy to perform, are useful in the assessment of the
mobility of joints.

Screening tests are important, because the LJM syn-
drome does not cause pain, therefore its progression can
be underplayed by both medical staff and the patient. An
early diagnosis of LJM is an indication for physical reha-
bilitation to prevent the patient from becoming disabled.

The tendency to collapses in LJM patients consti-
tutes a serious problem. Patients with LJMS had a mod-
erate risk of falls compared with those without LJMS,
which was of low risk. *

Joint disorders in diabetes mellitus

Joint disorders, both of the inflammatory and degen-
erative nature, have always been diagnosed in diabet-
ic patients, but they have not been considered from the
etiological perspective. In recent years there have been
more and more studies devoted to the concomitance of
diabetes and joint disorders and the possibility of estab-
lishing a cause and effect relationship.

The relationships between diabetes and joint lesions
are differentiated. Autoimmune processes that lead
to the destruction of beta cells and the progression of
type 1 diabetes, are similar to the mechanisms of the sy-
novial membrane annihilation in joints constituting a
base for the rheumatoid joint inflammation. In both of
these disorders, increased levels of inflammation mark-
ers are confirmed, such as C Reactive Protein (CRP), in-
terleukin 6 (IL-6,) or the tumor necrosis factor - alpha
(TNF-a).

In type 2 diabetes, degenerative processes of joints
are observed.*

In OA (osteoarthritis, arthrosis deformans), like in
type 2 diabetes, two risk factors play a significant role:
obesity and age.*¢

Therefore, in the prevention of both disorders, the
dietary treatment (to reduce the body mass), as well as
physical activity are of fundamental importance. Diabe-
tes mellitus is associated with a large variety of rheumat-
ic manifestations.*#4

Conclusion

Diabetes mellitus accounts for a number of vascular
complications, which impair patient survival. Musculo-
skeletal complications are also found, and, although as-
signed with lower importance than the vascular ones,
they significantly compromise the patients’ quality of
life.

The musculoskeletal complications of diabetes can
be manifested in different ways. They could be syn-
dromes of the limited joint mobility, osteoporosis, dif-
fuse idiopathic skeletal hyperostosis, neuropathies, or
diabetic muscle infarction.

Most of these disorders can be diagnosed clinically,
but some radiological examination may help, especial-
ly in the differential diagnosis. No specific treatment is
available, and treatments used in the general population
are also recommended for diabetic subjects. Infectious
complications affecting the musculoskeletal system are
common in diabetic patients. Many musculoskeletal
manifestations are subclinical and correlated with the
disease duration and its inadequate control. They should
be recognized and treated properly, because their man-
agement improves the patients’ quality of life.
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ABSTRACT

Introduction. Physical fatigue is a physiological condition that can be measured by functional Magnetic Resonance Imaging

(FMRI).

Aim. Therefore, this work aims to present the research results currently reported in the scientific literature between the years
2014 and 2018 in the field of chronic fatigue syndrome using the functional MRI method.

Material and methods. Analysis of literature.

Results. We reviewed here the differences between temporary and chronic fatigue.

Keywords. functional MRI, physical fatigue, physiological condition, temporary and chronic fatigue

Rationale for the fMRI study

Physical fatigue is a physiological condition that is man-
ifested in a temporary-transient decrease in the ability
to work and a decrease in mobility. Chronic fatigue syn-
drome is a complex problem which manifests in visual
impairment, heart palpitations, increased hair loss, lack
of concentration, memory problems as well as frequent
headaches and numbness of the hand. The above men-
tioned symptoms may be accompanied by many dis-
eases of various etiology, e.g. depression, neurostemia,
multiple sclerosis, or some infections.! The etiology of

fatigue is not well understood and scientific research
conducted to elucidate the mechanisms of fatigue are
necessary to efficiently diagnose chronic fatigue syn-
drome. The fMRI technique is based on the influence
of a strong magnetic field and an electromagnetic wave
at a strictly defined frequency on the nucleus of chemi-
cal elements with non-zero spin. This variant of MRI is
currently the key non-invasive technique for brain im-
aging. This technique has excellent spatial and temporal
resolution and is sensitive to changes in signal strength
depending on the degree of blood oxygenation. It is
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known that levels of blood oxygenation in the brain vary
depending on the activity of neurons, and these differ-
ences can be used to detect brain activity. This is due
to the increased demand for energy and oxygen in the
area of increased brain activity. The basis of this imaging
is the so-called Blood Oxygenation-Level Dependent
(BOLD) contrast that depends on the level of oxygen
in the blood. fMRI has many clinical applications and is
used to validate neuroimaging, and to search for brain
markers in psychiatry, which makes it a technique at
the borderline of clinical and experimental-method-
ological sciences. Blood Oxygenation-Level Dependent
contrast is one of the best-known techniques of fMRI
that can be used to map blood oxygenation in the brain.
The use of this technique allows for identification of
brain tumors and patients with epilepsy. This technique
demonstrates early promise and can also play a role in
providing future diagnostic and prognostic information
in patients with neurological and psychiatric diseases
and opens up a wide range of possibilities for chronic
fatigue syndrome testing. Based on studies available in
the literature, it is very likely that fatigue assessment is
not possible using MRI based T, spin-lattice relaxation
and spin-spin relaxation T, of water alone.? Fatigue, be-
ing a physiological reaction with variations in hemoglo-
bin, can be imaged by fMRI. Fatigue is often reported
by patients who have had a mild brain injury which af-
fects the ability of people to return to work in a reason-
able timeframe.* A study by Moller et al. subjected 10
patients with mild cognitive impairment and fatigue (5
women and 5 men) to fMRI after suffering a stroke.’ The
paradigm of the study was based on patients maintain-
ing constant attention to a task being carried out un-
der fMRI monitoring. This task was a response time to
a visible stimulus. The research did not show any group
differences regarding age, education, body weight or the
consumption of caffeine on the day of the study. The au-
thors of this study showed that patients could be iden-
tified as suffering from chronic fatigue after mild stroke
compared to the control group by fMRI. Measurements
of regional cerebral blood flow and quantitative map-
ping of joints can also provide an objective assessment
of fatigue during a continuous vigilance test. As a result,
the authors of this study confirmed that the fMRI tech-
nique can be used to assess chronic fatigue in patients
after mild stroke.

Subjective fatigue is also a typical symptom of dis-
eases such as multiple sclerosis, Parkinson’s disease or
stroke. Pardini et al. examined 14 patients with multiple
sclerosis by fMRI. The task that the patients were asked
to do was to touch their other fingers with their thumb.
The sequence was attempted at a frequency generated
by a 2 Hz metronome. A force measurement was also
carried out by application of a special glove adapted for
this task. The obtained results showed a strong correla-

tion between the time accuracy of the performed task
and the feeling of chronic fatigue.* Other authors point
to the potential adaptation of the brain to fatigue. Per-
haps it is related to a feedback loop effect in which the
brain tries to maintain the initial efficiency.® In many
studies, authors point to activation regions affected by
fatigue located in the cerebellum and frontal cortex.*¢”
Other studies of fatigue in patients with multiple sclero-
sis checked how quickly task ability was regained after
deterioration resulting from the task performed initial-
ly. A total of 14 patients were subjected to a deteriora-
tion of spatial and temporal accuracy in the first part of
the task consisting of a sequence of touching the other
fingers with the thumb of the right hand. The second
part of the study showed that after a short 5-minute rest,
areturn of temporal accuracy, but not spatial. After rest,
the activity of activated regions obtained values similar
to baseline values except in the amygdala by fMRI. This
suggests that patients that have been in a state of fatigue
from the beginning of the task showed an increased
BOLD signal in subcortical structures that are known
to be recruited in healthy patients only when dealing
with fatigue to improve motor performance. On the ba-
sis of research it can be said that rehabilitation treatment
brings much better results than pharmacological treat-
ment.® Results have been presented that the rehabili-
tation of people with multiple sclerosis reporting only
fatigue symptoms should be the treatment of choice. It
should be noted that only a small group of people will
feel the benefits of such treatment. The study included
a small group of people and the extent of efficacy in oth-
er subgroups of multiple sclerosis patients is unknown.
It seems that the above observations may be related only
to the initial stage of the disease. The next steps should
take into account future consequences of the choice or
resignation from pharmacological treatment in this re-
gard. Interesting research results were presented in 2015
by Hampson and colleagues.” Twenty three patients
were examined after recovery from breast cancer. Vis-
ible persistent fatigue associated with breast cancer was
associated with reduced sleep quality, cognitive impair-
ment, and ultimately depression. These studies from
2015 appear to be one of the first fMRI applications in
the analysis of fatigue in patients with breast cancer. As
a result of the analysis, an area in the frontal lobe was
identified using fMRI analysis techniques which may be
a potential region to track fatigue in patients. Higher fa-
tigue is also indicated in the parietal region of cancer
patients during fMRI tests.® Increased fatigue coexists
with worsening physical functioning and cognitive im-
pairment. With such an analysis, the effects of oncologi-
cal therapy should be taken into account, which in itself
has a great impact on the emotional and physical state
of the patient where fatigue is just one of many side ef-
fects. In recent years, populations have access to mod-
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Table 1. Background of Imaging procedures and Image processing

References Imaging procedures Image processing
FrankS. etal. blood oxygen-level dependent (BOLD) fMRI analysis of the fMRI data was performed with Statistical
2010" data were obtained by usinga 3.0 T MRI Parametric Mapping software (SPM5)

scanner

Vocks S. et al. BOLD contrast images were acquired using

pre-processing and statistical analyses of the fMRI data
were performed using the Statistical Parametric Mapping
software (SPM5)

all structural and functional raw data images were
converted to NIfTI format using the dcm2nii converter
(Rorden & Brett, 2005). Freesurfer (autorecon1) was used
for structural image preprocessing and FMRIB Software
Library (FSL; Version 6.00, Oxford, UK) for functional image
preprocessing and analysis; the FEAT tool in FSL was used
to analyze the fMRI data

fMRI analysis was performed using IDL 6.2 (ITT visual
information solutions, Boulder, CO, USA), Statistical
Parametric Mapping software (SPM2) and Analysis of
Functional Neuro Images (AFNI); IDL and SPM2 were
used for pre-processing the data while AFNI was used for
additional pre-processing and for the statistical analyses

all preprocessing steps were carried out using the Data
Processing Assistant for Resting-State fMRI V2.0; after
preprocessing, Statistical Parametric Mapping software
(SPM12) was used to analyze the imaging data

the functional neuroimaging data were analyzed using
Statistical Parametric Mapping software (SPM99)

2011™ an echo-planar (EPI) technique; images were
acquired using a 1.5 T MRl scanner; additionally
an MRI compatible finger clip pulse oximeter
was used to measure heart rate
ChinSHetal. fMRI data were acquired using an echo planar
2018™ imaging sequence; T1-weighted MPRAGE scan
was also collected using a 3.0 T MRI scanner
Picchioni D. (BOLD) fMRI was acquired on
etal. 2008" a 3.0 T MRI scanner; single-shot echo-planar
images were collected from 28
oblique-axial slices covering most of the
brain; 3D T1-weighted MPRAGE images were
collected
Wang . images were acquired in a 3.0 T MRI scanner;
etal 2016" functional data comprised 1008 vol acquired
with T2*-weighted gradient echo planar
imaging sequences
Lange G. imaging was performed ona 1.5T MRI
etal. 2005" scanner; initial T1-weighted sagittal localizer
was acquired to determine the location of
the MR images; T1-weighted axial images
encompassing the whole brain were acquired
Porubska K. fMRI data were obtained using a 1.5 T MRI
etal. 2006  scanner; Functional T2*-weighted images were

acquired in axial
orientation using echo-planar imaging (EPI)

preprocessing and statistical analyses were carried out
using Statistical Parametric Mapping software (SPM2)

van Duinen H. 3.0 T MRl scanner was used; fMRI data were

the fMRI data were preprocessed using Statistical

etal. 2007" acquired using an echo planar imaging Parametric Mapping software (SPM2)
sequence; additionally T1-weighted anatomical
images of the entire brain were obtained
Jacobson A. T1-weighted whole brain MP-RAGE analysis of Functional Neuro Images (AFNI) software was
etal. 2010 sequence were performed using 3.0T MRl used in all of the processing and analyses of the structural
scanner and functional data
TsaiP-J.etal. MRI data were acquired using a 3.0 T scanner; all fMRI data were preprocessed
20147 T1-weighted anatomical images (3D-MPRAGE) by Statistical Parametric Mapping (SPM5)
were acquired prior to functional scans for
geometric localization
ThomasR.J. imaging was performed on a 3.0 T MRI scanner; preprocessing included motion correction, spatial
2005% a gradient echo T2*-weighted sequence was smoothing, linear trend removal and temporal high-pass

used to obtain
BOLD contrast data; high resolution

T1-weighted scan was used as an intermediate

step for functional overlays prior to
transformation into the threedimensional
space

filtering using the Brain
Voyager 2000 (Brain Innovation, Maastricht, The
Netherlands) software package

ern electronic entertainment technologies, of which
one of the most important is three-dimensional (3D) tv
technology. For example, when watching television pro-
grams, the deoxy- and oxyhemoglobin concentrations
are significantly increased, which is associated with in-

creased blood supply to the brain. Increasing the blood
supply to the brain also at the same time indicates an
increased energy demand. In addition, the metabolic
rate drops significantly due to fatigue.” Researchers ex-
amined 40 participants randomly selected who were to
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Table 2. Background of Imaging procedures and Image processing

References Aim Methods Results and Conclusions
FrankSS. Explanation of the neural basis the modulating effects of the calorie content of food pictures
etal. 2010 of human eating behavior using calorie content and hunger on modulates the activation of brain areas

fMRI food processing related brain  related to reward processing and even
activity were study using fMRI early visual areas
Vocks S. assessment hunger- and females in hunger condition neuronal responses evoked by
etal.2011™ satiety-dependent alterations and in satiety condition gustatory stimulation differ depending
in the gustatory processing of  (females with restricting-type on hunger and satiety; activations
stimulated with food in anorexia anorexia nervosa and healthy located in the amygdala and in the
nervosa were study using fMRI females) drank chocolate  extra striate body area might reflect fear
milk and water via a tube in a of weight gain
blocked design during image
acquisition
ChinSHetal. influence of self-reported hunger required rating images of food  few self-reported hunger, satiety or
2018 in behavioral and fMRI food-cue and matched objects were  related constructs appear to moderate
reactivity (fMRI-FCR) presented during fMRI-FCR  fMRI-FCR in certain brain regions such
study; hunger, satiety, thirst,  as the amygdala and the orbitofrontal
fullness and emptiness were cortex; this results suggest that

measured pre- and post-scan  controlling for these constructs in the
analyses of fMRI data derived from
food-cue reactivity paradigms is likely
to have minimal to no influence on
the overall interpretation of findings in
fMRI-FCR studies

Picchioni D. et ascertainment differences in brain activity between the first  activity in anatomically identifiable,

al. 2008 regional brain activity between 30 s of stage 1 (early stage 1), volumetric brain regions exhibit
stage-1 sleep immediately the last 30 s of stage 1 (late differences during stage-1 sleep that
following wake and immediately ~ stage 1), and isolated wake ~ would not have been detected with the
preceding stage-2 sleep were compared; data were EEG

collected during daytime fMRI
sessions with simultaneous EEG

acquisition
Wang . restraint status modulated fMRI study was conducted in restrained eaters responded more
etal.2016"°  attentional bias to food cues and restraint eaters and unrestraint  quickly to high-energy food images
the different neural activations ~ eaters exposed to high/low-  than to neutral and low-energy food
associated with these responses energy food and neutral images images; restrained eaters showed faster
were study using fMRI while performing a two-choice  reaction times, hyperactivation in a
oddball task much wider array of reward (e.g., insula/
orbitofrontal cortex), attention (superior
frontal
gyrus) and visual processing (e.g.,
superior temporal gyrus) regions, and
hypo-activation in cognitive control
areas (e.g., anterior cingulate) in
response to high-energy food cues;
potential neural bases of restrained
eaters may help clarify why dieting
to lose or maintain weight is so often
unsuccessful
Lange G. BOLD fMRI study of verbal BOLD signal changes between individuals with CFS are able to process
etal. 2005" working memory; study of Controls and individuals with  challenging auditory information as
cognitive complaints in Chronic CFS who had documented  accurately as Controls but utilize more
Fatigue Syndrome (CFS) difficulties in complex auditory extensive regions of the network
information processing associated with the verbal working

(Study 1) and those whodid ~ memory system; individuals with CFS
not (Study 2) inresponseto  have to exert greater effort to process
performance on a simple auditory information
auditory monitoring and a
complex auditory information
processing task were compared
in fMRI study
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Porubska K. et the neuroanatomical correlates of ~ fMRI technique was usedto  the food stimuli elicited a significantly
al.2006"™  eating behavior and its influences measure the cortical activation ~greater activity in the left orbitofrontal
on the central nervous processing in lean healthy humans during cortex and the insular/opercula cortex
in humans were studied visual stimulation with food-  bilaterally with a stronger focus on the
related and nonfood pictures  left side; ratings of appetite during the

after a fasting period of at least ~ presentation of food-related stimuli

5h modulated the activity in the insula
bilaterally, the left operculum and the
right putamen
van Duinen H.  investigation effects of motor  brain activation that correlated several motor areas in the brain showed
etal. 2007" fatigue on brain activationin  with muscle activity during brief increased activity with
humans using fMRI contractions at different force  increased muscle activity, both during
levels and sustained contractions force modulation and motor fatigue;
inducing motor fatigue were after fatigue increased activation in
studied using fMRI; studied orbitofrontal areas was found; the
changes in brain activation activity in the supplementary motor
due to motor fatigue over time;  area and frontal areas is affected by
investigated cross-over effects motor fatigue

of fatigue by comparing brain

activation before and after the
fatiguing condition during

simple and high-order motor

tasks using fMRI
Jacobson A. et examination age-related changes caffeine, citric acid, sucrose, and increased activity of the insula was seen
al.2010" in gustatory processing during  NaCl were administered orally  in both age groups during hunger;
hedonic assessment during two event-related fMRI hunger and satiety differentially
sessions, one during hunger  affected the hemodynamic response,
and one after a pre-load resulting in positive global activation
during hunger and negative during
satiety in both age groups; in a state of
hunger, the frequency and consistency
of positive activation in gustatory and
reward processing regions was greater
in older adults
Tsai PJ. the sleep regulation a network- simultaneous EEG and fMRI the regional specificity and the stage
etal. 2014" specific process and the recordings healthy male effect were verified in support of

awakening state dependenton  participants, along pre-sleep, the local awakening concept; sleep
the previous sleep stages were  nocturnal sleep and awakening regulation leads to the reorganization

studied were studied of brain networks upon awakening
ThomasR.J. to demonstrate dynamic changes fMRI was used to map fatigue in the executive cortical
2005% in cerebral functional activation cerebral activation during network may be demonstrated by
during a working memory task  the performance of a 2-back a progressive reduction in regional
in a state of severe excessive verbal working memory task;  cerebral activation across scans, which
daytime sleepiness scans were performed, until may be prevented by stimulant use
the subjects felt they could not
continue
Wirsich J. resting-state fMRI to explored  simultaneous EEG-fMRI in order a network linked to sleep is interacting
etal. 2017* the whole brain functional to investigate the effects of with sleep deprivation but not with
connectivity effects of modafinil, donepezil and medication intake; donepezil induced
donepezil and memantine in memantine before and after whole brain connectivity alterations
normal and sleep-deprived sleep deprivation (SD); the SD  forming a network separated from the
brain states in ordertoreveal  approach has been previously  changes induced by sleep and SD; a
the functional subnetworks proposed as a model for result shows possibilities to check for
modified by these medications, cognitive impairment in the validity of pharmacological resting-
while controlling for sleep stages healthy subjects state analysis of the tested medications
extracted from a simultaneous without the need of taking into account
EEG recording the subject specific vigilance
watch 3D or 2D television chessboards. The stimulus of to larger changes in activated brain regions than those
the study was 2 hours in duration. Analysis of the results in a 2D TV viewing group. In a paper from 2016, the
confirmed that subjects watching 3D TV had visual fa- existence of a mechanism was postulated that compen-
tigue. This was also confirmed by an analysis of fMRI sates for fatigue in the brain and which attempts cog-

images showing that long-term 3D TV viewing leads nition. ' Understanding the compensation mechanism
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can be helpful in understanding the phenomenon of fa-
tigue itself and to therapeutic actions. In their research,
they indicated the frontal lobe as the region responsible
for the compensation mechanism. At the moment, re-
search is being carried out in several centers concerning
the mechanisms of fatigue. Understanding the mecha-
nism of fatigue in the brain by fMRI and the postulat-
ed compensating mechanism will be very important for
improvements in the quality of life for patients suffering
from chronic fatigue syndrome.

Conclusion

Functional MRI has many clinical applications and is
used to validate neuroimaging, and to search for brain
markers in psychiatry, which makes it a technique at the
borderline of clinical and experimental-methodological
sciences. Blood Oxygenation-Level Dependent contrast
is one of the best-known techniques of fMRI that can be
used to map blood oxygenation in the brain. The use of
this technique allows for identification of brain tumors
and patients with epilepsy. This technique demonstrates
early promise and can also play a role in providing fu-
ture diagnostic and prognostic information in patients
with neurological and psychiatric diseases and opens
up a wide range of possibilities for chronic fatigue syn-
drome testing.
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