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ABSTRACT

The aim: To determine the financial and economic condition before and after the implementation of the hospital district in the Kalush Central District Hospital
and to show the medical and social justification of the changes in the institution’s finances.

Materials and methods: The object of this study was the activity of the Kalush Central District Hospital, which is a multidisciplinary medical and preventive
health care facility, in which medical assistance is provided to patients in surgical, neurosurgical, traumatological, cardiological, gastroenterological, endocri-
nological, urological departments, in the department of miniinvasive surgery. In order to see how the implementation of hospital districts affected the financial
condition of medical institutions, the financial statements of the institution for 2017-2018 were used to study the financial condition of the organization.
During this period medical assistance was provided to more than 92,000 patients.

Results: The reform of the health care system in 2017 took place in accordance with the developed concept of the development of medicine, which is based
on the creation of hospital districts. On average, the hospital district covers about 60 kilometers of territory. Such a distance allows us to deploy a powerful
network of various hospitals that are able to provide almost the entire range of medical services, starting from diagnostics and ending with urgent treatment.
The hospital district is headed by an institution that coordinates the work of all institutions and recommends building such organizational and financial structures
that allow the medical institution to develop and create a quality medical product. Kalush Central District Hospital coped with the reforms of medicine, the
implementation of hospital districts became a significant event that changed not only the organization of the provision of medical services, but also changes
in the financial and economic condition of medical institutions. In general, the financial condition of the enterprise shows that the hospital is autonomi, it is
financed from its own sources of financing.

Conclussions: The financial condition of the enterprise shows that the Kalush Central District Hospital is autonomous, that is, to a greater extent, itis financed
from its own sources of financing. However, liquidity indicators are negative, which require more effective management of cash flows so that the organization
can timely repay salary arrears and pay mandatory payments for the use of material resources and energy. At the same time, a large number of patients are
coming to the hospital because the income level has increased, which is definitely a positive factor. However, when planning activities for the following periods,
it is necessary to take into account the need to update material and technical support, as well as to find sources of increasing staff wages.

KEY WORDS: medical reform, financial and economic state, district hospital, medical services, solvency, financial stability.

Wiad Lek. 2023;76(2):243-250

INTRODUCTION

Any country, when building its own social policy, focuses
on the formation of the most advanced model of med-
ical care for the population. It is safe to say that quality
medical services are a sign of a developed society. This
patternis also reversed, in particular, the more developed
the country, the more resources are allocated to the de-
velopment of medicine. In Ukraine, 2.7% is allocated to
medicine, although developed countries allocate at least
5% [1]. These funds were lacking during the pandemic,
and they are even more lacking during the period when

Ukraine faced war and daily demands for continuous
medical care for people affected by the war.

Ukraine faced reforms in the medical sector in 2017.
In general, this reform characterizes changes in the
financing of medicine, in particular, the funds are allo-
cated not to meet the needs of the medical institution
(including staff wages, utility bills), but to finance the
costs necessary to provide medical services to patients
who apply to the institution. Among the people, such
changes in financing were called «money follows the
patient» [2, 3, 4].
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In order for such a reform to be implemented, it was
necessary to change the structure of medical services,
which required the implementation of hospital districts.
In essence, hospital districts are a network of medical
institutions that serve a certain territorial community,
providing them with a full range of medical services
[5, 6]. In theory, the essence of the reform assumes
that any member of the community has the oppor-
tunity to receive full medical care in their region. That
is, with this reform, each medical organization must
work independently to improve its own material and
technical base, which will allow to receive a full range
of diagnostic and treatment services, as well as increase
and improve the number of employees.

It should be noted that not every community effec-
tively uses the potential of this reform. There are more
successful medical institutions, and there are those that
are severely lacking in funds to meet their own needs
[7,8]. Thatis why quite often different communities are
faced with the need to close some hospitals or depart-
ments, which receives public condemnation. In order
to determine the ability of a medical institution to work
in new conditions, it is necessary to competently man-
age finances, and for this, a constant financial analysis
should be carried out and directions for improving the
financial condition should be studied. As for the medical
and social substantiation of the financial and economic
condition of the medical institution, it actually requires
additional study, and its results will depend on the
financial condition of the research object.

THE AIM

To determine the financial and economic condition
before and after the implementation of the hospital
district in the Kalush Central District Hospital and to
show the medical and social justification of the changes
in the institution’s finances.

MATERIALS AND METHODS

The Kalush Central District Hospital was established
in 2005 and is a multidisciplinary medical and preven-
tive health care facility, in which medical assistance
is provided to patients in surgical, neurosurgical,
traumatological, cardiological, gastroenterological,
endocrinological, urological departments, in the de-
partment of miniinvasive surgery. The Kalush Central
District Hospital also has a diagnostic department, a
clinical and diagnostic laboratory, a polyclinic and a
maternity hospital. The hospital has 930 inpatient beds,
which is 69.4 beds per 10,000 populations, including
288 day inpatient beds at outpatient polyclinic facilities.
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Currently, 507 doctors and 1,013 medical personnel are
providing medical care.

The object of this study is the activity of the Kalush
Central District Hospital of the District Councils of
Ivano-Frankivsk Oblast (KCDH). In order to see how
the implementation of hospital districts affected the
financial condition of medical institutions, a number
of expert publications were analyzed, which determine
the specifics of the change in the organizational struc-
ture and funding rules, in particular the work: Blank I.O.
[9], Basilinska O.Ya. [10], Belyalov T.E. [11], Chernenok
K.P. [12]. The financial statements of the institution for
2017-2018 were used to study the financial condition
of the organization. During this period (2017-2018),
medical assistance was provided to more than 92,000
patients.

RESULTS

The issue of medical and social substantiation of the
financial and economic condition of medical institu-
tions is sufficiently covered in ukrainian and foreign
scientific literature [3, 7, 12, 13]. However, in order to
understand the profitability of the hospital, it is neces-
sary to carry out a financial and economic analysis of
the activity of the medical institution and to understand
the specifics of the implementation of reforms in the
field of medicine.

The KCDH has been established in the city of Kalush,
which includes medical facilities in the city of Kalush,
the city of Bolehova of the Kalush district, the towns
of Rozhnyativ and Dolyna districts. Accordingly, KCDH
belongs to the Kalush Hospital District, which was
subject to reform [13].

The main tasks of conducting medical reform in the
Kalush Hospital District are: provision of medical ser-
vices to the people on a free basis, including palliative
care; provision of basic types of outpatient services,
which is carried out on the referral of a family doctor;
provision of basic types of inpatient medical care in
medical institutions of the territorial community to
which the patient belongs; reimbursement of the cost
of purchased medicines, which are purchased by pa-
tients in accordance with the instructions of the family
doctor; formation of prerequisites for the organization
of digital medical services involving the introduction of
individual cards, electronic prescriptions, etc.

The medico-social justification of the medical reform
in KCDH is carried out on the basis of an analysis of the
organization’s financial condition. The change in the
structure of KCDH property during the implementation
of reforms for the period from 2017 to 2018 is presented
in the table I.
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Table 1. Analysis of the property structure of the Kalush Central District Hospital in 2017-2018

In the end of the year Absolute deviation
Indicators
2016 2017 2018 2018-2017 2018-2016
NCA/A 0,65 0,56 0,69 0,13 0,04
CA/A 0,35 0,44 0,31 -0,13 -0,04
OoC/L 0,87 0,98 0,60 -0,38 -0,27
CL/L 0,13 0,02 0,40 0,38 0,27

Note: NCA — non-current assets; CA — current assets; A — assets; 0C — own capital; CL — Current liabilities; L — liabilities.

Table II. Analysis of own working capital of Kalush Central District Hospital in 2017-2018

In the end of the year

Absolute deviation

Indicators
2016 2017 2018 2018-2017 2018-2016
Own working capital 1229 2399 -383 -2782 -1612
Own working capital - Reserves -648,20 -33,89 -1629,33 -1595,44 -981,13
Own working capital + Long-term debt - Reserves -648 -34 -1629 -1595 -981
Own working capital + Short-term debt + Long- 69 79 102 23 33
term debt - Reserves
Table I1l. Analysis of liquidity indicators of the Kalush Central District Hospital in 2017-2018
P At t‘:rfet::?,i:ar:ing Absolute deviation
2016 2017 2018 2018-2017 2018-2016
Absolute deviation coverage 2,71 22,25 0,78 -21,47 -1,93
Quick liquidity ratio 0,10 0,70 0,06 -0,64 -0,04
Absolute liquidity ratio 0,08 0,68 0,06 -0,63 -0,02

Table IV. Analysis of indicators of financial sustainability of Kalush Central District Hospital in 2017-2018

At the beginning

Absolute deviation

Indicators of the year
2016 2017 2018 2018-2017 2018-2016
Financial risk 0,15 0,02 0,66 0,64 0,51
Maneuverability of own capital 0,26 0,43 -0,15 -0,58 -0,40

According to the results of the research, it can be con-
cluded that the main part of the property of the KCDH
consists of non-current assets of the organization. As
of 2018, the NCA/A ratio was 0.69. During the last year,
there was an increase in the indicator, which indicates
that the institution increased its material and technical
support, which is definitely a positive factor for the city
hospital. However, it should also be noted that the ratio
of non-current assets to assets was not distinguished
by stability. If the indicator decreased in 2017, then in
2018 the indicator increased.

As for current assets of KCDH, their specific weight
in assets was 31%. Accordingly, the indicator also had
unstable dynamics, in particular, it increased in 2017
and fell by 0.13 in 2018. To a greater extent, the capital
of the hospital was formed at the expense of its own

sources of financing. At the same time, the trend of
an unstable indicator of autonomy, which requires a
more balanced policy of managing financial resources,
was observed during the researched period. Thus, as
of 2018, the ratio of own capital to liabilities was 0.60
relative to unit. This is a critical value that indicates that
the organization is financially stable, but at the same
time unstable. Accordingly, the ratio of current debt to
liabilities as of 2018 was 0.40.

It should be noted that KCRL did not have its own
working capital in 2018. Its size in 2018 was UAH
383,000. The indicator significantly decreased com-
paredto 2017.1t should be noted that the analysis of the
set of 4indicators in Table Il testifies to the fact that the
financial condition is not characterized by stability, and
in 3 years there has been a noticeable deterioration of it.
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Solvency ratios are of great importance in order for
the hospital to be able to settle its own obligations in
a timely manner, as well as to purchase the necessary
material and technical support. It should be noted
that during the studied period, liquidity indicators are
not characterized by stability, and their size changes
significantly: the absolute deviation coverage ratio in
2018-2017 is -21.47, the quick liquidity ratio and the
absolute liquidity ratio are -0.64 and 0.63 in accordance
(Table ).

This suggests that fundamental structural changes
have taken place in the organization, which required
additional funds, as well as reformatting the use of
financial resources to address urgent needs. The
coefficients of quick liquidity and absolute liquidity
testify that KCDH does not have enough funds to
solve its own current needs. That is why it is neces-
sary to pay attention to the planning of solvency in
the future.

As for the indicators of financial risk, it is necessary to
note the following (Table IV): if in 2017 the coefficient
of financial risk was 0.02, then in 2018 the indicator was
0.66 relative to units, that is, there was an increase in
the indicator by 0.64 relative units. This is an extremely
negative value to which more attention should be
paid. The tendency of the maneuverability of own
capital can also be considered negative.In 2018, own
capital ceased to be flexible, and therefore could not
be used to solve urgent problems and needs of the
organization.

Itis natural for any state institution to have a shortage
of funds and to end up with a financial result with a
deficit. Unlike many hospitals, KCDH has no losses, but
this does not mean that its financial condition is stable.
In order to confirm the effectiveness of the organiza-
tion’s activity, or to refute it, it is necessary to study the
indicators of business activity.

In 2018, the organization received UAH 37,666,000 in
revenue, the bulk of which was budget allocationsin the
amount of UAH 30,188,000. The structure of financial
results is shown in Table V.

The budget surplus in 2018 amounted to UAH
1,130,000, which is UAH 350,000 more than in 2017.
These funds were mainly directed to the material and
technical development of the institution.

According to the results of the study, it was estab-
lished that the indicators of business activity in general
had a positive trend, which is explained by the increase
in the amount of income and the search for additional
and alternative sources of financing the needs of the
medical institution (Table VI).

Thus, the turnover ratio increased, and according-
ly, the asset turnover period decreased by almost 4
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days. As for current assets, their turnover period also
decreased by 2 days, which deserves a positive assess-
ment. The turnover ratio of fixed assets of KCDH also
decreased by 2 days.

However, the trend of increasing turnover of accounts
payable is negative. In general, in 2018, payables were
repaid 5 days longer than in 2017. This is not a signifi-
cant threat to the organization. However, it should also
be taken into account when planning indicators in the
next period.

As for the profitability of the hospital, it should be not-
ed thatin general, the activity of the KCDH is profitable
(Table VII). The coefficient of return on assets is insignif-
icant, but positive and is 0.2. There is a positive trend
of change in all indicators of profitability during the
studied period, which deserves a positive assessment.

At the same time, in order to understand the medical
and social justification of changes in the financial status
in accordance with the formation of hospital districts,
the main medical and social indicators that determine
changesin personnel management and changesin the
management of material and technical support were
studied (Table VIII).

It should be noted that labor costs have decreased,
which is associated with a significant reduction in the
costs of maintaining the KCDH. The staff of the orga-
nization was also subject to reduction. In particular, in
2018, 31 people were cut so that the organization could
not go beyond the established budget.

At the same time, a positive factor is the increase in
the average monthly salary of KCDH employees. If in
2017 the salary was about 4,700 hryvnias, thenin 2018
the salary increased to 4,840 hryvnias.

As for material support, the organization regularly
invested in upgrading equipment. However, this did
not have a positive effect on the rate of depreciation
of fixed assets, as the rate of depreciation of fixed as-
sets increased by 0.02. This means that in order for the
organization to use up-to-date medical equipment,
updates must be carried out more often.

It should be noted that KCDH has generally coped
with the reforms of medicine, and the administration is
searching for ways to improve the financial situation. In
particular, the administration is engaged in increasing
the volume of paid medical services and uses vacant
premises for lease to commercial institutions. Despite
this, by necessity, the organization reduces the con-
sumption of budget funds and creates prerequisites
for financing needs at its own expense. It requires an
additional solution to the issue of strengthening the
material and technical base and developing the staff of
employees who will be able to provide a wider range
of medical services as a result.
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Table V. Analysis of the financial results of the Kalush Central District Hospital in 2017-2018

A Per year, UAH thousands Absolute deviation
2016 2017 2018 2017-2018 2016-2018
Income 44543 38988 37666 -1322 -6877
Budget allocations 35673 31190 30188 -1002 -5485
Income from services 344 322 456 134 112
Other income 8526 7476 7022 -454 -1504
Costs 43652,14 38208,24 36536,02 -1672,22 -7116,12
Costs for implementation of budget 43284 37798 36003 1795 7281
programs
Production costs 56 66 78 12 22
Other costs 312 344 455 111 143
Budget surplus 891 780 1130 350 239

Table VI. Analysis of indicators of business activity of the Kalush Central District Hospital in 2017-2018

Turnover period, days

Turnover per year, times

Indicators Absolute deviation
2017 2018 2017 2018
Asset turnover ratio 7,0 7,5 51,8 48,1 -3,7
Accounts receivable turnover ratio 5569,7 12555,3 0,1 0,0 0,0
Turnover ratio of current assets 17,5 19,5 20,6 18,4 -2,1
Turnover ratio of fixed assets 11,8 12,4 30,6 28,9 -1,7
Accounts payable turnover ratio 93,9 40,8 38 8,8 5,0
Table VII. Analysis of profitability indicators of the Kalush Central District Hospital in 2017-2018
Indicators Peryear Absolute deviation
2017 2018
Rate of return on assets 0,1 0,2 0,1
Coefficient of profitability of the activity 0,02 0,03 0,0
Return on equity ratio 0,15 0,28 0,1
Table VIII. Medical and social indicators of the Kalush Central District Hospital in 2017-2018
Indicators el Abs.OIl.‘te
2017 2018 deviation
Labor costs, UAH thousands 22678,944 21601,812 -1077,1
Number of personnel, persons 403 372 -31,0
Average monthly salary, UAH thousands 4,69 4,84 0,1
Residual value of fixed assets, UAH thousands 3115 2937 -177,3
Initial cost of fixed assets, UAH thousands 8899 8901 2,0
Depreciation, UAH thousands 5784 5964 179,3
Depreciation of fixed assets, relative unit 0,65 0,67 0,0

DISCUSSION

The reform of the health care systemin 2017 took place
in accordance with the developed concept of the de-
velopment of medicine, which is based on the creation
of hospital districts. The resolution of the Cabinet of
Ministers «On some issues of the creation of hospital

districts» defines that they are a functional association
of health care institutions located in a certain region and
providing the population with primary and secondary
medical care [14].

On average, the hospital district covers about 60
kilometers of territory. Such a distance allows us to
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deploy a powerful network of various hospitals that
are able to provide almost the entire range of medical
services, starting from diagnostics and ending with
urgent treatment. The hospital district is headed by an
institution that coordinates the work of all institutions
and recommends building such organizational and
financial structures that allow the medical institution
to develop and create a quality medical product [15,
16]. At the same time, the main institution does not
make decisions on the creation of territorial districts,
the availability of appropriate hospitals, staffing and
technical support in them.

Only the community of the respective territory de-
cides on the formation of such hospital districts and the
activities of certain medical institutions in it. Also, the
community, led by the city government, decides how
much money it is ready to allocate for the operation
of this or that medical institution. That is why, if there
are problems with the use of funds in the community,
they must be solved jointly, taking into account areas
of savings or additional sources of funding.

After the decision of the city council to finance the
medical institution, its leaders consider whether they
have the opportunity to function under such conditions
or not. At the same time, each medical institution has
the authority to independently build its own financial
system and look for additional sources of funding.
Today’s medical institutions are financed not only
from the local budget, but also from alternative re-
sources, which can be: funds for the provision of paid
additional paid medical services; funds received from
renting temporarily vacant premises that are not used
for their intended purpose; funds from companies and
insurance organizations that carry out a comprehensive
examination of employees; charitable and sponsorship
contributions; financing through grants and other in-
ternational programs [17].

Moreover, it is the administration that creates the
prerequisites for the provision of such commercial
services and ensures the possibility of obtaining addi-
tional financing. Formation of the commercial part of
the medical institution’s income is a priority and com-
petence exclusively of the institution’s administration.

As for the hospital district, it is essentially not a
separate legal institution, but only a form of interre-
gional cooperation [18]. It is actually a regulatory tool
that allows creating a network of institutions that are
able to provide medical services in full. At the special
council, a number of necessary medical facilities, their
specialization and the range of medical services are
determined in order to provide medical care as fully as
possible within the limits of a certain hospital district.
The rule for building a network is simple: on the one
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hand, the patient must receive help in a timely manner,
and on the other hand, within the limits of his own ter-
ritorial district, he must receive the maximum possible
medical care, not to turn to hospitals of the regional or
regional level.

It should be noted that the reform of the medical sys-
tem was reflected in the financial condition of various
medical institutions in different ways. Yes, some medical
institutions were forced to close, because the reform
provides for the allocation of funds for specific patients,
and there were not many such patients in the hospital.
Other institutions received an additional influx of new
patients, which contributes to an increase in income
and creates prerequisites for the development of a cer-
tain medical specialization, building up the material and
technical base, expanding the range of services. Some
medical institutions rationally use allocated funds and
are able to independently expand the range of medical
services, create new medical services that are compet-
itive on the market [19, 20]. This means that providing
high-quality medical care, which is no worse than the
medical service of acommercial institution, the state in-
stitution receives an additional influx of patients, which
will be followed by an additional amount of funding.

However, despite the numerous advantages, it
is worth noting that the general public negatively
perceived such administrative reforms, as they were
influenced by certain political forces that did not al-
low the community to understand the specifics of the
medical reform. The essence of such a reform is that
the community itself takes care of the well-being of
the community, and its administration, which skilfully
cooperates with the community, is responsible for the
well-being of the hospital. However, in fact, in the final
result, the population of a certain territorial community
saw only the closure of some institutions, in particular
narrow-profile medical institutions, and therefore to
this day perceives all innovations negatively.

It should be noted that the KCDH coped with the re-
forms of medicine. In general, the financial condition of
the enterprise shows that the institution is autonomous,
that is, to a greater extent, it is financed from its own
sources of financing.

CONCLUSIONS

The implementation of hospital districts became a sig-
nificant event that changed not only the organization
of the provision of medical services, but also changes
in the financial and economic condition of medical
institutions. Despite the fact that the Kalush Central
District Hospital makes a profit, its financial condition
is not characterized by stability. In general, the financial
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condition of the enterprise shows that the institution is
autonomous, that is, to a greater extent, it is financed
from its own sources of financing. However, liquidity
indicators are negative, which require more effective
management of cash flows so that the organization
can timely repay salary arrears and pay mandatory
payments for the use of material resources and energy.

At the same time, we can see that a large number of
patients are coming to the hospital because the income
level has increased, which is definitely a positive factor.
However, when planning activities for the following
periods, it is necessary to take into account the need
to update material and technical support, as well as to
find sources of increasing staff wages.

REFERENCES

1. Andronik V. Biudzhet na medytsynu v 2021 rotsi: chomu hroshei znovu ne vystachyt [Budget for medicine in 2021: why there will not
be enough money again]. Sohodni. 2021. (in Ukrainian)

2. Hospitalni okruhy utvoreni. Shcho dali? [Hospital districts are formed. What's next?]. Vashe zdorovia. 2017. https://www.vz kiev.ua/
gospitalni-okrugy-utvoreni-shho-dali/

3. Begun JW, Zimmerman B, Dooley KM. Health Care Organisations as Complex Adaptive Systems. In: Mick SM, Wyttenbach M, editors.
Advances in Health Care Organisation Theory. San Francisco: JosseyBass; 2003. p. 253—88.

4. BrennanNM, Flynn MA. Differentiating clinical governance, clinical management and clinical practice. Clin Gov: AnIntJ. 2013;18(2):114-31.

5. Gilson L. Introduction to Health Policy and Systems Research. In: Gilson L, editor. Health Policy and Systems Research: A Methodology
Reader. Geneva: Alliance for Health Policy and Systems Research, World Health Organization; 2012.

6. Mason and Barnes. Constructing Theories of Change. Methods Sources Eval. SAGE publications; 2007;13(12):151-70.

7. Making innovation work: how to manage it, measure it, and profit from it. New Jersey: Wharton School Publishing; 2005.

8. Mlotshwa L, etal. Exploring the perceptions and experiences of community health workers using role identity theory. Glob Health Action.
2015;8:28045.

9. Campbell SM, et al. Implementing clinical governance in English primary care groups/trusts: reconciling quality improvement and quality
assurance. Qual Saf Health Care. 2003;11:9—4.

10. Bazilinska 0. Ya. Finansovyi analiz: teoriia ta praktyka: navch. posib. [Financial analysis: theory and practice: teaching. manual]. Kyiv:
Tsentr uchbovoi literatury. 2009; 328 p. (in Ukrainian)

11. Belialov TE, Oliinyk AV. Finansova stiikist pidpryiemstva ta shliakhy yii zmitsnennia. [Financial stability of the enterprise and ways to
strengthen it]. Mizhnarodnyi naukovyi zhurnal «Internauka. 2016; 12:22-26. (in Ukrainian)

12. Chernenok KP, Semenenko HM, Lukonin OV. Otsinka finansovoho stanu medychnoho zakladu v umovakh reformy finansuvannia systemy
okhorony zdorovia [Assessment of the financial condition of the medical institution in the context of the health care financing reform].
Efektyvna ekonomika. 2020; 12:23-29. (in Ukrainian)

13. Pro zatverdzhennia pereliku ta skladu hospitalnykh okruhiv Ivano-Frankivskoi oblasti [On approval of the list and composition of hospital
districts of the lvano-Frankivsk region]. Rozporiadzhennia Kabinetu Ministriv Ukrainy; Perelik vid 12.07.2017 N 473-p. (in Ukrainian).
URL: https://zakon.rada.gov.ua/laws/show/473-2017-p#Text

14. Deiaki pytannia stvorennia hospitalnykh okruhiv. [Some issues of creating hospital districts] Postanova Kabinetu Ministriv Ukrainy;
Poriadok, Polozhennia vid 27.11.2019 N1074. https://zakon.rada.gov.ua/laws/show/1074-2019-n#Text

15. Coovadia H, et al., The health and health system of South Africa: historical roots of current public health challenges. Lancet. 2003;
374(9692, 5-11):817-34.

16. Som CV. Clinical governance: a fresh look at its definition. Clin Gov: An Int J. 2004;9(2):87-90.

17. Cascon-Pereira R, Chillas S, Hallier J. Role-meanings as a critical factor in understanding doctor managers’identity work and different
role identities. Soc Sci Med. 2016;170:18-25.

18. Model lvano-Frankivskoho hospitalnoho okruhu proanalizuvaly pid chas robochoi poizdky v oblast zamministra okhorony zdorovia Ukrainy
[The model of the Ivano-Frankivsk hospital district was analyzed during a working trip to the region of the Deputy Minister of Health of
Ukraine]. Ivano-Frankivska ODA. 2022. https://www.if.gov.ua/news/model-ivano-frankivskoho-hospitalnoho-okruhu-proanalizuvaly-
pid-chas-robochoi-poizdky-v-oblast-zamministra-okhorony-zdorovia-ukrainy

19. Tait AR. Clinical governance in primary care: a literature review. Issues Clin Nurs. 2004;13:723-30.

20. Connell L, Durban A. clinical governance handbook for District Clinical Specialist Teams. Durban: Health Systems Trust; 2014.

The work was carried out according to the research work of Shupyk National Healthcare University of Ukraine for

2020-2024 on the theme of “Justification of innovative models of management and optimization of organizational forms
of activity of bodies, enterprises and health care institutions” (state registration number 01200U101680).

249



Mykola P. Stovban

ORCID and contributionship:
Mykola P. Stovban: 0000-0002-6576-7494**

Conflict of interest:
The Author declare no conflict of interest

CORRESPONDING AUTHOR
Mykola P. Stovban

Shupyk National Healthcare University of Ukraine,
Kyiv, Ukraine

tel: +380673999143

e-mail: Fedonyuk22Larisa@gmail.com

Received: 08.06.2022
Accepted: 22.01.2023

A-Work conceptand design, B— Data collection and analysis, C— Responsibility for statistical analysis, D —Writing the article, E— Critical review, F — Final approval of the article

@©gsaMShs  Artice published on-line and available in open access are published under Creative Common Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

250



© Aluna Publishing

Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 2, FEBRUARY 2023

ORIGINAL ARTICLE

DIGITAL IMAGES CLASSIFICATION IN AUTOMATIC
LAPAROSCOPIC DIAGNOSTICS

DOI: 10.36740/WLek202302102

Dmytro M. Bayzitov, Artem V. Liashenko, Mykola R. Bayazitov, Katerina A. Bidnyuk, Tamara L. Godlevska
ODESA NATIONAL MEDICAL UNIVERSITY, ODESA, UKRAINE

ABSTRACT

The aim: To evaluate the automatic computer diagnostic (ACD) systems, which were developed, based on two classifiers—HAAR features cascade and AdaBoost
for the laparoscopic diagnostics of appendicitis and ovarian cysts in women with chronic pelvic pain.

Materials and methods: The training of HAAR features cascade, and AdaBoost classifiers were performed with images/ frames of laparoscopic diagnostics.
Both gamma-corrected RGB and RGB converted into HSV frames were used for training. Descriptors were extracted from images with the method of Local
Binary Pattern (LBP), which includes both data on color characteristics («<modified color LBP»-MCLBP) and textural features.

Results: Classification of test video images revealed that the highest recall for appendicitis diagnostics was achieved after training of AdaBoost with MCLBP
descriptors extracted from RGB images — 0.708, and in the case of ovarian cysts diagnostics — for MCLBP gained from RGB images — 0.886 (P<0.05). Developed
AdaBoost-based ACD system achieved a 73.6% correct classification rate (accuracy) for appendicitis and 85.4% for ovarian cysts. The accuracy of the HAAR
features classifier was highest in the case of ovarian cysts identification and achieved 0,653 (RGB) — 0,708 (HSV) values (P<0.05).

Conclusions: The HAAR feature-based cascade classifier turned out to be less effective when compared with the AdaBoost classifier trained with MCLBP

descriptors. Ovarian cysts were better diagnosed when compared with appendicitis with the developed ACD

KEY WORDS: laparoscopic surgery, images analysis, HAAR features cascade, AdaBoost classifier

INTRODUCTION

Automatic computer diagnostic (ACD) / classification of
video - images is actual for minimally invasive abdominal
surgery and endoscopy [1 - 4]. ACD systems developed for
tracking laparoscopicinstrumentation [5], and identification
of zones of pathology proved their effectiveness [3, 6, 7].
As far as HAAR features exclude analyzing each pixel
of an image, the total time for analysis is shortened [5]. It
makes the recognition of images congruent with the ve-
locity of video-frames flowing and justifies the exploration
of the classifier based on the HAAR-features cascade for
video-data analysis. Meanwhile, the main disadvantage of
that classifier exploration is confined to a prolonged peri-
od of training, which might be measured in months when
tens of thousands of images are used. It is hard to avoid
thatinconvenience as far as increasing the number of im-
agesis proportional to the effectiveness of diagnostics [5].
To strengthen the effectiveness of the HAAR - fea-
ture-based classifier, we decided to use both color and
texture features for training [6, 8]. Thus texture features
such as the heightened mediana of greyscale and entropy
and contrast might be treated as informative differential
indices for normal tissue state identification [3, 9]. Be-
sides, as an alternative to HAAR feature-based classifier,

Wiad Lek. 2023;76(2):251-256

we have explored the AdaBoost classifier trained with
a minimal number of descriptors gained from the Local
Binary Pattern (LBP) method application [6]. The classical
method of LBP manipulates with the greyscale of colorand
ignores other colors’ information. Instead, the modified
LBP method, which includes data on color characteristics
(modified color LBP- MCLBP) [10], was used in the present
investigation to gain color and texture descriptors [11-13].

THE AIM

To compare the effectiveness of an ACD based on
HAAR-based features cascade classifier with an Ada-
Boost-based ACD, which both were trained to distin-
guish between the normal and pathological state of the
appendix and ovary in women with chronic pelvic pain
syndrome. Besides, the comparison of diagnostic results
between RGB and HSV color scales was performed.

THE OBJECT OF THE INVESTIGATIONS

Data on true and false diagnosed appendicitis and
ovarian cysts gained in the course of laparoscopic ACD
were taken into consideration.

251



Dmytro M. Bayzitov et al.

MATERIALS AND METHODS

All observations were performed in accordance with

Helsinki Declaration, international laws, and policies.

Odesa National Medical University Bioethics Committee

(UBC) approval (No17) dated 22/03/2018 was obtained

before the start of the study.

The following steps were performed in the course of
collecting data and their analysis:

- Calibration of a digital camera, which included white color
balance and conversion of color scale into digital code;

- The object was located in the frontal position, which
was under inspection. The deviation from the right
angle was 15+5 degrees, and the distance to the vi-
sualized zone was from 3 to 5 cm [11]. Those images
which got in a such a fashion were used for both ACD
training and testing;

- Those zones of interest size were 60 x 60 pixels [6, 8]; in
the course of the laparoscopic intervention, the speed
of video frames was modified via using the low-fre-
qguency filter, and the size of the image was artificially
modified from 30 x 30 up to 60 x 60 pixels, which was
necessary for optimizing classificatory performance.

- Gamma-correction of the gained image performed
with the recalculation of gamma-coefficient. The usage
of gamma-correction in the preprocessing of primarily
gathering information permits to identify relations
between quantitative pixel characteristics and their
actual brightness [7, 11, 12].

- Conversion of RGB scale into HSV one. Haar features’
orientation justifies such a conversion on the estima-
tion of the intensity of pixels.

-Training to HAAR features classifier, using both RGB
and HSV images;

- Training AdaBoost classifier with MCLB templates [6,
8]; key features used were confined to mean, entropy,

contrast, homogeneity, and excesses.
- Results of classification stored in the database, and
additional analysis performed later on.
All laparoscopic videos got a 5 mm aperture diameter
Carl Storz Tricam Camera (Carl Storz, Germany) during
the 2015-2021 years. That camera had the analogous
input (PAL 475 horizontal lines), and the incoming signal
was digitalized with the pixel density of 720 x 576 and
capture was made with video capture card “AVerMedia
HD capture Studio 203" (Avermedia, France) and pre-
sented at ACD interface (Fig 1).

FEATURES EXTRACTION

AND CLASSIFIER TRAINING

MCLBP calculates LBP for Rand G channels of normalized
RGB color space [10]. It served to get a more stable RGB -
MCLBP under different conditions of illumination intensity.

The texture characteristics calculation using HSV -
MCLBP was performed via recalculations on the Hue
channel, which was invariant concerning illumination
and saturation variability. For LBP calculation, the radi-
us of 1,5 and 12 pixels was applied [10]. The pertinent
pattern created for each scale vector, as a result, and
the characteristic vector for templates of MCLBP, which
included mean, entropy, contrast, homogeneity, and
excesses, was determined [10, 11].

For the training of classifiers, 45 laparoscopic video
images of patients with appendicitis and 43 with ovarian
cysts were used as“positive”ones (Figure 2). Also, 40 videos
gained from the normal appendix and 35 from the ovarian
surface for the classifier training were used as a control
- “negative” images. Each video contained 2500 — 3000
frames, among which manually, those for teaching and
testing collections were verified, cropped out, and stored.

Table I. Comparative effectiveness of HAAR features-based and Ada-Boost classifiers trained with RGB and HSV images

Classifier Frames ty.p'e Tr'u ¢ Tru? Fa.ls.e Fals-e Precision  Recall F1 Accuracy
used for training positive negative positive negative Score
Appendicitis
Haar-features RGB 107 113 83 136 0.563 0.440 0.494 0.501
cascade HSV 116 125 71 127 0.601 0.477 0.527 0.549
MCLBP (RGB) 172 151 45 71 0.793*# 0.708*# 0.748*#  0.736*#
AdaBoost MCLBP (HSV) 145 137 59 98 0.711* 0.597*  0.649% 0.642*
Ovarian cysts
Haar-features RGB 83 105 45 49 0.654 0.629 0.641 0.653
cascade HSV 94 110 40 38 0.701 0.712 0.706 0.708
MCLBP (RGB) 17 129 21 15 0.848%# 0.886*# 0.867*#  0.854*#
AdaBoost MCLBP (HSV) 106 116 34 26 0.757 0.803*  0.779* 0.771*

Note: Fisher'sexact test used for statistical comparison *-P<0.05 when compared with the corresponded group diagnosed with Haar—features cascade;
#-P<0.05 when results between RGB and HSV data compared in corresponded groups.
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For classifiers training, the next parameters were
explored [6]:
- False-positive rate f = 0,3;
- Windows with the size of the frame as 60x60 pixels;
- Number of positive images - n=1000 for each pathology;
- Number of negative images - n=500;

After cessation of training, the tests were performed to
estimate the effectiveness of recognition.

Test sessionimages were different from those which have
been used for the training of the classifier. Test control ses-
sions were performed with 243 frames containing appen-
dicitis and 132 frames with ovarian cysts. Three 346 frames
with the absence of mentioned pathology were used as a
control group — normal appendix (196) and ovarium (150).

STATISTICAL PROCEDURES

To assess the performance of our classifiers, we use the
measures precision, recall, and F-score [1, 5]. Precision
measures the fraction of the detected-positive instanc-
es, which are true-positive (TP):

Precision =TP/ (TP + FP),

where FP - false positive instances.

A recall (TP/ P - number of positive instances) is the
fraction of all true-positive instances, which are also
detected positively.

F-score (also F-measure or F1-score) is the harmonic
mean of precision and recall:

F = 2 x Precision * Recall/ Precision + Recall.

Accuracy is the proportion of correctly classified items
out of all the items classified:

Accuracy = (TP +TN)/ (TP + TN + FP + FN),

where TN - the number of true-negative, FN - the
number of false-negative instances.

Statistical comparisons of gained data were per-
formed using Fisher’s exact test. The value of P<0.05
was taken as significant.
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RESULTS

Presented data showed that appendicitis diagnostics in
women with chronic pelvic pain were less effective than
diagnostics of ovarian cysts (Table ). Such difference in
effectiveness was observed in both training with RGB
and HSV types of images. Meanwhile, the highest value
of recall was observed for appendicitis diagnostics after
training with RGB images for MCLBP —0.886 and exceeded
such one for training with HSV images for MCLBP, which
occupied second place - 0.803 (P<0.05). The lowest recall
was registered for appendicitis diagnostics with HAAR
features trained with RGB images (0.440). It should be
stressed that in the course of diagnostics of appendicitis
as well as diagnostics of cysts MCLBP- based methods
revealed better diagnostics results when compared with
the based RGB and HSV images training of the classifiers.

Itis worth noting that training MCLBP with RGB images
raised the number of true positive diagnoses pertained
to that gained with HAAR-features cascade classifier in
case of appendicitis diagnostics by 1.61 times (P<0.05)
and in case of ovarian cysts diagnostics — by 1.41 times
(P<0.05). The corresponded reduction of false-negative
diagnoses was 1.92 (P<0.05) and 3.27 times (P<0.05). A
less pronounced increase in the number of true positive
diagnoses with MCLBP — HSV training was 1.25 times for
appendicitis and 1.13 times for ovarian cysts. The reduc-
tion of false-negative diagnoses was 1.18 and 1.08 times
correspondently.

DISCUSSION

Hence, gained data favor the relatively high effective-
ness of laparoscopic diagnostics of the diseases that
cause chronic pelvic pain in women using developed
ACD systems. It should stress that such a result corre-
sponds with early gained data in the course of liver pa-
thology diagnostics [6]. Altogether our data prove that
only the HAAR-like feature-based classifier is insufficient
for reliable object classification [5].

One of the reasons for such a difference is that HAAR
feature-based cascade classifier needs more time for
the stream of image recalculation, even though better
diagnostic results followed training with HSV imag-
es. The massive number of variants of pathological
manifestations (shape, color, texture) and the role of
different orientations are also crucial for correct HAAR
feature-based cascade classifier application [14, 15].

Also, our data showed that diagnostics of appendicitis
results were weaker than cysts diagnostics independent-
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ly ofimage type, which was used for training. Such result
points to less potential of HAAR features based classifier
for correct video laparoscopic diagnostics when com-
pared with AdaBoost results of diagnostics.

Hence, developing a diagnostic system based on
training with modified templates of both RGB and
HSV images and minimal MCLBP-derived descriptors
substantially improved the results of classification per-
formed with the AdaBoost classifier. Our data showed
that MCLBP descriptors from RGB images drastically
reduced false-negative diagnoses - by 1.92 for appen-
dicitis and 3.27 times for ovarian cysts compared with
the corresponding data gained with Haar feature-based
classifier exploration. The number of true positive diag-
noses rose by 1.61 times and by 1.41 correspondently.
Similar tendencies but less pronounced were registered
for training with HSV images.

It should be noted that results on RGB image usage
were better than such ones based on HSV image ex-
ploration. This fact is in favor of a better description of
tissue propertiesin the RGB color scale [7, 16]. Although
the netadvantage of HAAR features based classification
- shortened number of data for the machine learning
as well as preventing overfitting of trained classifier
[15, 17], the exploration of MCLBP-based training of
AdaBoost proved to be more effective for laparoscop-
ic ACD of diseases which caused chronic pelvic pain
in women. It is also possible that a cascade classifier
trained with MCLBP descriptors could demonstrate
better diagnostics performance, and AdaBoost trained
with HAAR descriptors.

Altogether, our data point to a positive perspective
with the usage of MCLBP descriptors for AdaBoost
classifier training to resolve automatic diagnostics
problems in laparoscopic surgery.

CONCLUSIONS

1.The ACD of laparoscopic images based on the
AdaBoost classifier permitted effectively classify-
ing appendicitis and ovarian cysts in women who
suffered from chronic pelvic pain with the highest
recall gained with MCLBP from HSV images used for
training — up to 0.803, and for MCLBP RGB - up to
0.886 correspondently.

2. MCLBP used descriptors for training the AdaBoost
classifier proved to increase the precision, recall, F1
score, and the accuracy of automatic diagnostics of
appendicitis and ovarian cysts.
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ABSTRACT

The aim: To find out whether diaphragm dysfunction might lead to unsuccessful weaning from MV.

Materials and methods: We provided prospective observational cohort study and included 105 patients and divided them in the study and the control
groups. To consider diaphragm function, we check amplitude of its movement and diaphragm thickening fraction (Dtf).

The primary outcome was the incidence of successful weaning from MV. The secondary outcomes were changes in diaphragm function parameters.

Results: In the current study, there were found that the incidence of successful weaning from MV was 100% for the day 1 in the control group, while in study
group the incidence was significantly lower. Successfully weaned from MV in the study group among children 1 month — 1 year old on day 14 were 20 out 28
patients (71%), in children T — 3 years old — 9 out 11 patients (82%), in children 3 — 5 years old — 15 out 15 (100%). However, on day 1 — no one from the
study group was weaned (0%), on day 7 — 5 out 28 patients 1 month — 1 year old (18%), 6 out 11 patients (55%) 1 — 3 years old, and 8 out 15 patients (53%)

3-5yearsold (p<0.05).
Conclusions: Diaphragm dysfunction might alter weaning from MV.

KEY WORDS: children, diaphragm, respiratory failure, respiratory physiology

INTRODUCTION

Patients who are admitted to an ICU frequently exhibit
muscle weakness, and the respiratory muscles are often
affected.[1]. On the other hand, mechanical ventilation
(MV) is associated with diaphragm injury and its mech-
anism might be complex and is due to myotrauma [2].
Both these clinical problems frequently occur in me-
chanically ventilated patients and predisposes them
to prolonged ventilator dependence and poor clinical
outcomes [3] and the presence of either insufficient or
excessive diaphragmatic contractile effort plays a cen-
tral role in this process [4]. These facts were confirmed
for adults, therefore assessing diaphragmatic function
with ultrasound is a routine investigation when patient is
ready for decreasing MV parameters and weaning from MV.

Significantly, it has been observed that similar patho-
physiology changes are present in pediatric patients, who
need to be mechanically ventilated due to acute or chronic
respiratory failure [5, 6]. In the last decades we observed the
improvement in the treatment of pediatric acute respiratory
failure [5], and the mortality rates in children under 5
years old have steadily declined in the European Region.
However, children are still dying from acute respiratory
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failure caused by pneumonia [7] despite the presence
of modern guidelines on oxygen therapy for children
[8] and mechanical ventilation of critically ill children
[9]. Nevertheless, there is no a littke knowledge about
diaphragm dysfunction in children, admitted to ICU
and no evidence that diaphragm dysfunction leads to
complicated weaning from MV.

The study hypothesis was that diaphragm dysfunc-
tion could not lead to unsuccessful weaning from respi-
ratory supportin children with acute respiratory failure.

THE AIM

The aim of the study was to find out whether diaphragm
dysfunction in patients with acute respiratory failure
might lead to unsuccessful weaning from MV.

MATERIALS AND METHODS

We provided prospective observational cohort study at
the Department of Anesthesiology and Intensive Care
and included 105 patients T month - 5 years old. Study
group (n=54) included patients with acute respiratory
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failure due to pneumonia, who need to be provided
with MV over 72 hours. Control group (n=51) included
patients, who underwent short term MV (less than 2
hours) during elective otolaryngology or urology sur-
gery, had no risk factors of diaphragm dysfunction (se-
vere malnutrition, congenital neuro-muscular diseases,
onset of ICU admission during last 6 months), and were
weaned from MV after surgery were held. Exclusion cri-
teria for the study were: the refusal of the patient’s legal
representatives to participate in the study at any of its
stages, the patient’s agonizing state upon admission,
and the onset of MV less than 48 h after prior weaning.

The study was conducted in accordance with the
requirements of good clinical practice, the Council of
Europe Convention on Human Rights and Biomedicine,
the Helsinki Declaration of the World Medical Associ-
ation. The study was approved by the Bioethics Com-
mission, protocol N21, January 30, 2018. All patients’
relatives or their legal representatives signed informed
consent to participate in the study.

For demographical data we divided all patients into
age subgroups (Table ). It was established risk factors of
diaphragm dysfunction, selected MV parameters accord-
ing body weight and height, individualized treatment.

Both groups received lung-protective mechanical
ventilation with pressure control ventilation mode
(PCV), study group - with “Hamilton C1” or “Hamilton
(3" control group — with “Leon” anesthetic machine.
Parameters of MV in both groups depended on oxy-
genation and CO, elimination. In addition, in the study
group we took into account lung compliance and
airways resistance data. The parameters of MV across
research in the study group depended on oxygenation,
CO, elimination, acid-base analysis, course of the dis-
ease and ranged: PIP from 18 to 26 cm H,O; PEEP from
7 to 14 cm H,0; Rate from 32 to 20 per min; Tin from
0.5 to 1.4 sec; Pplat from 16 to 24 cm H,O; TV=5-7 ml/
kg; FiO,from 0.65 to 0.4; while in the control group MV
parameters were more predictable and ranged: PIP =
16-18 cm H,O; PEEP = 3-4 cm H,O; Rate = 22 - 28 per
min; Tin=0.5 - 1.1 sec; TV = 6-7 ml/kg; FiO, = 0.6.

For the structural and functional assessment of the
diaphragm we used ultrasonography of diaphragm
during respiration: in the study group — 10:00 - 11:00
AM after suctioning and then 30 minutes rest with the
as minimal as possible sedation level and as best as
possible spontaneous breathing efforts level but not less
than 60% of spontaneous minute volume ventilation;
in the control group - 9:00 — 12:00 AM after restoration
of spontaneous breathing after surgery with light se-
dation and achieving over 60% of spontaneous minute
volume ventilation. The ultrasound examinations were
carried out by two experienced investigators using a
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commercially available Vivid S60N, GE Healthcare, Mil-
waukee, WI, USA with curvilinear transducer 3-5 MHz,
60-mm curved array. Patients were in supine position
and transducer was placed in L3 (lung zone 3, gth_1oth
intercostal spaces, between the anterior and posterior
axillary lines), marker pointing cephalad. We search for
the interface between the diaphragm and lung at about
5th to 8th intercostal space with identification of lungs,
diaphragm, liver, and spleen. Both side examination with
B-mode for identification of structures and M-mode for
diaphragm function evaluation were used. We measured
amplitude of diaphragm movement and inspiratory time
with calculation of diaphragm thickening fraction (Dtf),
which reflects the magnitude of diaphragmatic effort,
for both right and left hemidiaphragmes.

Dtf was calculated as percentage from the formula:

(thickness at end-inspiration — thickness at end-expi-
ration)/thickness at end expiration x 100.

The primary outcome was the incidence of success-
ful weaning from MV. The secondary outcomes were
changes in diaphragm function parameters, which
made the confirmation of the diaphragm dysfunction
diagnosis. It was the amplitude of diaphragm move-
ment (and decreasing less than 8 mm was a marker of
under-assistance during MV, increasing over 15 mm
was a marker of over-assistance during MV), and Dtf
(decreasing below 15% was a marker of diaphragm
weakness and its increasing over 35% - a marker of
high respiratory function and a potentially damaging
diaphragm factor).

Stages of the study: 1 day, 7*" day, 14" day. We com-
pared study and control group only on the 1*day. Next
stages we used to compare changes over time only for
the study group.

Results described in this article is the part of the clin-
ical study “Diaphragm ultrasound and trends in elec-
trolyte disorders and transthyretin level as a method to
predict ventilation outcome in children: the prospective
observational cohort study”; ISRCTN84734652.

Statistical analysis. The D’ Agostino test was used to
assess the normality of continuous variables. Descrip-
tive statistics are presented as mean + SD, median [IQR]
or numbers (%), as appropriate. Continuous variables
were compared with Student’s t-tests or Mann-Whit-
ney U-tests. All statistical analyses were performed
using SPSS (SPSS 23.0; IBM Inc., Armonk, New York, USA)
software,and P value less than 0.05 was considered
statistically significant.

RESULTS

All participants completed the study protocol. No
adverse events were observed during the study. Dia-
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Fig. 3. Children 3-5 years old

phragm ultrasound data showed significant reduction
of ventilator-patient asynchrony and, in addition,
reduction the need in deep sedation after beginning
weaning from MV in both groups but not significant
difference between groups.

DIAPHRAGM THICKENING FRACTION

Results are presented as median with IQR. Dtf for right
hemidiaphragm was significantly lower in the study
group in children 1 month - 1 year old on day 1 com-
pared with the control group (p<0.05), and significantly
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Table I. Personal data

Group (age), n

Study (1 month Study (1-3 Study (3-5 Control(1month Control(1-3  Control (3-5
- 1yearold), years old), years old), - 1yearold), years old), years old),
n=28 n=11 n=15 n=15 n=16 n=20
Sex (male/female) 18/10 7/4 9/6 10/5 8/8 12/8
Age (months) 1.8[1.2;2.9] 14.5[12.5;19.0] 39.5[37.0;44.5] 2.1[1.5;2.8] 15.1[13.5;21.0] 41.5[38.0;46.5]
Height (cm) 55[53; 56] 71[68; 73] 95 [92; 99] 55[52; 58] 72[69; 74] 99[93;102]
Weight (kg) 4.1[3.6;4.3] 9.9[8.9; 11.5] 14.2[13.2; 16.5] 4.2[3.4;4.4] 11.1[9.5;11.8] 15.4[14.6;16.9]
BMI, kg/m? 13.8[13.4;14.1] 19.8[19.2;20.2] 15.8[14.9;16.2] 13.9[13.6;14.2] 21.9[18.7;224] 16.1[15.4;18.9]

* Data presented as median with IQR or numbers when applicable.

Table Il. Changes in diaphragm movement amplitude for the study and the control groups

Group, study stage P
Data Age (for control and study
Control,day1  Study,day 1 Study,day7  Study, day 14 groups on day 1)
Amplitude of tmonth T g6 10) 312;5] 513;8] 18 [13; 20] 0,04
diaphragm movement, year o
arithmetic meansfor 1 -3 yearsold 10[9; 11] 6 [5; 9] 81[6;11] 11[9; 15] 0,12
rightand leftsides mm 3 _g5yearsold  14[8; 16] 716; 9] 10(7;12] 16 [12; 19] 0,03

Table I1I. The successful weaning from MV incidence in the control and the study groups

Group, study stage P (for control and study
Data Subgroup
Control,day1 Study,day1 Study,day?7 Study, day 14 groups on day 1)
Count of f month =1 15/15 0/28 5/28 20/28 0,04
successfully year old

weaned from MV 1 _ 3 0ar6 o1 16/16 0/11 6/11 9/11 0,02

patients/ total
patients’ count 3-5yearsold 20/20 0/15 8/15 15/15 0,03

higher across the research on day 14 in comparison with
day 7 in the study group (p<0.05). On the other hand,
for left hemidiaphragm Dtf was significantly higher on
day 1 in the study group compared with the control
group (p<0.05) (Fig.1).

In children 1 year - 3 years old in the study group
Dtf was significantly higher for both right and left
hemidiaphragms on day 1 compared with the control
group (p<0.05) (Fig.2). On day 7 and day 14 data were in
normal reference ranges with no significant differences
between this study stages for the study group.

Dtf for right and left hemidiaphragms in children 3
years- 5 years old in the study group has no significant
differences with the control group on day 1 and no
significant differences across the research in study
group (Fig.3).

The analysis of the incidence the absence of spon-
taneous movements of diaphragm in study group
showed, that 3 out 28 patients1 month - 1 year old, 1
out 11 patients 1 - 3 years old, and no one out 15 pa-
tients 3-5 years old have this deterioration on day 1. No
such kind changes were observed on next study stages.
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AMPLITUDE OF DIAPHRAGM MOVEMENT
Results are presented as median with IQR. We have
made the analysis of data on right and left sides, they
were very close for every patient, therefore we present
arithmetic means for both sides diaphragm movement
amplitude.

No statistically significant differences were found
between groups in children 1-3 years old across the
research (Table II).

We compared the amplitude of diaphragm move-
ment across the research in children 1 month - 1 year
old in the study group and found out that data were
significantly decreased on day 1 and day 7 (p<0.05),
and significantly increased on day 14 in comparison
with day 7 (p<0.05) (Table Il). In addition, this parameter
had the tendency for increasing during the research for
all patients in the study group. In particular, in children
1 month - 1 year old it increased from 3 [2; 5] mm on
day 1to 5[3;8lmmonday 7,and to 18 [13; 20l mm on
day 14, while in children 1 - 3 years old - from 6 [5; 9]
mmonday 1to8[6; 11]onday 7 and to 11 [9; 15] mm
on day 14. In children 3-5 years old these data were 7
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[6;99mmonday1,10[7; 12l mmonday 7,and 16 [12;
19] mm on day 14.

According to the obtained data, it could be stated
that diaphragm dysfunction was detected in children
1 month - 1 year old in the study group on day 1 and
day 7 with confirmation of insufficient diaphragm load
and on day 14 with confirmation of diaphragm over-
load. Also, we found subclinical diaphragm overload in
children 1 - 3 years old on day 1. There were no found
data about diaphragm dysfunction in children 3-5 years
oldin the study group. There were no found data about
diaphragm dysfunction in the control group.

In the current study, there were found that the inci-
dence of successful weaning from MV was 100% for
the day 1in the control group, while in study group the
incidence was significantly lower (Table Ill). Successfully
weaned from MV in the study group among children 1
month - 1 year old on day 14 were 20 out 28 patients
(71%), in children 1 - 3 years old - 9 out 11 patients
(82%), in children 3 — 5 years old — 15 out 15 (100%).
However, on day 1 — no one from the study group was
weaned (0%), on day 7 - 5 out 28 patients 1 month - 1
year old (18%), 6 out 11 patients (55%) 1 - 3 years old,
and 8 out 15 patients (53%) 3 - 5 years old (p<0.05).

DISCUSSION

In this prospective observational cohort study, we
hypothesized that diaphragm dysfunction could not
lead to unsuccessful weaning from respiratory support
in children with acute respiratory failure. The results
showed, to the contrary, that the presence of dia-
phragm dysfunction was significantly higher in patients
with acute hypoxemic respiratory failure compared with
healthy individuals of the same age.

The diaphragm is the primary muscle of inspira-
tion and therefore crucially determines the patient’s
ability to sustain ventilation in the face of respiratory
loads (acute or chronic). By prolonging ventilator
dependence, dysfunction predisposes to further dia-
phragm atrophy and injury, to nosocomial complica-
tions (ICU-acquired weakness, nosocomial sepsis, so
on), and to a higher risk of long-term morbidity and
mortality [3]. It is well known that acute respiratory
failure might lead to self-inflicted lungs injury [11]
and diaphragm myotrauma [12] therefore the role of
spontaneous breathing among patients with acute
hypoxemic respiratory failure is debated. On the other
hand, there is no possibility to achieve readiness for
weaning from MV without continuous training with
increasing spontaneous breathing efforts and decreas-
ing mechanical respiratory support. And the balance
among these two processes is crucial in surviving

patients and as soon as possible weaning from MV.
Consequently, diaphragm ultrasound helps to check
diaphragm function is highly important modern tool
in ICU. Our study adds the important information
that the presence of diaphragm dysfunction worsens
clinical outcome due to decreasing the incidence of
successfull weaning from MV. These results might be
expected beforehand, since data from previous studies
in adult patients were published, where was estab-
lished that diaphragm weakness can impact survival
and increases comorbidities in ventilated patients
[13]. Mechanical ventilation is linked to diaphragm
dysfunction through several mechanisms of injury,
referred to as myotrauma. By monitoring diaphragm
activity and titrating ventilator settings, the critical
care clinician can have a direct impact on diaphragm
injury [3].

Based on the results of this study, it seems that
good diaphragm contraction quality with enough
level of its movement amplitude facilitates smooth
and quick liberation from respiratory support. So, the
amplitude of diaphragm movement from 8 [6, 10] mm
in infants in the control group, 10 [12, 131 mm in 1-3
years old children of the same control group, and 14
[11, 18] mm in children 3 - 5 years old in the control
group on day 1 give 100% of successful weaning. Of
course, these were patients with good lung compli-
ance unlike the study group, where patients need to
do high respiratory muscles” work to maintain gas
exchange in case of low lung compliance. The reason
for lower incidence of weaning from MV till day 14 in
children 1 month - 1 year old in the study group might
be in physiological features of respiratory system for
this age. It is difficult to achieve a good level of ven-
tilator-patient interaction due to psychological issues
which lead to patient-ventilator asynchrony with
excessive muscles work, what have the confirmation
in high level of amplitude of diaphragm movement
on 14 day in infants in the study group with the high
level of Dtf on the same day 14, when the median for
right side was 47% and for the left side - 38%. The the-
oretical confirmation of harmfulness the underassis-
tance myotrauma are study about the effects of both
chronic and acute load-induced diaphragm injury
which have been demonstrated by muscle biopsiesin
healthy subjects and patients with chronic obstructive
pulmonary disease (COPD) [11]. Contraction against
an excessive load (isotonic/concentric loading) leads
to acute diaphragm injury, inflammation, and weak-
ness [13, 14]. Critically ill patients are at especially high
risk for load-induced injury as systemic inflammation
renders the muscle fiber membrane (sarcolemma)
more susceptible to injury [14]. In an experimental
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sepsis model, applying mechanical ventilation to
relieve inspiratory loading significantly attenuates
muscle fiber injury and diaphragm weakness [15]. In
addition, patients with a thickening fraction value of
15-30% on average during the first 3 days of venti-
lation (similar to that of healthy subjects at rest) had
stable diaphragm thickness and the shortest duration
of ventilation [16].

In conclusion, the optimal effort level to prevent
diaphragm dysfunction is uncertain and may vary
according to the patient’s clinical condition. Several
lines of evidence suggest that maintaining a relatively
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ABSTRACT

The aim: To check the effectiveness of the methodology for the formation of students”health culture in the process of their physical education and health
recreation activities

Materials and methods: The following methods were used to achieve the aim: analysis, synthesis and generalization of literary sources, pedagogical
observation, questionnaires, testing, pedagogical experiment, methods of mathematical statistics. 368 students took part in the ascertaining experiment, 93
students were involved in the formative experiment (52 — experimental group, 41 — control group).

Results: The existing level of health culture formedness in students was revealed to be insufficient, which stipulated the development and substantiation of
the methodology for the formation of students’health culture in the process of their physical education and health recreation activities.

Conclusions: The implementation of the methodology for students” health culture formation into the educational process contributed to an increase in the
number of students with a high level of health culture and the level of motivation for a healthy lifestyle. The level of physical fitness of the experimental group

students significantly improved during the experiment. All this confirms the effectiveness of the developed methodology.

KEY WORDS: students, physical education, health, health culture, health recreation activities

INTRODUCTION

The problem of formation of students’health culture in
higher educational institutions (HEIs) in the process of
their physical education and health recreation activities
finds its imprint in the psychological and pedagogical
literature and occupies a leading place in the general
complex of scientific research on health [1, 2]. This is due
to the fact that a person’s working capacity, well-being,
intensity and productivity of work depends on the state
of his / her health. In addition, the satisfaction of a per-
son’s need for creative self-realization depends crucially
on his / her health, which is one of the most important
prerequisites for effective professional activities. The
lack of priority for health culture formation as a leading
factor in its preservation and promoting occupies one
of the main places among the reasons for the decline in
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students’health [3, 4]. In this regard, the improvement
of the higher education system through its modifi-
cation with modern systems of health strengthening
and formation as an important factor in the creative
development of the student’s personality acquires
special importance.

The analysis of a number of scientific sources [5, 6]
indicates that during the course of study, most stu-
dents of HEIs do not experience significant positive
changes in the individual level of health in general
and health culture formation in particular. This fact
can be explained by the insufficient organization of
work on health culture formation and consideration of
the individual characteristics of students during such
training sessions. Attempts to use physical education
as a means of health improvement without realizing
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the need for self-education create only prerequisites
for the modernization of the process of forming a per-
son’s physical development. Otherwise, it isimpossible
to create a holistic system of health culture formation
in an individual. Therefore, currently the problem of
forming, preserving and protecting the health of youth
in Ukraine is considered from the standpoint of its rele-
vance as a factor of national security and a strategic goal
of the state’s development, becoming one of the most
important directions of national policy in the conditions
of the Covid-19 epidemic and the large-scale war.

THE AIM

The aim is to check the effectiveness of the method-
ology for the formation of students’ health culture
in the process of their physical education and health
recreation activities.

MATERIALS AND METHODS

The research was conducted at Zhytomyr Ivan Franko
State University in 2020-2022. 368 (98 men, 270 wom-
en) students took part in the ascertaining experiment
(2020). The formative experiment lasted one academic
year (beginning of the experiment - September 2021,
end - May 2022) and involved 93 students (52 — exper-
imental group (EG), 41 - control group (CQG)).

The following research methods were used to achieve
the aim: analysis, synthesis and generalization of liter-
ary sources, pedagogical observation, questionnaires,
testing, pedagogical experiment and methods of
mathematical statistics. The analysis, synthesis and
generalization of scientific literature were carried out
to characterize the problem of forming health culture
among students of HEIs in the process of their physical
education and health recreation activities. We analyzed
15 sources on the topic of the article; most of them are
2019-2021 editions from the scientometric databases
PubMed, Scopus, Web of Science Core Collection and
others. The observations, questionnaires and testing
were conducted to identify the level of students’health
culture formedness in the process of physical education
and health recreation activities.

The questionnaire was used to obtain subjective in-
formation related to the formation of students’ health
culture, which cannot be obtained by other research
methods. The ascertaining stage provided for the ap-
plication of the author’s methodology, which contains
16 questions and concerns the determination of the
level (high, average or low) of students’self-assessment
of their own health culture by various factors (the level
of physical development, physical fitness, adherence

to healthy lifestyle, etc.) The students who joined the
Faculty of History, the Faculty of Physics and Mathe-
matics as well as the Faculty of Natural Sciences in 2020
(n =368) took part in the survey.

The formative stage involved the usage of two ques-
tionnaires: the first one was used to study the dynamics
of the level of students’ health culture during the ex-
periment; the second one was aimed at determining
the students’ motivational factors for the formation
of health culture. The first questionnaire contained
20 questions, each of which was evaluated in 3, 4, 5
points, respectively, corresponding to low, average and
high levels of health culture formedness according to
motivational, cognitive and activity components. The
assessment of students’ answers in the first question-
naire was carried out by the point-based method, as
high, average and low. High score corresponded to 82-
100 points, average — 74-81, low - 60-73. A high score
characterizes the student’s perfect level of knowledge,
skills and abilities of a healthy lifestyle, the ability to
analyze and interpret the peculiarities of fitness and
health recreation activities and factors affecting the
quality of health, the ability to set tasks and find means
of their implementation in achieving a positive result
in health culture formation. An average score charac-
terizes the situational possession of the algorithm for
building an effective system of health culture formation,
occasional manifestations of the ability to apply the
acquired knowledge, skills and abilities during fitness
and health recreation activities, partial ability to imple-
ment the tasks of health culture formation. A low score
characterizes the lack of mastery of the algorithm for
building an effective system for health culture forma-
tion, the lack of ability to apply the acquired knowledge,
skills and abilities during fitness and health recreation
activities, not formed ability to implement the tasks of
health culture formation. The first year students of the
Faculty of Physics and Mathematics who entered the
HEIin 2021 took part in the survey during the formative
experiment (EG: men =23, women =29; CG: men =21,
women = 20). The EG and the CG were formed without
any selection criterion, according to the formation of
the faculty’s study groupsii. e. the first two groups were
included in the EG, the third and fourth - in the CG.
The second questionnaire was used to diagnose the
motivational orientation for health culture formationin
the EG students (n =52, men — 23, women - 29), which
included a list of motivational factors (8 factors) for each
of which students had to give one answer from two
options“yes”or”no”. The questionnaire was anonymous,
which increased the reliability of obtaining true results.

The purpose of the pedagogical experiment was to
justify the methodology for health culture formation in
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the process of physical education and health recreation
activities as well as to check its effectiveness.

The health culture is an integrative personal forma-
tion, which includes socially and professionally signifi-
cant life values and value orientations of the individual,
based on individual knowledge about the essence of
health, ways and methods of its formation, preservation
and strengthening. Health culture of students of HEls
performs value-oriented, regulatory, prognostic and
transformative functions. One of the most important
directions of health culture formation in students is their
involvement in fitness and health recreation activities,
which is designed to form a careful attitude to their
own health. Therefore, systematic physical exercises
that form a healthy lifestyle, both during the academic
training process in physical education and during ex-
tracurricular fitness and health recreation activities, are
relevant now. Taking into account the findings of many
scientists and based on the results of our own research,
we substantiated the author’s methodology for health
culture formation in the process of physical education
and health recreation activities. The essence of the
author’s methodology is the formation of students’
knowledge, skills, practical abilities in the formation,
preservation and promotion of health in the process of
educational and future professional activities, as well as
in the formation of their strong motivation for a healthy
lifestyle and regular fitness and health recreation ac-
tivities. The content of the author’s methodology was
aimed at deepening students’ knowledge of health
culture, the main factors of a healthy lifestyle, studying
various means of fitness and health recreation activities,
the ability to assess the level of their own health, body
structure and physique formation, being able to build
a program of motor activities, optimal diet and sleep,
rehabilitation and leisure activities, mastering the skills
of control and self-control over their own health, etc.
The author’s methodology was introduced into the
academic training process of physical education of
students of pedagogical specialties in Zhytomyr Ivan
Franko State University. The implementation of the
methodology was carried out both during physical
education training sessions (one session per week)
and during extracurricular physical education training
sessions (two sessions per week). The training sessions
were conducted by a physical education instructor. All
training sessions contained both a practical part (per-
formance of physical exercises) and a theoretical part
(mini-lectures, conversations, discussions, keeping a
health diary). The duration of the implementation phase
of the author’s methodology is one academic year. The
experiment involved 100 % of the first year students of
the Faculty of Physics and Mathematics who joined it
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in 2021 (n =98) and were assigned to the main educa-
tional department.

The effectiveness of the methodology for health cul-
ture formation in the process of physical education and
health recreation activities was evaluated according
to motivational, cognitive and activity components at
three levels (high, average, low). A high level of health
culture indicates that students have developed an
active, demanding attitude to health; they show high
activity, initiative; act on inner conviction; are engaged
in physical education and health recreation activities
based on deep knowledge about their health. An av-
erage level is characterized by students’ insufficiently
active attitude to health; they do not systematically
engage in physical education and health recreation
activities. Measures aimed at strengthening the body
are carried out periodically, without taking into account
individual characteristics. A low level describes students
who have a passive attitude to their health. They do
not strive for personal health improvement, believing
that they are unable to change anything themselves.
They are not used to self-observation and self-analysis,
they do not feel the need for physical education and
health recreation activities and the implementation of
tempering measures. In addition, the effectiveness of
the author’s methodology was evaluated according to
the level of students’ physical fitness.

The methods of mathematical statistics were applied
to correctly process the data and identify the difference
between the studied indicators. The results of the
questionnaires were evaluated in percentages. The
results of students’ physical fitness were reported as
Mean=SD. The authenticity of the difference between
the indicators was determined with the help of the
Student’s t-test. The statistical significance was set at
p<0.05. All statistical analyses were performed with the
SPSS software, version 21.

This research has been complied with all the relevant
national regulations and institutional policies, and has
followed the tenets of the World Medical Association
Declaration of Helsinki — ethical principles for medical
research involving human subjects. All participants
agreed to participate in the research.

RESULTS

A student’s way of life is nothing but a way of integrating
their needs and corresponding forms of activities. The
structure of the way of life is revealed in the relations
of subordination and coordination between different
types of activities. This is manifested in the distribution
of the time budget between types of life activities,
giving preference to certain types of work and rest. A
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Table 1. Students’ subjective assessment of the factors of their own health culture (n = 98 men, 270 women; number of people / %)

Students’ assessment of the factors of their own health

Factors of health culture Gender culture
High Average Low
men 9/9.2 37/37.6 52/53.1
Physical working capacity
women 17/6.3 129/47.8 124/45.9
men 8/8.2 29/30.0 61/62.2
Functional status of the body
women 15/5.6 119/44.1 136/50.3
men 7/72 37/377 54/55.1
Physical development
women 16/5.9 123/45.6 131/48.5
men 9/9.2 33/33.7 56/57.2
Physical fitness
women 14/5.2 118/43.7 138/51.1
men 8/8.2 34/34.6 56/57.2
Body posture and organization of the body
women 22/8.2 131/48.5 117/433
men 11/11.2 37/37.7 50/51.1
Health status
women 27/10.0 125/46.3 118/43.7
men 7/72 26/26.5 65/66.3
Resistance to stress
women 16/5.9 98/36.3 156/57.8
o men 12/12.2 38/388 48/49.0
Motor activity
women 29/10.7 132/48.9 109/40.4
men 16/16.3 52/53.1 30/306
Sleep pattern and its quality
women 26/9.6 138/51.1 106/39.3
men 11/11.2 42/429 45/459
Dietary pattern and its quality
women 21/7.8 143/52.9 106/39.3
men 13/13.2 38/38.8 47/48.0
Hygiene and everyday life
women 19/7.0 125/46.3 126/46.7
men -/- 14/143 84/85.7
Smoking
women 2/0.7 19/7.0 249/92.3
men -/- 17/17.3 81/82.7
Alcohol abuse
women -/- 3/11 267/98.9
men 11/11.2 38/38.8 49/50.0
Healthy lifestyle
women 31/11.5 134/49.6 105/38.9
men 4/4.1 27/27.6 67/68.4
Rest, leisure
women 13/4.8 117/43.3 140/51.9
men 5/5.1 29/29.6 64/ 65.3
Motivation to take care of one’s own health
women 17/6.3 139/51.5 114/42.2

student can shape his / her way of acting and thinking
having a certain worldview. Life sustaining activities
of students are characterized by partial irregularities
and chaotic organization: non-compliance with the
dietary regime, systematic lack of sleep, insufficient
motor activity, little time spent in the fresh air, abuse
of smoking, alcoholic beverages, etc. The students’sur-
vey conducted at the beginning of the ascertainment
experiment showed that the majority of students, both
men and women, have a low assessment of their own
health culture (Table I).

Subjective assessment of health culture factors by stu-
dents indicates low important vital indicators, namely:
physical working capacity, functional state of the body,
physical development, physical fitness, health status
(men - 51.1-62.2 %, women - 43.7-51.1 %). More than
50 % of male students and 38.9 % of female ones do not
adhere to a healthy lifestyle, more than 80 % of both men
and women abuse smoking and alcohol. More than 40 %
do not have adequate sleep and rational nutrition; more
than 60 % rated their level of stress resistance as low. This
indicates that more than 50% of students are aware that
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Table I1. The dynamics of health culture formation among students during the formative experiment (EG: men = 23, women = 29; (G: men = 21,

women = 20; %)

Experimental group

Control group

Level of health culture Before the experiment

After the experiment

Before the experiment  After the experiment

men women men women men women men women

High 8.7 6.9 21.7 20.7 143 15.0 143 10.0
Average 39.1 27.6 56.6 483 38.1 40.0 524 45.0

Low 52.2 65.5 21.7 31.0 47.6 55.0 333 45.0

Table 1. Motivational factors that shape the health culture of the EG students in the process of their physical education and health recreation activities

(n=52, men — 23, women — 29; number of people / %)

Motivational factors Gender Befor'e e Af‘ef e Difference
experiment experiment
men 8/34.8 19/82.6 11/47.8
The desire to have a good body posture

women 9/31.0 21/72.4 12/41.4

men 5/21.7 14/60.9 9/39.2
The desire to be healthy

women 7/241 17/58.6 10/34.5

men 2/87 9/39.1 7/304
The example of colleagues and public opinion

women 4/13.8 13/44.8 9/31.0

men 7/304 13/56.5 6/26.1
Responsibility and discipline

women 8/27.6 15/51.7 7/24.1

men 2/87 8/34.8 6/26.1
The example of a physical education teacher

women 3/10.3 8/27.6 5/17.3

men 3/13.0 9/39.1 6/26.1
Health problems

women 5/17.2 9/31.0 4/13.8

men 4/174 7/30.4 3/13.0
Attractiveness of sports facilities and equipment

women 7/24.1 12/414 5/17.3

men 3/13.0 4/174 1/4.4
Parents
women 6/20.7 8/27.6 2/6.9

their physical condition and health isinsufficient for the full
implementation of their educational and life-sustaining
activities. At the same time, the vast majority of students
(65.3 % of men and 42.2 % of women) did not show inter-
est in the proposed ways to improve their health. All this
isa consequence of the imperfection of the development
of the motivational sphere, value orientation and social
attitudes of the individual towards a healthy lifestyle.

The tasks of physical education and health recreation
activities in HEIs are aimed at reducing the negative
consequences of the educational load, ensuring a
sufficient amount of motor activity of students and
training them in various types of motor activity, forming
a system of knowledge on the methodology of inde-
pendent physical exercises, forming a motivational and
value attitude to the formation of a healthy lifestyle.
This determined the substantiation and development
of ourauthor’s methodology for students’health culture
formation in the process of their physical education and
health recreation activities.
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When developing the author’s methodology, we
proceed from the fact that solving the problem of
personality development is possible only under the
condition of a holistic approach to physical education,
which determines: a) the unity of spiritual and physical
education; b) the unity of goals and orientation of edu-
cational training sessions as well as physical education
and health recreation activities. In this regard, it is nec-
essary to emphasize the educational and instructional
orientation of physical education, that is, the maximum
psychological and pedagogical orientation of all the
methods used, on the education and formation of
moral, organizational-management, physical culture
and sports as well as motor activity of students.

To solve this aim, we used the practice of involving
students in the joint management of the educational
process. In such a case, we assumed that students
have the power to choose the type of physical educa-
tion and sports training sessions for the development
and improvement of both physical and psychological
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Table IV. Dynamics of physical fitness of male students during the formative experiment (Mean + SD; EG = 23, (G=21)

Before the After the Rate of The validity of the difference
Tests Groups A q
experiment experiment growth t p
EG 1546 £ 0.71 14.17 £0.83 0.89 2.16 <0.05
100 m run (s)
CG 15.33+0.81 15.24+0.76 0.09 1.32 >0.05
Pu”_ups on the horizontal EG 6.82 +0.83 9.72+£1.04 2.90 2.87 <0.01
bar (times) CG 6.07 +0.92 7.23+0.91 1.16 1.71 >0.05
EG 30.64+2.17 39.17£2.32 8.53 2.90 <0.01
Push-ups (times)
CG 30.91+243 32.74 +3.51 1.83 1.39 >0.05
Standing long jump EG 217.18+1.96 228.14 + 1.69 10.06 2.52 <0.05
(cm) CG 219.04 +1.72 22268 +1.71 3.64 1.51 >0.05
Lifting torso to the sitting EG 30.26 £ 1.69 38.94+1.76 8.68 2.83 <0.01
position over 1 minute
(times) G 31.12+1.83 3251175 139 148 >0.05
EG 10.78 £ 0.95 9.43+0.87 1.35 259 <0.05
4 x 9 m shuttle run (s)
CG 10.61 +0.89 10.17 £0.92 0.44 1.57 >0.05
. EG 9.73+£0.91 14.86 + 0.89 5.13 2.45 <0.05
Torso leaning forward (cm)

CG 9.98 +0.88 13.54 +0.91 3.56 2.25 <0.05

Legend: Mean: arithmetical average; SD: standard deviation; t: t-test value, p: the significance of the difference between the indicators before and after

the experiment

Table V. Dynamics of physical fitness of female students during the formative experiment (Mean = SD; EG = 29, (G = 20)

Before the After the Rate of The validity Of the difference
Tests Groups . .
experiment experiment growth t p
EG 18.38+1.17 17.13+1.14 1.25 2.28 <0.05
100 m run (s)
cG 18.06 +1.13 17.51+£1.08 0.55 1.72 >0.05
. EG 841+ 1.74 1457 +1.34 6.16 3.84 <0.001
Push-ups (times)
CG 9.13+1.57 10.25+1.52 1.07 1.49 >0.05
Standing long jump EG 163.27 +7.92 176.68 +7.61 13.41 2.63 <0.05
(cm) CG 164.58 + 7.74 167.13+7.72 2.55 1.49 >0.05
Lifting torso to the sitting EG 26.25+2.61 37.26+2.73 11.01 3.14 <0.01
position over 1 minute
(times) CG 25.67 +2.83 29.85+2.78 418 1.85 >0.05
EG 11.98 +0.97 10.81 +0.89 1.17 2.38 <0.05
4 x 9 m shuttle run
cG 11.77 £ 0.84 11.06 £ 0.98 0.71 1.67 >0.05
EG 12.93+0.92 17.21 +0.87 4.28 2.31 <0.05
Torso leaning forward (cm)
cG 13.16 £ 0.86 15.54 +0.95 2.38 1.97 >0.05

Legend: Mean: arithmetical average; SD: standard deviation; t: t-test value, p: the significance of the difference between the indicators before and after

the experiment

qualities that correspond to their inclinations, interests
and requirements of future professional activities. The
leading idea of health culture formation by students
in the process of their physical education and health
recreation activities was to promote the formation of
pedagogical components during training sessions,
which is an integral, multi-level subsystem united by
commonness of goals, tasks and unity of functions.
Therefore, the realization of the aim of forming a high
level of students' health culture requires the definition
of a meaningful resource with the number of pedagogi-

cal components in the following sequence: motivation-
al, cognitive and activity.

The motivational componentinvolved the formation
of an attitude among students to ensure a high level of
health culture in the process of their professional and
creative development as well as future professional
activities.

The cognitive component provided for the formation
of valeological competence, which is manifested in the
mastery of a system of knowledge regarding the forma-
tion, preservation and strengthening of personal health,
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the formation of an optimistic worldview and world
perception of students towards physical education and
health activities as well as keeping a healthy lifestyle.

The activity component provided for systematic reg-
ular physical education and health recreation activities;
the presence of positive dynamics of functional readi-
ness in future specialists, bringing the body composi-
tion closer to model indicators, ensuring the optimal
physical status of the individual, which determines the
achievement of a certain level of physical qualities and
involvement in a healthy lifestyle.

The developed methodology for health culture
formation meets the requirements of the state policy
in the field of physical education of young people;
contributes to the modernization of traditional and
the development of new forms and methods of health
culture formation; provides for: preserving and multi-
plying sports traditions of the university; continuous
study of students’interests as well as their motivational
and value attitudes towards motor activity; formation
of civic self-awareness and behavior of students, their
readiness for dignified service to society and the state;
creation of optimal material and technical conditions
for the development and self-realization of students;
forming future specialists’ needs and skills to conduct
preventive measures for the purpose of preventing
antisocial behavior, humanizing and democratizing the
style of communication and interaction of teachers and
students with the aim of forming their health culture.

The implementation of the author’s methodology
fundamentally changed the attitude of the students of
the experimental group to health culture and physical
exercises, contributed to the formation of their moti-
vation and interest in physical education and health
recreation activities. The criteria for the formation of
students’health culture, in accordance with the defined
components, were selected by us on the basis of the
concept of health culture, which assumes that health
cultureis an important constituent component of gen-
eral human culture, determined by the material and
spiritual environment of society’s vital activities, and is
expressed in the system of values, knowledge, needs,
abilities and skills for the formation, preservation and
strengthening of health. Assessment of health culture of
the experimental group students during the formative
experiment according to motivational, cognitive and
activity components showed the presence of a high lev-
el of formedness in health culture indicators (Table II).

The analysis of the dynamics of students’ health
culture formation during the formative experiment
showed a significant difference between the EG and
the CG. In particular, the number of male students with
a high level of health culture increased by 13.0 % in the
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EG, while there were no changes in the CG.The increase
was 17.5 % in the EG and 14.3 % in the CG for men in
terms of an average level. At the same time, there was
a decrease by 30.5 % of male students with a low level
of health culture in the EG, and only by 14.3 % in the
CG. The increase of female students with a high level
was 13.8 % in the EG, and only 5.0 % in the CG; with
an average level of health culture in female students it
was 20.7 % in the EG, and 5.0 % in the CG. The number
of female students with a low level of health culture
decreased by 34.5 % in the EG, and by 10.0 % in the CG
at the end of the experiment. The obtained data allow
us to state that motivation for health culture by means
of physical education and health recreation activities
among students can be successfully formed during
systematic physical exercises.

The studies aimed at researching the phenomena of
“students’ health” and “students’ attitude to their own
health”show that they are characterized by a desire for
independence, a search for social identification and the
formation of a system of life values in accordance with
their preferences. This age period is a very difficult and
important stage of human development. A significant
influence on the formation of a student’s personality
is exerted by the social environment: the environment
in the HEI, fellow students, teachers, colleagues, etc.
As the main factors influencing the care of one’s own
health, students noted: “the desire to have a good body
posture” — 82.6 % of men and 72.4 % of women; “the
desire to be healthy” - 60.9 % of men and 58.6 % of
women; “responsibility and discipline” - 56.5 % of men
and 51.7 % of women and others (Table lll). Such moti-
vational factors as“the example of a physical education
instructor” are effective in 34.8 % of male students and
27.6 % of female ones, and “parents” encourage the
formation of health culture in 17.4 % of male students
and 27.6 % of female ones.

The obtained data showed that it is possible to sig-
nificantly improve the manifestations of health culture
factors among students in educational as well as physi-
cal education and health recreation activities by means
of increasing the level of their motivation. In general,
the conducted pedagogical experiment confirms the
importance of forming students’motivation for fitness
and health recreation activities, healthy lifestyle, which,
in general, has a positive impact on the process of stu-
dents’ health culture formation.

Purposeful work on health culture formation con-
tributes not only to the increase of life values, knowl-
edge, needs, abilities and skills for the formation and
strengthening of students’health, but also significantly
affects the improvement of indicators of physical fit-
ness. During the formative experiment, the EG male
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students had significantly better results (p < 0.05-0.01)
on all physical fitness tests, while the CG ones only had
reliable results in performing the “torso tilt forward”
test (Table IV).

The best results were shown by male students of the
EG during the performance of strength exercises, name-
ly: the indicator increased by 2.9 times in pull-ups, by
8.53 times in push-ups, by 8.68 times in lifting torso to
the sitting position over 1 minute (p < 0.01). The results
of the EG students increased by 10.06 and 5.13 cm, re-
spectively in standing long jump, which characterizes
speed and strength qualities, and torso leaning forward,
which characterizes flexibility.

The EG female students also showed significant im-
provement in performance on the physical fitness tests
at the end of the experiment. The female students of
the CG, who were engaged according to the traditional
system of physical education, did not manage to reli-
ably improve the level of their physical fitness in any
test (Table V).

The highest indicators of the EG female students were
demonstrated in push-ups, the increase was 6.16 times
(p < 0.001); lifting torso to the sitting position over 1
minute — 11.01 times (p < 0.01); standing long jump -
13.41 cm (p < 0.05) and torso leaning forward — 4.28 cm
(p < 0.05). All significant changes in the indicators of
physical fitness of students (both male and female in
the EG) are due to systematic participation in fitness
and health recreation activities (regular physical exer-
cises both during physical education training sessions
and during extracurricular independent activities) and
compliance with healthy lifestyles. All this testifies to the
effectiveness of the developed and implemented meth-
odology for the formation of students’ health culture.

DISCUSSION

The problem of health culture formation is one of the
central problems of modern times, which in the context
of the general crisis of culture appears more multifacet-
ed than in any separate scientific aspect [7, 8]. Modern
science has more than three hundred definitions of
the concept of “health”. The definition adopted by the
World Health Organization is widely known, according
to which health is a state of complete physical, spiritual
and social well-being, and not just the absence of dis-
eases and physical defects [9]. H.L. Apanasenko [10]
notes that health is expressed in a state that is closely
related to such mechanisms of self-organization as
resistance to the actions of pathogenic factors and the
body’s ability to overcome pathological processes. At
the same time, health is characterized by plastic, en-
ergetic and information provision of self-organization

processes. S.L. Marja and A. Suvi [11] give a fundamen-
tally new look at the definition of this term in his re-
search. He considers health through the prism of three
streams of information - sensory, verbal, structural and
defines it as a state of external and internal balance of
a person with himself / herself and the environment
in spiritual, mental and physical aspects, as well as the
ability to perform biological and social functions at a
high level. That is why every student is ambiguous not
only externally, but also internally: behavior, perception,
thoughts, actions, character, reactions, etc. to various
factors. In addition, the very phenomenon of his / her
health is very complex in general human and individual
being. Therefore, there is no doubt that health depends
on the interaction of many factors of physical and men-
tal, social, individual and natural influence.

The conclusions of many scientists [12, 13] indicate
that health is the most important for a person, and
the value attitude towards it is formed and develops
throughout life and is conditioned by the level of health
culture formation. In many studies, the priority direction
of students’health culture formation is defined as their
involvement in modern physical education and health
recreation activities. Among the elements of personal
physical culture included in the concept of health cul-
ture, according to the scientists [1, 2, 14, 15] are:

1. Knowledge in the field of physical culture: the
effect of physical exercises on the main body systems;
conducting and organizing self-monitoring of physical
development and functional state of the body; hygiene
of independent physical exercises; hygiene of work and
rest, organization of sleep, dietary pattern, personal
hygiene.

2. Ability and skills of performing physical exercises:
organization and conduct of independent training ses-
sions in physical exercises and sports; morning hygienic
gymnastics, physical education minutes during the aca-
demic day, independent training sessions; organization
and conduct of physical culture and health recreation
events and leisure activities; moving and sports games
in the fresh air, folk games and fun.

3. Motivational and value orientations in the field of
physical education and a healthy lifestyle: the need
and awareness of the need for physical perfection and
self-education; treating one’s health as the value of life.

The introduction of the author’s methodology into
the educational process contributed to an increase
in the number of the EG students at the end of the
experiment with a high level of health culture and a
level of motivation for a healthy lifestyle. At the same
time, the level of physical fitness of the EG students,
both men and women, significantly improved during
the experiment. All this confirms the effectiveness of
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the developed methodology for students’ health cul-
ture formation in HEls in the process of their physical
education and health recreation activities.

CONCLUSIONS

1. Alow level of health culture formedness was revealed
in students of pedagogical specialties according to
the results of their questionnaire at the ascertaining
stage of the experiment. The level of self-esteem of
students (both men and women) has low indicators
for such factors as physical working capacity (53.1 %,
45.9 % respectively), functional state of the body
(62.2 % and 53.3 %), physical development (55.1 %
and 48.5 %), physical fitness (57.2 % and 51.1 %),
health status (51.1 % and 43.7 %). More than 50 % of
male students and 38.9 % of female students do not
adhere to a healthy lifestyle, more than 80 % of both
men and women abuse smoking and alcohol. At the
same time, the vast majority of students (65.3 % of
men and 42.2 % of women) did not show interest in
the proposed ways to improve their health.

2.The implementation of the author’s methodology
contributed to improving the level of health culture
of the EG students. Thus, in the EG the number of male
students with a high level of health culture increased

the CG, but not as pronounced as in the EG. The level
of motivation of the EG students improved during the
experiment according to the following motivational
factors: the desire to have a good posture by 47.8 %
in men and 41.4 % in women, the desire to be healthy
by 39.2 % in men and 34.5 % in women, the example
of colleagues and public opinion by 30.4 % in men
and 31.0 % in women and others.The level of physical
fitness of the EG students (both men and women),
in contrast to the CG, significantly (p < 0.05-0.01)
improved according to all studied indicators. The
greatest influence of the author’s methodology was
found on the indicators of male students in pull-ups
(by 2.9 times), in push-ups (by 8.53 times), in torso
lifting (by 8.68 times), in standing long jump (by
10.06 cm). For female students —in push-ups (by 6.16
times), in torso lifting (by 11.01 times).

3.The implementation of the methodology for stu-

dents’ health culture formation into the educational
process contributed to an increase in the number of
students with a high level of health culture and the
level of motivation for a healthy lifestyle. The level of
physical fitness of the experimental group students
significantly improved during the experiment. All
this confirms the effectiveness of the developed
methodology.

by 13.0 % and by 13.8 % among female students; with  Prospects for further research are aimed at improving
a low level - decreased by 30.5 % in male students the methodology for the formation of a healthy lifestyle
and by 34.5 % in female ones. There were changesin  culture of students of HEls.
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ABSTRACT

The aim of the study was to evaluate the state of oxidation processes and morphological changes in the heart of castrated rats during the development of
epinephrine heart damage (EHD).

Materials and methods. The study was performed on 120 white male Wistar rats. The animals were divided into four series: 1— control, 2 — castration. For
EHD, rats were injected once intraperitoneally with a 0.18% solution of adrenaline hydrotartrate at the rate of 0.5 mg/kg of weight. Castration was performed
under anesthesia. The concentration of diene and triene conjugates (DC, TC), Schiff's bases (SB), TBA-active products (TBA-ap), oxidatively modified proteins
(OMP), activity of superoxide dismutase (SOD) and catalase (CAT) were determined in the heart. A morphological study of preparations stained with Azan-
trichrome was carried out. All studies were performed in control, 1,3, 7, 14 and 28 days after adrenaline injection.

Results: In the | series DCand TCincreased after 1 day of EHD, fell to control values after 3 days, and then had wave-like character (highest — after 14 days).
SB decreased (minimal after 7 days), TBA-ap increase (maximal after 14 days). OMP . increased after 1and 3 days, after 7 days they did not differ from the
control, after 14 days they were higher than in control, and after 28 days they decreased to the control values. OMP,_ and OMP_ were greater than the control
indicators in all terms, except the last; the maximum was noted after 14 days. The activity of antioxidant enzymes was lower than the control indicators at all
times of the study.

(astration caused an increase of lipid peroxidation. After 7 days, DC and TC, were lower and SB — higher, than in the | series. Castration caused a decrease in
OMP: In EHD all values of OMP, compared to the castrated control rats, were higher at all studed times Castration leads to increase of SOD, and decrase of CAT.
Allindicators of SOD and CAT exceeded the indicators of animals of the | series at all times of the study.

Biochemical changes are consistent with morphological changes. After injection of epinephrine, severe vascular disorders, adventitia edema, perivasal edema,
endothelial cell damage, dilatation of hemicapillaries, full blood vessels, stasis, hemorrhages in the surrounding tissues, and sclerosing of the walls of arteries
and venules were observed. Cardiomyocytes were swollen, shortening, necrosis was observed, myocytolysis was noted. Edema of the stroma was noted. In the
stroma, around the vessels, located cells of connective tissue elements were observed. Indicate more damage to the myocardium in the process of development
of EHD in animals of the | series.

Conclusions: Castration of rats causes an increase of lipid peroxidation products and CAT activity in the heart, but a decrease in the content of OMP. Adrenaline
injection causes activation of lipid peroxidation and an increase in the content of OMP. During the development of EHD, the activity of antioxidants is signifi-
cantly higher in Il group. Biochemical changes are consistent with morphological, and indicate more damage to the myocardium in the development of EHD
in animals of the | series.

KEY WORDS: heart, male rats, adrenalin, castration, biochemical changes, morphological changes
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INTRODUCTION

The problem of male hypogonadism is constantly grow-
ing. Thus, according to the World Health Organization,
in the period from 2015 to 2050, the population of the
world aged 60 and older will increase more than 2 times
and will amount to approximately 2 billion people [1].
Social factors contribute to the growth of male hypo-
gonadism [2]. There is a relationship between corona
virus infection and the development of testicular failure
[3, 4]. In men with somatic pathologies, in comparison
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with the general population, androgen deficiency is
detected in up to 80% of cases [5, 6, 7].

Currently, the mechanisms of testosterone’s action
on the cardiovascular system are being studied [8].
It is appropriate to consider the complex impact of
male hypogonadism on the development of other
various diseases. The pathology of the cardiovascular
system continues to occupy the top of three diseases
in the world, therefore scientists of many countries are
engaged in the study of issues related to cardiovascular
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pathology [9, 10]. One of the models reflecting the
development of cardiovascular pathology is the
catecholamine model [11, 12, 13, 14]. The development
of oxidative stress is the most universal mechanism of
cell damage. Therefore, the study of this problem is
relevant.

THE AIM

To evaluate the state of oxidation processes and
morphological changesin the heart of castrated rats during
the development of epinephrine heart damage (EHD).

MATERIALS AND METHODS

The work was doing at the Central Research Laboratory
of I. Horbachevsky Ternopil National Medical University.
Morphological investigation of heart doing in Histology
and Embriology of I. Horbachevsky Ternopil National
Medical University.

All experiments were performed in the morningin a
specially designated room at a temperature of 18-22
°C, relative humidity of 40-60% and illumination of
250 lux. Animals were kept and experiments on them
in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals
used for research and other scientific purposes [15].

The study was performed on 120 white Wistar line
male rats, which were kept in one room on a standard
dietand a vivarium regime. All animals were divided into
two series: 1 — control, 2 — castration. To modulate EHD,
rats were injected once intraperitoneally with a 0.18%
solution of adrenaline hydrotartrate at the rate of 0.5
mg/kg of weight (Pharmaceutical company “Darnytsia’,
Ukraine) [16]. Such dose of adrenaline causes 1 hour after
injection responsible regulatory changes in the mor-
phology and functioning of the cardiovascular system,
without causing lethality among animals.

Experimental modeling of the decrease in the level
of sex hormones in rats was carried out using surgically
castration under sodium thiopental anesthesia (40
mg-kg™ of the animal’s body weight) according to
the method of Ya. D. Kirshenblatt through a median
incision of the anterior abdominal wall [17, 18]. The age
of the operated animals was 3 months. At the time of
the initiation of EHD reproduction, all animals were 4
months old, after injection of adrenaline hydrotartrate
in volumes corresponding to body weight, after 1,
3,7, 14 and 28 days, animals were euthanized under
sodium thiopental anesthesia. Design of experiment
show in table I.

Euthanasia of rats was carried out by total bleeding
from the heart after previous thiopental-sodium

anesthesia (60 mg-kg"' of the animal’s body weight
intraperitoneally).

In the heart of animals, the concentration of diene and
triene conjugates (DC, TC), TBA-active products (TBA-
ap), Schiff’s bases (SB), oxidatively-modified proteins
(OMP), superoxide dismutase and catalase activity (SOD,
CAT) were determined.

The concentration of DC, TC and SB was determined
according to the method [19], which is based on the
fact that hydroperoxides extracted with a heptane-
isopropyl mixture have a certain absorption maximum
for DCat A =232 nm, for TC — at A= 278 nm, for SB - at
A =400 nm.The content of diene and triene conjugates,
Schiff bases was expressed in units/g. TBA-ap was
determined at a wavelength of 535 nm according to
the method [19], expressed in micromoles per kilogram
(umol/kg).

The method of determining the oxidative modification
of proteins is based on the interaction of oxidized amino
acidresidues with 2,4-dinitrophenylhydrazine (2,4-DNPH)
with the formation of 2,4-dinitrophenylhydrazones
[20]. Ketone-dinitro-phenylhydrazones of a neutral
character are registered at 370 nm (OMP_, ), ketone-di-
nitro-phenylhydrazones of a basic character - at 430
nm (OMP,, ), aldehyde-dinitrophenylhydrazones of a
neutral character — at 530 nm (OMP__ ), expressed in
nmol/g of protein.

Superoxide dismutase activity in heart homogenate
was determined according to the method [19],
expressed in conventional units per 1 g. Catalase activity
in heart homogenate and blood serum was determined
according to the method [19], expressed in mcat/kg.

Transverse sections of the heart, made at the level
of both ventricles, were also taken for morphological
examination.The preparations were taken immediately
after taken blood from the heart of the animal, fixed
in a 10% solution of neutral formalin. No earlier than
two weeks later, the preparations were washed in the
tap water and held in alcohol, poured into paraffin
blocks. Sections were stained with azan-trichrome and
examined under a light microscope [21].

The significance of the obtained differences between
the results (minimum level of significance p<0.05) was
assessed using the Kruskal-Wallis and Newman-Keuls
tests (BioStat program, AnalystSoft Inc.). All results
prresented in Mz+o.

530

RESULTS

The products of lipid peroxidation have the following
changes (Table Il). When analyzing indicators in | series
of rats after 1 day after adrenaline injection, compared
to control, the following was noted an increase in DC by
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Table I. Design of experiment — division of experimental animals

Number of animals

Group Characteristics of the experimental model group

Control (Intact) 10

1 day after adrenaline injection 10

. 3 days after adrenaline injection 10

| - Control white rats —

7 days after adrenaline injection 10

14 days after adrenaline injection 10

28 days after adrenaline injection 10

Control (Castrated) 10

1 day after adrenaline injection 10

) 3 days after adrenaline injection 10

Il - Castrated white rats

7 days after adrenaline injection 10

14 days after adrenaline injection 10

28 days after adrenaline injection 10
Total 120

Table II. Changesin the content of products of lipid peroxidation in the heart of rats during the development of epinephrine heart damage (M + g, n=10)

Group Index
DC, units/g TC, units/g SB, units/g TBA-ap, pmol/kg
Series | — Control
Control (Intact) 1.58 +£0.15 1.40+0.12 1.28+0.12 1.82+0.10
1 day EHD 2.04+0.20° 2.01+0.14 1.00 + 0,05 3.17 £0.25"
3 days EHD 1.42+0.17" 1.11+£0.21" 0.69+0.12"" 3.58 +0.25"
7 days EHD 24240227 240+0.18"" 0.37+£0.02"" 2.67 £0.22""
14 days EHD 3.46+0.27"" 3.47 £0.15"" 0.49 + 0.02"" 742 +0.49""
28 days EHD 274+021"" 2.73+0.21"" 0.58 +0.03"" 4.64+0.24""
Series Il - Castration
Control (Castration) 247 +0.22* 2.64 +0.23* 1.65+0.11* 2.74 +0.14*
1 day EHD 3.52+0.27+* 3.59+0.27" 0.99 + 0.03" 3.22+032"
3 days EHD 146 +£0.26"" 1.57 £0.15""# 0.62 +£0.04"" 3.73+£0.25"
7 days EHD 1.28 +0.127"# 1.36£0.13% 0.90 + 0.03"™# 444 +0.25""*
14 days EHD 221+£0.13%# 226+ 0.117"# 1.01 £0.03""# 4.85+0.22"*
28 days EHD 1.81+0.127"# 1.81+0.12""# 0.87 £ 0.02""* 434+031

Notes: * — differences with the control within the series;

** — differences with the results of the previous term of the study within the series;

# — differences with the corresponding term of series I.

29.1% (p<0.001), an increase in TC by 43.6% (p<0.001), a
decrease in SB by 21.9% (p<0.001) , an increase in TBA-
ap by 74.2% (p<0.001). After 3 days of EHD, compared
to control, DC and TC indicators have not change, SB
decreased by 46.1% (p<0.001), TBA-ap increased by
96.7% (p<0.001). The DC, TC, SB were decrease at that
time, compare to results after 1 day. After the 7 days
EHD, compared to control, the indicators of DCincreased
by 53.2% (p<0.001), TC by 71.4% (p<0.001), TBA-ap by
46.7% (p<0.001), the most significant decrease in SB
indicators was by 71.1% (p<0.001). The DCand TC were
increase, but SB and TBA-ap were decrease at that time,

276

compare to results after 3 days EHD. After 14 days, com-
pared to control, indicators increased most significantly:
DC-by 2.2 times (p<0.001), TC - by 2.5 times (p<0.001),
TBA-ap-by 4.1 times (p<0.001), SBindicators decreased
by 61.7% (p<0.001). All indexes were increase, compare
to results after 7 days EHD. After 28 days of EHD, com-
pared to control, the indicators of DC, TC and TBA-ap
increased by 73.4% (p<0.001), by 95.0% (p<0.001) and
by 2.5 times (p<0.001), respectively; SB was decreased
by 54.7% (p<0.001). The DC, TC and TBA-ap were de-
creased, nd SB was increased at that time, compare to
results after 14 days EHD.



THE PECULIARITIES OF BIOCHEMICAL AND MORPHOLOGICAL CHANGES IN THE HEART OF THE CASTRATED RATS...

Table III. Changes in the content of oxidatively-modified proteins in the heart of rats during the development of epinephrine damage to the heart,

nmol/g of protein, (M £ 0, n=10)

Group Index
OMP_, , nmol/g of protein OMP,_, nmol/g of protein OMP__ , nmol/g of protein
Series | — Control
Control (Intact) 0.14 +0.01 0.15+0.01 0,23 £0,01

1 day EHD 0.22+£0.01" 0.23+£0.02" 0.26 £0.01"

3 days EHD 0.24 +0.02 0.27 £ 0.02"" 0.31+0.02""

7 days EHD 0.15+0.02" 0.23 £0.05" 0.35+0.02""
14 days EHD 0.18 +£0.01™" 0.33+0.02"" 0.40+0.01""
28 days EHD 0.15+0.02" 0.16 £0.02" 0.27 £0.01""

Series Il - Castration

Control (Castration) 0.09£0.01% 0.08 £0.01% 0.13+001*

1 day EHD 0.17 £0.03*# 0.18 £ 0.01* 0.26 +0.02"
3 days EHD 0.19 +0.02"* 0.24 +0.02"" 0.33+0.01""
7 days EHD 0.16 £0.02" 0.18 £0.02""*# 0.28 £0.02""*#
14 days EHD 0.16 +0.01° 0.18 +0.01° 0.27 +0.02"*
28 days EHD 0.17 £0.,03" 0.18 £0.02" 0.24 £0.02"*

Notes: * — differences with the control within the series;
** — differences with the results of the previous term of the study within the series;
# — differences with the corresponding term of series I.

Table IV. Changes of the antioxidants activity in the heart of rats during the development of epinephrine heart damage (M = g, n=10)

Group Index
Superoxide dismutase activity, unit/g Catalase activity, mcat/kg
Series | — Control
Control (Intact) 3.05+0.29 148 £0.13

1 day EHD 1.89+0.12 1.01 £0.07°

3 days EHD 227 +017° 1.07 £0,08"

7 days EHD 1.56 £0.12"" 1.06 £ 0.02

14 days EHD 1.72+£0.13" 1.06 £0.01°
28 days EHD 2.03+0.10"" 1.02+0.01""

Series Il - Castration

Control (Castration) 2.75+0.23 3.12+£0.10*
1 day EHD 225011 2.39+£0.14*
3 days EHD 3.56 +0.35""# 1.67 £0.10""*

7 days EHD 479 £0.24""# 1.71+£0.07*
14 days EHD 537 +£0.2277# 1.68 £ 0.02™#
28 days EHD 458 +£0.19""* 1.51£0.02""#

Notes: * — differences with the control within the series;
** — differences with the results of the previous term of the study within the series;
# — differences with the corresponding term of series I.

Analyzing the indicators in Il series of rats after 1 DC indicators decreased by 40.9% (p<0.001), TC - by
day EHD, compared to castration control, was noted 40.5% (p<0.001), SB — by 62.4% (p<0.001), but TBA-
an increase in the indicators of DC, TC and TBA-ap by  ap indicators increased by 36.1% (p<0.001). The DC,
42.5% (p<0.001), by 36.0% (p<0.001) and by 17.5% TC, SB were decrease at that time, compare to results
(p<0.05); reduction of SB indicators by 40.0% (p<0.001).  after 1 day. After 7 days EHD, compared to castration
After 3 days of EHD, compared to castration control, control, there was the most significant decrease in DC
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Fig. 1. Structural organization of the heart of the animals of group |, Tday ~ Fig. 2. Structural organization of the heart of the animals of group Il, 1 day
after adrenalin injection. Stained with Azan-trichrome x 200. after adrenalin injection. Stained with Azan-trichrome x 200.
BT\ YW S 2 Wi AL & _ i ; .

"

Fig. 4. Structural organization of the heart of the animals of group Il, 3
days after adrenalin injection. Stained with Azan-trichrome x 400.

Fig. 5. Structural organization of the heart of the animals of group 1,7 days  Fig. 6. Structural organization of the heart of the animals of group I, 7
after adrenalin injection. Stained with Azan-trichrome x 200. days after adrenalin injection. Stained with Azan-trichrome x 200.

indicators by 48.2% (p<0.001), TC - by 48.5% (p<0.001), TC were decrease, but SB and TBA-ap were increase at

a less significant decrease in SB — by 45.5% (p<0.001), that time, compare to results after 3 days EHD. After 14
an increase of TBA-ap by 62.0% (p<0.001). The DCand  days of EHD, compared to castration control, the DC
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Fig. 7. Structural organization of the heart of the animals of group |, 14
days after adrenalin injection. Stained with Azan-trichrome x 200.

days after adrenalin injection. Stained with Azan-trichrome x 200.

was not change from control level, TC and SB indicators
were decrease by 14.4% (p<0.01) and 38.8% (p<0.001),
respectively, while the TBA-ap indicator increased by
77% (p<0.001). The DC, TC and SB were increased at
that time, compare to results after 7 days EHD. After 28
days EHD, compared to castration control, the indicators
of DC, TC and SB was less by 26.7% (p<0.01), 31.4%
(p<0.001) and 47.3% (p<0.001), respectively, and TBA-
ap indicators increased by 58.4% (p<0.001). Compared
to 14 days after EHD, amount of DC, TC and SB was less.

When we compared results of | and Il series, we saw,
that castration lead to increase levels of DC, TC, SB
and TBA-ap by 56.3% (p<0.001), by 88.6% (p<0.001),
by 28.9% (p<0.002), by 50.5% (p<0.001), respectively.
After 1 day EHD levels of DC and TC were higher in |l
group of rats by 72.5% (p<0.001) and 78.6% (p<0.001)
respectively. After 3 days EHD level of TC was higher
in Il group by 41.4% (p<0.001). After 7 days EHD levels
of DC and TC were less in Il group of rats by 47.1%

Fig. 8. Structural organization of the heart of the animals of group Il, 14
days after adrenalin injection. Stained with Azan-trichrome x 200.
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Fig. 10.. Structural organization of the heart of the animals of group Il, 28
days after adrenalin injection. Stained with Azan-trichrome x 200.

(p<0.001) and 43.3% (p<0.001), respectively, and levels
of SB and TBA-ap were higher in Il group by 2.4 times
(p<0.001) and 66.3% (p<0.001), respectively. After 14
days EHD levels of DC, TC and TBA-ap were less in I
group of rats by 36.1% (p<0.001), 34.9% (p<0.001) and
34.6% (p<0.001), respectively, and level of SB and was
higher in Il group by 2.1 times (p<0.001). After 28 days
EHD levels of DC and TC were less in Il group of rats by
33.9% (p<0.001) and 33.7% (p<0.001), respectively, and
levels of SB was higherin Il group by 1.5 times (p<0.001).

The changes of oxidatively-modified proteins (OMP)
we show in table Il

When analyzing indicators in | series of rats after 1
day after adrenaline injection, compared to control, the
following was noted an increase in all cases: in OMP__
by 57.1% (p<0.001), in OMP,, - by 53.3% (p<0.001)
and in OMP_, - by 13% (p<0.05). After 3 days of EHD,
compared to control, the indicators of OMP__ increased
by 71.4% (p<0,001), OMP,_ by 80% (p<0.001), OMP.,

430 0
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by 34.8% (p<0.001).The level of OMP,, and OMP_, were
higher, compared to previous term of investigation.
After 7 days of EHD, compared to control, the indicators
of OMP_  not changed, OMP,, increased by 53.3%
(p<0.001),OMP, —by 52.2% (p<0.001). The OMP_, was
decrease, OMP,, - no changed, OMP_, was increase at
that time, compare to results after 3 days of EHD. After
14 days of EHD, compared to control, the indicators of
OMP__, increased by 28.4% (p<0.001), OMP,_ increased
most significantly by 2.2 times (p<0.001), and OMP__
be 73.9% (p<0.001). Compared to 7 days after EHD,
amount of all indexes were higher. After 28 days of
EHD, compared to control, the indicators of OMP_, and
OMP,_ were similas to control data, OMP__ increased
by 17,4% (p<0.002). Allindexes were less, compared to
time after 14 days of epinephrine injection.

When analyzing indicatorsin Il series of rats after 1 day
after adrenaline injection, compared to castration con-
trol, was noted an increase in the indicators of OMP_ by
88.9% (p<0.001), OMP, by 2.2 times (p<0,001), OMP,
- by 2 times (p<0.001). After 3 days of EHD, compared
to castration control, the indicators increased most
significantly: OMP_ - by 2.1 times (p<0.001), OMP,_,
- by 3 times (p<0.001), OMP,_ - by 2.5 times (p<0.001).
Compared to 1 day after EHD, amount of OMP,, and
OMP_, were higher. After 7 days of EHD, compared to
castration control, the indicators of OMP_, increased
by 77.8% (p<0.001), OMP,_ by by 2.2 times (p<0.001),
OMP, by 2.1 times (p<0.001). Compared to 3 days after
EHD, amount of OMP,, and OMP_, were less. After 14
days of EHD all indexes were similar to previous time of
invstigation. After 28 days of EHD, compared to castra-
tion control, the indicators of OMP_, increased by 88,9%
(p<0.001), OMP, by 2.2 times (p<0.001), OMP, - by
84.6% (p<0.001) and only OMP_, decrased by 12.5%
(p<0.01), compared to 14 days after EHD.

When we compare results of both series, we saw, that
castration lead to decrease in all indicators: OMP__ = by
35.7% (p<0.001),OMP,_ - by 46.7% (p<0.001), OMP -by
43.5% (p<0.001). After 1 day of EHD in Il series, compared
to | series, the indicators of OMP,, was less by 22.7%
(p<0.001),OMP,, - by 21.7% (p<0.001), OMP_, was sim-
ilar. After 3 days of EHD in Il series, compared to | series,
only the indicators of OMP,, was less by 20.8% (p<0.001).
After 7 days of EHD in Il series, compared to | series, the in-
dicators of OMP,, was similar, OMP,, decreased by 21.7%
(p<0,001) and OMP, by 20% (p<0.001). When analyzing
indicators after 14 days of EHD in Il series, compared to |
series, the following was noted an decrease in all cases: in
OMP_, by 11,1% (p<0,05),in OMP,, —by 45.5% (p<0.001)
andin OMP_, —by 32.5% (p<0.001). After 28 days of EHD in
Il series, compared to | series, only the indicators of OMP,

530
was less by 11.1% (p<0.05).
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The changes of superoxide dismutase and catalase
activities we demonstrated in table IV.

Analyzing the indicators of superoxide dismutase
activity after adrenaline injection in | series, compared
to control, demonstrated it decrease in all term of inves-
tigation. Indexes was less after 1 day by 38% (p<0.001),
after 3 days - by 25.6% (p<0.001), after 7 days - by 48.9%
(p<0.001), after 14 days - by 43.6% (p<0.001), after 28
days - by 33.4% (p<0.001). It increase, compares to
previous term, after 3 anf 28 days. Analyzing the indi-
cators of catalase activity after adrenaline injectionin |
series, compared to control, after 1 day was decreased
by 31.8% (p<0.001), after 3 days — by 27.7% (p<0.001),
after 7 and 14 days - by 28.4% (p<0.001), after 28 days
- by 31.1% (p<0.001).

Superoxide dismutase activity after adrenaline injec-
tion in Il series, compared to castration control, after
1 day was lower by 18.2% (p<0.001), after 3 days was
higher by 29.5% (p<0.001), after 7 days - by 74.2%
(p<0.001), after 14 days — by 95.3% (p<0.001), after
28 days — by 66.5% (p<0.001). Catalase activity after
adrenalineinjectionin Il series, compared to castration
control, after 1 day was lower by 23.4% (p<0.001), after
3 days - by 46.5% (p<0.001), after 7 days — by 45.2%
(p<0.001), after 14™ day - by 46.2% (p<0.001), after 28"
day - by 51.6% (p<0.001).

Analyzing the indicators of superoxide dismutase ac-
tivity in both series of rats without adrenaline injection,
the following in Il series with castration rats, compared
to | series, was not changed, but catalase activity was
higher by 2.1 times (p<0.001) after castration. At all
terms of invstigation antioxidant activity was higher
in Il series of rats. Indicators of superoxide dismutase
activity after adrenaline injection in Il series, compared
to | series, after 1 day increased by 19% (p<0.001), after
3 days - by 56.8% (p<0.001), after 7 days — by 3.1 times
(p<0.001), after 14 days - by 3.1 times (p<0.001), after
28 days — by 2.7 times (p<0.001). Indicators of catalase
activity after adrenaline injection in Il series, compared
to | series, after 1 day increased by 2.4 times (p<0.001),
after 3 days - by 56.1% (p<0.001), after 7 days - by 61.3%
(p<0.001), after 14 days - by 58.5% (p<0.001), after 28
days - by 48.0% (p<0.001).

The studied biochemical changes in the heart are
accompanied by alterative changes in the structural
components of the myocardium in the experimental
groups.

When studying histological specimens stained with
Azan-trichrome, the following was noted after the in-
jection of adrenaline. Pronounced vascular disorders,
edema of the adventitia, perivasal edema, damage to
the endothelial cells, dilatation of the capillaries lumen,
full blood vessels, stasis, hemorrhages, sclerosing of the
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walls of arteries and venules were observed. Destructive
changes in cardiac muscle cells were also noted. Blood
vessels wall edema, their shortening, necrosis was
partially observed, and myocytolysis was noted in some
fields of vision. Edema of the stroma was noted.

When studying the histological specimens of the
hearts of animals of the | and Il series, the following
was noted. 1 day after the injection of adrenaline (Fig.
1), in the rats of the | series, there was more intensive
growth of connective tissue, edema of the stroma,
edema of the arteries wall, structural desorganization of
the endothelium, and in the Il series (Fig. 2), there was
visiblea more prominent overstretching and edema of
cardiac muscle cells.

3 days after the injction of adrenaline in rats of the
| series (Fig. 3), a more pronounced growth of con-
nective tissue, edema of the stroma, cardiac muscle
cells, and arteries wall were identifed microscopically.
Intravascular hemolysis of erythrocytes was noted. In
the Il series of rats (Fig. 4), a structural desorganization
of the endothelium was observed in the blood vessels,
which was noted in the previous period of the study to
be removed in the animals of the | series. Changes in the
tinctorial properties of cardiac muscle cells were noted.

7 days after the injection of adrenaline, microscopical-
ly in the myocardium of rats of the | series (Fig. 5), there
was more prominent edema of stroma and cardiomyo-
cytes, and in some places their necrotic changes were
observed. Fibrosis of wall of the arteries, damage of the
endothelial cells also was noted. The lumen of blood
vesells were empty, without any formed elements of
blood. Inthe Il series of rats (Fig. 6), edema and contrac-
ture changes of cardiac muscle cells, prominent fibrosis
were microscopically observed.

14 days after the injection of adrenaline microscop-
ically in the myocardium of rats of the | series (Fig. 7)
there was more prominent growth of vascular adventi-
tia and perivascular space, edema of the cardiac muscle
cells. Intravascular hemolysis of erythrocytes was noted.
In the Il series of rats (Fig. 8), edema of the stroma and
wall of arteries, intravascular hemolysis of erythrocytes
was microscopically observed.

28 days after the injection of adrenaline microscop-
ically in the rats’ heart of the | series (Fig. 9), there was
a more proprominent growth of connective tissue,
edema of the stroma and cardiac muscle cells, wall of
the arteries. Blood clots were noted in the blood vessels.
In the Il series of rats (Fig. 10), endothelial structural de-
sorganization, wall and stromal edema were observed
in the vessels. Violation of the tinctorial properties of
the myocardium was noted.

So, morphological studies of the hearts of experi-
mental animals established more prominent alterative

changesin the | series of animals. They appeared faster
than in the Il series of rats.

DISCUSSION

In the | series of animals, DCand TC indicators increased
already after 1 day of EHD, fell to control values only
after 3 days, and then the changes had a wave-like
character. The highest indicators of DC and TC were
registered after 14 days. Such results may indicate an
active process of development of adrenaline damage in
the heart. It is obvious that after the initial acute phase
of the alteration, there was a slight decrease in the
activity of the inflammatory process, cardiosclerosis was
formed, an active process of fibrosis, which progressed.
The connection between increase level of epinephrine,
protein oxidation, antioxidant status and inflammation
was described by another scientist [22]. As for changes
in SB, this indicator decreased, with a minimum after 7
days, and then the values increased, but did not recover
to control indicators. It is obvious that the decrease
in the formation of SB indicated the incomplete
neutralization of lipid peroxidation products at all times
of the study. This was indicated by the increase in TBA-
ap, which exceeded the control indicators at all times of
the study. As with the DC and TC values, the maximum
TBA-ap was noted after 14 days.

In the | series of rats, all values of OMP_, increased
after 1 and 3 days, after 7 days they did not differ from
the control, after 14 days they were higher than control
level, and after 28 days they decreased and did not
differ from the control values. OMP, . were greater
than the control indicators in all terms, except the last;
the maximum was noted after 14 days. The indicators
of OMP_,  in all terms of the study were higher than
the control, gradually increased from the first term of
the study and decreased in the last; the maximum was
noted also after 14 days. The obtained data indicate
that, like the processes of lipid peroxidation, the
maximum destruction of proteins also occurs after 14
days from adrenaline injection.

The activity of antioxidant enzymes was lower than
the control indicators at all times of the study, which
could indicate their use at all stages of the development
of EHD.

It is known, that female has reduced cardiovasclar
risk and a better prognosis [23]. That is why castration
leads to better prognosis in males, that is showed in
our exeriment.

In the Il series of rats, castration caused an increase
in all indicators of lipid peroxidation. During the
development of EHD, after 1 and 3 days, similar changes
were noted as in rats of the | group. After 7 days, DC
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and TC, in contrast to the | series of rats, were less than
the control values, and smaller than in the animals
of the | series; SB and TBA-ap were increased. It is
possible that during this period the higher activity of
antioxidants caused less accumulation of products of
lipid peroxidation, but the process of fibrosis increased,
as evidenced by the growth of DC and TC after 14 days
of adrenaline injection. DC at this time were at the level
of control castrated rats. The increase in SB indicates
the detoxification of lipid peroxidation products to
a greater extent than in the | group of rats. After 28
days, a decrease in DC and TC was noted, relative to
the control of the Il series and the indicators of the
animals of the | series at that study period; SB was
higher, compared to the values of the | series of rats.
Such results indicate a more favorable course of EHD
in the Il series of rats as a result of less damage to the
bilipid layer of cardiomyocyte membranes.

In the Il series of rats, castration caused a decrease in
OMP indicators. After injection of epinephrine, all values
of OMP, compared to the values of castrated control
rats, were higher at all times of the study. The values of
OMP in Il series of rats, compared to |, did not exceed
the indicators of the corresponding periods of the
study. Such results indicate a more favorable condition
of EHD in the |l series of rats as a result of less damage
to cardiomyocyte membrane proteins.

In the Il series of rats after castration, an increase
in superoxide dismutase noot changed, but catalase
activity was noted. Only catalase activity was observed
to decrease with the development of EHD. Superoxide
dismutase activity decreased only 1 day after the
adrenalineinjection, and then, at all subsequent times,
it exceeded the control value. Compared with the |
series of rats, in the |l series, all indicators of SOD and
CAT exceeded the indicators of animals of the | series
at all times of the study.

Biochemical changes are consistent with morpholog-
ical changes, and indicate more damage to the myocar-
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ABSTRACT

The aim: To investigate the effect of physical training sessions on health and psycho-emotional state of managers of law enforcement agencies.
Materials and methods: The research was conducted in 2019-2021. The research involved 155 managers of law enforcement agencies (men) of different
age groups. Research methods: analysis and synthesis of literature, pedagogical observation, testing, methods of mathematical statistics, including correlation

analysis (Pearson’s correlation coefficient was used).

Results: An insufficient level of general physical fitness of managers of law enforcement agencies of all age groups was revealed. The worst level was found
among managers of older age groups. Among physical qualities, the worst level was found in the development of endurance. A reliable relationship between
the indicators of health and psycho-emotional state of managers of law enforcement agencies and the level of their general physical fitness was revealed. The

highest correlation coefficients of these.

Condlusions: It was established that the use of general physical training with the predominant use of endurance and strength exercises, taking into account
the age of managers of law enforcement agencies is the direction of solving the problem of promoting health, improving indicators of psycho-emotional state

and professional activities of managers of law enforcement agencies.

KEY WORDS: physical training, health, managers of law enforcement agencies, psycho-emotional state

INTRODUCTION

Modern changes taking place in the political, military,
economic, social and other spheres of society are accom-
panied by reformatting the law enforcement system,
forasmuch as in conditions of military aggression, as well
as threats to internal order and legality of our state pro-
fessionalism of employees of law enforcement agencies
of Ukraine, especially their officers-in-charge (managers)
comes to the fore. The professionalism of managers of
law enforcement agencies (MLEAs) is manifested in the
systematic improvement of their qualification, creativity,
ability to productively meet the growing demands of
society and system of government, in personal and pro-
fessional development which includes self-education,
self-regulation, self-cultivation and self-development [1,
2].Today thereis a significant expansion and complication

Wiad Lek. 2023;76(2):285-291

of management tasks that require MLEAs to have a high
degree of development of specific management skills,
good health, a high level of professionally important
psychological and physical qualities [3,4]. The research by
the scientists [5-7] showed that the activities of superior
personnel of law enforcement agencies at all levels of
management are carried out, as a rule, in difficult, and
sometimes — extreme conditions. Professional manage-
ment environment is accompanied by the emergence of
stressful states in managers due to specific professional
relationships, unforeseen situations, instability of the so-
cio-economic situation in the country, uncertainty about
the future, shortcomingsin the organization of activities of
law enforcement agencies and units. All this results in the
deterioration of the physical and mental health of MLEAs,
losses, especially in personnel policy, provokes conflict
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situations, hinders the performance of professional and
functional duties in the subordinate unit [8-10]. Exercise in
the process of physical training can be one of the possible
ways to promote health, relieve psycho-emotional stress
and reduce stress levels in MLEAs [11, 12].

Physical training of law enforcement officers is divided
into general and special [13, 14]. The tasks of general phys-
ical training (GPT) are: development and improvement
of physical qualities; improving physical development,
promoting health, increasing working capacity and
service activities; ensuring professional longevity and
resistance of the body to adverse environmental factors
and professional activities, reducing labour costs associ-
ated with diseases; education of courage, determination,
initiative, persistence, independence, self-confidence,
mental stability; involvement of law enforcement officers
in regular physical exercises and sports [15, 16]. GPT is the
basis for special qualities formation i. e. improvement of
special physical training (SPT). The tasks of the SPT are
defined as: mastering the skills of performing measures
of physical impact, including after significant physical
activities, in conditions as close as possible to the real
ones, and their improvement; developing the ability to
perform special exercises; development of endurance,
orientation on the ground; education of ingenuity and
perseverance in achieving the goal [17, 18]. The practice
convincingly shows that, firstly, itisimpossible to improve
special qualities without a high level of GPT, and, sec-
ondly, insufficient level of law enforcement officers’ GPT
results in deterioration of physical condition and health,
emergence of various diseases and reduced efficiency of
service activities. With regard to management activities of
MLEAs, alow level of general physical fitness of instructors
leads to overweight, stagnation in the body, decreased
muscle strength and tone, disruption of basic life support
systems, reduced efficiency and the emergence of such
diseases. All this has a negative impact on the process of
managing subordinate units and the effectiveness of the
tasks assigned to the unit. Therefore, improving the level
of general physical fitness is the main task of physical
training of MLEAs.

Many scientists [19, 20] have confirmed that GPT
takes important place in order to promote the health,
improve physical and mental working capacity as well as
professionally important psychological qualities and psy-
cho-emotional state of law enforcement officers, whose
activities are characterized by high nervous tension, stress,
low motor activity and bad habits (smoking, alcohol). To
verify these conclusions, we conducted the investigation
of the level of general physical fitness of MLEAs of different
age groups and correlation analysis of the indicators of
general physical fitness and health and psycho-emotional
state of MLEAs.
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THE AIM

The aim is to investigate the effect of physical training
sessions on health and psycho-emotional state of man-
agers of law enforcement agencies.

Research hypothesis: using correlation analysis, it is
planned to prove the effect of general physical training
on health and psycho-emotional state of managers of
law enforcement agencies of different age groups.

MATERIALS AND METHODS

The research was conducted in 2019-2021. The research in-
volved 155 managers of law enforcement agencies (men) of
different age groups, who held superior positions in various
police departments of Ukraine: under 30 years old - offi-
cers-in-charge of sectors of territorial police units (n = 39),
31-35 years old - officers-in-charge of divisions of territorial
police units (n = 33), 36-40 years old - officers-in-charge of
stations of territorial police units (n = 30), 41-45 years old
- officers-in-charge of directorates within the main police
departments (n =29),45 years and older - officers-in-charge
of departments and other units of the central office of the Na-
tional Police (n=24).This distribution of officers is determined
by the Order of the Ministry of Internal Affairs of Ukraine dated
January 26,2016 No.50“On approval of the Regulation on the
organization of official training of employees of the National
Police of Ukraine” (https://zakon.rada.gov.ua/laws/show/
20260-16#Text). This study was organized and conducted at
the Department of Legal Psychology of National Academy of
Internal Affairs (NAIA), Kyiv, Ukraine.

Research methods: analysis and synthesis of literature,
pedagogical observation, testing, methods of mathematical
statistics.

With the help of the analysis and synthesis of literature,
we decided on the topic of the research, got acquainted
with the researches of leading scientists and scientifically
substantiated the factual material that we received during
the research. The main attention was paid to the following
issues: peculiarities of professional activity of MLEAs and
requirements for their physical fitness and health; the place
of physical training in the system of professional training of
law enforcement officers; the impact of physical exercises
on reducing the negative factors of professional activity,
strengthening health and restoring the working capacity of
law enforcement officers. 27 publications from the databas-
es PubMed, Scopus, Web of Science Core Collection, Crossref
and others were analyzed. Most of them are 2020-2021.

Pedagogical observation asa method of scientific research
was used during the analysis of the professional activity of
MLEAs, during the evaluation of the effectiveness of the
current system of organization of physical training with
MLEAs, during sessions and inspections of MLEAs on phys-
ical training, during the study of their attitude to physical
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training sessions as a means of promoting their health and
improving psycho-emotional state.

In order to carry out quality testing, a research card was
created for each manager, in which indicators of physical
fitness, health, morphofunctional state, psycho-emotional
state, and professional training were recorded. The level of
physical fitness of MLEAs was tested based on the results
of 100 m run, complex strength exercise, 1000 m run. It was
evaluated according to the Order of the Ministry of Internal
Affairs of Ukraine dated January 26,2016 No. 50“On approv-
al of the Regulation on the organization of official training
of employees of the National Police of Ukraine. Testing was
carried out by physical training specialists. We obtained
health and morphofunctional indicators at the Polyclinics
of the Ministry of Internal Affairs of Ukraine, where all law
enforcement officers are required to take an annual medical
examination. We obtained indicators of psycho-emotional
state in the departments of psychological support of the
relevant structural subdivisions, where psychological testing
of all law enforcement officers of the subdivision is con-
ducted annually. The efficiency of professional training of
MLEAs was assessed by the indicators of the average grade
of professional training and professional skills regarding the
use of measures of physical coercion.

The methods of mathematical statistics were used in order
to prove the regularities discovered in the research process.
One-dimensional and two-dimensional statistical analyses
were used. One-dimensional statistical analysis included
the calculation of the following characteristics: arithmetical
average, standard deviation, significance of the difference
between the studied indicators according to the Student’s
t-test. The use of two-dimensional statistical analysis made
it possible to calculate the correlation coefficient (Pearson’s
correlation coefficient was used). Pearson correlation coeffi-
cientis an indicator of the linear relationship between two
variables, which takes values from — 1 to + 1 inclusive. All
studied indicators corresponded to a normal distribution.

This study followed the regulations of the World Medical
Association Declaration of Helsinki - ethical principles for
medical research involving human subjects. The procedure
for organizing this study was previously agreed with the
committee on compliance with Academic Integrity and
Ethics of the NAIA. The topic of the study was approved by
the Academic Council of the NAIA (No.01 dated 16.09.2019).
Informed consent was received from all participants who
took part in this study.

RESULTS

Physical training of law enforcement officers is one of
the important components of improving their health
and increasing the efficiency of their professional ac-
tivity only if itis systematically carried out. Pedagogical

observation of MLEAs attendance at physical training
sessions showed that more than 70% of MLEAs miss
scheduled physical training sessions. Some MLEAs
may be absent from many sessions in a row. It was also
revealed that more than 50% of MLEAs miss more than
a third of physical training sessions for various reasons.

The results of the study of physical fitness level of
MLEAs of different age groups during 2019-2021 are
shown in Table. I.

The analysis of the results in 100 m run showed that
the level of speed qualities of the MLEAs generally
meets the regulatory requirements (it is rated mostly
as “good” and “satisfactory”). During the three years of
the study, the indicators of MLEAs of all age groups
worsened - the difference is 0.2 s for MLEAs under 30
years old (p>0.05), for MLEAs of other age groups — 0.4-
0.7 s and is reliable (p<0.05-<0.01).

In the complex strength exercise, the indicators of
MLEAs of most age groups, with the exception of those
under 30 years old, significantly (p<0.05-<0.001) deteri-
orate during the research. The difference between the
indicators of 2019 and 2021 for MLEAs under 30 years
oldis 1.7 times (p>0.05), in the age group of 31-35 years
—-4.2times (p<0.01),36-40 years — 4.2 times (p<0.01), 41-
45 years — 5.3 times (p<0.001), over 45 years — 6.4 times
(p<0.001). At the same time, the level of development of
strength qualities significantly (p<0.001) worsened with
age: the worst indicators were found in MLEAs over 45
years old (22.7-29.1 times). However, in all age groups
of MLEAs, the level of strength qualities is assessed as
“good” and “satisfactory”.

Of particularinterest is the level of development of gen-
eral endurance of MLEAs, because based on indicators of
endurance, a conclusion is made about the level of human
health. According to the results of the analysis of endur-
ance level, it can be concluded that the results of MLEAs
of all age groups in 1000 m run has an insufficient level
of development. The results of MLEAs of the age groups
under 30and 31-35 years old are rated as“satisfactory’;and
those of other age groups as “unsatisfactory”. In addition,
indicators of endurance development are characterized by
negative trends both during the research (in 2019-2021)
and with increasing the age of MLEAs.

In order to study the effectiveness of general physical
training sessions to promote health, improve morpho-
functional status, psycho-emotional state, indicators of
professional activity in MLEAs, we conducted the correla-
tion analysis between the results of 100 m run, complex
strength exercise, 1000 m run and the indicators of body
mass index, Robinsonindex, vital and strength indices, the
level of physical health, professionally important psycho-
logical qualities,emotional state, mental working capacity
and efficiency of professional activities of MLEAs (Table Il).
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Table L. The level of physical fitness of managers of law enforcement agencies (2019-2021 pp., n = 155, Mean+5D)

Age groups
Yearsirfariesle arch Under30yearsold 31-35yearsold 36-40yearsold 41-45yearsold 45 years and older
n=39 n=33 n=30 n=29 n=24
100 mrun, s
2019 14.8+0.08 15.1£0.11 15.6+0.13 16.1£0.15 16.5+0.16
2020 14.9+0.09 15.3£0.11 15.8+0.14 16.4£0.15 16.9+£0.16
2021 15.0+0.10 15.5+0.12 16.1+£0.15 16.7£0.16 17.2+0.17
tp 1.56; >0.05 2.46; <0.05 2.52;<0.05 2.74; <0.05 2.99; <0.01
Complex strength exercise, times
2019 46.4+0.64 43.5+0.81 39.1+£0.84 34.8+0.95 29.1£1.04
2020 45.3+£0.60 41.2+0.83 36.3+0.86 31.1+£0.96 25.0+£1.05
2021 44.7+0.58 39.3+0.82 34.9+0.87 28.9+£0.96 22.7+1.05
tp 1.97;>0.05 3.64; <0.01 3.74; <0.01 4.37;<0.001 4.37;<0.001
1000 m run, s
2019 246.04£4.09 254.19+4.01 267.20+4.21 278.00+4.32 289.05+4.46
2020 25110+4.16 261.02+4.06 273.11+£4.27 285.14+4.35 296.13+4.51
2021 257.07+£4.22 268.08+4.15 281.04+£4.30 293.19+4.37 305.21+£4.59
tp 1.88;>0.05 2.41;<0.05 2.30; <0.05 2.47;<0.05 2.84; <0.05

Legend: M: arithmetical average; SD: standard deviation; t: t-test value, p: the significance of the difference between the indicators of each age groups
in 2019 and 2021

Table I1. Relationship between the level of general physical fitness of managers of law enforcement agencies (n = 155) and indicators of their health,
morphofunctional status, psycho-emotional state, indicators of professional activity (2021, c. u.)

Indicators of general physical fitness

Indicators of their health, professionally important

psychological qualities and professional activities 100 m run SomplexsHengEhieAeicis 1000 m run

Correlation coefficients

Body mass index 0.162 -0.204* 0.461**
Robinson index -0.145 0.183 -0.397%*
Vital index -0.118 0.524** -0.243*
Strength index 0.153 -0.172 0.480**
Heart rate recovery time 0.172 -0.151 0.514**
Level of physical health -0.126 0.182 -0.505%*
Distribution and scope of attention -0.083 -0.113 0.073
Visual short term memory 0.065 0.049 0.136
Peculiarities of thinking 0.087 -0.075 0.091
Emotional stability 0.134 -0.191* 0.239*%
Concentration and stability of attention -0.092 0.141 -0.174
Mental working capacity -0.167 0.173 -0.212*%
Well-being 0.211* -0.219* 0.340%*
Activity 0.249* -0.245* 0.288**
Mood 0.222* -0.310%** 0.296**

Grade of professional training
Professional skills regarding the use of measures of physical
coercion

Legend: * —r critical =0.196 at p < 0.05; ** — r critical = 0.258 at p < 0.01

-0.160 0.388** -0.678**
-0.509%* 0.768** -0.844%*

The analysis of the correlation coefficients between  mood (r = 0.222); p<0.05) and the level of formedness
the studied indicators of MLEAs and their results in  of professional skills regarding the use of measures of
100 m run suggests a reliable relationship between  physical coercion (r=-0.509; p<0.01). The correlation of
the results of speed exercise with indicators of emo-  theresultsin 100 m run with the rest of the studied indi-
tional state (well-being (r = 0.211), activity (r = 0.249), cators (health, morphofunctional status, professionally
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important psychological qualities, grade of professional
training) is either absent or low.

The study of the correlation coefficients between results
of MLEAs in complex strength exercise and indicators
of morphofunctional status and health shows that the
performance of strength exercise has a significantly high
relationship with the strength index (r=0.524; p<0.01)
and a significantly low relationship with the body mass
index (r=-0.204; p<0.05). According to other indicators of
morphofunctional status and health, there is a relationship
with the results in complex strength exercise, but it is not
reliable (p>0.05). The structure of the relationship between
the results of MLEAs in complex strength exercise with
indicators of psychological qualities is complex. Thus, the
result of complex strength exercise performance has a
significant relationship with the indicators of emotional
states (well-being —r =-0.219; p<0.05; activity - r =-0.245;
p<0.05; mood —r=-0.310; p<0.05) and emotional stability
(r =-0.191; p<0.05). Significant influence of the exercise
on the development of strength qualities has been es-
tablished on the level of professional training (r = 0.388;
p<0.01) and the level of professional skills in the applica-
tion of measures of physical coercion (r = 0.768; p<0.01).

The correlation analysis of the results of 1000 m run
showed that there is a high reliable relationship between
the result of endurance exercise performance and the
level of professional training and the level of professional
skills in the application of measures of physical coercion
(r =-0.678; p<0.01; r = -0.844; p<0.01). The results of
1000 m run are significantly correlated with all indica-
tors of morphofunctional status and physical health of
OLEBs, but a significant high relationship was found with
the time of recovery of heart rate to baseline (r = 0.514;
p<0.01) and the level of health (r = -0.505; p<0.01). The
correlation relationship between the level of endurance
development and the body mass, vital and Robinson in-
dices is also significant, but average (r=0.461; r =-0.397;
r =-0.243; p<0.01), and it is low with the strength index
(r=10.243; p<0.05). The presence of a reliable correlation
relationship between endurance exercise was also found
with indicators of emotional stability (r = 0.239; p<0.05),
mental working capacity (r =-0.212; p<0.05), well-being
(r=0.340; p<0.01), activity (r = 0.288; p<0.01) and mood
(r = 0.296; p<0.01). The relationship is unreliable with
otherindicators of professionally important psychological
qualities (p>0.05).

The analysis of the correlation coefficient between
the results of general physical training exercises with
the effectiveness of service activities of MLEAs showed
that grades in professional training subject areas have a
significantly close relationship with the results of physical
exercises such as 1000 m run and pull-ups on the crossbar
(r=-0.678 Ta r = 0.388 respectively).

DISCUSSION

Physical training in law enforcement agencies is aimed at
comprehensive harmonious development of law enforce-
ment officers, maintaining good health, education of high
moral and volitional qualities, formation of special skills,
instilling personnel in the need for physical and moral
improvement, formation of readiness for duty [11]. Per-
formance of physical exercises by MLEAs should provide
preservation of their health, creative and labour activity,
comprehensive development of physical qualities, the vital
skills necessary for performance of service tasks [21, 22].

According to the scientists [23, 24], the effectiveness of
physical training to form the necessary qualities of special-
ists depends on the variety of tools used, their scope and
direction. The use of physical exercises depends primarily
on the nature and peculiarities of the professional activities
of law enforcement officers. The professional activities
of MLEAs is characterized by stresses and intense psy-
cho-emotional load, pronounced hypodynamic nature,
which determines the need to use physical exercises to
promote health, restore physical and mental capacity
and reduce negative factors (especially stresses and lack
of physical activities).

Vigorous muscular activity is a reliable guarantor in the
prevention of cardiovascular diseases caused by exces-
sive nervous and mental stress [9, 14]. Numerous studies
have shown that physical training significantly improves
the mechanisms that regulate vascular tone [13, 25]. The
cardiovascular systemin a trained person has more stable
regulatory mechanisms than in the untrained one, and a
sudden significant physical activity in the latter can result
in disruption of compensatory capacity and pathological
changes in the body [26].

Moreover the results of scientists [3, 5, 27] have shown
that the stability of attention, indicators of intellectual
abilities and memory of servicemen and law enforce-
ment officers depend on the degree of development
of their physical qualities (strength, static endurance
of the torso muscles) and the level of general physical
fitness. Static endurance of the torso muscles (back and
abdomen), ensuring the formation of a muscular “corset”
and improving blood supply to the brain, increases the
efficiency of intellectual functioning and reduces the risk
of occupational diseases.

Our research revealed that health status, morphofunc-
tional status, professionally important psychological
qualities, the level of skills in the application of measures of
physical coercion and the level of professional qualification
of MLEAs have a high degree of dependence on the level
of general physical fitness.

In general,among the exercises of general physical train-
ing, which have a positive effect on the studied indicators
of MLEAs, the most reliable correlation relationships were
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found for 1000 m run. This confirms the conclusions of the
scientists[12, 16, 17, 20] about the importance of develop-
ing and improving overall endurance for law enforcement
officersin order to promote their health, improve physical
and mental working capacity and efficiency of manage-
ment environment, as well as prolong their professional
longevity. In addition, the correlation analysis allows to
suggest that general endurance and strength qualities
are the main physical qualities that have a positive effect
on health, morphofunctional status, and professionally
important psychological qualities of MLEAs, while forming
the basis for improving indicators of professional activi-
ties, and which should be focused on during conducting
physical training sessions with the superior personnel of
law enforcement agencies of Ukraine.

CONCLUSIONS

An insufficient level of general physical fitness of man-
agers of law enforcement agencies of all age groups was
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ABSTRACT

The aim: To define reqularities of testicular construction of the rats’ offspring at 1-90 days of postnatal life after the introduction of female sex hormones to
pregnant rats during the second and third periods of pregnancy

Materials and methods: The study was conducted on the testes of white laboratory rats’ offspring during three months of life. Pregnant rats were exposed
tointravaginal injection of Utrozhestan during the second and third periods of pregnancy. histological methods were used. Analysis of the obtained results was
conducted by means of statistical methods with the use of computer license program «Statistica for Windows 13» (StatSoft Inc., N2 JPZ8041382130ARCN10-J).
Results: Administration of female sex hormones to pregnant female rats leads to a reducing of the relative area, occupied by the convoluted seminiferous
tubules with lumen, and increasing in relative area, occupied by extracellular matrix, starting from the 30th and up to the 90th observation day in the offsprings’
testes. During the third month after birth, in experimental group a decreasing of the testicles’ spermatids differentiation degree is determined

Conclusions: During the study, the following results and conclusions were obtained: decreasing of the relative area, occupied by convoluted seminiferous tubules,
increasing in relative area, occupied by extracellular matrix, also decreasing Leydig cells relative amount and a delaying of spermatid differentiation process after
exposing to female sex hormones during pregnancy, especially during third period, can lead to disruption of spermatogenesis and spermiogenesis in the future.

KEY WORDS: testes, female sex hormones, Utrozhestan, Leydig cells, spermatids

INRTODUCTION

Nowadays the number of infertile couples in Ukraine
increases [1] and according to statistics, this index is
about 19%, while the particle of male infertility reach-
es 50% [2]. This fact is confirmed by WHO documents
which underline that the reason of infertility is a man
in half number of the cases [3]. In modern conditions,
the male reproductive system is strongly influenced by
various harmful factors associated with urbanization,
environmental pollution, the use of chemical synthe-
sis products [4]. In addition, one of the male infertility
reasons lays in extreme sensitivity and susceptibility of
the male reproductive system to the effects of various
exogenous and endogenous factors that affect it during
the fetal period. The negative effect of progesterone
application during the prenatal period on the process
of spermatogenesis has been experimentally proven
[5]. This situation leads to the fact that newborn males
who were breastfed were exposed to these hormones,
which in turn led to disorders in puberty [6].
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Nowadays, evidence the issue of morphogenesis and
reactivity peculiarities of the male reproductive glands
after changing hormonal balance in the mother - pla-
centa —fetus system remains controversial [7] and look
for further clarification and further study both in clinical
practice and in experimental conditions.

THE AIM

The aim was to define peculiarities of testicular structure
of the rats’ offspring in postnatal life after the intravag-
inal introduction of female sex hormones during the
second and the third periods of pregnancy.

MATERIALS AND METHODS

The object of the study is testes of 152 white laboratory
rats. In the experiment, four groups of animals were an-
alyzed: the first one includes intact 38 rats, the second
one - control (38 rats) offspring animals, which were
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exposed to intravaginal introduction of saline solution
during the second and the third pregnancy periods; the
third group is formed by offspring of rats (38 animals),
which were exposed to intravaginal introduction of
Utrozhestan during the second pregnancy period
(from 8" to 14" day), and the fourth one *38 animals)
- offspring of rats, which were exposed to intravaginal
introduction of Utrozhestan during the third pregnancy
period (from 15" to 215t days). The choice of Utrozhestan
in experiment is explained by the simplicity of its use
and the prevalence of its use in modern clinical prac-
tice. An experimental model of the effect of female sex
hormones on the development of the fetus testes was
created for the intravaginal injection of utrozestan and
saline solution. Pregnant females were introducted with
the natural medication of progesterone - «<Utrozhestan»
with a special injector for intravaginal administration
throughout the second and the third weeks of preg-
nancy. A dose of Utrozhestan was calculated depending
on the average weight of the mature female rat and
drawn up 100 mg. Newborns were obtained from rats
with a dated pregnancy established by vaginal smears
stained with methylene blue; the presence of sperm
in smears was the evidence of the 0 day of pregnancy.
Rats were born full term at days 21-22 after conception.
The testes were examined at the 1%, 5™, 14™, 30, 45™,
60" and 90" days of postnatal life. Supporting and
withdrawal of animals from experiment was carried out
in accordance with the requirements of the European
Commission Directive (86/609/EEC), Law of Ukraine
Ne 1759-VI (15.12.2009) On the Protection of Animals
from Cruelty.

For histological analysis and morphometric examina-
tion, sections were stained with hematoxylin and eosin.
In histological samples of testes (x280), a unit area
occupied by the convoluted tubules with and without
lumen, the extracellular matrix of the interstitium were
studied. The size of the external diameter of the convo-
luted seminiferous tubules was studied. Under a micro-
scope Granum L 60 with oil immersion technique (x700)
therelative cellsamount at the testicle interstitium were
counted: Leydig cells, fibroblasts, fibrocytes. The degree
indicator of spermatids differentiation (DISD) — the ratio
of the average number of spermatids per unit area of
the section of the convoluted seminiferous tubules at
Vla and IXa stages of spermatogenesis by classification
Leblond C.P. was determined [8]. Five tubules in stag-
es Vla and IXa of spermatogenesis were examined in
cross sections of the testes. The external diameter of
the tubule (D) and the diameter of the lumen (d) were
measured. Then, in the unit area (1000um), which in-
cludes the entire thickness of the spermatogenic cells,
the number of spermatids (P) was counted. For each

tubule under study, this coution was performed in four
fields of view. The calculation of degree indicator of
spermatids differentiation (DISD) was made according
to the patent (N2 35451A UA, 2001).

Analysis of the obtained results was conducted by
means of statistical methods with the use of computer
license program «Statistica for Windows 13» (StatSoft
Inc., N¢ JPZ8041382130ARCN10-J). The statistical sig-
nificance of the obtained differences of indicators
in the comparison groups was evaluated using the
Mann-Whitney U test and considered to be significant
at p<0,05, that is generally accepted for biological and
medical researches.The numerical data of the obtained
results are presented as M = m (arithmetic mean +
standard error of the mean) [9].

RESULTS

The lumen in the convoluted seminiferous tubules ap-
peared at the 5th day of life, and its diameter tends to
increase, reaching maximum values for puberty with a
simultaneous decrease in the relative area occupied by
the convoluted tubules without lumen, the diameter
of the convoluted seminiferous tubules with lumen of
pubescent rats is much larger [10].

During the period from the 1 to the 14™ day of life,
the same growth rate of the convoluted seminiferous
tubules diameter of the testes in animals of all observed
groups was found. However, after the introduction of
female sex hormones in the fetal period, in offspring’s
testes a probable lag of growth rate of convoluted sem-
iniferous tubules was revealed, especially after the 30th
day of life. There is a likely decrease in the relative area
of the convoluted seminiferous tubules with lumen in
experimental rats, compared to control (56,01 + 0,81
% and 55,23 £ 0,29 % in experimental groups instead
of 61,89 + 1,04 % in a control) and an increase in the
relative area occupied by the fibers and the extracellular
matrix of the interstitium (15,81 £ 0,41 % and 16,02 +
0,45 % in experiment and 14,32 + 0,28 % in control),
from the 30™ day of life up to the end of the observa-
tion period.

Testicular interstituim of intact and control rats was
showed an increasing in the relative number of Leydig
cells (especially at the 45™ - 33,40 + 0,75% and the 60*"
day - 30,70 £ 3,08%). The relative fibroblasts amount
decreases with increasing observation period. The rela-
tive fibrocytes index gradually increases with increasing
life expectancy, reaching a maximum by the 30" day
(32,02 +4,60%). The results obtained are partially con-
sistent with those of other studies [11, 3].

The relative number of Leydig cells after injection
of Utrozhestan to females during pregnancy initially
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Table I. The Dynamics of Spermatids Differentiation Degree of the Rats’ offspring Testes at the Second and Third Months of Life (M + m)

Age of Animals (Day of Life)

Group of Observation

60th 90th
Intact 0,92+0,08 0,98+0,02
Control 0,94+0,03 0,97+0,03
Experimental 0,89+0,03* 0,91+0,01*
Experimental 0,86+0,02* 0,89+0,02*

Notes:

1. Groups of animals: 3 experimental — offspring of rats, which were exposed to intravaginal injection of Utrozhestan during the second pregnancy period
(from 8th to 14th day), 4 experimental — offspring of rats, which were exposed to intravaginal injection of Utrozhestan during the third pregnancy period

(from 15th to 21st days);

2. the symbol * means that the result is statistically significant comparison with control group, p<0,05.

outweighs their number in intact and control animals
and begins to decrease significantly from the 30™ day
(18,80 + 2,30% and 20,15 + 3,08% in experimental an-
imals instead of 30,70 + 3,08% in the control group at
the 60th day; 16,41 + 2,30% and 18,17 £ 3,08% to 28,03
+ 3,08% appropriately at the 90th day). This is confirmed
by previously obtained data on the reduction of the
testicles absolute mass and facts of the relationship
between low testicular mass and decreased glandular
epithelium cells index [7].

The results also show a significant lag in the relative
fibroblasts number in the initial lifespan and an increase
in this indicator from the 45™ to the 90* day of life. The
relative fibrocytes number in experimental animals,
unlike controls, increases with life expectancy (35,16 £
2,30% and 37,34 + 3,08% in the experimental groups
versus 30,91 + 3,05% in the control group at the 14 day;
39,53 + 2,30% and 37,63 + 3.80% in the experimental
groups versus 29,14 + 2,31% in the control group at
the 60™ day).

To calculate the spermatids differentiation degree
were selected rats’ testes samples from the sixtieth up
to the ninetieth days after birth, that is, mature males.
During this period of life, it is possible to determine
all stages of spermatogenesis in the rats’ testicular
convoluted seminiferous tubules. Mature germ cells
develop from spermatids. This period of their develop-
ment is called spermiohistogenesis. Degree indicator
of spermatids differentiation (DISD) in rats of intact
and control groups at the 60" day of postnatal life was
equal to 0,92 + 0,08 and 0,94 + 0,03, and at the 90th
- 0,98 + 0,02 and 0,97 + 0,03. DISD is very sensitive to
the effects of various factors, in particular, according to
these researchers, to the effects of toxic agents (epoxy
compounds). During exploration was also found a
decreasing of DISD in offspring after the Utrozhestan
introduction in the fetal period. The results obtained
indicate a delay in the process of differentiation of sper-
matids after exposing to female sex hormones during
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pregnancy, especially during third period. At the 60"
day in the third experimental group DISD was 0,89 +
0,03, in the fourth - 0,86 + 0,02, at the 90" day - 0,91 +
0,01 and 0,89 + 0,02 accordingly (Table I).

DISCUSSION

Consequently, the results indicate a delay in the
offspring’s spermatids differentiation process after
exposing to female sex hormones during pregnancy,
especially during its third period, and impaired sperma-
to- and spermiogenesis in the future which coincides
with the data of other researchers [12, 13].

Thus, during the Vla - IXa stages, the most important
cytodifferentiation stages consistently take place, they
include the essential and irreversible transformation of
such cell organelles as the cell center and the Golgi com-
plex, whose derivatives (tail compartment, acrosome)
subsequently provide the two mostimportant process
functions — sperm motility and fertilization process.
In addition, at stage IXa, the intercellular interactions
between Sertoli cells and sperm cells are significantly
altered - the previous generation of mature sperm
loses its connection with Sertoli cells and moves into
the lumen of the testicular tubule [14]. This establishes
a closer morphofunctional relationship between the
supporting cells and the new generation of differenti-
ating spermatids. The previously obtained results are
confirmed by determining the degree of differentiation
of spermatids of adult rats, which is probably lower in
animals of experimental groups compared with intact
and control rats and indicates a delay in spermatogen-
esis in animals of these groups.

This is confirmed by the obtained data on the de-
crease of the total sperm count, viable sperm, motile
sperm, also sperm membrane was severely altered.
After the exposure to progesterone during prenatal pe-
riod, in male mice the levels of serum sexual hormones
was changed: especially, the level of serum testosterone
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was decreased against of an increase the level of FSH
and LH. This experiment showed that prenatal intro-
duction of progesterone caused significant reduction
in the number of spermatozoa and increase in the
lumen of seminiferous tubule. There is an opinion that
the impairment of male reproduction in mice exposed
to progesterone during embryonic development could
be mediated through the inhibition of testosterone
production [15]. LueY.and Wang C. described the effect
of synthetic progestins such as levonorgestrel (LNG)
in combination with testosterone (T) in male contra-
ceptive clinical trials. The aim was to study the effects
of this combination progesterone with testosteron on
spermatogenesis in adult rodents. Therefore, according
to the results of research, combination LNG + T induced
germ cell apoptosis of seminiferous epithelial against
the background of testicular hormonal deprivation [16].

That is, assessing the status of sperm cells in stages
Vla - IXa under conditions of exposure to female sex
hormones (Utrozhestan), possible to evaluate the
cellular and intercellular mechanisms of impaired sper-
matogenesis, in particular the process of spermatids
differentiation, especially considering the increased
sensitivity of the final stages of spermatogenesis to the
effects of exogenous and endogenous factors.

The established effect of Utrozhestan in the second
and third periods of pregnancy on the reproductive
organs of males after birth is a specific effect character-
istic of hormonal drugs. It should be specified in more
detail in the instructions for use of the drug and taken
into account when prescribing it to pregnant women
who are carrying a male fetus.
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ABSTRACT

The aim: The aim of the study was to detect the antimicrobial susceptibility patterns and frequency of aminoglycosides resistance genes of Gram-negative
bacteria isolated from pediatric patient with UTI.

Materials and methods: The study has been performed with a total of 500 urine specimens collected from pediatric patients under the age of 18 year
suspected with UTI, admitted to hospitals in Al-Najaf province/Iraq during the period from November 2018 to March 2019.

Results: A total of 500 urine specimens had been tested, 120 (24%) had significant bacteriuria, while there 380 (76%) had non-significant bacteriuria. Escherichia
coli represent about 70 (68.2%) followed by followed by 23 (22.5%) K. pneumoniae, 5 (4.9%) P. aeruginosa, 2 (1.9%) Proteus spp., 1 (0.9%) Enterobacter
spp. and 1(0.9%) Oligella uratolytic. The antimicrobial susceptibility profile of 102 Gram-negative isolates, revealed that 59 (58%) were multidrug resistant
(MDR) and 38(37%) were extensive drug resistant (XDR). The PCR results of aminoglycosides resistance showing that 23 (74.1%) Gram-negative isolates had
acc(6')-1b gene and 12 (38.7%) Gram-negative isolates acc(3')-Il gene.

Condlusions: A high frequency of multi-drug resistance and extensive-drug resistance of isolates were recognized, and an alarming percentage of amino-

glycosides resistance to acc(6)-1b and acc(3')-11.

KEY WORDS: aminoglycosides resistance genes, gram-negative, urinary tract infection, pediatric patients

INTRODUCTION

Urinary tract infection (UTI) is a public health problem
during childhood and is one of the common sources
of infections that can cause systemicillness in children
and infants [1]. It can cause significant morbidity and
considerable mortality, if UTIs are not diagnosed and
treated early; it may lead to occurs many complications
like end-stage renal failure, renal scarring, and hyper-
tension [2, 3]. Urinary tract infection (UTI) is widely
spread and it occurs in all ages from the neonates to
the elderly age group [4]. UTl is the third most com-
mon infection after gastrointestinal and respiratory
infections, which affects about 150 to 200 million
people each year worldwide [5]. The prevalence rate
of UTI among children is about 8% of girls and 2% of
boys [6]. Pediatric urological communities are now
confronting an increase in the antibiotics resistance
of urinary pathogens, due to excessive use and abuse
of antibiotics [7]. The increase of antibiotics resistance

Wiad Lek. 2023;76(2):297-304

can lead to the occurrence of multidrug resistance
(MDR) and treatment failure of infection everywhere
in the world that considered a series of world prob-
lems [5]. UTI caused by bacteria resistance may lead
to occur many problems like complications of UTI
and inappropriate to treat the infection [8]. The rates
of antibiotics resistance can be different according to
the country and geographic area [9]. A piece of the
updated information in a specific location may aid
clinicians in choosing the appropriate antibiotic for
empirical treatment [10].

Aminoglycosides had commonly used among
children, infants, and neonates because of their ac-
tivity against a wide range of gram-negative species.
Aminoglycosides could be used as an alternative to
carbapenem in UTI caused by ESBLs producing iso-
lates [11]. The rate of UTI caused by ESBL producing
gram-negative [11, 12], isolates required carbapenem
antibiotics has been increasing in children [13].
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THE AIM

The aim of the study was to detect the antimicrobial sus-
ceptibility patterns and frequency of aminoglycosides
resistance genes of Gram-negative bacteria isolated
from pediatric patient with UTI.

MATERIALS AND METHODS

A cross-sectional study was conducted during the
period from November 2018 to March 2019 in main
hospitals (Al-Zahra Teaching and Al-Sadr hospital) in
Al-Najaf province, Iraq. A total of 500 urine specimens
were collected from children (less than 18 years) that
suspected symptomatic UTI, that attending to these
hospitals, and exclusion criteria in the current study
includes: pediatric patients have a chronic disease,
taken antibiotics before culture, and appear mixed
growth in culture.

BACTERIAL ISOLATES AND
IDENTIFICATIONS

All urine specimens were collected in a sterile
container by midstream, urine bag, and catheter
methods had based on age and physical status of
patients. Then, each urine specimen has labeled and
transported directly to a microbiology laboratory
for processing and divided into two portions. One
portion was for the microscopically examination,
for the presence of pus cells, casts, red blood cells,
and others. The second portion was streaked on the
blood (Himedia, India), MacConkey (Himedia, India)
and Chromogenic media (Orientation, CHROMagar,
France) by using a calibrated wire loop (0.001 ml).
Then, after incubation at 37°C for 24 hours, if the
growth of colonies more than 105 CFU/ml it was
considered as significant growth (bacteriuria), and
these positive culture were further identified by
the morphological characteristic pattern of routine
standard biochemical reaction [14] and confirmed by
VITEK2 compact system (BioMerieux, France).

ANTIBIOTIC SUSCEPTIBILITY TESTING

The antibiotic susceptibility was achieved by the used
test disk diffusion according to CLSI [15]. E. coli ATCC
25922 was used as the reference strain for quality
control of the antibiotics tested. The following antibi-
otics disks were used in the study includes: ampicillin
(10 pg), amoxicillin (10 pg), piperacillin (100 pg), aug-
mentin (30 pg), cefixime (5 ug), cefotaxime (30 pg), cef-
tazidime (30 pg), ceftriaxone (30 pg), cefepem (30 ug),
imipenem (10 pg), meropenem (10 ug), gentamicin
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(10 pug), amikacin (30 ug), ciprofloxacin (5 pg), ceph-
alexin (30 pg), cephamandol (30 ug), trimethoprime
sulphamethazole (5 ug), and nitrofurantoin (300 ug),
and identification of multidrug resistant (MDR) and
extensively drug resistant (XDR) of the gram-negative
isolates were according to the guide line of CDC and
ECDC[16].

MOLECULAR CHARACTERIZATION OF
AMINOGLYCOSIDES RESISTANCE GENES
DNA has extracted from all resistance isolates, accord-
ing to the protocol kit of the manufactured company
(Favorgen, Taiwan), by using NanoDrop spectropho-
tometer (Eppendorf) to determine quality and quantity
of DNA. The presence of acc(6')-Ib and acc(3)-Il amino-
glycosides resistance genes in gram-negative isolates
were surveyed by the amplification of gene specific
primers (Table ). The PCR were prepared in total volume
25 pl, including 12.5 pl of master mix (Promega, USA),
25 pmol of each primer, 5 ul DNA template and then
the volume was completed 25 ul with nuclease free
water. Then, all PCR products were analyzed by gel
electrophoresis with 1.5% agarose, and stained with
red safe dye. Finally, the electrophoresis results had
been identified by using gel documentation system
(Biometra, Germany).

STATISTICAL ANALYSIS

In the present study, statistical analysis was performed
by using a chi-square test calculator to determine the
p-value for the data and using the SPSS program (ver-
sion 21, IBM, USA).

RESULTS
DEMOGRAPHICS OF PATIENTS

The results exhibited out of 500 urine specimens were
cultured, 120 (24%) specimens were positive for the
presence of significant bacteriuria (shown = 105 cu/
ml), while 380 (76%) had non-significant bacteriuria.
Out of these 120 bacterial isolates, there 102 (85%)
of the isolates were gram-negative and 18 (15%)
of isolates were gram-positive. The results showed
from that of 120 (24%) significant bacteriuria, there
92 (76.7%) urine specimens belonged to girls and 28
(23.3%) urine specimens were belong to boys, and a
significant bacteriuria in relation to gender was found
to be statistically significant (P value = 0.01). The age
of children patients in this study was ranged from
Tmonth to 18 years and the mean aged of children
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Table . Specific primers and PCR conditions used in the present study.

Gene hame Primer name Sequences (5 to 3) PCR Condition Product size (bp)
o acc(3)-11-F ATATCGCGATGCATACGCGG (95/1 min, 55/1 min, 72/5 877
acc(3)- .
acc(3)- 1R GACGGCCTCTAACCGGAAGG min) 30 cycles
©r1b acc(6)-Ib-cr-F TTGCGATGCTCTATGAGTGGCTA (94/45 sec, 53/45 sec, 72/45 182
acc(6)-
acc(6)-Ib-cr-R CTCGAATGCCTGGCGTGTTT sec) 34 cycles
Table I1. Socio-demographic indicators among pediatric patients with UTI.
Categor Total Positive significant bacteriuria Non growth P-value
gory (n=500) (n=120) (n=380)
Male 163 (32.5%) 28 (23.3%) 135 (38%)
The gender 0.01
Female 337 (67.5%) 92 (76.7%) 245 (64.5%)
1 month -1 year 73 (14.6%) 11 (9.1%) 62 (22.6%)
2-5years 122 (24.4%) 24 (20%) 98 (25.7%)
Age groups 0.06
6-11 years 130 (26%) 35(29.1%) 98 (25.7%)
12-18 years 175 (35%) 50 (41.6%) 122 (32%)
Outpatient 370 (74%) 100 (83.3%) 270 (71%)
Hosptiliazationes 0.007
Inpatient 130 (26%) 20 (16.6%) 110 (29%)
Pyuria >5 WBC/HPF 420 (84%) 96 (80%) 324 (85.2%)
0.17
(5 WBC/HPF) <5 WBC/HPF 80 (16%) 24 (20%) 56 (14.7%)
Table 11 Antibiotic susceptibility test for Gram-negative bacteria isolated from patients with significant bacteriuria (n=102).
No.(%) of isolates exhibited
Antibiotic disk
Resistant Intermediate Susceptible
Ampicillin 102 (100%) 0 (0%) 0 (0%)
Amoxicillin 94 (92%) 3(3%) 5 (5%)
Piperacillin 94 (92%) 3(3%) 5 (5%)
Augmentin 9 (87%) 1(1%) 12 (12.5%)
Cefotaxime 102 (100%) 0 (0%) 0 (0%)
Ceftriaxone 3 (81%) 3(3%) 16 (16%)
Ceftazidime 63 (61.5%) 2 (2%) 37 (36%)
Cefepem 72 (70.5%) 23 (22.5%) 5 (5%)
Cefixime 79 (77.5%) 3(3%) 20 (19.5%)
Cephalexin 102 (100%) 0 (0%) 0 (0%)
Cephamandol 96 (94%) 2 (2%) 4 (4%)
Imipenem 2 (2%) 4 (4%) 6 (94%)
Meropenem 2 (2%) 2 (2%) 8 (96%)
Ciprofloxacin 42 (43 %) 4 (4%) 56 (55%)
Amikacin 1(10.5%) 19 (18.5%) 72 (70.5%)
Gentamicin 0 (29.5%) 1(1%) 71 (69.5%)
Nitrofurantoin 24 (23.5%) 9 (9%) 69 (67.5%)
Trimethoprim Sulfamethoxazole 0 (78.5%) 1(1%) 21 (20.5%)

was 9.67 years, and they were categorized according
to WHO into four groups: 1 month - 1 year (infant), 2-5
years (young child), 6-11 years (child) and 12-18 years
old (adolescents). The results showed that the most
significant bacteriuria was found in the age group
12-18 year (41.6%), followed by in the age group

6-11 year (29.1%), 2-5 year (20%) and less significant
bacteriuria was found in age group 1 month - Tyear
(9.1%) and the result showed that there was a non-sig-
nificant association between age groups of children
and significant bacteriuria (p-value 0.06). Isolates were
obtained at a relatively high percentage 100 (83.3%)
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Fig. 1. In a Monoplex PCR agarose gel,
amplified products from extracted DNA
of Gram-negative isolates and amplified
with primers and the primer genes
acc(6)-1b were amplified. The electropho-
resis was performed at 70 volt for 1.30 hr
with using DNA ladder size (plus 1000),
lanes (1,2,3,4,5,6,) show positive results
at 482 bp.

12 13 14 15 16 17

Fig. 2. In a Monoplex PCR agarose gel,
amplified products from extracted DNA
of Gram-negative isolates and amplified
with primers and the primer genes ac-
¢(3)-llwere amplified. The electrophoresis
was performed at 70 volt for 1.30 hr with
using DNA ladder size (plus 1000), lanes
(7,12, 16) show positive results at 877 bp.

Table IV. Distribution of aminoglycoside genes among Gram-negative isolates.

Gram-negative isolates resistance to amikacin and gentamicin

Aminoglycosides genes
acc(6)-1b N.(%) acc(3)-11 N.(%)

E. coli(n=22) 16 (72.7%) 9 (40.9%)
K. pneumonia (n=6) 4 (66.6%) 2 (33.3%)
Proteus spp (n=2) 2 (100%) 0 (0%)
O. uratolytic (n=1) 1(100%) 0 (0%)
Total of isolates (n=31) 23 (74.1%) 12 (38.7%)

outpatients, while only there 20 (16.6%) inpatients
and showed there was a significant association in
the hospital status of the children patient with UTI
(p-value=0.007) (Table II). Furthermore, 420 (84%) of
urine specimens showed pyuria (>five WBC/HPF), and
among these, 96 (80%) give culture positive, while 80
(16%) total urine specimens showed no pyuria (<five
WBC/HPF), but among these, 24 (20%) give positive
culture result and this deference was non-significant
(p-value=0.17) and these sociodemographic of pedi-
atric patients (Table Il).
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IDENTIFICATION OF UROPATHOGEN ISOLATES
Among 102 of gram-negative isolates from urine
specimens with significant bacteriuria, 70 (68.2%) iso-
lates were recognized as E. coli followed by 23 (22.5%)
K.pneumoniae, 5 (4.9%) P.aeruginosa, 2 (1.9%) Proteus spp.,
1 (0.9%) Enterobacter spp.and 1 (0.9%) Oligella uratolytic.

ANTIMICROBIAL SUSCEPTIBILITY TESTING
Antimicrobial susceptibility test was being conduct-
ed on 102 gram-negative isolates and used about 18
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disks of antibiotics. According to CLSI [15], the results
showed there was a high resistance for penicillin
groups and most generation of the cephalosporin,
while there a moderate resistance rate for fluoroquino-
lones antibiotic (ciprofloxacin) and low resistance for
aminoglycosides antibiotics (amikacin and gentami-
cin). The results showed that most of the isolates were
susceptible to carbapenem antibiotics and are most
effective against bacterial isolates (Table Ill). According
to the resistance profile, 59 (58%) were MDR isolates
resistant to at least one antimicrobial agent for three
different group, 38 (37%) were XDR, the isolates were
resistant to at least one agent in all but two or fewer
antimicrobial categories but two or fewer,and 5 (5.1%)
were non-MDR.

MOLECULAR DETECTION OF
AMINOGLYCOSIDE RESISTANCE GENES

Out of 102 Gram-negative isolates, 31 of isolates were
resistances to gentamicin and amikacin, all resistance
isolates were screened for the presence of acc(6)-Ib
and acc(3)-1l by Monoplex PCR. The results revealed
that 23/31 (74.15%) of isolates carried acc(6)-1b genes
(Fig 1) and 12/31 (38.7%) of isolates carried acc(3)-lI
genes (Fig 2). The results also revealed that acc(6)-1b
was found among 16/22 (72.7%) of E. coli isolates and
4/6 (66.6%) of K. pneumonia isolates, while acc(3)-Il was
found among 9/22 (40.9%) of E. coli isolates and 2/6
(33.3%) of K. pneumoniae isolates (Table V).

DISCUSSION

Urinary tract infection (UTI) is a public health problem
and is considered one of the infections that cause
systemic diseases in children and infants. UTI affects
every year about 150 to 200 million people and
considered the third most common infection after
gastrointestinal and respiratory infections [5]. The dis-
semination of UTlis evolving among countries due to
environmental conditions, lifestyle, poor hygiene, and
malnutrition [17]. The spectrum of causative agents
causing UTl in hospitals and communities had been
continuously changing over the years. Among the
102 Gram-negative isolates indicated in the current
investigation, six different species of bacteria were
found to be E. coli (68.2%) of the isolates, followed
by K. pneumoniae (22.5%), P. aeruginosa (4.9%),
Proteus spp. (1.9%), Enterobacter spp. (0.9%) and
Oligella uratolytic (0.9%). In the current investigation,
it was found that E. coli was the most common, fol-
lowed by K. pneumoniae, P. aeruginosa. These results
were in agreement with other studies that was done

in Iran, Turkey and Pakistan, which reported that the
frequency of E. coli was 71.6% and K. pneumoniae -
10%, E. coli - 64.2% and K. pneumoniae — 15%, E. coli
- 65%, and K.pneumonia - 25% respectively [18,
19]. Escherichia coli was the most common among
Gram-negative isolates causing UTI, and this may be
due to having certain virulence factors, like fimbriae
and hemolysin production, which help for their at-
tachment at the uroepithelial surface that increase
the risk for infection [20]. The results of the current
study indicated that there was a high resistant rate of
Gram-negative isolates to penicillin groups, including
ampicillin 100%, amoxicillin 92% and piperacillin 92%,
these findings corresponds with a previous study,
conducted in Al-Najaf [21]. This resistance may be
attributed due to the use of this antibiotic as first-line
of treatment; hence, bacteria have developed resis-
tance to this antibiotic [22]. This study indicated that
Gram-negative isolates exhibited a degree of diversity
of the levels of resistance for cephalosporin including
cefotaxime 100%, cephalexin 100%, ceftriaxone 81%,
cephamandol 94%, cefepime 70.5% and cefixime 77%,
except ceftazidime, that showed moderate resistances
reaching to 61.5%, and this results were similar with
previous studies was done in Iran and Bangladesh [2,
23]. Resistance to the third-generations cephalospo-
rins was mostly occurred by mutations in the general
B-lactamases class A, a form of CTX-M, TEM, and SHV
-lactamases [24]. The results of the present study
were demonstrated that imipenem and meropenem
are the most effective antibiotics against bacterial
isolates, the isolates were susceptible to these antibi-
otics, except two isolates were resistant and this result
is similar to most studies, that done in many countries
[2, 5]. This study showed a low resistance rate to ami-
noglycosides antibiotics, including amikacin 11% and
gentamicin 30%, this finding was conformity to the
study doneinlran [2] and also comparable with study
by Ranjbar et al. in Iran [25]. Resistances of aminogly-
cosides come from the various mechanisms, and most
of these are secretions of aminoglycoside-modifying
enzymes (AMEs). These enzymes are divided into
three classes: aminoglycosides acetyltransferase
(AAC), aminoglycosides phosphotranase (APHs) and
aminoglycosides (ANT) [25-27]. The genes encoding
these enzymes were often located on mobile ele-
ments (plasmid, transposons, and integron) enabling
the rapid spreading of the genes in various bacterial
[28]. In the current investigation, 31 isolates were
resistant to gentamicin and amikacin, then screened
by PCR to determine the prevalence of acc(3')-ll and
acc(6)-lb among Gram-negative isolates. The results
showed that 74.1% were acc(6')-Ib gene and 38.7%
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had acc(3)-Il gene. The present result was consistent
with the previous study, done in Iraq, indicated that
the occurrence of acc(6')-Ib was 68% in clinical isolates
of K. pneumoniae [29]. As well, a study conducted in
Iran by Ghotaslou et al., [30] showed that the preva-
lence rate of acc(3’)-Il among Gram-negative isolates
is about 23.6% and this result in accordance with
our findings. The present result was disagreement
with studies done in other countries, such as Saudi
Arabia, and Korea reported that the prevalence rate
of acc(6')-lb among isolates of 43%, 22% and 22.3%,
respectively [31, 32]. Hence, the current results are in
contrast with a study, done by Ho. P. et al. [33], who
found that the frequency of acc(6')-1b was12.2% and
acc(3)-llwas 91% in E. coliisolated from blood culture.
A Study in Egypt was done by Abo-State M. et al. [34]
who found that the prevalence rate of acc(3')-Il was
40% and acc(6)-1b was 30%. Furthermore, the current
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ABSTRACT

The aim: To perform a morphometric assessment of the coronary arteries ostia by intravascular ultrasound with morphological evaluation among the Ukrainian
population.

Materials and methods: Intravascularimages of the ostia of the right (48%) and left (52%) coronary arteries with the minimum diameter, maximum diameter,
mean diameter and lumen area were analyzed. An intravascular ultrasound procedure was performed before percutaneous intervention.

Results: A total of 25 IVUS examinations were collected from patients of both sexes and the same ages: 61,27+10,24 for males and females 685,83 (p=0.64).
The left coronary artery (LCA) ostium assessment was performed in 13 (52%) cases: 8 men and 5 women (32% and 20%, respectively). The right coronary artery
(RCA) ostium assessment was performed in 12 (48%) cases: 7 men and 5 women (28% and 20%, respectively). The maximal diameter of the coronary artery
ostia was higher in men (5.9520.66mm) than in women (4.82+0.34mm) (p<0.0001). In men, the maximal diameter of the RCA was higher than in the LCA
(6.4£0.40mm and 5.56+0.60mm, respectively). The same differences were found in the mean diameter and lumen area (p<0.05). In women, the minimum
diameter, mean diameter, maximum diameter and lumen area of the RCA were higher than LCA but without statistically significant differences. The anatomic
precondition explains the observed changes in echogenicity.

Conclusions: [VUS analysis shows significantly higher parameters of the minimum diameter, mean diameter, maximum diameter and lumen area in men than

in women among the Ukrainian population. Therefore, morphological evaluation is crucial in the interpretation of intracoronary images.

KEY WORDS: anatomy, intravascular ultrasound, IVUS, coronary vessels, intravascular ultrasonography

INTRODUCTION

Intravascular ultrasound (IVUS) is a modern method
of visualizing the coronary arteries from the lumenal
surface of the vessel [1]. The cross-sections of the intra-
coronary images make possible the measuring of the
coronary artery size and assessing the structure of the
vessel [2], which is extremely important in the context
of cardiovascular diseases.

The uniqueness of ultrasound is based on the fact that
different layers of the coronary artery wall reflect ultra-
sound waves differently, anatomically preconditioned.
Therefore, understanding the anatomical aspect of the
vessel structure is the key to interpreting the intracor-
onary images. Even though IVUS is widely used in the
leading clinics [3], for the majority, it is a less accessible
procedure [4]. Unfortunately, IVUS remains an inno-
vative procedure for much medical staff and requires
further explanation of coronary vessel morphology.

The coronary artery size is variable and impacts the
coronary stent implantation and optimization of the

Wiad Lek. 2023;76(2):305-310

results of coronary revascularization [5, 6]. To our knowl-
edge, there is no data on the size of coronary arteries
ostia among the Ukrainian population using IVUS.

THE AIM

To perform a morphometric and morphological as-
sessment of the coronary arteries ostia by intravascular
ultrasound among the Ukrainian population.

MATERIALS AND METHODS

Study design and patient selection. Patients from the
Lviv Regional Clinical Hospital and the Ukrainian-Polish
Heart Center «Lviv» (Lviv, Ukraine) were involved in the
study. Inclusion criteria: patients who underwent IVUS
of the right coronary artery (RCA) or left coronary artery
(LCA) before percutaneous interventions; informed
consent of the patients/legal guardians on collecting
the clinical data and samples, according to the Decla-
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ration of Helsinki. Exclusion criteria: patients after the
coronary artery bypass grafting, hemodynamically
unstable patients, and patients who underwent IVUS
of the branches of the coronary arteries without assess-
ment of the coronary artery ostia. The Local Bioethics
Commission approved the study.

IVUS images of 25 patients with the following gender
distribution were obtained: 15 men and 10 women.
The patient’s selection was based on the Guideline
for percutaneous coronary intervention according
to the American College of Cardiology Foundation,
the American Heart Association, and the Society for
Cardiovascular Angiography and Interventions [7]. In
13 cases, the indication for IVUS was angiographically
indeterminate left main CAD (Class lla, Level of Evidence:
B). In 8 cases, the indication for IVUS was non-stem
lesion of the left coronary artery with angiographically
intermediate stenosis (50-70% stenosis) (Class l1b, Level
of Evidence: B). In this research, it was the lesion of the
right coronary artery. IVUS was performed without any
complications.

The assessment was performed on an angiograph
Siemens Artis Zee Floor Eco (Munich, Germany) and
IVUS Philips Volcano (Brussels, Belgium). Access through
the radial artery under local anaesthesia with 2%
lidocaine solution (Lekhim-Kharkiv, Kharkiv, Ukraine).
The introducer Radiofocus Terumo (Fujinomiya, Japan)
was introduced along with the conductor, followed
by heparin (Novopharm-Biosynthesis, Novograd-
Volynskyi, Ukraine). Coronary angiography was
performed with an Impulse Boston Scientific diagnostic
catheter (Boston, USA). Intravascular imaging was
performed using the conduction-directing catheter
Launcher Medtronic (Dublin, Ireland). BMU Universal
Il Abbott (Abbott Park, Illinois, USA) conductor was
placed in the respective segment of the coronary vessel.
Intravascular ultrasound was performed using the
catheter Volcano Eagle Eye Platinum Philips (Brussels,
Belgium). The contrast material was Ultravist 470
(Bayer, Germany). We used the cross-sections of the
coronary ostia to automatically measure the minimum
diameter, mean diameter, maximum diameter and
lumen area (LA), which means the media-to-media
dimension of the coronary artery. Image analysis was
performed using the corresponding software on an
IVUS Philips Volcano (Brussels, Belgium). The results
of the examination were reviewed separately by two
independent interventional cardiologists.

We performed statistical analysis using R version
4.0.5 software (R Core Team, 2021). Student’s t-test was
used to compare average values. A value of p<0.05
was considered to be statistically significant. Data is
presented in M+SD.
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RESULTS

Atotal of 25 IVUS examinations were collected from pa-
tients of both sexes and the same ages: 61,27+10,24 for
males and females 68+5,83 (p=0.64). The left coronary
artery ostium assessment was performed in 13 (52%)
cases: 8 men and 5 women (32% and 20%, respective-
ly). The right coronary artery ostium assessment was
performedin 12 (48%) cases: 7 menand 5 women (28%
and 20%, respectively).

There is a statistically significant difference between
men and women in the minimum diameter, mean
diameter, maximum diameter, and lumen area. All
morphometric parameters are significantly higher in
men. Clinical characteristics of patients and differences
between the morphometric parameters in the male and
female groups are shown in Table I.

In men, the maximal diameter of the RCA was high-
er than in the LCA (6.4+£0.40mm and 5.56+0.60mm,
respectively). The same differences were found in the
mean diameter and lumen area (p<0.05). In women, the
minimum diameter, mean diameter, maximum diam-
eter and lumen area of the RCA were higher than LCA
but without statistically significant differences. Morpho-
metric parameters of the left and right coronary arteries
in men and women are presented in Table Il (Fig. 1).

Intergroup comparison of the LCA showed statistically
significantly higher parameters in maximal diameter
(p=0.003) and mean diameter (p=0.03) in men than in
women. In addition, all morphometric parameters of
the RCA in men were higher than in women (p<0.001)

Aread —

Area. 17.6mm?
Min Dia: 4.2mm
Max Dia: § 2mm

Area: 7 9mm?®
Min Dia: 2.8mm

Fig. 1. An1VUSimage of the right coronary ostium demonstrates a minimal
lumen area (green circle) and lumen area (blue circle) of 17.6 mm2 with a
minimal diameter 4.2 mm and a maximal diameter 5.2 mm.
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Table 1. Clinical characteristics of the patients who underwent IVUS. Values are presented in mean + standard deviation

Parameters Males (n=15) Females (n=10) P
Age (years) 61,27+10,24 68+5,83 0.64
Height (cm) 1,73+0.05 1,61+30 0.0001
Weight (kg) 84.33+9.62 79,73+13,33 0.008
Body mass index (kg/m?) 28,25+2.90 30,96+6,53 0.38
Lumen area, mm? 23.16+6.03 17.31+2.12 0.002*
Minimal diameter, mm 4.79%0.92 4.02+0.4 0.010*
Maximal diameter, mm 5.95+0.66 4.82+0.34 0.00001*
Mean diameter, mm 5.37£0.74 4.41+0.33 0.0002*

*P-value of <0.05 was considered significant

Table II. Morphometric parameters of the left coronary artery (LCA) and right coronary artery (RCA) in men and women. Values are presented in mean
+ standard deviation

PR LCA RCA p (t) (LCA:RCA)
M+SD M+SD M+SD
Male patients
Lumen area, mm? 20.43+£6.92 26.29+2.74 0.043*
Minimal diameter, mm 4.56+1.16 5.04+0.48 0.30
Maximal diameter, mm 5.56+0.6 6.41+0.4 0.005*
Mean diameter, mm 5.06+0.86 5.72+0.4 0.067*
Female patients
Lumen area, mm? 16.35+2.51 18.28+1.2 0.17
Minimal diameter, mm 3.84+0.51 4.2+0.12 0.18
Maximal diameter, mm 4.7+0.25 4.94+0.4 0.30
Mean diameter, mm 4.25+0.33 4.57+0.25 0.14

*P-value of <0.05 was considered significant

Fig. 2. (A) An IVUS image of the coronary ostium. The grey circle in the middle points to the location of the ultrasound imaging catheter. The lumen is
shown as a dark area (green circle). (B) Corresponding intravascular ultrasound image of the coronary artery with depicted intima (yellow circle).
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Fig. 3. (A) AnIVUS image of the coronary ostium. The grey circle in the middle points a location of ultrasound imaging catheter. The lumen is showed as
a dark area (green circle). (B) Corresponding intravascular ultrasound image of coronary artery with depicted media (orange circle).

Fig. 4. (A) An IVUS image of the coronary ostium. The grey circle in the middle points to the location of the ultrasound imaging catheter. The lumen is
shown as a dark area (green circle). (B) Corresponding intravascular ultrasound image of the coronary artery with depicted adventitia (red circle).

Morphological evaluation of the intravascular imaging
showed that the intima reflects ultrasound waves producing
a uniform concentric echo, which is visualized in the form of
a light ring. The reason is the parallel location of the endo-
theliocytes to the lumenal edge of the vessel (Fig. 2). Even
though the coronary arteries are vessels of elastic type, the
media contains a significant number of smooth myocytes,
which do not reflect ultrasound waves. Thus, ultrasound
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waves pass through the media and have a dark colour in
the image. It allows us to distinguish the media easily (Fig.
3). The longitudinal orientation of the fibers in adventitia
contributes to the intense reflection of ultrasound waves
and a bright stripe on the image (Fig. 4). It also occurs in
the case of atherosclerotic plaques calcification (Fig. 5).
The adventitia, unlike intima, does not have the form of a
concentric ring. Anatomically, it is due to the ability of the
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mm

Fig. 5. An IVUS image of the coronary ostium shows an atherosclerotic
plaque with calcification (green arrows) and acoustic shadowing.

adventitia to affect the diameter of the coronary artery due
to the parallel orientation of the collagen fibers and the
loose consistency of connective tissue.

DISCUSSION

he current study shows that coronary artery ostia diame-
tersand luminal areas assessed by intravascular ultrasound
were significantly higher in men than in women among
the Ukrainian population. Overall, in men, the maximal di-
ameter, the mean diameter and the lumen area of the RCA
were higherthan in the LCA. In contrast, we did not prove
the differences between all morphometric parameters
of RCA and LCA in women. In addition, this study found
higher all morphometric parameters of the RCA in men
than in women, but only the maximal and mean diameter
of the LCA. Finally, this study allowed the performing of
a morphological evaluation of the coronary artery ostia.
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ABSTRACT

The aim: To assess the impact of statins on the severity and lethality rate in hypertensive patients with COVID-19-associated pneumonia.

Materials and methods: 106 unvaccinated hypertensive patients were enrolled in the study. 29 (27.4%) patients took statins.

Results: Statins were not associated with reduced risks of lethality (relative risk (RR), 0.24; [95%(l, 0.03—1.79], p=0.16), decline in oxygen saturation <
929% during the inpatient stay (RR, 0.70 [95%(l, 0.39-1.28], p=0.25) and need for supplemental oxygen (RR, 0.84; [95%(l, 0.51-1.37], p=0.48). There was
no significant difference in the median length of in-hospital stay between the patients taking statins (14.0 [10.0—15.0] days) and patients, which didn’t take
statins (13.0 [9.0-18.0] days) (p=0.76). However, subgroup analysis showed that statins reduced the risk of decline in oxygen saturation <92% in patients
aged 65 years and older with body mass index > 25.0 kg/m2 (RR, 0.33 [95%(l, 0.11-0.92], p=0.03).

Condlusions: Statins didn't affect the severity and lethality rate in hypertensive patients with COVID-19-associated pneumonia. Subgroup analysis showed
that statin use was associated with a decrease in morbidity of patients aged 65 years and older with BMI >25.0 kg/m2 hospitalized for COVID-19-associated
pneumonia.

KEY WORDS: hypertension, pneumonia, statins, COVID-19, lethality, severity

INTRODUCTION

Despite mass vaccination, coronavirus disease 2019
(COVID-19) remains a major public health problem
worldwide [1]. Comorbidities including arterial hyper-
tension (AH) are more prevalent in older patients and
may significantly worsen the clinical course of COVID-19
[2, 3]. Also, AH is more prevalent in patients with lethal
outcomes [4].

Statins remain first-line lipid-lowering medicines.
However, they have multiple pleiotropic effects: pre-
vention of left ventricular fibrosis and hypertrophy,
inhibition of myocardial apoptosis, endothelial nitric
oxide synthase activation, reduction of plasminogen
activator inhibitor-1 expression, reduction of endothe-
lin-1 synthesis, increase in peroxisome proliferator-acti-
vated receptor-a and y expression, prevention of T-cell
activation, macrophage grows inhibition, decrease in
the level of proinflammatory cytokines (IL-1(, IL-6, IL-8
cyclooxygenase-2, TNF-a), inhibition of platelet reac-
tivity and thromboxane A, biosynthesis, decrease in
C-reactive protein (CRP) level [5]. The protective effects
of statins in the COVID-19 course may be explained by

Wiad Lek. 2023;76(2):311-319

their anti-inflammatory, antioxidant, antithrombotic,
and immune-modulatory properties [6]. Except for high
cholesterol levels, statins are generally recommended
for secondary prevention in most patients surviving
cardiovascular events such as myocardial infarction
and stroke [7, 8].

Despite the statin prescription, patients often discon-
tinue the treatment with these medications. According
to the study performed in Taiwan, persistence in statin
treatment was 86, 67, 50, and 25% at 6-month, 1-, 2-,
and 7-year, respectively [9]. In patients with myocardial
infarction, good adherence is present only in 40.9% for
statins during 1 year of follow-up. [10].

So, the investigation of statin impact on the clinical
course of COVID-19 complicated by pneumonia is
actual.

THE AIM

The study aimed to assess the impact of statins on the
severity and lethality rate in hypertensive patients with
COVID-19-associated pneumonia.
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MATERIALS AND METHODS

106 unvaccinated hypertensive patients with
COVID-19-associated pneumonia hospitalized during
the period of March-June 2021 were enrolled in the
study. Hypertensive patients were divided into two
groups: the main group, which included 29 patients on
statin therapy, and the control group, which included
77 patients who didn't take statins.

Coronavirus SARS-CoV-2 as an etiological factor of pneu-
monia was confirmed with either PCR or ELISA test with
the assessment of IgM level. Pneumonia was confirmed
with either chest X-ray or chest computed tomography.

The diagnosis of AH was established in accordance
with the criteria of the 2018 European Society of Cardi-
ology guideline [11]. Cardiovascular risk was assessed
in accordance with the criteria of the 2021 European
Society of Cardiology guideline [12]. Pneumonia se-
verity was assessed in accordance with the CURB65
score. Patients’ symptoms were assessed using the
questionnaire CAP-Sym.

Inclusion criterion:
Pneumonia associated with COVID-19 confirmed
laboratorically, which leads to hospital admission.

Exclusion criteria:

Pregnancy;

Age <18 years;

Moderate and severe cognitive decline;

Acute myocardial infarction;

Acute phase of ischemic stroke, transient ischemic

attack;

Acute phase of intracerebral haemorrhage;

Active cancer;

Active gastrointestinal bleeding;

Stage 5 chronic kidney disease.

A consent form was signed by each prospective partic-
ipant before recruitment into the study. All procedures
in the study met bioethical standards according to the
Helsinki Declaration.

Statistical processing of the data was performed
using the software Statistica 10 and MS Excel. Shap-
iro-Wilk test was performed to establish the type of
distribution. Descriptive statistics for data with the
normal distribution are presented as the mean with
standard deviation (Mean£SD). The median and inter-
quartile range (Me [Q1-Q3]) was calculated for data
with the abnormal distribution. Categorical data are
presented as count and percentage. The T-test was
used for the comparison of two variables with the nor-
mal distribution. Mann-Whitney U test was performed
to compare variables with the abnormal distribution.
Fisher's exact test was used for the comparison of two
categorical variables. Also, the relative risk with 95%
confidential interval was calculated and forest plots
were built. The null hypothesis suggested that there is
no statistical significance. If the p-value was < 0.05 the
null hypothesis was rejected; if the p-value was > 0.05
the null hypothesis was accepted, which is common in
biomedical studies.

RESULTS

Characteristics of patients of both groups are shown in
table I. Patients’age, body mass index, gender compo-
sition, history of AH, and chest computer tomography
extent of COVID-19 at hospital admission were similar
in both groups. Prior myocardial infarction was more
prevalent in patients of the main group (patients who
took statins). Other comorbidities were of similar prev-

1(6.7%) 1 (6.7%)

Main group

1(5.9%) 1 (5.9%)

Control group

0% 10% 20% 30%

40%

50% 60%

®CO-RADS-2 wCO-RADS-4 = CO-RADS-5

2 (13.3%)

1(5.9%)

Fig. 1. Lung damage assessed
in accordance with the C0-RADS
categories

70% 80% 90% 100%

CO-RADS-6
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alence in both groups. Laboratory parameters were
similar in patients of both groups.

At the moment of hospitalization, 73 (94.8%) patients
in the main group and 25 (86.2%) patients in the con-

trol group had bilateral pneumonia (p=0.21), in other
patients the pneumonia was unilateral. Lung damage
was assessed according to the CO-RADS (COVID-19
Reporting and Data System) categories (Fig. 1).
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There was no significant difference in pneumonia
severity according to the CURB65 score between both
groups at the moment of hospital admission (p=0.98)
(Fig. 2).

Grade 1 AH was diagnosed in 1 (3.4%) patient, grade 2
was diagnosed in 20 (69.0%) patients, and grade 3 was
diagnosed in 8 (27.6%) patients of the main group. In
the control group, 1 (1.3%) patient had grade 1 AH, 51
(66.2%) patients were diagnosed with grade 2 AH, and
25 (32.5%) patients had grade 3 AH.

Cardiovascular risk was high in 2 (6.9%) patients and
very high in 27 (93.1%) patients of the main group.
Cardiovascular risk was high in 4 (5.2%) patients and
very high in 73 (94.8%) patients of the control group.
So, cardiovascular risk was similar in patients of both
groups (p=0.66).

There was no significant difference according to
the CAP-Sym questionnaire between the main group
(28.5+3.6 points) and the control group (27.0+2.7
points) at the moment of hospital admission (p=0.49).

Beta-blockers were more frequently prescribed in
patients of the main group (p=0.04) (table Il). There
were no significant differences in other received drugs
in patients of both groups. This may be explained by the
fact that prior myocardial infarction was more common
in the patients of the main group.

Complaints of olfactory disorders were significantly
more common in the control group than in the main
group at the moment of hospital discharge (p=0.03).
There were no significant differences in other com-
plaints (cough, general weakness, breathlessness, palpi-
tations, leg muscle pain, back pain, headache, dizziness,
sleep disorders, taste disorders, olfactory disorders, sore
throat, nasal congestion, rhinorrhea, diarrhoea, and
stomachache) between these groups (Table Ill).

In the main group, 9 (31.0%) patients were taking
atorvastatin, 19 (65.5%) patients were taking rosu-
vastatin and 1 (3.4%) patient was taking simvastatin.
High-intensity statin therapy was used in 12 (41.4%)
patients of the main group.
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There was no significant difference in the median
length of in-hospital stay between the main group (14.0
[10.0-15.0] days) and the control group (13.0[9.0-18.0]
days) (p=0.76).

12 (11.3%) of all enrolled patients with AH died. The
mean age of the non-survivors was higher (74.3+4.5
years vs. 67.6+1.7 years, p=0.02). 1 (3.4%) patient died
in the main group and 11 (14.3%) patients died in the
control group (relative risk (RR), 0.24; [95% confidence
interval (Cl), 0.03-1.79], p=0.16).

CPAP (Continuous Positive Airway Pressure) was used
in 1 (3.4%) patient of the main group (the patient died)
and in 9 (11.7%) patients of the control group. Among
patients in the control group on the CPAP therapy, 8
(88.9%) patients died, and 1 (11.1%) patient survived.
Non-invasive mechanical ventilation was used in 5
(6.5%) patients of the control group; none of them
survived. Non-invasive mechanical ventilation was not
used in the patients of the main group.

Supplemental oxygen was used in 12 (41.4%) patients
of the main group and in 38 (49.4%) patients of the
control group (RR, 0.84; [95%Cl, 0.51-1.37], p=0.48).
Among survivors, median minimal oxygen saturation
for total in-patient time was 94.0 [90.5-95.0] % in the
main group and 93.0[90.0-95.0] % in the control group
(p=0.55). Decline in oxygen saturation <92% was ob-
servedin 9 (31.0%) patients of the main group and in 34
(44.2%) patients of the control group (RR, 0.70; [95%(Cl,
0.39-1.28], p=0.25).

History of prior myocardial infarction was associat-
ed with neither excessive lethality (RR, 0.65; [95%ClI,
0.09-4.63], p=0.43) nor decline in oxygen saturation
<92% (RR, 1.26; [95%Cl, 0.45-3.48], p=0.66).

1 (3.4%) patient in the main group and 9 (11.7%)
patients in the control group were transferred to the
intensive care unit (ICU) (p=0.28). The patient from the
main group died. Among patients from the control
group transferred to the ICU, 8 (88.9%) patients died.

Statins didn’t show statistical significance in the re-
duction of lethality rate (RR, 0.24 [0.03-1.79], p=0.16)
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Table . Characteristics and comorbidities of enrolled patients

Parameter Main group Control group P
Characteristics
Age, years* 67.5£11.8 68.7£2.0 0.53
Body mass index, kg/m?® 26.9 [24.9-32.0] 27.1[24.2-32.2] 0.91
Male gender® 14 (48.3%) 27 (35.1%) 0.26
History of AH, years® 10.0 [5.0-19.0] 15.0 [7.0-20.0] 0.19
Chest computer tomography extent of COVID-19° 25.0[15.0-35.0] 20.0 [15.0-30.0] 0.33
Comorbidities
History of myocardial infarction’ 9 (31.0%) 4 (5.2%) <0.001
Diabetes mellitus 10 (34.5%) 24 (31.2%) 0.81
History of stroke’ 2 (6.9%) 7 (9.1%) 1.0
Atrial fibrillation® 3(10.3%) 8(10.4%) 1.0
Heart failure with mid-range ejection fraction® 2 (6.9%) 3(3.9%) 0.61
Hypothyroidism’ 3(10.3%) 3(3.9%) 0.34
Laboratory tests at the moment of hospital admission
Erythrocytes, 10'%/L® 4.6[4.1-4.7] 4.6 [4.2-5.0] 0.37
Haemoglobin, g/L% 128.0[117.8-138.5] 131.0[123.5-142.5] 0.23
Leucocytes, 10%/L® 6.9 [5.2-8.5] 6.2 [4.4-8.4] 0.37
Band neutrophils, %° 4.0[2.0-6.3] 5.0 [3.0-8.0] 0.19
Segmented neutrophils, %° 71.0 [65.0-75.0] 73.5[65.0-78.0] 0.37
Lymphocytes, %° 19.0[15.0-25.5] 17.0[12.0-22.0] 0.34
Platelets, 10°/L° 208.5 [148.0-279.0] 188.0 [149.8-242.8] 0.55
Erythrocyte sedimentation rate, mm/h* 324+14.8 32.2+16.3 0.97
Fasting glucose, mmol/L® 5.7 [5.2-7.8] 6.3 [5.4-9.1] 0.31
Total protein, g/L® 68.5 [64.4-78.1] 68.2 [64.0-73.5] 0.76
Total bilirubin, umol/L® 11.1[8.7-14.8] 10.1 [8.1-12.4] 0.07
Aspartate aminotransferase, [U/L® 25.8[19.4-38.9] 29.4[21.3-38.5] 0.53
Alanine aminotransferase, IU/L® 29.2[19.9-38.4] 26.0[18.9-38.4] 0.71
Creatinine, pmol/LS 98.6 [88.9-112.3] 96.0 [86.1-111.0] 0.73
Blood urea nitrogen, mmol/L® 6.2 [5.0-7.4] 6.0 [4.9-7.8] 0.96
Fibrinogen, g/L* 5.1+1.2 53+1.4 0.60
Specific markers at the moment of hospital admission
Ferritin, ng/mL® 298.5 [136.5-545.0] 359[205.0-602.5] 0.45
Soluble interleukin-2 receptors, ng/mL® 5.4[4.1-7.0] 6.3 [4.6-8.4] 0.20
Interleukin-6, pg/mL® 37.8[7.0-76.2] 44.6 [20.6-99.8] 0.20

#Data presented as mean with standard deviation (Mean = SD)
S Data presented as median with interquartile range (Me [Q1-Q3])
" Data presented as count and percentage

and the number of patients with an oxygen saturation
decline below 92% during a total hospital stay (RR, 0.70
[95%Cl, 0.39-1.28], p=0.25) among all enrolled patients
(Fig. 3, 4).

However, subgroup analysis showed that statins
reduced the risk of decline in oxygen saturation <92%
during a hospital stay in patients aged 65 years and
older with BMI = 25.0 kg/m? by 67.3% (RR, 0.33 [95%(Cl,
0.11-0.92], p=0.03) (Fig. 6).

Among survivors, soluble interleukin-2 receptor
levels at the moment of hospital discharge were lower
in patients of the main group than in patients of the
control group (p=0.03) (Table IV). Levels of ferritin and
interleukin-6 were similar in both groups.

Survived patients of the main group scored 17.6+2.7
points and ones of the control group scored 15.8+1.9
points according to the CAP-Sym questionnaire; there was
no significant difference between these values (p=0.40).
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Table II. The most common medication taken by patients of both groups

Medications Main group Control group P
Corticosteroids 29 (100.0%) 77 (100.0%) 1.0
Anticoagulants 29 (100.0%) 77 (100.0%) 1.0
ACE inhibitors 18 (62.1%) 42 (54.5%) 0.52

Angiotensin receptor blockers 11 (37.9%) 22 (28.6%) 0.36
Diuretics 14 (48.3%) 31 (40.3%) 0.51

Beta-blockers 15 (51.7%) 23 (29.9%) 0.04

Calcium channel blockers 9 (31.0%) 29 (37.7%) 0.65
Mineralocorticoid receptors antagonists 4 (13.8%) 4(5.2%) 0.21
Tocilizumab 0 (0.0%) 1(1.3%) 1,0

Table I11. Comparison of common complaints in patients of the main and the control groups

At the moment of admission

At the moment of discharge

Complaints
Main group  Control group p Main group, survivors  Control group, survivors p
Cough 26 (89.7%) 61 (79.2%) 0.27 24 (85.7%) 46 (69.7%) 0.13
General weakness 4 (82.8%) 68 (88.3%) 0.52 25 (89.3%) 9 (89.4%) 1.0
Breathlessness 21 (72.4%) 46 (59.7%) 0.26 20 (71.4%) 5 (53.0%) 0.11
Palpitations 14 (48.3%) 32 (41.6%) 0.66 6(21.4%) 6(9.1%) 0.17
Leg muscle pain 14 (48.3%) 36 (46.8%) 1.0 7 (25.0%) 5(22.7%) 0.80
Back pain 11 (37.9%) 27 (35.1%) 0.82 3(10.7%) 6 (24.2%) 0.17
Headache 10 (34.5%) 22 (28.6%) 0.64 6 (21.4%) 5(7.6%) 0.08
Dizziness 5(17.2%) 26 (33.8%) 0.15 1(3.6%) 4 (6.1%) 1.0
Sleep disorders 18 (62.1%) 49 (63.6%) 1.0 7 (25.0%) 17 (25.8%) 1.0
Taste disorders 6 (20.7%) 17 (22.1%) 1.0 1(3.6%) 1(1.5%) 0.51
Olfactory disorders 3(10.3%) 18 (23.4%) 0.18 0 (0.0%) 11 (16.7%) 0.03
Sore throat 11 (37.9%) 35 (45.5%) 0.52 0 (0.0%) 1(1.5%) 1.0
Nasal congestion 7 (24.1%) 11 (14.3%) 0.25 0 (0.0%) 0 (0.0%) 1.0
Rhinorrhea 6 (20.7%) 15 (19.5%) 1.0 0 (0.0%) 0 (0.0%) 1.0
Diarrhoea 6 (20.7%) 6 (7.8%) 0.08 0 (0.0%) 3 (4.5%) 0.55
Stomachache 6 (20.7%) 6 (7.8%) 0.08 0 (0.0%) 1(1.5%) 1.0
Table IV. Levels of specific markers at the moment of hospital discharge
Parameter Main group Control group p

Ferritin, ng/mL 391.0 [244.5-511.8] 347.5[211.0-529.0] 0.58

Soluble interleukin-2 receptors, ng/mL 3.4[2.6-4.2] 47 [3.3-6.8] 0.03

Interleukin-6, pg/mL 5.6 [3.4-7.1] 9.0 [2.0-24.9] 0.36

DISCUSSION
Our study showed that statin failed to reduce a lethality
rate and decline in oxygen saturation below 92% during
the inpatient stay. However, subgroup analysis demon-
strated that statins reduce the risk of and decline in
oxygen saturation below 92% during the inpatient stay
in patients aged 65 years and older and with elevated
BMI (=25.0 kg/m?). Also, soluble interleukin-2 receptor
levels were lower in patients who took statins.
Multiple studies showed a reduced mortality rate
associated with statin intake in patients with COVID-19
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[13-16]. Meta-analysis performed by Zein A.FM.Z. et
al. demonstrated that statins use is associated with
decreased mortality (RR, 0.72 [95%Cl, 0.55-0.95],
p<0.001); the association of statin and mortality was
not affected by age, gender, diabetes, AH [17]. However,
some authors noted that statin use is not associated
with a decrease in mortality rate [18-20]. Moreover,
Diaz-Arocutipa C. et al. showed that only chronic use
of statins significantly reduced mortality according to
the adjusted models [21]. Also, statin use was associat-
ed with a lower risk for death in hospitalized patients
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(hazard ratio (HR),0.86 [95%Cl, 0.79-0.95]) [22]. Kow
C.S. showed that statin use is associated with a lower
risk of all-cause mortality (odds ratio (OR), 0.63 [95%Cl,
0.58-0.84]), and the composite endpoint of severe ill-
ness (OR, 0.80 [95%Cl, 0.73-0.88]) [23].

Memel Z.N. reported that statin use was associated
with improvements in mortality for patients >65 years,
but not for patients 65 years or younger [13]. This study
supports our findings that only in patients aged 65 years
and older and with elevated BMI (=25.0 kg/m?), statin use
was associated with a decrease in the disease severity.

Thereis evidence that soluble interleukin-2 receptor levels
are predictors of mortality in COVID-19 patients [24] Soluble
interleukin-2 receptors are involved in the T-cell immune
response regulation and are, therefore, suggested to play
a major role in COVID-19 progression [25]. Duration of the
disease is positively associated with serum level of soluble
interleukin-2 receptors [26]. Kaya H. et al. reported that
soluble interleukin-2 receptor levels on admission and se-
quential monitoring of soluble interleukin-2 receptor levels
reflect COVID-19 severity [27]. Association between sIL-2R
and disease severity in COVID-19 patients is known [28].

19.8% of all hospitalized hypertensive patients com-
plains of olfactory dysfunction at the moment of hospi-
tal admission in our study. According to the meta-anal-
ysis made by Aanand P. et al., the incidence of olfactory
dysfunction in the included studies ranged from 9.2% to
82.0% with an average rate of 30.2% [29]. Saniasiaya J.
etal.reported that the prevalence of olfactory disorders
is 47.85% [30]. The olfactory dysfunction assessed by
objective olfactory testing is more prevalent than that
assessed by self-reporting [31]. Olfactory disorders at
the moment of hospital discharge were significantly less
common in patients taking statins. Sustentacular cells of
the olfactory epithelium with high expression of ACE2
protein may be potentially targeted by SARS-CoV-2
[32]. Also, the virus was found in olfactory neurons [33].
SARS-CoV-2 persistence and local inflammation in the
olfactory epithelium may account for long-lasting olfac-
tory disorders [34]. Anti-inflammatory, anti-oxidative,
and anti-excitotoxic properties of statins may be associ-
ated with neuroprotective effects in neurodegenerative
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ABSTRACT

The aim: To investigate the clinical and genetic characteristics of children with idiopathic short stature, taking into account the polymorphism of the vitamin
D receptor (VDR) Bsml gene.

Materials and methods: Eighteen children diagnosed with of idiopathic short stature who were treated at the State Institution «V.P. Komisarenko Institute
of Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine» were examined. The following values were taken into account: the
patient’s sex and age, anthropometric data, vitamin D level in the blood (excluding summer months of patient recruitment), bone age, basal growth hormone
(GH) level and its level after stimulation tests (clonidine, insulin), IGF-1 levels, blood levels of total and ionized calcium and VDR gene polymorphism.
Results: The A allele carriers of the polymorphic locus Bsml (rs1544410) of the VDR gene are significantly associated with the risk of developing idiopathic
short stature OR = 4.47 (95% (I 2.11-9.48; p <0.05). The risk of idiopathic short stature is significantly higher OR = 9.33 (95% (I 3.09-28.16; p <0.05) in
children with the presence of the G/A genotype. Vitamin D deficiency (43.83 = 6.47 nmol/l) was found in children with the Bsml polymorphic variant G/G VDR,
and vitamin D insufficiency was found in children with Bsml polymorphic variants G/A and A/A VDR (58.14 + 20.05 and 51.58 + 22.84 nmol/l, respectively).
Conclusions: The data obtained regarding the polymorphiclocus Bsml (rs1544410) of the of VDR gene cannot exclude it’s the involvement in the pathogenesis

of idiopathic short stature.

KEY WORDS: children, polymorphism, idiopathic short stature, VDR gene

INTRODUCTION

Low growth of the child is associated with many fac-
tors, including growth hormone deficiency, neurose-
cretory disorder of the hormonal axis of somatotropic
hormone (GH), intrauterine growth retardation, low
idiopathic growth, hypothyroidism and malnutrition.
Among them, idiopathic short stature (ISS) is the most
common diagnosis, accounting for 60-80% of children
with growth retardation [1]. The diagnosis of idiopathic
short stature is based on the following features: short
but otherwise healthy children, an alteration of growth
(height<-2 SD) - the child’s height is more than two
standard deviation score rates below the mean for
age and sex (less than the 3rd percentile), body length
and weight at birth are normal, absence of systemic
and endocrine diseases, normal magnetic resonance
imaging scans, there are no nutritional deficiencies
and chromosomal abnormalities. ISS is characterized
by proportionally short stature for no apparent reason
[2], with a normal response of growth hormone during
stimulation tests (>10 ng/ml).
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The causes of ISS are diverse and complex, including
mutation in the GH receptor gene, a short deletion of
the homeobox gene, the dysfunction of GH secretion
and structural abnormalities of this hormone [3]. ISS
not only affects the growth of children, but also easy
leads to abnormal bone development, nervous system
dysfunction and increased incidence of chronic car-
diopulmonary disease and has a great impact on the
children’s quality of life in the future [4].

Studies have shown that over 95% of active serum vi-
tamin D is 25-hydroxy vitamin D [25-(OH)D], and serum
25-(OH)D is the most abundant form of serum vitamin D,
followed by 1.25-(0OH),D. Although serum 1.25-(OH),D
has the highest biological activity, the half-life of this
indicator is short and difficult to quantify. 25-(OH)D is
a stable indicator, it is easy to study in blood serum.
Currently, it is considered an indicator that reflects the
level of vitamin D in the body. Thanks to it, the metab-
olism of calcium and phosphorus is regulated in the
human body, calcium reabsorption is activated in the
intestine, as well as calcium deposition in the bones [5].
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IGF-1, a single-chain polypeptide, is primarily produced
by the liver, the skeletal muscle, and many other tissues
in response to GH stimulation. It promotes the growth
and differentiation of bones and tissues, as well as the
production of muscle mass, thus providing an import-
antregulatory effect on the growth of the body. IGF-1 is
closely related to GH levels. Synthesis and secretion of
IGF-1 are regulated by GH levels, while IGF-1 levels can
generate a negative feedback to regulate the pituitary
growth hormone secretion. At the same time, IGF-1 also
plays a key role in slowing down the growth of glucose
and fat metabolism and metabolic syndrome [6, 7].

THE AIM

The aim was to study the clinical and genetic charac-
teristics of children with idiopathic short stature, taking
into account the polymorphism of the VDR Bsml gene.

MATERIALS AND METHODS

Eighteen children were examined with diagnosis of
idiopathic short stature, who were treated at the State
Institution «V.P.Komisarenko Institute of Endocrinology
and Metabolism of NAMS of Ukraine».

Patient’s sex and age, anthropometric data, vitamin
D level in the blood (patients were recruited from Sep-
tember to May), bone age, GH level after stimulation
tests (clonidine, insulin), IGF-1 levels, blood levels of
total and ionized calcium were analyzed. The mean
age of children (14 boys, 4 girls), who were included
in the study, was 10.46 + 3.43 years. The mean growth
retardation was minus 2.12 (+0.50) SDS. At the time of
examination, all the patients were euthyroid. The study
included patients who had not received calcium and
vitamin D drugs for 6 months.

The serum 25-hydroxycalciferol (25(OH)D) level was
determined by immune-chemiluminescent method.
The GH and IGF-1 levels were studied using radioim-
munoassay and enzyme immunoassay methods. The
control group consisted of 112 healthy children and ad-
olescents aged 9 to 18 (mean age 8.24 + 3.83 years) [8].

According to the classification, adopted by the In-
ternational Institute of Medicine (2011), the vitamin D
deficiency in children and adults is considered when
serum 25(OH)D levels are below 20 ng/ml or 50 nmol/I.
The serum 25(0OH)D level from 21 ng/ml to 29 ng/ml
(from 50.1 to 74.9 nmol/l) should be considered as the
vitamin D insufficiency. The normal level of vitamin D
is equal to the serum 25(0OH)D concentration above 30
ng/ml (more than 75.0 nmol/l).

The determination of the Bsml (rs1544410) poly-
morphism in the VDR gene was performed using the

polymerase chain reaction (PCR) method, followed by
analysis of the length of the restriction fragments upon
their detection by agarose gel electrophoresis.

For genotyping, the venous blood was collected un-
der sterile conditions in 2.7 ml monovetes with potas-
sium salt of ethylenediaminetetraacetic acid (“Sarstedt’,
Germany) which served as an anticoagulant. First, DNA
was eliminated from the peripheral blood using a com-
mercial Quick-DNA, Mini-prep Plus Kit (manufactured
by Zymo Research, USA).

The genes studied were amplified using specific
primers (manufactured by Metabion, Germany) and the
commercial Dream Taq Green PCR Master Mix (manu-
factured by Thermo Scientific, USA).The tubes with the
final amplification mixture were transferred to the Flex
Cycler BU amplifier (Analytic Jena, Germany) to provide
the appropriate temperature regime.

The amplification products of DNA fragments (am-
plicons) of the VDR gene were subjected to hydrolytic
cleavage by restriction endonuclease Bsml (manufac-
tured by Thermo Scientific, USA), respectively. Separate
mixtures were prepared for restriction analysis, and
transferred to pre-labeled tubes, and then amplicons
were added.

The fragment limiting reaction for the Bsml G/A
(rs1544410) of the VDR gene was performed according
to the manufacturer’s recommendations in a solid-state
microthermostat at 37°C for 16 hours.

The process was stopped by increasing the tempera-
ture to 65°C for 20 minutes. The state of the restriction
fragments of the VDR gene was analyzed by a 3% aga-
rose gel (agarose from firm Cleaver Scientific, UK), with
the addition of ethidium bromide, a marker of molec-
ular weight “Gene Ruler 50 bp DNA Ladder” (“Thermo
Scientific’, USA) and subsequent visualization using
a transilluminator stained with ethidium bromide by
computer program “Vitran”.

Amplifiers of the Bsml G/A (rs1544410) of the VDR
gene were subjected to hydrolytic cleavage in the
presence of the 5'-GAATGCNX-3'restriction site, result-
ing in the restricts (the restriction formations) with a
molecular mass a 644 bp and 179 bp — GG genotype.

The restriction site disappeared with nucleotide re-
placement from G to A, if the size of the amplified DNA
fragments remained unchanged after interaction with
the restriction nuclease (823 bp), then the AA genotype
was recorded. Accordingly, all three types of fragments:
823,644 and 179 p.p.in the heterozygous genotype (GA)
were simultaneously observed.

Statistical processing of the study results was per-
formed using Microsoft Excel statistical programs.
Laboratory parameters were presented in the form of
arithmetic data (mean (M £ m).
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The strength of association of the analyzed signs
was determined using the value of the odds ratio
(OR), which was carried out according to the standard
formula.

A confidence interval (Cl) was calculated for OR at
95% significance level. If the odds ratio was less than 1,
then the risk decreased, if = 1, then there was no risk, if
more than 1, then the risk was present (Fletcher et al.,
1998). All data were analyzed by nonparametric meth-
ods of variational statistics using a computer program
MedCalc (2006).

The study was conducted in accordance with the
basic principles of bioethics of the Council of Europe
Convention on Human Rights and Biomedicine (the
4th of April1997), the World Health Association Helsinki
Declaration on Ethical Principles for Conducting Med-
ical Research with the Participation of People (1964-
2013).Commission on Biomedical Ethics of the State
Institution“V.P. Komisarenko Institute of Endocrinology
and Metabolism of the National Academy of Medical
Sciences of Ukraine” did not reveal violations of moral
and legal norms during the study. Informed consent
was obtained from participants and their parents.

RESULTS

Vitamin D receptor plays a key role in bone mineral-
ization, intestinal calcium absorption and cell differ-
entiation [9]. The VDR gene is located on chromosome
12q13.1 and consists of a 5 ‘promoter encoding exons
and a 3'regulatory region.

Acting through its own receptor, the hormone-active
form of vitamin D - 1.25(0OH),D can cause many effects
that affect various biological processes in the body.

Functional studies of each polymorphism in the VDR
gene are ongoing, and several studies have shown
how the VDR polymorphisms have been associated
with adult height [9-14]. Most of them studied the
single-nucleotide polymorphisms (SNPs) of VDRs on
coding exons and in the 3’-regulatory region, where
the polymorphic locus Bsml (rs1544410) of the VDR
gene is located.

Analysis of the distribution of allele and genotype fre-
quencies of the polymorphic locus Bsml (rs1544410) of
the VDR genein the group of patients with ISS and in the
control sample [8] was statistically significant (Table I).

The allele frequency of the VDR Bsml polymorphism
was 44,4% for the G allele (n = 16) and55,6% for the A
allele (n=20).The study found that the Allele Carriers of
the Bsml (rs1544410) polymorphic locus of the vitamin
D receptor gene (rs11568820) was significantly associ-
ated with a risk of developing idiopathic short stature
OR=4.47 (95%Cl 2.11-9.48; p<0.05).
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It was also shown that the risk of idiopathic short
stature was significantly high in the presence of the
G/A genotype, OR=9.33 (95%CIl 3.09-28.16; p<0.05);
alsoin G/G genotype variant, the risk of idiopathic short
stature was increased but not significantly4.13 (95%Cl
0.63-26.65; p=0,14); in the A/A genotype variant, the risk
of idiopathic short stature was significantly decreased
OR=0.07 (95%Cl 0.02-0.25; p<0.001).

Mean values of height, weight, height SDS, se-
rum 25(OH)D in the studied group (18 patients)
were 123.49+19.62 cm, 26.96+11.11 kg, -2.25+0.85,
48.86+16.71Tnmol/l, respectively, level of total calcium
- 2.40£0.12 mmol/l, serum phosphorus — 1.43+0.11
mmol/I (Table II).

Idiopathic short stature was significantly lower in
children with polymorphic G/A variant of genotype
compared to G/G and A/A genotypes in children.

The low level of vitamin D was found in all the chil-
dren with idiopathic short stature regardless of the
Bsmlrs1544410 polymorphic locus of the vitamin D
receptor gene.Vitamin D deficiency (43.8346.47 nmol/I)
was observed in children with the Bsml polymorphic vari-
ant of G/GVDR and vitamin D insufficiency (58.14+20.05
and 51.58+22.84 nmol/l, respectively) - in children with
the Bsml polymorphic variants of G/A and A/AVDR.

Basal level of GH was normal in all the patients exam-
ined. The GH level after the clonidine stimulation test
was within the normal limits.

Growth SDS (Standard Deviation Score) was signifi-
cantly lower in the group of children with polymorphic
variant A / A(-2.61+0.38) compared to variants of the
Bsml (rs1544410) polymorphic locus of the VDR gene
G/A (-1.92+0.45) and G/G (-2.39+0.02).

IGF-1 in all surveyed was within the norm, however,
the lowest rate was in patients with polymorphic variant
G/G VDR Bsml (108.50+12.02 ng/ml). Normal levels of
total and ionized calcium, and phosphorus in serum
were found in all the patients examined.

DISCUSSION

An active form of vitamin D is the regulator of calcium
metabolism, regulator of calcium absorption in the
intestine as well as a direct factor which affects the
metabolism and modeling of bone tissue.

The VDR geneis consisted of a 5‘promoter (from exon
1atof), encoding exons (exon 2-9), and a 3'regulatory
region (3"-untranslated region) in chromosome 12q13.1.
In each nucleotide of the VDR gene, polymorphism can
occur by chance. As a result of the polymorphism of the
VDR gene, labeled as genetic variants which occurs in
at least 1% of the population, it affects the level of VDR
protein in target organs and causes numerous diseases.
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Table I. Distribution of allele and genotype frequencies of the polymorphic locus Bsml (rs1544410) of vitamin D receptor gene in the group of patients

with idiopathic short stature and in the control sample

Groups and number Allele frequencies, X2 Genotype frequencies, X2;
of individuals % df=1 % df=2
(n) G A G/A G/G A/A
Population sample (112)* 34(15.2) 190 (84.8) 17.1 28 (25.0) 3(2.7) 81(72.3) 9.45
Patients with idiopathic short stature 16 (44.4) 20 (55.6) p<0.001 12 (66.7) 2(11.1) 4(22.2) p=0.003

Note: Hardy-Weinberg equilibrium for Bsml (P = 0.14)
* — data from source 8.

Table Il. Analysis of growth indicators and some serum biochemical parameters in children with idiopathic short stature depending on the polymorphism

of the VDR gene
Genotype
Values Bsml (rs1544410),n=18
G/A G/G A/A

Growth SDS -1.92+0.45 -2.39+0.02* -2.61£0.38**

Basal GH level 1.02+£1.34 0.84+0.81 0.11+0.04

GH level after stimulation test with clonidine, ng / ml 14.49+4.49 14.70+2.83 15.38+5.58
25(0OH)D, nmol/I 58.14+20.05 43.83+6.47 51.58+22.84
IGF-1,ng / ml 141.48+64.40 108.50+£12.02 151.58+66,74

The total calcium, mmol/I 2.42+0.05 2.37£0.02 2.46+0.04

Calcium ionized, mmol/I 1.27+0.17 1.21£0.02 1.24+0.06

Serum phosphorus, mmol /| 1.45+0.17 1.48+0.04 1.39+0.11

Note: * - the significance level between values of the Bsml (rs1544410) GA and GG genotypes (p<0.05); ** - the significance level between the values

of Bsml (rs1544410) GA and AA genotypes (p<0.05).

Polymorphisms of Bsm |, Apa | and Taq | in the 3 ‘un-
translated region are associated with the regulation of
RNA stability and half-life and lead to a better response to
vitamin D in target tissues [15]. Polymorphism also regu-
lates osteocalcin, the hormone that promotes the insulin
secretion by the pancreas and is a biochemical marker of
bone formation [16]. Several studies have examined the
association between the above VDR gene polymorphisms
and growth [9-10, 13-14, 17]. Barchitta M et al. [18] studied
the association between Bsm | polymorphism of the VDR
gene and growth in full-term newborns of Caucasian male.

In a study by Wang W. et al. [19] children with the A/G
genotype showed a higher growth rate than those with
the G/G genotype, which can be seen in our study and
may serve as a short-term marker of growth potential.

The greatest interest in the study of the vitamin D
functions is primarily explained by its active partici-
pation in calcium homeostasis, cyst formations and
the regulation of the bone mineral density. Vitamin
D binds to a specific steroid receptor encoded by the
VDR gene. This gene acts as a transcription factor and
influences the expression activity of numerous target
genes. Anin-depth study of the VDR gene made it pos-
sible to identify polymorphic variants which can lead to
structural or functional changes in protein expression.

Therefore, these options may be potential clinical and
diagnostic markers of musculoskeletal pathology.
However, studies of the VDR gene are ongoing, and a
number of studies have shown conflicting data on the
distribution of genotype frequencies of various loci of
this gene [20-21], which creates the basis for further
work in this area.

The level of vitamin D in our study was the lowest in the
group of children with the G/G genotype, and the highest
one - in children with the heterozygous genotype (G/A),
which is consistent with the study by Marozik P[22].

CONCLUSIONS
The allele frequency of the VDR Bsml polymorphism
was 44,4% for the G allele (n = 16) and 55,6% for the A
allele (n = 20). G allele carriers of the Bsml (rs1544410)
polymorphic locus of the VDR gene (rs11568820) was
significantly associated with the risk of developing idio-
pathic short stature OR=4.47 (95%Cl 2.11-9.48; p<0.05).
It was also shown that the risk of idiopathic short stat-
ure was significantly high OR=9.33 (95%CIl 3.09-28.16;
p<0.05) in the presence of the G/G genotype.
The vitamin D deficiency (43.83+6.47 nmol/l) was
detected in children with the Bsml polymorphic variant
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of G/G VDR and vitamin D insufficiency was detected The data obtained regarding the polymorphic locus
in children with the Bsml polymorphic variant of G/A  Bsml (rs1544410) of the of VDR gene cannot exclude
and A/A VDR (58.14+20.05 and 51,58+22,84 nmol/l, it’s the involvement in the pathogenesis of idiopathic
respectively). short stature.
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ABSTRACT

The aim: The purpose of the research was to study the role of infliximab global cerebral ischemia-reperfusion injury.

Materials and methods: The rats were split into five groups: Sham group; Control group: occlusion of the common carotid artery for 60 minutes, and sub-
sequently reperfusion for an hour without receiving any medication; Vehicle group: as the control group, but 72 hours before to the ischemia, they were given
the medication 0.9 NaCl intraperitoneally (i.p); Treated group-1: as the control group, plus 3 mg/kg of IFX intraperitoneally (i.p) 72 hours prior to ischemia;
Treated group-2: as the control group, plus 7 mg/kg of IFX intraperitoneally (i.p) 72 hours prior to ischemia.

Results: Pre-treatment with IFX significantly reduced the percentage of infarct area, but in the IFX (7 mg/kg) group, the infarct area was smaller than at the
low dose. The ischemia group had a significant elevated of TNF-a and caspase-3 while a significant lowered in CAT and SOD levels. The pre-treatment with IFX,
the TNF-a and caspase-3 levels lowered significantly, furthermore, significantly increased CAT and SOD levels activity (P<0.05) as compared with IR group.
Among effective groups, I/R-+IFX (7mg/kg) group more effective in lowering TNF-a and caspase than I/R+IFX (3mg/kg) group.

Conclusions: Infliximab has neuroprotective effective due to its powerful TNF-a blocker and limit ROS release and cell death signaling which protects the

neurons from injury during cerebral ischemia reperfusion.

KEY WORDS: infliximab, apoptosis, ischemia-reperfusion injury, TNF-a

INTRODUCTION

Cerebral ischemia-reperfusion injury (CIR) is inability of
cerebral tissues to receive enough oxygen and nutrients
due to impaired blood flow, followed by the resto-
ration of blood flow, which may cause inflammatory
conditions and the production of free radicals, which
may worsen the local injury and impair the function
[1]. Harmful free radicals may be produced during
cerebral ischemia as a result of anaerobic hydrolysis,
conversion of ATP to AMP, and other processes. On the
other hand, the rise of TNF-a induces NF-kB activation
through death domain adapter molecules, which
in turn triggers a signaling cascade, releases NF-kB,
reaches the nucleus, and finally induces the activation
of target genes [2, 3]. As aresult, the restoration of the
ATP levels during reperfusion enables dynamic Ca*?
uptake by the mitochondria and results in the open-
ing of the mitochondrial permeability transition pore
(MPTP).Thus, protons and certain molecules associated
with apoptosis, such as cytochrome C and capase-3
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are thus free to enter the mitochondria. Meanwhile,
the influx of ions and water results in enlargement of
the mitochondria [4]. Neurological impairment and
changes in ethology may be the result from cerebral
reperfusion injury, and caspase-3 activation may be
related to neuronal apoptosis [5]. TNF-a controls the
inflammatory response, cell loss, and proliferation by
triggering a number of intracellular pathways. These
pathways are directly related to liver regeneration,
hepatic damage, and mortality as well as brain injury
[6]. TNF-a, ROS inhibitors could be intriguing novel
treatments for cerebral ischemia-reperfusion injury in
light of current findings. Infliximab is a monoclonal chi-
meric immunoglobulin G1 (IgG1) TNF-binding blocker
[4]. IL-1b, IFN-g, IL-2, TNF-q, IL-6, and IL-17 are among
the pro-inflammatory cytokines that it suppresses from
being produced [7]. By inhibiting the TNF receptor,
which causes lysis of immune cells and cause death
in activated macrophages and T cells, and it may also
reduce cell infiltration [8].
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THE AIM

The purpose of the research was to study the role of
infliximab global cerebral ischemia-reperfusion injury.

MATERIALS AND METHODS
ANIMALS

Twenty-five male albino rats (Rattus norvegicus),
weighing between 200 and 250 g, were taken from the
animal house at the Faculty of Science, Kufa University.

The animals were fed a conventional animal food and

had enough of water while keptin an animal home that

was well-ventilated and maintained at a temperature of
25°C[9]. Guide for the Care and Use of Laboratory Ani-
mals were used during the inquiry, and the experiment
received approval from the Al-Kufa University” Animal

Care and Research Committee. After acclimation for

one week, the rats were split into five groups as follows:

1. Sham group: The animals were given general anes-
thesia without blocking any of their common carotid
arteries [10].

2. Control group: The animals had general anesthe-
sia, occlusion of the common carotid artery for 60
minutes, and subsequently reperfusion for an hour
without receiving any medication [10].

3. Vehicle group: The animals received the same sur-
gical procedure as the control group, but 72 hours
before ischemia, they were given the medication 0.9
NaCl intraperitoneally (i.p) [11].

4. Treated group-1: The animals received the same
surgical treatment as the control group, plus 3 mg/
kg of IFX intraperitoneally (i.p) 72 hours prior to
ischemia [12].

5. Treated group-2: The animals received the same
surgical treatment as the control group, plus 7 mg/
kg of IFX intraperitoneally (i.p) 72 hours prior to
ischemia [13].

INDUCTION OF CEREBRAL ISCHEMIA

In order to induce general anesthesia in the animals,
ketamine and xylazine were administered intraperito-
neally (i.p) [14]. As soon as the rats lost consciousness,
the neck area was incised. The paratracheal muscles
were then pulled by sterile artery forceps, and con-
nective tissues were removed using spay force. The
common carotid arteries were separated from the vagal
nerve and blocked simultaneously on both sides (left
and right) for a maximum of 60 minutes. The clamps
were then removed and reperfusion started for an
additional hour to induce global cerebral ischemia/
reperfusion injury [15].

TTC STAIN EVALUATION

Cerebral infarction is evaluated using TTC staining. After
60 minutes of ischemia and 60 minutes of reperfusion,
the rats were slaughtered. Brain tissues were sliced into
coronal slices, dissolved in 0.2% PBS (w/v), and then
stained with triphenyltetrazolium chloride (TTC) stain
at 37°C for 30 min on a glass Petri dish with aluminum
foil covering to prevent the effect of light on TTC stain
were added paraformaldehyde at 10% [3]. Using digital
images (digital camera) and image analysis tools, the
infarct volume was determined (image J system) [16].

White Area

ofy — — 77
1% Total Area

x 100%
| =Infarct percentage, white region = the infarction area
and the red area = the valid area.

ELISA ASSAY

The levels of TNF-a, CAT, SOD and caspase-3 in cerebral in-
farction tissues were assessed using ELISA. In a nutshell, the
supernatant was obtained by centrifuging rat infarct tissue
in PBS buffer with protease inhibitors. The concentrations of
TNF-a, CAT, SOD and caspase-3in cerebral infarction tissues
were measured using ELISA, and the precise methods were
properly followed by the kit's instructions.

HISTOPATHOLOGICAL STUDY

After reperfusion, brain tissues were preserved in 10%

formalin solution and embedded in a paraffin block.

Sections of the brain were then cutinto 5 um thick piec-

es, stained with hematoxylin-eosin (H&E) and examined

under a microscope by a professional pathologist. The

method of pathological evaluation of this study was

considered according to the following criteria [3, 16]:

- Normal (0): Edema, RBC and eosinophilic neurons
are absent.

- Slight (1): Edema or eosinophilic neurons are present.

- Moderate (2): edema, eosinophilic neurons, and a
few quantities of RBC are present.

- Severe (3): edema, eosinophilic neurons, RBC and
necrosis are present.

STATISTIC EVALUATION

The SPSS 26.0 software was used to conduct the statistical
analysis. Data are presented as the means standard devi-
ation, and the findings represent are the mean of three
independentexperiments (SD). One-way analysis of variance
(ANOVA) was used to compare experimental and control
groups,and thenTukey's test was used to confirm the results.
When P < 0.05, the differences were deemed significant.
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Fig. 1. Photograph of coronal
slices of rat brain stained with
TTC of all groups. Valid areas were
colored red while infarcted areas
were white.

Fig. 2. Rat liver levels in response
to infliximab treatment: A: TNF-a
(pg/mL), B: CAT (U/mg protein),
C: SOD (U/mg protein), and D:
(aspase-3 (U/mg).

Fig. 3. An examination of the
histopathology of the rat brain:
(A): sham group, (B): control group
- there is a significant amount of
ischemic damage, (C): I/R+ IFX
(3mg/kg) group, (D): I/R+ IFX
(7mg/kg) group.
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Table . Biochemical findings in all study groups (n=5). Data are presented as mean + SD.

Groups/markers TNF-a (pg/mL) CAT (U/mg protein) SOD (U/mg protein) Caspase-3 U/mg
Sham 61.38+5.63 70.34+16.68 20.28+1.092 10.23+£2.19¢
Control 164.54+11.0% 30.57+4.512 9.05+0.872 40.76+8.322
I/R+IFX (3mg/kg) 110.16+£14.282 42.32+2.3% 12.60+1.052 26.42+3.252
I/R+IFX (7mg/kg) 85.42+17.18¢ 55.63+£3.39¢ 16.51+2.15¢ 19.41+4.35¢
2ys sham group p<0.05  ><vs /R groups p<0.05
RESULTS DISCUSSION

IFX REDUCED THE PERCENTAGE OF INFARCT
AREA CAUSED BY IR INJURY

Our results revealed that pre-treatment with IFX signifi-
cantly (p < 0.05) decreased the percentage of infarct
area in the IFX (3mg/kg) and IFX (7mg/kg) groups
compared to the control group (43.15% 7.72%). The
percentage of infarction area between the IFX (7mg/
kg) group and the sham group was not significantly dif-
ferent (p > 0.05), but the IFX group (7mg/kg) displayed
the lowest infarct area (Fig 1).

EFFECT OF IFX ON BRAIN TISSUE LEVELS OF

TNF-A, CAT, SOD, AND CASPASE-3

Compared to the sham group, the ischemia group
showed a significant elevation (P<0.05) of TNF-a and
caspase-3 while a significant lowering (P<0.05) in CAT
and SOD levels. The pretreatment with IFX, the TNF-a
and caspase-3 levels lowered significantly (P<0.05),
furthermore, pretreatment significantly increased CAT
and SOD levels activity (P<0.05) as compared with IR
group. Among the effective groups, I/R+IFX (7mg/kg)
group more effective in lowering TNF-a and caspase
than the I/R+IFX (3mg/kg) group. Table | presents the
biochemical findings of all study groups.

IFX REDUCED HISTOPATHOLOGIC SCORE
THAT CAUSED BY IR-INJURY

We used a score to compare between the groups accord-
ing to Abbas Al-Huesini L.M. et al.[16]. Compared to the
sham group, histopathological scores in both the control
group and the vehicle groupé increased significantly
(p <0.05).The histological analysis revealed that pretreat-
ment in rats had considerably less brain tissue damage
(p < 0.05) than the control group. In comparison to the
control group, the IFX (7mg/kg) group demonstrated the
least amount of brain tissue damage, followed by the IFX
(3mg/kg) group, however, there is significant difference
(p< 0.05) between IFX (7mg/kg) and IFX (3mg/kg). Figure
2 present the histopathologic findings. An examination
of the histopathology of the rat brain is shown in Figure 3.

Destruction and death of neurons in brain tissues as a
result of an increase in inflammatory and oxidative me-
diators led to cerebral ischemia-reperfusion injury [17].
Endogenous antioxidants can detoxify free radicals,
which are mediators of cellular damage and death [18,
19], however, excessive production of cytokines, such
as TNF-q, due to the depletion of these antioxidants in
the body, as well as caspase-3, cause cell death [20].
In our study, we found that a minimal percentage of
infarct area was shown in the sham group, indicating
that there are few necrotic cells in non-ischemic brain
slices. We also noted a significant increase in untreat-
ed groups after induction of BCCAO when compared
to the sham group, indicating an increase of necrotic
cells due to downregulation of the Na/K-ATPase pump,
increased oxidative stress, and increased inflammatory
response, while pre-treatment with IFX. Blood-brain
barrier disruption, development of edema and the in-
duction of pyknotic and dark eosinophilic neurons were
all effects of I/R [21]. Ischemia led to the production
of free radicals, which then brought to mitochondrial
and brain damage, according to Chandrashekhar et al.
(2010), microscopic analysis of the control group’s brain
tissue reveals characteristics of neurotic necrosis and
blood vessel congestion [15]. In our experiment, we
found that a low damage score was shown in the sham
group thatindicated a basal sore in non-ischemic brain
slices. We also noticed that its damage scores increased
significantly in the untreated groups after BCCAO in-
duction compared with the sham group, indicating that
I/R causes damage to brain tissue. Inhibition of TNF-a
has anti-inflammatory and neuroprotective proper-
ties. Infarction, edema, oxidative stress, and caspase
3 activation following a stroke were all prevented by
pretreatment with a TNF-receptor antagonist. When
administered 72 hours prior to ischemia, IFX signifi-
cantly reduced brain damage scores when compared
to untreated groups. Additionally, in the high dose
group, the effects more than in the low dose treated
groups, revealing that decreasing TNF-a levels also
reduced brain damages like hemorrhage and necrosis.
This result follows from our hypothesis. In our study,
we observed that the lowest levels of TNF-q, capase-3
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while minimal level of SOD and CAT were detectable
in the sham group, which indicated a basal level in
non-ischemic brain slices. We also observed that its
level increased significantly in the untreated groups
after the induction of BCCAOQ, in contrast to the sham
group, indicating its overexpression. In addition, IFX
at high dose group was reduced its levels more than
low IFX dose treated groups, which indicated reducing
in TNF-a and caspase-3 proteins and reduce in brain
inflammation, and an increase levels of SOD and CAT,
and this result supposes our suggestion. Administration
of IFX 72 hours before ischemia significantly reduced
TNF-q, capase-3 levels, and increase levels of SOD and
CAT when compared with untreated groups. Inhibition
of TNF-a has anti-inflammatory and neuroprotective
properties. Infarction, edema, oxidative stress, and
caspase 3 activation following a stroke were prevented
by pretreatment with a TNF-a receptor antagonist [22].
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ABSTRACT

The aim: Hazard characterization and assessment of combined exposure to several pesticides when they simultaneously get to the human body with bakery
products.

Materials and methods: Methods of analytical analysis of the range of pesticide active substances, which are registered and used in modern systems of
grain crop protection in Ukraine, were used in the study. Normative documents of national legislation on hygienic regulation of pesticides and methodological
approaches to assessing the combined effects of pesticide mixtures in food products serve as materials for assessment.

Results: It is established that the total risk of exposure to residual amounts of pesticides in bread products (wheat and rye bread) during its comparable getting
into the body was 0.59 for children 2-6 years and 0.36 - for adults, with an allowable value of < 1.0. The combined effect of pesticides per unit of children’s
body weight is higher, but also lies within acceptable limits. The largest contribution to the overall risk of combined exposure to triazoles is made by flutriafol
(38.5-47.0%), which in the future may be the basis for substantiating measures to reduce such exposure and make appropriate management decisions.
Conclusions: Safety of consumption of agricultural products is ensured by strict following hygienic regulations for the pesticide application (application rates,
frequency of treatments, pre-harvest intervals), which makes it impossible to accumulate their residual amounts in food. Triazole pesticides, widely used in

almost all crop protection systems, pose a potential risk of adverse health effects due to additive or synergistic effects.

KEY WORDS: pesticides, maximum residue levels, combined impact, health risk

INTRODUCTION

Agriculture in Ukraine is one of the main sectors of
the economy, providing more than 10 per cent of the
gross domestic product (GDP). The positive balance
of foreign trade in agricultural goods in recent years
has reached more than 13.5 billion US dollars and
accounts for 40% of the total exports of Ukraine [1,
2]. A prominent place in modern agricultural produc-
tion and general, the volume of exports is occupied
by cereals (wheat, barley); crop areas in Ukraine as of
2019 amounted to 9424.9 thousand hectares [3]. Much
attention is paid to modernization to increase crop
yield production, accurate technologies in sowing
and processing, modern plant protection systems,
and new, resistant to diseases and weather conditions
hybrids of seed. All this contributes to more efficient
management than just the accumulation of land re-
sources [4].

Chemical plant protection products remain the
leading factor in increasing agricultural production.
Agricultural holdings, farms, and agricultural coopera-
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tives need 38-40 thousand tons of pesticides annually
to conduct an efficient process of growing agricultural
products [5]. In order to enhance biological action and
prevent the development of resistance mechanisms,
thereis a need to find new active substances. In recent
years, the trend of increasing the number of complex
mixtures of pesticide formulations containing two or
more active substances, the toxic properties of which
may be summed up (additive effect) orenhanced (syn-
ergistic effect) with a combined impact on man [6-8].

Legal regulation of pesticide used in Ukraine is
provided by the existing legal framework. All new
preparative forms of pesticides are undergoing state
tests for their intended purpose and further use in
agricultural production of Ukraine. The criteria for the
safety of pesticides for human health are the hygienic
regulation of their contentin the human environment.

The main standard that minimizes the harmful
effects of pesticides on the human body when con-
suming food is maximum residue level (MRL) - the
maximum level of pesticide residues in food, recog-
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Fig. 1. Distribution of active substances of pesti-
cides by chemical classes

(triazole — 24%, pyrethroid — 13%, strobilurin —
11%, neonicotinoids — 11%, benzimidazole — 5%,
piperidine — 5%, organophosphorus compounds
— 5%, morpholine — 5%, sulfonylurea — 5%;
carboxamides — 2%, pyrazole — 2%, other — 12%)

nized by law as acceptable if properly use of pesticides
in accordance with the principles of good agricultural
practice. This level of residue should be as low as pos-
sible by modern analytical methods and be safe for
the health of consumers.

However, a legally established MRL at the state level
only applies to one active pesticide substance. It pre-
cludes the assessment of the additive or synergistic
effect of several pesticides on the human body when
they are detected together, even in small concentra-
tions and within established standards. The presence
of residues of several pesticides in food products
encourages the development of methodological
approaches to assessing their cumulative effects and
is an important issue in the hygienic regulation of
pesticides.

The importance of conducting research to develop
a methodology for assessing the cumulative and
synergistic effects of pesticides is stated in EU Regu-
lation N2 396/2005 of the European Parliament and of
the Council on maximum pesticide residue levels [9].
There is a need to consider the cumulative effects of
pesticides when setting MRLs when methods become
available to assess such impacts.

Currently, there are no scientifically sound ap-
proaches to regulating the simultaneous presence
of several pesticides in the same food product and
clearly defined risk assessment methods that consider
all multicomponent mixtures’ interactions.

Addressing the combined effects of chemicals, in-
cluding pesticides, on human health is one of the key

initiatives of the EU Chemicals Strategy, adopted by
the European Commission on 14 October 2020 under
the European Green Course to achieve a non-toxic
environment. It is for pesticides that progress has
been made in developing a targeted methodology for
a better and more accurate way to assess cumulative
risk [10].

On the example of the range of active substances of
combined preparations used in the system of chemical
protection of cereals in Ukraine, we assessed the risk
of combined effects of pesticides on human health
when they come with bakery products.

THE AIM

The purpose of the research is hazard characterization
and assessment of combined exposure to several
pesticides when they co-enter the human body with
bakery products.

MATERIALS AND METHODS

The objects of the study were the active substances of
combined pesticides for various functional purposes
(insecticides, fungicides, herbicides) used in Ukraine
to protect cereals for various functional purposes
[11], and their combined effects on human health
when getting into the body with bakery products.
The range of pesticides was divided into classes of
chemical compounds, determining the nature of
toxic effects and dose levels at which no damaging
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Table I. Formulas used for risk assessment

Formula Definition
E, - daily exposure to pesticide residues in bread products, mg / kg bw / day.
I % MRL MRL - maximum residue level of pesticide in cereal grains, mg / kg;
E =+ v |, - average daily consumption of bakery products (wheat and rye bread), kg / person / day

(for an adult - 0.28 kg, children from 2 to 6 years - 0.12 kg) [13];
M - body weight of an adult (60 kg) and children aged 2-6 years (15.6 kg) [14].

HQ,- hazard quotient for each pesticide active substance, which characterizes the risk
E associated with the intake of a particular pesticide active substance with bakery products;
HQ, = AD'I ADI - acceptable daily intake of the active substance of the pesticide for humans, which
' characterizes the risk associated with the intake of a pesticide with bakery products;
ADI - acceptable daily intake of the pesticide for humans, mg / kg bw / day.

HI - hazard index, which is the sum of the hazard quotient of each active substance and
characterizes the risk of potential adverse effects from the combined exposure to several
active substances when they co-enter the human body with bread products.

HI =Y HQ,

RPF, - the relative potential factor of each active substance from the group of related;
NOAEL, - no observed adverse effect level (dose level of the index compound at which no
damaging effects are observed), mg / kg bw;

NOAEL, - no observed adverse effect level (dose level of an individual compound at which
no damaging effects are observed), mg / kg bw.

prE - NOAEL,
NOAEL,

— the total exposure, the combined effect, is estimated by summing the daily exposure of
each substance (E) multiplied by the corresponding RPF,.

total

:i$ XPRFi:iEi <pRE F

i=1 i=1

E total

Table II. Estimation of the combined exposure to active substances of pesticides at their joint intake by organism with bakery products

E, mg/kg bw/d HQ,
Active substance Chemical ADI, MRL, mg/kg — - :
class* mg/kg bw/d product children, adults children, 1 its
2-6 year 2-6 year
Alpha-cypermethrin P 0,005 0,01 0,00008 0,00005 0,016 0,010
Azoxystrobin S 0,03 0,2 0,00154 0,00093 0,051 0,031
Epoxiconazole T 0,004 0,05 0,00038 0,00023 0,095 0,058
Imidacloprid N 0,06 0,01 0,00080 0,00050 0,013 0,005
Lambda-cyhalothrin P 0,003 0,01 0,00008 0,00005 0,027 0,017
Pyraclostrobin S 0,02 0,2 0,00154 0,00093 0,051 0,031
Propiconazole T 0,04 0,04 0,00077 0,00047 0,019 0,012
Tebuconazole T 0,03 0,2 0,00154 0,00093 0,051 0,031
Flutriafol T 0,01 0,1 0,00077 0,00047 0,077 0,047
Cyproconazole T 0,002 0,05 0,00038 0,00023 0,190 0,115
Total risk HI: 0,59 0,36

Notes: * P — Pyrethroids; S — Strobilurins; T — Triazoles; N — Neonicotinoids

effects (NOAEL). Theoretical research of normative
documents of national legislation was conducted to
find reference values for active substances of pesti-
cides and other standards: acceptable daily intake
(ADI), maximum residue levels (MRL) in cereals [12],
average daily norms (ADN) of bread consumption
and rye) [13]. The study also included reports from
the European Food Safety Authority (EFSA) and other
scientific publications on the toxicological effects of
the studied pesticides.

The subject of the study was the exposure levels of
pesticide active substances in cereals at the level of
MRL and the total potential risk of their combined im-

334

pact on the health of people of different ages (adults
and children aged 2-6 years).

Risk characterization and assessment of combined
exposure to pesticides were performed using the
formulas listed in Table I.

The estimated total risk of exposure expresses the
overall hazard according to the equivalent exposure
of the index compound, and therefore can be com-
pared with the ADI of the index compound [16].

Exposures at the level of MRL pesticides in cereals
without taking into account the processing factors
of agricultural raw materials, which depend on the
chemical characteristics of the pesticide, product
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Table I11. NOAELS of triazoles by hepatic toxicity

Active substance

NOAEL, mg/kg bw/d

Effects

References

Epoxiconazole

0,8
(18-month, mouse)

Hepatotoxicity: increased body liver weight, clinical
chemistry, histology, liver cell adenomas and
carcinomas in mice

EFSA, 2008
(https://doi.org/10.2903/j.
efsa.2008.138r

- EFSA, 2017
y y y efsa.2017.4887)
o o o o e
Tebuconazole ' OXYg Y +anemia, p ogic (https://doi:10.2903/j.
(1-year dog study) changes in the adrenal glands, liver tumors in mice of
e s . efsa.2014.3485)
sensitive lines, changes in the lens of the eye (dogs)
Liver toxicity (rat and mouse), increased liver weight EFSA 2010

Flutriafol

1,0
(2-year rat study)

and histopathology, inducer of monooxygenase
system, anemia

https://doi.org/10.2903/j.
efsa.2010.1868

Cyproconazole

1,0
(2-year rat study);
1,84
(18-month, mouse)

Main target organ of cyproconazole is the liver upon
short-term to long-term exposure (increased relative
liver weight, increased incidence of hepatocellular
hypertrophy, hepatocellular adenomas); probable
carcinogen for humans, selective effect on

EFSA 2010
https://doi.org/10.2903/j.
efsa.2010.1897

reproductive function

Table IV. Relative potential factors and overall risk of combined exposure to triazole pesticides

E, mg cyproconazole

% ADI
. NOAEL, ADI, eq./kg bw/d
Active substance PRF
mg/kgbw/d  mg/kg bw/d children, children,
adults adults
2-6 year 2-6 year
Epoxiconazole 0,8 0,004 1,25 0,00048 0,00029
Propiconazole 3,6 0,04 0,28 0,00022 0,00013
Tebuconazole 3,0 0,03 0,33 0,00051 0,00031
Flutriafol 1,0 0,01 1,0 0,00077 0,00047
Cyproconazole (IC) 1,0 0,002 1,0 0,00038 0,00023
Total exposure, E 0,002 0,001 100,0 50,0

total®

and type of treatment, were used to assess the risk of
combined pesticide exposure. For example, the bak-
ing of bread process can reduce pesticide residues in
the final product, thus reducing the potential adverse
effects on humans. Unfortunately, the lack of available
information on the distribution of residues between
agricultural raw materials and the finished product
did not allow us to take into account this processing
factor in the risk assessment.

RESULTS
The range of pesticides registered in Ukraine on ce-
reals includes a significant number of mixed prepa-
rations of different directions of action, including 5
- herbicides, 33 insecticides and 84 - fungicides. They
contain 45 active substances pertaining to various
classes of chemical compounds (Fig 1).

The largest number of combinations of active sub-
stances in mixed preparations occurs with tebuco-

nazole (27), propiconazole (20), cyproconazole (21),
azoxystrobin (17), epoxyconazole (17), epoxiconazole
(15), imidacloprid (15), lambda-cyhalothrin (12), flu-
triafol ), alpha-cypermethrin (5), pyraclostrobin (5).
This increases the likelihood of their combined use
in an integrated cereal protection system and, at the
same time, the possibility of their combined effects
on human health. The above pesticides were selected
to characterize the hazards and assess the combined
exposure when they co-enter the human body with
bread products (Table 1)

The calculated hazard ratios of pesticide residues
in bread products for each individual pesticide and
in total do not exceed 1.0, which characterizes the
impact as acceptable for different age groups.

Further research was aimed at assessing the cumu-
lative effects of substances that are characterized by
a similar method/mechanism of biological action and
affect the same organ system. Such substances include
pesticides from the class of triazoles, grouped in a
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cumulative assessment group (CAG) for their ability to
have hepatotoxic effects [15]. This group includes ep-
oxiconazole, propiconazole, tebuconazole, flutriafol,
cyproconazole, which have a general toxic effect on
the body with a predominant hepatotropic effect, and
are inducers of the monooxygenase system.The main
critical effects of their toxic action and dose levels at
which observed to have no damaging effects (NOAEL)
are shown in Table lll.

To assess the overall total hazard of triazole expo-
sure, we used the concept of relative potential factor
(PRF). This indicator is used to determine the poten-
tial toxicity of a mixture of substances characterized
by a similar mode of action. For this purpose, one
pesticide from the group of related was selected as
an index compound with a certain RPF, and the RPF
of other substances was calculated relative to the
index compound. Cyproconazole was selected as the
index compound, which is characterized by the most
complete toxicological database, including the effect
on the liver. For the index compound, PRFs for other
substances were calculated (Table 1V).

As can be seen from the data in Table 4, according
to the equivalent of cyproconazole, the total exposure
of residual amounts of triazoles in the consumption of
bread products of different age groups is 0.002 mg/
kg for children (2-6 years) and 0.001 mg/kg for adults
and does not exceed the reference value of the index
compound. It was found that the combined effect of
pesticides per body weight unit of children is higher,
but also lies within acceptable limits.

The contribution of pesticides to the overall total
risk of combined exposure to triazoles was ranked:
flutriafol - (38.5-47.0)%; tebuconazole - (25.5-31.0)%;
epoxiconazole - (24.0-29.0)%; cyproconazole - (19.0-
23.0)%; propiconazole - (11.0-13.0)%. The largest
contribution to the overall exposure is made by
flutriafol.

DISCUSSION

Bakery products are the basic foodstuffs across the
globe and the quality of such products includes safety
parameters. Safety of bakery products is impossible
without control of the grain used for its production.
While organic bread and bakery products, like other
organic food products, has become more and more
popular in recent decades, it still makes minor con-
tribution in general food intake. In terms of organic
bread, Germany having the largest market share in
Europe, just makes approximately only 8.5 percent
of its bread market being made up of organic bread.
Germany is followed by France and Italy with the next
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biggest markets for organic bread [17]. But other
bakery products are made from grain grown with
pesticide application.

Usually, foods can contain only those pesticides
that have been used to protect crops. Therefore, the
probability of additive effects of pesticides with dif-
ferent mechanisms of biological action (eg, herbicide,
fungicide, insecticide) is quite low. Increased additive
action can occur in the case of exposure to one pesti-
cide by different types of exposure (water, food); when
using different foods containing residues of the same
pesticide; summation of toxic effects when eating
foods containing different pesticides, characterized
by the same type of biological action [18].

As we found cereal crops in Ukraine are treated with
particular types of pesticides. In particular fungicides
have leading place increasing the likelihood of their
combined use in an integrated cereal protection
system and, at the same time, the possibility of their
combined effects on human health.

We calculated hazard ratios of pesticide residues in
bread products for each individual pesticide in total
and found that its do not exceed 1.0, concluding that
the impact is acceptable for different age groups.

It was found that among studied fungicides flutriafol
topped with the (38.5-47.0) % of the overall total risk
of combined exposure, which in the future can be the
basis for justifying measures to reduce such impact
and make appropriate management decisions.

CONCLUSIONS

1. Research has been conducted to assess the risk
to consumer health from the combined effects of
pesticides used in cereals. Findings indicate that the
total risk of exposure to residual active substances
of pesticides in bread products (wheat and rye
bread), when combined getting into the body, was
0.59 for children 2-6 years and 0.36 - for adults with
a permissible value < 1,0.

2.The conclusion about the acceptable level of total
risk for the health of consumers at strict following
the hygienic regulations of pesticides application
(application rates, frequency of treatments, pre-har-
vestintervals), as precautionary measures to prevent
accumulation of residual quantities of pesticides
active substances in foodstuff.

3. Despite the acceptable risk to the population when
ingested with bread products, the potential danger
of exposure to triazoles should be of concern due to
their widespread use on all crops and the possibility
of increased adverse health effects through additive
or synergistic effects.
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ABSTRACT

The aim: Assessment of the effectiveness of using minimally invasive and open methods of bile duct decompression for treatment of obstructive jaundice (0J)
by comparing complications in patients of different age groups.

Materials and methods: We analyzed the results of surgical treatment of 250 patients with 0J. The patients were assigned to two groups: Group | (n = 100)
consisting of young and middle-age patients, and Group Il (n = 150) consisting of elderly, senile and long-living patients. The average age was 52 + 6.0 years.
Results: 62 (24.8%) Group | patients and 74 (29.6%) Group Il patients were submitted to minimally invasive surgical interventions. 38 (15.2%) Group | patients
and 76 (30.4%) Group Il patients were submitted to open surgical interventions. Complications after minimally invasive surgery (n = 62) in Group | patients
were observed in 2 (3.2%) cases, and in 4 (10.5%) cases after open surgeries (n = 38). Complications following minimally invasive interventions (n = 74) in
Group Il patients were registered in 5 (6.8%) cases, and in 9 (11.8%) cases following open operations (n = 76). 2 (2.6%) Group Il patients died for transmural
myocardial infarction.

Conclusions: The use of minimally invasive surgical interventions for treatment of young and middle-aged 0J patients compared to patients of older age
groups makes it possible to reduce the frequency of complications by 2.1 times, which is a statistically significant (p <0.05). The frequency of complications
after open surgical interventions of bile ducts in patients of different age groups is not statistically significant (p >0.05).

KEY WORDS: endoscopic transpapillary interventions, laparoscopic lithoextraction, biliodigestive anastomoses, external drainage of biliary ducts

INTRODUCTION

OJ patients account for one of the most challenging
categories of patients with abdominal pathologies with
a share in the emergency surgery of 2.6-23.7% [1, 2].
Along with significant advancement in treatment of OJ
patients, biliary decompression is often accompanied
by development of post-operative liver failure [3, 4].
This complication is called post-decompression liver
dysfunction (“rapid biliary decompression syndrome”),
which is difficult to treat and lethal in 14-27% of cases
[5, 6]. Today, minimally invasive interventions are used
along with open methods of bile ducts decompression.
Using minimally invasive techniques for treatment of
0OJ patients has become one of the leading trends in
surgery [7, 8]. Biliary surgery today sustains the trend
of multi-stage minimally invasive interventions consid-
ering the severity of OJ patients’ condition [9, 10]. Yet,
gaining an experience, surgeons have been increasingly
using the one-stage treatment approach [11, 12]. How-
ever, the pivotal question of biliary surgery remains a
choice of bile ducts decompression technique for pa-
tients of different age groups, with different duration

Wiad Lek. 2023;76(2):339-345

of OJ and bilirubin count, burdened with complications
and concomitant pathologies [13, 14].

THE AIM

Assessment of the effectiveness of using minimally in-
vasive and open methods of bile duct decompression
for treatment of OJ by comparing complications in
patients of different age groups.

MATERIALS AND METHODS

In the period from 2002 to 2020, 250 patients, including
146 (58.4%) female and 104 (41.6%) male subjects with
0OJ of benign and malignant origin underwent treat-
ment at the surgical clinic of the Medical Faculty No.2
of the National Pirogov Memorial Medical University,
Vinnytsia. The patients were assigned to age groups ac-
cording to WHO recommendations. Young, middle-age,
elderly, senile, and long-living individuals accounted
to0 32 (12.8%), 68 (27.2%), 88 (35.2%), 56 (22.4%) and 6
(2.4%) patients, accordingly. The average age was 52 +

339



Oleg Y. Kanikovskyi et al.

6.0 years. 98 (39.2%) had OJ duration up to 7 days, 62
(24.8%) - 7-14 days, 30 (12.0%) - 14-21 days, 35 (14.0%)
-21-28 days, and 25 (10.0%) — over 28 days. The average
duration of OJ was 19 + 3.5 days.

Benign OJ observed in 210 (84.0%) patients account-
ed for choledocholithiasis - 149 (59.6%), Myrizzi's
syndrome - 16 (6.4%), stricture of common bile duct
(CBD) - 8 (3.2%), stenotic papillitis - 19 (7.6%), chronic
fibrous pancreatitis - 10 (4.0%), cyst of the pancreatic
head - 5 (2.0%), duodenal ulcer (DU) with penetration
into the hepatoduodenal ligament (HDL) - 3 (1.2%)
cases. Malignant OJ genesis in 40 (16.0%) patients
accounted for the pancreas head cancer - 23 (9.2%),
tumor of the major duodenal papilla (MDP) - 5 (2.0%),
bile ducts cancer - 8 (3.2%), HDL-invading gallbladder
cancer - 2 (0.8%), and other malignancies spreading in
porta hepatic - 2 (0.8%).

Study patients were divided into two groups: Group
| (young and middle-age patients) consisting of 100
individuals, and Group I (elderly, senile, and long-living
patients) inclusive of 150 persons.

The research was conducted in compliance with the
major principles of GCP guidelines (1996), Council of
Europe Convention on Human Rights and Biomedicine
(1997), World Medical Association Declaration of Helsin-
ki on ethical principles for medical research involving
human subjects (1964-2000) and Order of Ministry of
Health of Ukraine N2 281 of November 1, 2000, being
approved by the Committee on Bioethics of the Na-
tional Pirogov Memorial Medical University, Vinnytsia
(Minutes No. 30 dated 10.12.2018).

General clinical, laboratory, and instrumental study
methods were used for diagnostics. Instrumental
research methods included: transabdominal ultraso-
nography (TUS), endoscopic ultrasonography (EUS),
fibrogastroduodenoscopy (FGDS), endoscopic retrograde
cholangiopancreatography (ERCP), intraoperative chol-
angiography (I0C), magnetic resonance imaging (MRI).
TUS involving Lodgig-500 PRO Series GE apparatus
was used for screening of gallbladder and bile ducts
pathologies in all patients. Pentax-290V fibrogastroduo-
denoscope was used for FGDS, of OJ patients. 10-20 ml
of 30% water-soluble dye was administered for direct
contrast of bile ducts in ERCP. I0C was performed by
administering 10-20 ml of 30% contrast matter through
the bile ducts. If it was impossible to cannulate the
MDP, we resorted to EUS using Olympus Exera EU M 60
apparatus. In case of pancreatic diseases, we performed
MRI using a Somatom-CR scanner.

The obtained data were statistically processed using
descriptive statistic methods involving Microsoft Office
Excel 2010 spreadsheet. As quantitative indicators, we
calculated sample mean, standard deviation, and mean
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error. The study was based on the hypothesis of check-
ing statistical significance of the difference between
average indicators of complications in Group | and II
patients. The pre-estimated normal distribution of the
sample data made it possible to use the Student’s t-test
for their comparison and the assessment of significance
at the appropriate threshold of confidence probability
P=0.95 (a statistically significant difference is considered
statistically reliable at a significance level of at least
0.05 (p <0.05)).

RESULTS

The informativity of TUS in diagnosing the causes of OJ
made 160 (64.0%). TUS helped to diagnose bile ducts
dilatation and the presence of calculi. EUS was used in
case of unsatisfactory TUS results and impossibility of
MDP cannulation. The reasons for unsatisfactory TUS
results were severe flatulence - 8 (3.2%), obesity - 6
(2.4%), the presence of multiple small calculi in the
terminal CBD department - 5 (2.0%), and aerocholia - 3
(1.2%). EUS was also useful for objective assessment of
the CBD terminal department and calculi diameter ratio.

All OJ patients were subjected to FGDS, which con-
tributed to assessment of MDP shape and size, and the
nature of secreted bile. FGDS diagnosed MDP cancer
and HDL-penetrating DU in 5 (2.0%) and 3 (1.2%) pa-
tients, accordingly. FDGS was also used to perform a
differential diagnostics of OJ between a calculi wedged
in the distal CBD and a pathology of the MDP.

ERCP was performed in 85 (34.0%) cases. Choledo-
cholithiasis and stenotic papillitis were diagnosed in 66
(26.4%) and 19 (7.6%) patients, respectively. ERCP failed
in 32 (12.8%) cases due to the presence of a concrement
in the MDP ampoule, parapapillary diverticulum, and
after the Billroth Il stomach resection in 20 (8.0%),
10 (4.0%) and 2 (0.8%) cases, accordingly. Post-ERCP
complications occurred in 11 (4.4%) patients, including
acute pancreatitis in 6 (2.4%), acute cholangitis in 3
(1.2%) and haemorrhage from the MDP in 2 (0.8%) if
ERCP was combined with endoscopic papillosphinc-
terotomy (EPST).

60 (24.0%) patients were subjected to I0C. Following
open cholecystectomy (OCE), water-soluble contrast
matter was administered into bile ducts through the
cystic duct stump in 28 (11.2%) and by CBD puncture
in 18 (7.2%) cases. During laparoscopic cholecystec-
tomy (LCE), 14 (5.6%) patients were subjected to 10C
through the cystic duct. Choledocholithiasis, Myrizzi's
syndrome, CBD stricture, bile ducts cancer, and gallblad-
der cancer with penetration into HDL were diagnosed
in 26 (10.4%), 16 (6.4%), 8 (3.2%), 8 (3.2%), and 2 (0.8%),
accordingly. Post-IOC complications were observed in 7
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(2.8%) patients, including acute pancreatitis and acute
cholangitisin 4 (1.6%) and 3 (1.2%) cases, respectively.

MRIwas used for diagnosing pancreas pathologiesin
38 (15.2%) patients, including pancreatic head cancer,
chronic fibrous pancreatitis, and pancreatic head cyst
in 23 (9.2%), 10 (4.0%), 5 (2.0%) cases, accordingly.

0OJ patients were subjected to surgical interventions
on the top of complex conservative therapy aimed at
preventing the development of hepatic insufficiency,
which comprised of infusion therapy, hepatoprotectors,
glucocorticosteroids, antisecretory therapy, antispas-
modics, antibiotics, vitamins, blood-improving therapy,
acid-base, protein, and electrolyte balance enhancers.
The patients received pre- and post-surgery compre-
hensive conservative therapy.

136 (54.4%) patients in both groups were submitted
to minimally invasive surgical interventions, and 114
(45.6%) - to open surgeries.

62 (24.8%) Group | patients were submitted to
minimally invasive surgical interventions. One-stage
minimally invasive interventions were used in 24 (9.6%)
cases. LCE with lithoextraction involving Fogarty bal-
loon-tipped catheter was used in 15 (6.0%) patients hav-
ing calculiup to 5 mm positioned below the confluence
of the cystic duct into the common hepatic duct. LCE
with external CBD drainage was performed in 9 (3.6%)
patients with Mirizzi's syndrome type I.

Two-stage minimally invasive interventions were
used in 38 (15.2%) patients. At the first stage, endo-
scopic papillary balloon dilation was performed in 4
(1.6%) patients with single calculi up to 5 mm in size
localized in the distal CBD departments, using 4- and 6
mm cylinders pressurized within the range of 4-9 atm.
The dilation continued 15-60 seconds. At the first stage,
23 (9.2%) patients with choledocholithiasis were sub-
mitted to incomplete EPST (up to 10 mm), which made
possible independent discharge of calculiup to 10 mm
in diameter. Incomplete EPST was also used in 11 (4.4%)
patients with stenotic papillitis. At the second stage, LCE
was performed after the elimination of OJ. The second
stage was performed on Day 3-10 depending on the
severity of patients’ condition.

74 (29.6%) Group Il patients were submitted to
minimally invasive surgical interventions. One-stage
minimally invasive interventions were used in 14 (5.6%)
cases. Endobiliary transpapillary stenting (7 Fr stent)
was used for long-term decompression of bile ducts in
4 (1.6%), 5 (2.0%), and 5 (2.0%) patients with terminal
CBD stricture, MDP cancer, and pancreas head cancer,
accordingly. The stent was replaced in 3-4 months once
inlaid with bile acid salts.

Two-stage minimally invasive interventions were
used in 60 (24.0%) patients. Complete EPST (over 10

mm) was performed in 20 (8.0%) patients with cho-
ledocholithiasis, which made it possible to perform
lithoextraction with a Dormia basket (Olympus FG-22Q,
Boston scientific trapezoid RX). Complete EPST was also
followed by mechanical lithotripsy involving Olympus
BML-201Q lithotripter in 12 (4.8%) patients with 10-20
mm concrements. The fragmented concretions were
removed then with a Dormia basket. Complete EPST
was also used in 8 (3.2%) patients with stenotic papillitis.
Repeated gradual EPSTs were performed as rapid biliary
decompression led to a progression of liver failure. 20
(8.0%) patients with signs of purulent cholangitis under-
went EPST with a nasobiliary drainage. The presence of
drainage made it possible to rehabilitate the bile ducts
with antiseptic and antibiotic solutions. At the second
stage, LCE was performed after the elimination of OJ.
The second stage was performed on Day 5-14 depend-
ing on the severity of patients’ condition.

38 (15.2%) Group | patients were submitted to open
surgical interventions. 8 (3.2%) patients with concre-
ments larger than 20 mm that was impossible to remove
transpapillary underwent OCE with choledocholithot-
omy. In case of obstruction of distal CBD departments,
a choledochoduodenoanastomosis was formed using
intraoperative technique for prevention of duodenal
contents reflux (Ukraine patent No.85986). A 15 mm-
long longitudinal choledochotomy and duodenotomy
of the crescent-shape in a transverse direction were
performed. A “side-to-side” choledochoduodenoanas-
tomosis was formed with a single-row nodal suture. A
serous-muscular layer of the duodenum wall was cap-
tured by the suture during formation of the anastomosis
upper edge. Once the suture is tightened, the crescent
flap invaginated into the duodenal cavity, forming a
slit-like valve. Post-surgery, the valve prevented rapid
decompression of the bile ducts and duodenobiliary
reflux. 15 (6.0%) patients with choledocholithiasis un-
derwent areflux choledochoduodenostomy.

Combined areflux hepaticojejunoduodenostomy
(Ukraine patent No.112735) was used in 11 (4.4%) pa-
tients with CBD stricture and Mirizzi's syndrome type |l
in 4 (1.6%) and 7 (2.8%) cases, accordingly. The areflux
hepaticojejunostomy was formed “side-to-side”. To do
this, surgeons sutured and pulled up the anterior wall
of the jejunum, thus forming a cone. Sub-ligature, the
intestinal wall was excised and expanded the point
opening with forcepts in the transverse direction. A
longitudinal hepaticotomy was performed and the
anastomosis between the common hepatic duct and
the jejunum with a single-row nodal suture was formed.
Once a peristaltic wave passed, the intestinal wall
“closed’, thus preventing reflux of intestinal contents
into the bile ducts and rapid biliary decompression in
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T-shaped drainage balloon

Fig. 1. T-shaped drainage balloon
longitudinal draining tube — 1; long transverse draining tube — 2; short
transverse drainage tube — 3; balloon — 4; additional tube — 5

the postoperative period. The intestinal tube continuity
was restored by applying an “end-to-side” interstitial
anastomosis at a distance of 30-40 cm from the pre-
viously formed biliodigestive anastomosis. To prevent
the formation of peptic ulcers and duodenostasis, an
additional duodenojejunostomy was formed “side-
to-side” between the excluded jejunum segment and
the descending duodenum branch. In patients with
pancreatic head cancer underwent pancreatoduodenal
resection in 4 (1.6%) cases.

76 (30.4%) Group Il patients were submitted to open
surgical interventions. 18 (7.2%) patients with choledo-
cholithiasis that was impossible concrements to remove
transpapillary underwent OCE with choledocholithoto-
my. To prevent a post-decompression liver dysfunction
a probe-obturator for extrahepatic bile ducts was used
(Ukraine patent No.104826). Post-OCE, the probe-ob-
turator was introduced into the CBD through the cystic
duct stump.The balloons volume increased by injecting
saline. In the postoperative period, the balloon-fixator
prevented removal of the probe from the cystic duct
stump.The balloon-obturator volume was gradually re-
duced for 7-10 days, which made it possible to perform
dosed decompression of the bile ducts.

342

Fig. 2. T-shaped drainage balloon

29 (11.6%) patients with non-tumor OJ genesis un-
derwent areflux choledochoduodenostomy, including
choledocholithiasis, chronic fibrous pancreatitis, and
pancreatic head cystin 14 (5.6%), 10 (4.0%), and 5 (2.0%)
cases, accordingly. Jurash supraduodenal choledocho-
duodenoanastomosis was used in 5 (2.0%) patients
with pancreatic head cancer. A 15-20 mm anastomosis
ensured a longer decompression of bile ducts in case
of ascending type of tumor growth. Roux hepaticoje-
junostomy on the excluded loop of the small intestine
was performed in 15 (6.0%) patients with malignant
0J genesis, including 8 (3.2%), 5 (2.0%), and 2 (0.8%)
cases of bile ducts cancer, pancreatic head cancer, and
gallbladder cancer with penetration into HDL, accord-
ingly. A 15-20 mm hepaticojejunostomy ensured longer
decompression of bile ducts in case of subsequent tu-
mor growth. Also, patients with pancreatic head cancer
underwent antegrade CBD stenting in 4 (1.6%). 2 (0.8%)
patients were subjected to bouginage and stenting of
hepaticocholedochus for cancer metastases originating
from another location in the liver.

3 (1.2%) patients with DU that penetrated HDL un-
derwent ulcer excision and duodenoplasty. After the
separation, a 1/3 duct circle-long defect was formed
in the CBD. To prevent forming stricture, a T-shaped
drainage balloon was used (Ukraine patent No.104469).
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Table I. Complications after minimally invasive surgical interventions

Complications ?;::g)l G(::;Z)I ! p
Clipping of the common hepatic duct 1 -
Failure of cystic duct stump 1 -
Pancreatic necrosis - 1
MDP bleeding - 2
Stent obstruction - 2
Total 2 5
% 3,2% 6,8% p<0.05
Table I1. Complications after open surgical interventions
Complications C(-i;::g)l C-i(:;u;vs;l p
Failure of CBD sutures 1 2
Failure of cystic duct stump 2 -
Failure of biliodigestive anastomosis - 3
CBD damage - 1
External biliary fistula - 2
Cholemic bleeding 1 1
Total 4 9
% 10.5% 11.8% p>0.05

T-shaped drainage balloon is a tool made in the form
of elastic longitudinal draining tube 1, having a diam-
eter of 5-mm, which is perpendicularly connected to a
2-cm long transverse draining tube 2 and a 1-cm short
transverse drainage tube 3, both having a diameter of
4-mm, with a V-shaped recess at the junction of the
upper walls of the transverse short and longer drain-
ing tubes. The distal end of the tool is equipped with a
balloon 4 connected to an additional tube 5, having a
diameter of 1-mm (Fig. 1).

Once the CBD defect is sutured, a T-shaped drainage
balloon is inserted in a transverse direction through a
separate incision in its wall below the lesion, followed
by expanding the balloon by saline injection. The bal-
loon positioned at the level of bile duct plasty, thus
preventing its narrowing for a long time (Fig. 2). The
drainage was easy to remove after reducing the bal-
loon volume due to a V-shaped recess at the junction
of the upper walls of the transverse short and longer
draining tubes. Balloon dilation was administered for 3
months. No signs of CBD stricture were observed two
years post-surgery.

DISCUSSION

Along with significant advancement in treatment of OJ
patients, biliary decompression is often accompanied
by development of post-operative liver failure (“rapid

biliary decompression syndrome”) [3-6]. Today, both
open and minimally invasive surgical interventions
are used in biliary surgery [7, 8]. Minimally invasive
interventions are performed both in one and several
stages [10-12]. However, in these studies, the criteria
for choosing a method of bile ducts decompression
in patients of different age groups remain uncertain.
According to the results of the study, no post-decom-
pression liver dysfunction was observed after one-stage
minimally invasive surgical interventions. Because, one-
stage minimally invasive surgical interventions were
performed in patients with hyperbilirubinemia below
200 pmol/l, OJ duration up to 14 days, compensated or
subcompensated concomitant pathology, and no con-
comitant purulent cholangitis and biliary pancreatitis.
Two-stage minimally invasive surgical interventions
were used for treatment of patients with bilirubin count
over 200 umol/l, OJ duration over 14 days, the presence
of comorbidities in the stage of decompensation, com-
plicated by OJ purulent cholangitis and biliary pancre-
atitis. No significant functional disbalance of the liver
was observed following two-stage minimally invasive
surgical interventions. Because, two-stage approach
involved endoscopic transpapillary interventions at
the first stage and LCE at the second stage. The interval
between minimally invasive interventions was 3-14
days, which was optimal for the post-decompression
period. Open surgical interventions on bile ducts were
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used when it was impossible to cope OJ by minimally
invasive methods. The formation of areflux biliodiges-
tive anastomoses was associated with a moderate rate
of bile duct decompression preconditioned by a valve
mechanism. External biliary decompression was asso-
ciated with a rapid decrease of pressure in bile ducts,
which led to post-decompression liver dysfunction
and required dosed decompression of the bile ducts
with a probe-obturator during 7-10 days and complex
conservative therapy.

After minimally invasive surgical interventions, the
average duration of hospital stay of Group | and Il pa-
tientswas 5.0 £ 1.2 daysand 9.5 + 1.3 days, accordingly.
After open operations, the average length of hospital
stay of Group | and Il patients was 10.2 + 1.2 days and
12.3 + 1.5 days, accordingly.

In the course of the study, an assessment was given of
the effectiveness of using minimally invasive and open
methods of bile duct decompression for treatment of OJ
by comparing complications in patients of different age
groups. Complications after minimally invasive surgery
(n = 62) were registered in Group | patients in 2 (3.2%)
cases: clipping of the common hepatic duct - 1 (1.6%),
failure of cystic duct stump - 1 (1.6%). No fatalities were
registered. Complications following minimally invasive
surgery (n = 74) in Group Il patients were diagnosed
in 5 (6.8%) cases: pancreatic necrosis - 1 (1.3%), MDP
bleeding - 2 (2.7%), and stent obstruction - 2 (2.7%).
No lethal cases were registered (Table ).

Complications after open surgery (n = 38) in Group
| patients were observed in 4 (10.5%) cases: failure of
CBD sutures - 1 (2.6%), failure of cystic duct stump - 2

REFERENCES

(5.2%), cholemic bleeding - 1 (2.6%). No fatal cases were
registered. Complications following open surgery (n =
76) in Group Il patients were diagnosed in 9 (11.8%)
cases: CBD damage - 1 (1.3%), external biliary fistula
- 2 (2.6%), failure of CBD sutures - 2 (2.6%), failure of
biliodigestive anastomosis - 3 (3.9%), and cholemic
bleeding - 1 (1.3%). 2 (2.6%) OJ patients died of trans-
mural myocardial infarction (Table I).

Compared to Group |l patients, complications in Group
| patients were observed 2.1 and 1.1 times less often after
minimally invasive and open procedures, accordingly.
Thus, these results suggested that the frequency of com-
plications after minimally invasive surgical interventions
in Group | patients was statistically significantly lower
than the one in Group Il patients (p <0.05). It should be
noted that no statistically significant difference was found
between the frequency of complications after open op-
erations in the patients of | and Il study Groups (p >0.05).

CONCLUSIONS

1. The use of minimally invasive surgical interventions
for treatment of young and middle-aged OJ patients
compared to patients of older age groups makes it
possible to reduce the frequency of complications by
2.1 times, which is a statistically significant (p <0.05).

2.The frequency of complications after open surgical
interventions of bile ducts in patients of different
age groups is not statistically significant (p >0.05).
Therefore, should be used open surgical interventions
when it was impossible to eliminate OJ by minimally
invasive methods in patients of different age groups.

1. Olsson G., Frozanpor F., Lundell L. et al. Preoperative biliary drainage by plastic or self-expandable metal stents in patients with
periampullary tumors: results of a randomized clinical study. Endosc Int Open. 2017; 5(9): E798-E808. doi: 10.1055/5-0043-110565.

2. Sha J., Dong Y., Niu H. A prospective study of risk factors for in-hospital mortality in patients with malignant obstructive jaundice
undergoing percutaneous biliary drainage. Medicine (Baltimore). 2019; 98(15): e15131. doi: 10.1097/MD.0000000000015131.

3. Celotti A., Solaini L., Montori G. et al. Preoperative biliary drainage in hilar cholangiocarcinoma: Systematic review and meta-analysis.
Eur J Surg Oncol. 2017; 43(9): 1628-1635. doi: 10.1016/j.ejs0.2017.04.001.

4. Kanikovskyi 0.Y., KaryiY.V., Babiichuk Y.V. et al. Comparative assessment of bile duct decompression methods in patients with obstructive
jaundice of non-tumor genesis. Wiad Lek. 2019; 72(7): 1247-1252.

5. Khoronko Y.V., Korobka V.L., Groshilin V.S. et al. “Rapid” biliary decompression syndrome in obstructive jaundice surgery. Annals of HPB
Surgery. 2019; 24(2): 123-129.

6. Liu C., LuJ.W., Du Z.Q. et al. Association of Preoperative Biliary Drainage with Postoperative Morbidity after Pancreaticoduodenectomy.
Gastroenterol Res Pract. 2015; 2015: 796893. doi: 10.1155/2015/796893.

7. Wang L., Yu W.F. Obstructive jaundice and perioperative management. Acta Anaesthesiol Taiwan. 2014; 52(1): 22-29. doi: 10.1016/j.
aat.2014.03.002.

8. Stark A., Hines 0.J. Endoscopic and operative palliation strategies for pancreatic ductal adenocarcinoma. Semin Oncol. 2015; 42(1):
163-176. doi: 10.1053/ j.seminoncol. 2014.12.014.

9. Tang Z., Yang Y., Meng W. et al. Best option for preoperative biliary drainage in Klatskin tumor: A systematic review and meta-analysis.
Medicine (Baltimore). 2017; 96(43): 8372. doi: 10.1097/MD.0000000000008372.

344



SURGICAL APPROACH FOR TREATMENT OF OBSTRUCTIVE JAUNDICE IN PATIENTS OF DIFFERENT AGE GROUPS

10. Nychytaylo M.Y., Dziubanovskyi 0.1. Rationale for the timing of laparoscopic cholecystectomy on the basis of the rate of biliary tract
decompression in obstructive jaundice caused by cholecystocholedocholithiasis. Hospital Surg. 2019; 4: 73-77.

11. Kagedan D.J., Mosko J.D., Dixon M.E. et al. Changes in preoperative endoscopic and percutaneous bile drainage in patients with
periampullary cancer undergoing pancreaticoduodenectomy in Ontario: effect on clinical practice of a randomized trial. Curr Oncol.
2018; 25(5): e430-e435. doi: 10.3747/c0.25.4007.

12. Nakai Y., Yamamoto R., Matsuyama M. et al. Multicenter study of endoscopic preoperative biliary drainage for malignant hilar
biliaryobstruction: E-POD hilar study. J Gastroenterol Hepatol. 2018; 33(5): 1146-1153. doi: 10.1111/jgh.14050.

13. Ogura T, Takenaka M., Shiomi H. et al. Long-term outcomes of EUS-guided transluminal stent deployment for benign biliary disease:
Multicenter clinical experience (with videos). Endosc Ultrasound. 2019; 8(6): 398-403. doi: 10.4103/eus.eus_45_19.

14. YuH.,Wu'S., Yu X. et al. Single-incision laparoscopic biliary bypass for malignant obstructive jaundice. J Gastrointest Surg. 2015; 19(6):
1132-1138. doi: 10.1007/511605-015-2777-4.

Thearticleis a part of complex scientific research work at Surgery Department of the Medical Faculty No.2 of the National
Pirogov Memorial Medical University, Vinnytsia, “Evaluation of the effectiveness of minimally invasive techniques and
the use of various energy sources in the treatment of diseases of the gastrointestinal tract’, state registration number
0120U101673.

ORCID and contributionship:

Oleg Y. Kanikovskyi: 0000-0002-9302-8760* 5
Yaroslav V. Karyi: 0000-0003-1578-9019 4P

Igor P. Dovgan: 0000-0001-9049-6553 - £

Yevhen V. Shaprynskyi: 0000-0002-4949-3163 5 ¢
Sergey I. Androsov: 0000-0003-0827-8288F

Igor L. Chereshnyuk: 0000-0002-0809-6663 £
Anatolii V. Tomashevskyi: 0000-0001-8519-0488

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Yaroslav V. Karyi

National Pirogov Memorial Medical University
56 Pirogov Str., 21018 Vinnytsia, Ukraine

tel: +380677429457

e-mail: yaroslavkaryi@gmail.com

Received: 14.04.2022
Accepted: 18.01.2023

A-Work conceptand design, B — Data collection and analysis, C— Responsibility for statistical analysis, D — Writing the article, E— Critical review, F — Final approval of the article

@AMNShs  Artide published on-line and available in open access are published under Creative Common Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

345



Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 2, FEBRUARY 2023

© Aluna Publishing

ORIGINAL ARTICLE

RISK FACTORS ASSOCIATED WITH CANCER PATHOLOGY

DOI: 10.36740/WLek202302115

Arkadii H. Shulhai', Nataliia 0. Terenda’, Larysa Ya. Fedoniuk’, Yurii M. Petrashyk', Nataliia Ya. Panchyshyn’,
Lesia M. Sas’, Viktoriia V. Piliponova’

'I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

NATIONAL PIROGOV MEMORIAL MEDICAL UNIVERSITY, VINNYTSIA, UKRAINE

ABSTRACT

The aim of the study is comparative assessment of the main risks of the global burden of cancer in the total burden of death.

Materials and methods: A comparative assessment of the main risks of the global burden of cancer within the overall burden of deaths was carried out based
on the data of the Global Burden of Disease Study (GBD), data from the Center for Medical Statistics of the Ministry of Health of Ukraine, the National Cancer
Registry of Ukraine. The methods of comparative analysis, systematic approach and system analysis, bibliosemantic and medical-statistical methods were used.
Results: Higher attributable risk of death in most nosological forms of cancer among the population of Ukraine (bronchial, tracheal and lung cancer, laryn-
geal, pharyngeal, lip and esophageal cancer) have been observed. Behavioral factors at the level of Ukraine, compared to the world level, are characterized by
significantly higher rates of attributable risk with regard to tobacco smoking (cancer of the larynx, pharynx, lower lip, esophagus) and alcohol consumption
(pharyn, liver, lower lip). Environmental and occupational factors in Ukraine do not exceed the global exposure rates, and are lower for some cancer nosol-
ogies, namely bronchial, tracheal, lung and laryngeal cancer. Unlike global trends, metabolic factors prevail among the mortality risks of patients with liver,
esophageal, uterine and kidney cancer in Ukraine.

Conclusions: Behavioral, occupational, environmental and metabolic risk factors for cancer mortality have high attributable risk. Behavioral risk factors
for cancer mortality have the most pronounced impact both globally and in Ukraine, and notably, for the majority of nosological forms of cancer in Ukraine

mortality risks are higher compared to the global data.

KEY WORDS: behavioral risk factors, occupational risk factors, environmental risk factors, metabolic risk factors, cancer pathology

INTRODUCTION

In Ukraine, as well as globally, cancer pathology ranks
second among the causes of death of the adult population
[1, 2]. The burden of cancer remains an important public
health issue. Risk factors, whose impact on the develop-
ment of cancer pathology can be modified, have a major
effect on life expectancy adjusted for cancer-related dis-
ability [3]. Currently, a major impact on the development
of cancer is attributed to modifiable risk factors, which
constitute the majority among all factors associated with
the development of this disease [4]. Moreover, the latter
should be taken into account when developing a strategy
to reduce premature mortality from non-communicable
diseases, including malignant tumors. In order to effec-
tively overcome the growing risk factors for cancer bothin
Ukraine and globally, comprehensive efforts are needed,
which would include both therapeutic and preventive
measures to reduce the combined effect of these factors
onthe development of tumors. Despite the fact that there
are types of malignant tumors that are difficult to prevent,
it is important to minimize the impact of risk factors on
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the development of cancer pathology. It should also be
noted that primary prevention of cancer development
is the most cost-effective and efficient strategy, which
should be combined with broad comprehensive measures
to reduce the impact of factors on the development of
cancer, including developed secondary prevention strat-
egies, screening programs and ensuring effective capacity
for diagnosis and treatment of cancer patients. Thanks to
existing studies of the global burden of disease and risk
factors, itis possible to quantify the burden of cancer asso-
ciated with modifiable risk factors and compare national
and global rates using both mortality and disability-adjust-
ed life years [5 - 8]. The study of global burden of disease,
injury, and risk factors (GBD) is the only study to date that
quantifies the burden of cancer associated with a broad
set of modifiable risk factors for all countries, across age
groups,and by sex [2]. GBD 2019, the latest iteration of the
GBD study, provides an estimate of the global burden of
cancer attributable to risk factors [9, 10]. The International
Agency for Research on Cancer Observatory provides es-
timates of global, regional, and national risk-attributable
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cancer burden for a subset of potentially modifiable risk
factors (e.g., obesity, alcohol consumption, infections,and
ultraviolet radiation), but these estimates are not provided
together in a comprehensive way over time, and some
potentially modifiable risk factors are not assessed as part
of this effort. Studies of the global burden of cancer have
identified a list of behavioral, metabolic, environmental
and occupational factors associated with both mortality
and disability-adjusted life years, providing new insights
into the burden of cancer. Globally, a significant share of
cancer deaths and years of healthy life lost due to cancer
is attributable to modifiable risk factors, with behavioral
factors accounting for the largest burden.

The concept of Global Burden of Disease Study (GBD),
which is a global program for estimating disability and
mortality from major diseases, injuries and risk factors,
has been introduced since 1990 to provide information
on the state of health of the population and to develop
basic health strategies for disease prevention.

THE AIM

The aim of the present study was to carry out a compar-
ative assessment of the main risks of the global burden
of cancer within the overall burden of death.

MATERIALS AND METHODS

A comparative assessment of the main risks of the global
burden of cancer within the overall burden of deaths
was carried out based on the data of the Global Burden
of Disease Study (GBD), which is a global program for
assessing disability and mortality from major diseases,
injuries and risk factors, data from the Center for Medical
Statistics of the Ministry of Health of Ukraine, the National
Cancer Registry of Ukraine. At the same time, the data
on the burden of disease in Ukraine and in the world
based on gender and localization of malignant neoplasm
were taken into account, attributive risk factors for the
development of oncological pathology were studied.
In addition, methods of comparative analysis, sys-
tematic approach and system analysis, as well as bibli-
osemantic and medical-statistical methods were used.

RESULTS
According to the data of the Center for Medical Statis-
tics of the Ministry of Health of Ukraine, in 2019, from
among the entire population of Ukraine, 77,481 people
died from malignant tumors, which is 198.2 per 100
thousand people.

Studies of the global burden of disease have identified
forms of malignant tumors globally that account for more

than one percent of the total number of deaths. In par-
ticular, according to GBD 2019 data, the most common
causes of death for men were: tracheal, bronchial and
lung cancer, colon and rectal cancer, stomach, prostate,
esophageal and liver cancer. Moreover, at the global
level, mortality from the above forms of cancer - except
for colon and rectal cancer mortality—exceeds mortality
rates in Ukraine (Figure 1). According to the National
Cancer Registry of Ukraine, within the structure of ma-
lignant tumor mortality in men in Ukraine, the following
are shares of the main nosological forms of malignant
tumors: tracheal, bronchial and lung cancer - 16.5%,
prostate cancer — 12.9%, colon and rectum cancer - 7.7%,
stomach cancer - 7.4%, bladder cancer - 6.9%.

The highest female mortality both globally and in
Ukraine is the mortality from breast cancer (Figure 2).
The next largest causes of female mortality globally are
tracheal, bronchial and lung cancer, colon and rectal
cancer, stomach cancer and cervical cancer.

In Ukraine, the share of cancers other than colon,
rectal and stomach cancer within the structure of can-
cer mortality is much lower. In the structure of cancer
mortality among the female population of Ukraine, the
share of deaths from breast cancer is 23.8%, uterine can-
cer - 11.1%, colon cancer — 7.5%, cervical cancer - 6.3%,
ovarian cancer — 5.8%.

Cancer GBD studies have identified mortality risk
factors, which are generally split into three groups: envi-
ronmental and occupational, behavioral, and metabolic.
These risk factors are associated with 44.4% of deaths
globally among all cancer deaths. In 2019, the total
number of years of healthy life lost due to cancer-re-
lated premature death and disabling illness associated
with these risk factors was 105 million for both sexes
combined, accounting for 42.0% of all cancer-related
healthy life lost. GBD estimates that men had 67.5 million
(60.8-75.1) cancer-related healthy life years lost due to
risk factors, or 48.0% (45.3-51.5), and women had 37.6
million (32.8-43.1), or 34.3% (30.9-38.7).

Behavioral risks are considered to be the leading risk
factors associated with cancer deaths (Table I). In par-
ticular, behavioral factors in Ukraine were 7.2% more
associated with bronchial, tracheal and lung cancer,
14.1% - laryngeal cancer, 22.9% - pharyngeal cancer,
11.9% - lip cancer, 19.5% — esophageal cancer.

Among the behavioral factors most strongly associated
with cancer mortality and characterized by significantly
higher rates of attributable risk in Ukraine compared to
global data, tobacco smoking and alcohol consumption
should be highlighted.

Thus, compared to the global data, smoking in Ukraine
is 8.5% more associated with lung cancer, 8.3% — esoph-
ageal cancer, 13.5% - laryngeal cancer, 20.4% - pharyn-
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geal cancer, 18.0% — cancer of the lower lip (Figure 3).

An important factor associated with the mortality of
people with canceris alcohol consumption. Like tobacco
smoking, alcohol consumption also is more strongly as-
sociated with mortality of people suffering from various
nosological forms of cancer (Figure 4).

he second large group of factors associated with
mortality from malignant tumors are environmental and
occupational risk factors. Such environmental factors
include: contaminated water, poor sanitary conditions,
air pollution, environmental pollution, abnormal tem-
peratures, toxic effects of lead. Among occupational risks
GBD researchers consider occupational carcinogens,
industrial emissions of solid particles, gases and vapors,
occupational noise, occupational ergonomic factors.

The data of comparative analysis of the attributable
risk of environmental and occupational factors in cancer
mortality are presented in Table Il.

Overweight, high serum glucose, low-density lipo-
protein, high blood pressure, low bone mineral density
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belongs to metabolic factors, i.e., the third group, and are
known risk factors for various chronic diseases and mor-
tality. In most cases, all types of metabolic disorders are
combined with each other and their developmentis based
onanincrease in the amount of abdominal fat, overweight
orobesity. In recent decades, the prevalence of overweight
and obesity has been increasing globally, raising concerns
about theirimpact on health. Data of GBD studies on the
impact of metabolic factors is presented in Table IIl.

In general, compared to the global data, metabolic
factors in Ukraine are higher among the mortality risks
of patients with liver cancer by 6.8%, esophageal cancer
- 12.6%, uterine cancer — 15.1%, kidney cancer - 5.6%.

DISCUSSION

The study has observed a significant impact of behavioral
factors on the development of cancer pathology. More-
over, in the population of Ukraine, behavioral factors are
characterized by higher rates of attributable risk of death
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in most nosological forms of cancer (namely, bronchial,
tracheal and lung cancer, laryngeal, pharyngeal, lip and
esophageal cancer).

Tobacco smoking has a significantimpact on the develop-
ment of oncological pathology. Thus, recent studies confirm
the negative impact of tobacco smoking on public health
and indicate an increased risk of developing not only lung
cancer but also other cancers in smokers [11]. The age of pa-
tients who started smoking, the number of cigarettes and the
duration of smoking are important [12]. Reducing smoking
may reduce the risk of lung cancer, but the risk remains high
[13]. Even when lung cancer is detected, smoking cessation
improves the course of the disease, but not all patients want
to give up this bad habit. Older people, people diagnosed
with smoking-related cancer, people with higher education,
and obese people are more likely to quit, while people living
below the poverty level are less likely to quit [14].

Combined use of alcohol and tobacco increases the risk
of colorectal and prostate cancer. A U-shaped multiplicative
association was observed for breast cancer when both
alcohol and tobacco were consumed together [15].

Compared to the global data, tobacco smoking in Ukraine
is more associated with the risk of lung, esophageal, larynge-
al, pharyngeal, and lower lip cancer. The association between
alcohol consumption and mortality from liver, pharyngeal
and lower lip cancer is especially pronounced in Ukraine.

The numerical data of the indicators show that environ-
mental and occupational factors in Ukraine do not exceed
the impact indicators at the global level, and for some no-
sologies — namely, bronchial, tracheal, lung and laryngeal
cancer — cancer pathologies are estimated to be lower.

To date, researchers have confirmed the association
between body mass index and the risk of developing ade-
nocarcinoma of the esophagus, colon, rectum, kidney, pan-
creas, and gallbladder, as well as postmenopausal breast,
ovarian and endometrial cancer. GBD researchers attribute
about 4% of cancer deaths to high body mass index. Re-
searchers point to strong evidence that being overweight
is associated with an increased risk of cancer of at least 13
anatomical areas, including endometrial, esophageal, renal
and pancreatic adenocarcinomas; hepatocellular carcino-
ma; gastric cardia cancer; meningioma; multiple myeloma;
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Table 1. Data on attributable risk of behavioral factors in cancer mortality

Cancer localization

Impact data at the global level, % (95% Cl) Impact data in Ukraine, % (95% Cl)

Bronchial, tracheal and lung cancer

67.82 (65.53-69.95)

75.01(71.98-77.76)

Laryngeal cancer

69.19 (62.98-74.52

83.38 (78.67-88.89)

Pharyngeal cancer

61.87 (56.18-66.84

84.57 (80.05-88.36)

Lip cancer 62.19 (57.50-66.51 74.09 (68.21-79.06)
Rectal and colon cancer 50.41 (43.64-56.38 47.52 (39.83-54.48)
Stomach cancer 24.24 (15.68-43.09 24.51(17.41-40.63)
Liver cancer 45.81 (39.74-51.30 69.94 (65.75-73.89)

Esophageal cancer

61.09 (55.37-66.87

71.43 (64.82-77.28)

Bladder cancer

( )
( )
( )
( )
( )
( )
( )
( )

33.89(25.88-41.74

40.79 (31.32-50.02)

Table I1. Data of attributable risk of environmental/occupational factors in cancer mortality

Cancer localization

Impact data at the global level, % (95% Cl)

Impact data in Ukraine, % (95% Cl)

Bronchial, tracheal and lung cancer

33.91(28.42-39.13)

23.79 (16.59-33.62)

Laryngeal cancer

6.19 (3.92-9.17)

3.75 (1.90-6.05)

Mesothelioma

91.68 (89.70-93.41)

92.45 (87.60-96.43)

Ovarian cancer

3.32(1.52-5.40)

3.79(1.18-8.63)

Table Il1. Data on metabolic factors attributable risk in cancer mortality

Cancer localization

Impact data at the global level, % (95% Cl) Impact data in Ukraine, % (95% Cl)

Bronchial, tracheal and lung cancer

8.77 (2.03-19.06)

5.20(0.99-12.25)

Rectal and colon cancer

16.13 (7.99-26.59

16.37 (9.35-24.61

Breast cancer

13.13(5.91-22.89

12.15 (5.09-20.69

Esophageal cancer

18.07 (5.78-35.19

) )
) ( )
) 20.34 (9.52-34.03)
) 30.66 (8.83-53.82)

Cancer of the pancreas

(

Liver cancer 13.47 (5.83-24.62
(
(

14.54 (6.40-25.76)

13.25(6.10-22.4)

Uterine cancer

39.81 (27.64-52.67)

54.87 (40.12-67.92)

Kidney cancer

19.05 (11.09-28.30)

24.77 (15.38-35.36)

colorectal, postmenopausal breast, ovarian, gallbladderand
thyroid cancer [16].

It remains evident that at the moment this problem
mainly concerns high-income regions, for example, 64%
of all cancer cases globally associated with excessive body
mass index were observed in North Americaand Europe.In
Ukraine, metabolic factors prevail among the mortality risks
in patients with liver, esophageal, uterine and kidney cancer.
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ABSTRACT

The aim: To investigate the influence of prescribing a complex of amino acids in pathogenetic therapy in patients with pulmonary tuberculosis on liver function.
Materials and methods: The study included 50 patients with drug susceptible TB and 50 patients with drug-resistant TB (multidrug-resistant and extensively
drug-resistant).

Results: The study included 50 patients with drug susceptible tuberculosis (TB) and 50 patients with drug-resistant TB. When comparing biochemical pa-
rameters characterizing liver function in patients with drug-susceptible TB after 1 month of anti-tuberculosis therapy, it was found that patients receiving
additional therapy with a complex of amino acids had a lower level of bilirubin, p<0.05. After 60 doses, patients receiving additional therapy with amino
acids had significantly lower bilirubin levels alanine aminotransferase (ALT) and aspartate aminotransferase (AST), p <0.05. When comparing the biochemical
parameters characterizing liver function in patients with drug-resistant tuberculosis after a month of anti-tuberculosis therapy, significantly higher protein
level was found in the groups of patients receiving additional therapy with amino acids, as well as significantly lower ALT level, AST and creatinine p<0.05.
Conclusions: The additional appointment of the complex of amino acids in the pathogenetic therapy of patients with pulmonary tuberculosis makes it possible
to reduce the severity of hepatotoxic reactions manifested by the main parameters (AST, ALT, total bilirubin) and to increase the protein-synthetic function of

the liver, which allows us to recommend their appointment to improve the tolerance of anti-tuberculosis therapy.

KEY WORDS: tuberculosis, protein-synthetic function of the liver, bilirubin, liver enzymes

INTRODUCTION

To achieve the goals of the “End TB” strategy, the treat-
ment effectiveness of drug-susceptible TB should be at
least 85%, and for multi-drug resistant TB — at least 75%
[1, 2]. However, factors such as treatment interruption
due to poor tolerance to anti-tuberculosis therapy,
as well as the need to interrupt treatment due to the
development of side effects of anti-tuberculosis drugs,
reduce the effectiveness of treatment. One of the most
important problems in this area is the hepatotoxicity of
anti-TB drugs. In the treatment with first-line drugs, the
need to interrupt treatment occurs in about 11% of cas-
es[3-5],and in general, the frequency of hepatotoxicity
is 5-28% and depends on the chemotherapy regimens
used, the initial state of the patient’s hepatobiliary
system, as well as the criteria for hepatotoxicity used in
the clinic (in most reports, an increase in ALT or AST of
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more than 3 normal limits with symptoms associated
with liver damage (abdominal pain, nausea, vomiting,
weakness, jaundice) or an asymptomatic 5-fold increase
in ALT or AST were used as criteria for drug-induced
liver damage) [6, 71.

At the same time, a number of patients often have
a transient asymptomatic or symptomatic increase in
the level of liver enzymes while taking anti-tuberculo-
sis drugs. Thus, in 20% of patients receiving isoniazid
both in monotherapy during chemoprophylaxis and
in combination therapy, the level of ALT and/or AST
transiently increases [8-10].

2nd-line drugs are also often hepatotoxic [10, 11].
Fluoroquinolones, which are relatively safe drugs and
are excreted mainly by the kidneys, nevertheless, can
have a hepatotoxic effect associated with a hypersen-
sitivity reaction [12, 13].
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Thus, the search for new solutions to pathogenetic
therapy in patients with tuberculosis, which will reduce
the hepatotoxic effect of anti-tuberculosis drugs and
normalize liver function improving the tolerance of
anti-tuberculosis therapy, is an urgent issue.

THE AIM

The aim of the study was to investigate the influence of
prescribing a complex of amino acids in pathogenetic
therapy in patients with pulmonary tuberculosis on
liver function.
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MATERIALS AND METHODS tuberculosis/HIV co-infection; pregnancy. The patients

The hypothesis that was the basis of the study was
that the additional inclusion of a complex of essential
amino acids in the treatment of pulmonary tuberculosis
improves the detoxification function of the liver, which
should be reflected in better liver function tests, and in-
creases the protein synthetic function of the liver, which
entails anincrease in the level of total protein. The study
included 50 patients with drug susceptible TB and 50
patients with drug-resistant TB (multidrug-resistant
and extensively drug-resistant). Criteria for including
patients in the study were: signing an informed consent
of participation in the study; age from 18 to 55 years;
pulmonary tuberculosis. Criteria for excluding patients
from the study were: age under 18 and over 55 years;
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were diagnosed, treated and monitored according
to current state protocols and WHO guidelines. The
patients with drug susceptible TB were divided into
3 groups: Group 1a (n=25) did not receive additional
therapy, Group 2a (n=13) received essential amino
acids in tablets for 30 days, Group 3a (n=12) received
injectable amino acids for 10 days and amino acids in
tablets for 20 days. Patients with drug-resistant TB were
also divided into 3 groups: Group 1b (n=25) did not
receive additional therapy, Group 2b (n=12) received
essential amino acids in tablets for 30 days, Group 3b
(n=13) received injectable amino acids for 10 days and
amino acids in tablets for 20 days. The patients were
measured Human-beta-defensine-1 (HBD-1), ALT, AST,
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bilirubiny-glutamyltranspeptidase (GGTP), total cho-
lesterol, total protein, urea, creatinine. Statistical data
processing was carried out using Statistica 8.0 with the
calculation of the Spearman correlation coefficient, the
Mann-Whitney test for comparing two independent
groups, the Kruskell-Wallis test for comparing multiple
independent groups, and the Friedman test for com-
paring multiple dependent groups.

RESULTS

When comparing biochemical parameters character-
izing liver function in patients with drug-susceptible

TB after 1 month of anti-tuberculosis therapy, it was
found that patients receiving additional therapy with a
complex of amino acids had a significantly lower level
of bilirubin, which means that the patients without
additional appointment of essential amino acids had
more pronounced liver damage on the background of
anti-tuberculosis treatment (Table |, Figure 1).

After 60 doses, patients receiving additional therapy with
amino acids had significantly lower bilirubin, ALT and AST
levels (the lowest levels of these parameters were ingroup
2a), which means that prescription of the complex of essen-
tial amino acids supports liver detoxification function even
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Table I. Comparison of total bilirubin levels in groups of drug-susceptible TB patients after 1 month of treatment

Group 2a (n=13) additional
amino acids in tablets

Group 3a (n=12) - injectable
additional amino acids

Parameters of blood
biochemistry

Group 1a (n=25) - no
additional amino acids

Total bilirubin, pmol/L 13.34+2.23+H 8.90+0.23* 8.94+0.378
*-p=0,044
0,041

Table II. Comparing of biochemical parameters in groups of patients with drug-susceptible TB after 60 days of treatment

Parameters of blood Group 1a (n=25) - no Group 2a (n=13) additional = Group 3a (n=12) - injectable
biochemistry additional amino acids amino acids in tablets additional amino acids Paliine
Total bilirubin, umol/L 11.12+0.86 8.82+0, 06 9.57+0.69 0.0060
ALT, umol/L 1.17+0.24 0.48+0.17 0.36x0.16 0.0129
AST, umol/L 0.69+0.14 0.28+0.05 0.38+0.17 0.0194

Table I11. Dynamics of biochemical parameters in groups of patients with drug susceptible TB from 0 to 60 doses of treatment

Group 2a (n=13) additional amino acids in tablets = Group 3a (n=12) - injectable additional amino acids

Biochemical Total i ALT, AST, Total i Total chol | U
parameters  OOE T ymaiit amol. gt mmol mmeli
0 doses 72.02+2.28 0.96%0.18 0.72+0.10 57.24+2.91 2.86x+0.24 5.98+0.69
30 doses 78.38+£1.99 0.43+0.09 0.33+0.08 68.73£3.17 3.86%0.32 4.80+0.56
60 doses 78.86+1.51 0.30%0.07 0.28+0.05 75.76+1.63 4.40+0.38 4.32+0.54
p-value p=0.043 p=0.002 p=0.014 p=0.037 p=0.019 p =0.047
Table IV. Comparing of biochemical parameters in groups of patients with drug-resistant tuberculosis after 1 month of treatment
Biochemical parameters Group 1b Group 2b Group 3b p-value
Total protein, g/L 70.89+1.31 77.73+£2.26 80.62+1.63 p=0.0322
ALT, umol/L 1.34+0.25 0.44+0.09 0.42+0.11 p=0.0224
AST, umol/L 1.03+0.13 0.44+0.06 0.32+0.06 p=0.0004
Creatinine, mmol/L 0.111+0.003 0.092+0.005 0.091+0.004 p=0.0070
Table V. Comparing of biochemical parameters in groups of patients with drug-resistant tuberculosis after 2 months of treatment
Biochemical parameters Group 1b Group 2b Group 3b p-value
ALT, umol/L 1.28+0.24 0.34+0.09 0.47+0.13 p=0.0044
AST, umol/L 1.05+0.17 0.43+0.07 0.35+0.05 p=0.0004

30 days after discontinuation of medication and patients
without additional treatment with essential amino acids
have worse liver function tests (Table Il, Figure 2).

Our study of the dynamics of these parametersin Group
2a showed a significant increase in the protein level from;
decreasein ALT level; decrease in AST level from 0 doses to
30 doses and then to 60 doses which shows the dynamics
of improvement of synthetic and detoxification liver func-
tions in patients who received additional treatment with
amino acids in tablet form (Figure 3).

Group 3a also showed a significant increase in total
protein from 0 doses to 30 doses and then to 60 doses
which shows improvement of synthetic liver function
with use of both injectable and tablet forms of essential
amino acids. We also found increase of total cholesterol
in this group from subnormal to normal values which
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also emphasizes improvement of synthetic liver func-
tion in this patients against the background of addition-
al prescription of essential amino acids. The urea level
decreased in this group by 60 doses of treatment which
reflects improvement of both liver and renal functions
with the use of injectable amino acids (Figure 4).

The dynamics of biochemical parameters in patients
with drug susceptible TB who received essential amino
acids is shown in Table lll.

The study of correlations between HBD-1 and bio-
chemical parameters showed positive correlations
with the level of total cholesterol, total protein and
GGTP, and also a negative relationship with the level
of unconjugated bilirubin, p<0.05.

When comparing the biochemical parameters char-
acterizing liver function in patients with drug-resistant
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tuberculosis after a month of anti-tuberculosis thera-
py, significantly higher protein level was found in the
groups of patients receiving additional therapy with
amino acids, as well as significantly lower ALT and
AST levels and creatinine level which shows the same
positive effect of essential amino acids in patients with
drug resistant TB as in patients with drug susceptible
TB (Table IV, Figure5).

At 60 doses patients with drug-resistant tuberculosis
receiving additional therapy with a complex of amino
acids had significantly lower ALT and AST levels which
means better liver detoxification function in them com-
paring with the patients who did not receive additional
treatment with essential amino acids (Table V, Figure 6).

DISCUSSION

Valine, leucine and isoleucine belong to the group of
branched-chain amino acids. They stimulate mTOR
receptors of hepatocytes, promoting the synthesis of
glycogen and various proteins, in particular albumin, and
regulate the metabolism of glucose and lipids. Deficiency
of these amino acids leads to a decrease in the synthesis
of fatty acids by the liver, B-oxidation of fatty acids and an
increase in fat mobilization in adipose tissue through the
AMP-activated protein kinase pathway [11]. In addition,
these amino acids are directly involved in the prolifera-
tion and maturation of lymphocytes and dendritic cells.
[12]. The modulating effect on lipid metabolism explains
the dynamics of the total cholesterol level. Considering
that injectable amino acids were received by patients
with an initially more severe general state, severe
symptoms of intoxication and exhaustion, the increase
in cholesterol levels noted in them from subnormal to
normal levels is probably due to the anabolic effect
of branched-chain amino acids on lipid metabolism.
At the same time, the decrease in cholesterol levels in
patients with drug-resistant tuberculosis who did not
receive additional therapy with amino acids indicates
some disturbance of lipid metabolism and depletion of
lipid reserves during the tuberculosis process and under
the influence of second-line anti-tuberculosis drugs, in
particular fluoroquinolones [13-15].

The main function of lysine is participation in pro-
tein synthesis. In addition, it is a precursor for the
biosynthesis of carnitine and plays an important role
in B-oxidation [16].

Methionine is a donor of methyl groups and an acti-
vator of enzymes in the processes of transmethylation
and transsulfurization. One of the main negative con-
sequences of its insufficiency is a violation of the bile
production and the development of cholestasis. [17].
It also prevents fibrosis in the liver. [18].

Threonine is an essential amino acid and is involved in
many physiological and biochemical processes, includ-
ing growth, absorption, digestion,and immune function.
To maintain intestinal function, threonine modulates the
synthesis and immunity of mucin proteins. Threonine
also affects glycine synthesis and protein phosphoryla-
tion. Threonine catabolism occurs primarily in the liver
via two pathways, the enzymes threonine dehydratase
and threonine dehydrogenase [19].

Tryptophan plays an important role in protein syn-
thesis and is a precursor of various biologically active
compounds such as serotonin, melatonin, kynurenine,
NAD, NADP. Serotonin is a regulator of liver and gastro-
intestinal tract functions [20].

Phenylalanine is metabolized to tyrosine, which is
a precursor of catecholamine neurotransmitters and
is also included in the structure of all proteins in the
human body.

Based on the functions of amino acids, we can con-
clude that they all take an important role in the normal
functioning of the liver, in particular in its synthetic and
detoxification functions, thereby causing a direct or
indirect hepatoprotective effect. Both in patients with
drug-susceptible and drug-resistant TB, we obtained
lower liver function tests, namely ALT, AST and bilirubin,
in patients receiving additional therapy with amino
acids than in patients without additional pathogenetic
therapy. In dynamics, there was a decrease in these
parameters in patients with additional therapy with
amino acids and an increase in the comparison group.
The results obtained are presumably associated with
the direct participation of amino acids in metabolic
processes supported by the liver, and their hepatopro-
tective effect.

We also revealed a positive effect of the additional
prescription of a complex of amino acids on the pro-
tein-synthetic function of the liver, which was mani-
fested by a higher total protein in the blood plasma
in patients who received additional amino acids with
dynamics toits increase during treatment. The patients
without additional amino acids treatment showed dy-
namics to lowering it.

The positive effect of amino acids has been previously
described in patients with infectious diseases, in partic-
ular pneumonia [22]. However, the effect of the amino
acid complex on the course of pulmonary tuberculosis
has not been studied.

Indirectly, these changes in biochemical parameters
correlated with the level of HBD-1, a cationic peptide of
the immune system that has a direct bactericidal effect on
M. tuberculosis, and also has chemoattractant properties
for immune cells [23]. It was found that the higher the
level of protein and total cholesterol, the higher the level
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of HBD-1 during treatment. On the other hand, a negative
correlation was found between HBD-1 and bilirubin and
creatinine, which indicates the need for normal liver and
kidney function for the synthesis of cationic peptides of the
immune system.The direct correlation between HBD-1and
GGTP, an enzyme involved in the exchange of amino acids
by catalyzing the transfer of y-glutamyl functional groups
toamino acids or peptides, deserves special attention. [24].

CONCLUSIONS

The data obtained in the study approved that of pre-
scribing a complex of amino acids in pathogenetic
therapy in patients with pulmonary tuberculosis
improves synthetic and detoxification liver functions.

In patients who additionally received essential amino
acids we observed lower levels of total bilirubin, ALT
and AST during treatment which showed better detox-
ification liver function, as well as higher level of total
protein which showed better synthetic liver function.
Additionally, we observed improvement of lipid me-
tabolism and renal function against the background
of prescription of essential amino acids. There were
no differences between patients with drug-suscep-
tible and drug-resistant tuberculosis in terms of the
studied biochemical parameters at 30 and 60 doses
when prescribing additional therapy with a complex of
amino acids which allows to recommend pathogenetic
treatment with essential amino acids to all the patients
with pulmonary tuberculosis
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ABSTRACT

The aim: The current study was designed for evaluation the effect of oral magnesium I-lactate supplementation on blood pressure and corrected QT interval
in a sample of Iraqi women.

Materials and methods: In this interventional prospective randomized trial, 58 female patients diagnosed with MetS according to the International Diabetic
Federation (IDF) criteria and were randomly allocated to receive either placebo or magnesium I-lactate 84 mg, twice daily.

Results: Office blood pressure showed a significant drop in systolic blood pressure (SBP) (P<0.05), non-significant decline in diastolic blood pressure (DBP),
heart rate (HR), and pulse pressure (PP) (P>0.05), while ambulatory blood pressure monitoring (ABPM) recorded a significant reduction in HR in patients on
magnesium supplement. Also, there was a significant decline in the SBP (P<0.05) and non-significant decline in DBP and PP (P>0.05) in patients with masked
hypertension on Mg supplement. The changes in corrected QT- interval had no significant effect within Mg group (P>0.05).

Conclusions: From above results, one can conclude that oral Mg |-lactate supplement can improve, to a certain extent, blood pressure of women with MetS.

Further studies in this aspect may be required.

KEY WORDS: metabolic syndrome, blood pressure, corrected QT, magnesium supplement

INTRODUCTION

The term of metabolic syndrome (MetS) was first
identified by Haller and Hanefeld in 1975. The crucial
components of MetS are obesity, insulin resistance
(IR), dyslipidemia, and hypertension (HT). There are
approximately 60% of female, ages range from 45 to 49
and 45% of men, ages range from 45 to 49 have MetS
in Native Americans according to National Program of
Cholesterol Education criteria, and it is considered the
highest recorded prevalence worldwide. The MetS is
fewer frequent in African-American males but more
widespread in Mexican females in the United States.
The main risk factors for widening of MetS are physical
inactivity, diet rich in fats and carbohydrates, which
leads to the two fundamental clinical features of MetS
identified by abdominal obesity, and insulin resistance
(IR) [1]. The theory of MetS has been developed over the
years and obesity is stilled to be a foremost worldwide
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health problem. The MetS was initially projected as a
group of medical risk factors that could be expressed
by a common problem - IR. Metabolic syndrome can
be associated with broad complications including
chronic heart disease (CHD), atrial fibrillation, aortic
stenosis, heart failure, ischemic stroke, and possibly
veno-thromboembolic disease. Regular exercise is the
primary step in treatment of MetS as it increases glucose
metabolism in muscle and helps in weight reduction
[2]. Patients with MetS who complete the analytical
criteria for HT must be treated in accordance with the
recommendations of the Seventh Report of the USA
Joint National Committee on the Prevention, Detec-
tion, Evaluation and Treatment of High Blood Pressure
(JNC7) [3]. Magnesium plays a necessary physiological
role in many tasks of the body. This task is achieved by
two vital characters, including the ability to make che-
lates with central ligands and the capacity to compete
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with calcium on binding sites presented on proteins
and membranes. Magnesium is necessary for the pro-
duction of nucleic acid and proteins and for specific
actions in diverse organs such as the cardiovascular
and neuromuscular systems. Over 300 enzymes are
dependent on magnesium [4]. When serum magne-
sium level is <1.8 mg/dL (< 0.74 mmol/L), this indicate
for hypomagnesaemia. Most cases of magnesium
deficiency are asymptomatic until levels of serum Mg
drop below 1.2 mg/dL.Ventricular arrhythmia is one of
the most life-threatening consequences of hypomag-
nesemia [5]. Magnesium deficiency leads to elevation
of aldosterone synthesis, production of thromboxane
and prostaglandins [6].

THE AIM

This study was designed to evaluate the effect of
oral magnesium I-lactate supplementation on blood
pressure and corrected QT interval in a sample of Iraqi
women.

MATERIALS AND METHODS

This is interventional prospective randomized place-
bo-controlled trial was carried out on 58 females diag-
nosed with MetS according to the IDF criteria, with BMI of
30-40 kg/m2, age range from 30 to 60 years, and a waist
circumference of > 80 cm, under supervision of profes-
sional endocrinologists, from October 2015 to August
2016. The protocol was reviewed and approved by Sci-
entificand Ethics Committee in the College of Pharmacy
/ University of Al-Mustansiriayah and Alkindy College of
Medicine/ University of Baghdad. Verbal consent was tak-
en from each patient, and all participants were advised
to take alow carbohydrate and low-fat diet regimen and
achieving 60 minutes of aerobic exercise per day during
their treatment duration. Certain exclusion criteria were
followed to avoid interference with the study design
and include: patients with a history of renal impairment,
pregnant and lactating women, patients with a newly
prescribed and/or added antihypertensive medication
(less than one month), patients with a newly prescribed
and/or added antidiabetic or lipid lowering agents (less
than 2 month), those suffered thyroid disorders, patients
on laxatives, diuretics, proton pump inhibitors and alco-
hols, those on antacids and other preparations or dietary
supplements that containing magnesium or calcium in
their compositions. Patients were randomly allocated to
either placebo or Mg group. From 58 female patients,
only 47 completed this study, the remaining 11 were
excluded (8 from placebo group and 3 from Mg group)
due to poor compliance, violation of the study protocol,

or other reasons. Group (A) included 17 females taking

placebo capsules twice daily for 8 weeks; while group

(B) included 30 females taking Mg L-lactate tablets 84

mg twice daily after meal in a sustained release formula

for 8 weeks. Office blood pressure was measured by

Walgreens blood pressure monitor after 3-5 minutes

rest in the sitting position applying an appropriate cuff

size for each patient’s arm circumference. Measurement
of BP at the upper arm is chosen. The measurement was
repeated four times, first reading was excluded, and the
arithmetic mean of the three remainder readings was
calculated. The measurements of systolic and diastolic
blood pressure and heart rate readings were expressed
as mm.Hg. and b.p.m, respectively. Pulse pressure (PP)
was also calculated from measured DBP and SBP values

[PP=SBP-DBP]. Heart rate was also measured [7]. An

ambulatory blood pressure monitor was applied on

the left arm. None of the patients had work at night.

An appropriate cuff size was used (24-32 cm). Daytime

value (every 30 minutes) was defined as 6 A.M-6 PM

and nighttime value (every 60 minutes) was defined
as 6 PM-6 A.M according to manufacturer instructions

[8]. The records have analyzed by the software of the

devise to calculate the requested parameters. For each

patient daytime, nighttime, and 24-hour mean SBP,

DBP, heart rate measurement were recorded. Twenty

four-hours mean pulse pressure also was calculated

for each patient. Night blood pressure variability (BPV)
was based on intermittent ABPM measurements; BPV
is identified by the standard deviation (SD) of the ABP
recordings at night [9]. The normal dipping considered
when 10%-20% reduction in blood pressure from day
to night, and non-dippers are defined by a reduction
in BP by less than 10%, while reverse dipping means
the reduction of less than 0% [10]. In the present study,
patients were classified to four categories to identify

BP status according to the International Database on

Ambulatory blood pressure in relation to Cardiovascular

Outcomes (IDACO) as following [11]:

- Masked hypertensive patients: who had normal
office (conventional) BP and elevated BP on ABPM.

- Sustained uncontrolled hypertensive patients: those
with elevated BP on both office BP measurement
and ABPM.

- Well controlled hypertensive patients: those with
normal BP on both measurements of office and
ABPM.

- White coat hypertension (WCH): those who ex-
pressed elevated BP on office measurement while
had normal ABPM.

The readings of corrected QT were measured at baseline

and after 8 weeks by using BIOMED electrocardiograph,

the measurement was automated.
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Table I. Effect of magnesium supplement on office blood pressure readings according to the covariance analysis.

Parameter Grou Adjusted baseline  Adjusted endline Outcome P-value % of
P mean Mean + SEM Mean + SEM difference

SBP Placebo N=17 130.305+2.330 —-1.205+2.330 10.92
(mmHg) . 131.510 0.006

9 Magnesium N=30 121.787+1.734 -9.723+£1.734 17.98

DBP Placebo N=17 79.079+1.421 —0.155+£1.421 d0.19
(mmHg) : 79.234 0.074

9 Magnesium N=30 75.825+1.069 —3.409+1.069 14.49

PP Placebo N=17 51.030+2.024 —1.246+2.024 1244
(mmHg) : 52276 0.061

9 Magnesium N=30 46.073+1.505 —6.203+1.505 113.46

HR Placebo N=17 80.712+1.59 0.360+1.59 10.44
(b.p.m) . 80.351 0.137

e Magnesium N=30 77.763+£1.162 —2.588+1.162 1332

Data expressed by mean + SEM and percentage of difference
P<0.05 was considered a significant difference between treatment groups at endline
N = number of patients, SEM = standard error of mean, SBP = systolic blood pressure, DBP = diastolic blood pressure, PP = pulse pressure, HR = heart rate.

Table I1. Effect of magnesium supplement on 24 hour ambulatory blood pressure monitoring (ABPM) readings according to covariance analysis.

Parameter Grou Adjusted Adjusted endline Outcome P-value % of
P baseline mean Mean = SEM Mean = SEM difference
Placebo N=17 137.423+2.181 ~2.537+2.181 11.84
24-SBP mmHg 139.96
Magnesium N= 30 135.511£1.662 —4.449+1.662 0.493 13.28
Placebo N=17 79.224+ 1,230 -0.710+1.230 10.89
24-DBP mmHg - 79.934
Magnesium N= 30 76.972+ 0.940 ~2.962+0.940 0.154 13.84
24-PP Placebo N=17 60021 58.670£1.472 -1.351+1.472 1230
mmHg Magnesium N= 30 ' 58.262+1.124 -1.759+1.124 0.828 13.01
24-HR Placebo N=17 80.831+1.205 2.091+1.205 1258
78.739
b.p.m Magnesium N= 30 76.168+0.921 -2.571+0.921 0.004 1337

Data expressed by mean = SEM and percentage of difference
P<0.05 was considered a significant difference between treatment groups at endline
N =number of patients, SEM = standard error of mean, SBP = systolic blood pressure, DBP = diastolic blood pressure, PP = pulse pressure, HR = heart rate

Table lIl. Effect of magnesium supplement on day ambulatory blood pressure monitoring (ABPM) readings according to analysis of covariance.

Parameter Grou Adjusted Adjusted endline Outcome P-value % of
P baseline mean Mean + SEM Mean + SEM difference
Day-SBP Placebo N= 17 139.501+2.296 —2.846+2.296 12,04
142.347 51
(mmHg) Magnesium N=30 137.293+1.755 —5.054+1.755 1368
Day-DBP Placebo N=17 82.110+1.359 0.001+1.359 10.001
82.108 0.06
(mmHg) Magnesium N=30 78.797+1.040 —3.311+1.040 14.20
Day-PP Placebo N=17 57.586+1.702 ~2.653+1.702 14.60
60.239 0.713
(mmHg) Magnesium N=30 58.381+1.301 —1.858+1.301 13.18
Placebo N=17 83.861+1.336 2.295+1.336 12.73
Day-HR (b.p.m) - 81.565 0.002
Magnesium N=30 78.392+1.021 —-3.173£1.021 14.04

Data expressed by mean +SEM and percentage of difference
P<0.05 was considered a significant difference between treatment groups at endline

N=number of patients, SEM= standard error of mean, SBP=systolic blood pressure, DBP= diastolic blood pressure, PP= pulse pressure, HR= heart rate

STATISTICAL ANALYSIS

Results were presented as mean + standard error of the
mean (SEM) or percent difference. All of the statistical
analyses were achieved via the SPSS statistical package
version 22.0 (SPSS, Inc.). A two-sample t- test was applied
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to compare the means of the baseline characteristics
between the two groups and then data were analyzed
by using the analysis of covariance (ANCOVA) [12]. The
significance level for all tests was taken as a P-value of
less than 0.05.
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Table IV. Effect of magnesium supplement on night ambulatory blood pressure monitoring (ABPM) readings according to analysis of covariance.

Parameter Grou Adjusted Adjusted endline Outcome P-value % of
P baseline mean Mean = SEM Mean + SEM difference

Night-SBP Placebo N=17 133.735+2.445 ~1.979+2.445 1147
- 135.714 0.703

(mmHg) Magnesium N= 30 132.535+1.853 -3.179+1.853 1239

Night-DBP Placebo N=17 74.155+1.383 -2.040+1.383 1275
- 76.195 0.873

(mmHg) Magnesium N= 30 73.875£1.056 —2.320+1.056 13.14

ight- Placebo N= 17 60.265+1.646 0.743+1.646 .23
Night-PP . 59.521 0.343

(mmHg) Magnesium N= 30 58.258+1.251 —1.263+1.251 1216

ight- Placebo N= 17 75.810+1.334 1.788+1.334 1235
Night-HR 74.021 0.042

(b.p.m) Magnesium N= 30 72.284+1.021 ~1.737£1.021 1240

Data expressed by mean = SEM and percentage of difference

P<0.05 was considered a significant difference between treatment groups at endline
N = number of patients, SEM = standard error of mean, SBP = systolic blood pressure, DBP = diastolic blood pressure, PP = pulse pressure, HR = heart rate

Table V. Comparison of HT status between office and ABPM in study population.

HT status

Type of measurement P-value
Uncontrolled HT Well controlled HT
Baseline
Office BP 6 (12.8%) 41 (87.2%)
<0.001
ABPM 34 (72.3%) 13 (27.7%)
Endline
Office BP 7 (14.9%) 40 (85.1%)
<0.001
ABPM 33(70.2%) 14 (29.8%)

P>0.05 means no significant difference between treatment groups at endline

N = number of patients, HT = hypertension.

RESULTS

1. EFFECT OF MAGNESIUM SUPPLEMENT

ON OFFICE BLOOD PRESSURE READINGS

After adjustment of baseline means for placebo and Mg
groups according to the analysis of covariance (Table ) it
is seen that SBP readings decrease significantly (p < 0.05)
among patients on magnesium supplements compared
with those on placebo after 8 weeks of treatment. The DBP,
PP and HR readings decrease but not significantly (P < 0.05)
among patients on magnesium supplements compared
with those on placebo after the same period of treatment.

2. EFFECT OF MAGNESIUM SUPPLEMENT
ON ABPM READINGS

A) EFFECT ON 24 HOUR ABPM READINGS

As summarized in table Il, there was no significant
reduction (p > 0.05) in the 24hr-SBP, 24hr-DBP and
24hr-PP readings among patients on magnesium
supplements compared with those on placebo after 8
weeks of treatment. Meanwhile, there was a significant
reduction (p < 0.05) in the 24hr-HR readings among

patients on magnesium supplements compared with
those on placebo after the same period of treatment.

B) EFFECT ON DAY ABPM READINGS

Asillustrated in table lll, there was no significant reduction
(p >0.05) in the day readings of SBP, DBP and PP among
patients on magnesium supplements compared with
those patients on placebo after 8 weeks of treatment.
Meanwhile, there was a significant reduction (p < 0.05)
in the day-HR readings among patients on magnesium
supplements compared with those on placebo where
the levels elevated after the same period of treatment.

C) EFFECT ON NIGHT ABPM READINGS

As shows in table IV, there is no significant reduction
(p >0.05) in the night readings of SBP, DBP and PP in pa-
tients taking magnesium supplements compared with
those patients on placebo after 8 weeks of treatment.
Meanwhile the night-HR shows a significant reduction
(p <0.05) in the readings among patients on magnesium
supplements compared with those on placebo where the
readings elevated after the same period of treatment.
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Table VI. Effect of magnesium supplement on 24-hrs ABPM- HR depending on cross classification.

Parameter Grou Adjusted baseline  Adjusted endline Outcome P-value % of
P mean Mean + SEM Mean + SEM difference
Placebo 80.307 82.102+1.509 1.795+1.509 12.18%
Masked HT 0.015 ———
Magnesium 80.307 76.859+1.292 -3.448+1.292 14.48%
Placebo 72.833 73.647+3.457 0.814%3.457 T.10%
Uncontrolled HT 0514 ——
Magnesium 72.833 71.071+£1.538 -1.762+1.538 $2.47%
Placebo 82.500 83.821+2.406 1.321+2.406 11.58%
Well controlled HT 0914 —(— —
Magnesium 82.500 83.429+2.406 0.929+2.406 T™M.11%
Data expressed by mean + SEM and percentage of difference
P<0.05 was considered a significant difference between treatment groups at endline
N = number of patients, SEM = standard error
Table VII. Effect of magnesium supplement on office SBP, office PP, and office HR depending on cross-classification of IDACO.
Table 7A. Effect of magnesium supplement on office SBP depending on cross-classification of IDACO.
Parameter Grou Adjusted Adjusted endline Outcome P-value % of
P baseline mean Mean + SEM Mean + SEM difference
Placebo 123.489+2.952 -0.603+2.952 10.48%
Masked HT 124.092 0.441
Magnesium 120.428+2.523 -3.664+2.523 13.04%
Placebo 161.902+4.379 7.087+4.379 14.37%
Uncontrolled HT 154.815 <0.001
Magnesium 132.291+1.866 -22.524+1.866 $17.02%
Placebo 119.554+3.593 1.804+3.593 11.50%
Well controlled HT 117.750 0.189
Magnesium 111.696+3.593 -6.045+3.593 15.41%
Table 7B. Effect of magnesium supplement on office PP depending on cross-classification.
Parameter Grou Adjusted Adjusted endline Outcome P-value % of
P baseline mean Mean + SEM Mean + SEM difference
Placebo 47.9114£2.232 0.577+2.232 1.20%
Masked HT 47.334 0.557
Magnesium 45.845+2.614 -1.489+2.614 3.24%
Placebo 64.592+12.250 -5.069+12.250 7.84%
Uncontrolled HT 69661 0310
Magnesium 50.347+5.224 -19.314+5.224 38.36%
Placebo 43.472+2.626 3.385+2.626 7.78%
Well controlled HT 40.087 0.100
Magnesium 35.028+2.626 -5.059+2.626 14.44%
Table 7C. Effect of magnesium supplement on office HR depending on cross-classification
Parameter Grou Adjusted Adjusted endline Outcome p-value % of
P baseline mean Mean + SEM Mean + SEM difference
Placebo 80.676+1.466 1.157+1.466 T.43%
Masked HT 79.519 0.092
Magnesium 77.238+1.250 -2.281£1.250 12.95%
Placebo 79.646+6.658 0.262+6.658 T0.328
Uncontrolled HT 79.384 0.640
Magnesium 76.155+2.839 -3.229+2.839 14.24%
Placebo 81.829+£3.479 -2.796+3.479 13.41%
Well controlled HT 84.625 0.724
Magnesium 83.671£3.479 -0.954+3.479 11.14%

Data expressed by mean + SEM and percentage of difference

P<0.05 was considered a significant difference between treatment groups at endline

N = number of patients, SEM = standard error of mean

D) EFFECT ON NIGHT DIPPING AND NIGHT
BLOOD PRESSURE VARIABILITY (SD)

After adjustment for baseline according to the analysis
of covariance, systolic and diastolic dipping show no sig-
nificant changes (P >0.05) in patients taking magnesium
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supplements compared with patients taking placebo after
8 weeks of treatment. There were no significant changes
(P>0.05) in systolic SD, diastolic SD and HR-SD readings for
patients taking magnesium supplements compared with
those taking placebo after 8 weeks of treatment.
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3. COMPARISON OF BLOOD PRESSURE
STATUS BASED ON BOTH OFFICE AND ABPM
MEASUREMENTS

Depending on the office BP measurement, there was
no significant difference in BP status between the
magnesium and placebo groups before and after the
intervention, and similarly, ABPM showed no signif-
icant difference in BP status between the pre- and
post-intervention treatment groups. According to the
cross-classification proposed by IDACO, there was no
significant difference in BP status between treatment
groups at baseline and endline of the study. When office
BP was compared with ABPM in all patients enrolled
in this study, HT status showed a significant difference
between both measurements (table V).

Magnesium supplementation showed no significant
reductions (P>0.05) in 24-hrs ABPM of SBP, DBP and
PP in patients with masked HT comparing to other HT
status patients. Meanwhile, 24-hrs ABPM of HR showed
a significant reduction (P < 0.05) among patient with
masked HT after 8 weeks of magnesium supplement
(Table V).

In office BP measurement, SBP showed a significant
reduction (P<0.05) among patients with uncontrolled
HT compared with other HT status patients after 8
weeks of magnesium supplementation (table VIIA).
Office DBP showed no changes. On other hand, office
PP readings decrease but not significantly among dif-
ferent HT status patients after 8 weeks of magnesium
supplementation (table VIIB). Office HR decreases not
significantly (P>0.05) among different HT status pa-
tients, although the more reduction was observed in
masked HT (table VIIC).

4. EFFECT OF MAGNESIUM SUPPLEMENT
ON CORRECTED QT INTERVAL

There were no significant changes in corrected QT
intervals (p>0.05) in patients taking magnesium sup-
plements compared with those taking placebo after 8
weeks of treatment.

DISCUSSION

Magnesium ions play a role in regulation of the activ-
ities of cardiac and vascular smooth muscle. It regulates
the action of numerous plasma membranes and intra-
cellular ion transport pump processes that preserve
significant intracellular concentrations of free calcium
and sodium in the cytosol [13]. Although magnesium
is not directly involved in contraction, it improves
vascular smooth muscle and contractility, which is
reflected in the effect on calcium ion levels and their

availability in vital areas. Magnesium promotes relax-
ation [14]. Additionally, magnesium can act as a calci-
um channel blocker (CCB), by directly affecting Ca*?
uptake, distribution, and content in vasculature [15].
Depletion of magnesium in vitro and in vivo environ-
ments could induce vascular hyperreactivity and frank
hypertension [16]. Furthermore, the arterial muscle
contracts when a chelating agent that selectively che-
lates magnesium is added to the medium, at the same
time as the arterial muscle relaxes when single that
chelates calcium is added. Epidemiological studies
have shown a negative relationship between magne-
sium intake and arterial hypertension. Mechanisms for
Mg depletion in hypertensive human include impaired
gastrointestinal absorption, compromised cellular Mg
handling, and increased urinary Mg losses. In other
way, chronic Mg deficiency may promote development
of hypertension [17]. The present study found that the
office SBP readings was decreased significantly (7.98%)
in patients on magnesium supplements compared
with those on placebo after 8 weeks of treatment, while
the DBP, PP and HR readings decreased but not signifi-
cantly (4.49%, 13.46% and 3.32% respectively) among
patients on magnesium supplements compared with
those on placebo after the same period of treatment.
Differences in office SBP and DBP values were statisti-
cally significant between magnesium and placebo
group at the end of a previous study. There were results
of the role of magnesium in improving BP irrespective
of body weight in metabolic obese normal weight
(MONW) patients when magnesium chloride 5% solu-
tion was consumed once a day in 24 subjects for 16
weeks, while placebo solution was administered to 23
subjects for the same period [18]. This result is similar
to the results of the present study where SBP showed
a significant reduction, while it differ compared with
DBP result of the present study (P=0.074). This may be
attributed to many factors such as sample size, dose
and duration of treatment considered in this study. A
meta-analysis of 34 randomized controlled trials found
that oral Mg supplementation led to a significant re-
duction in both systolic and diastolic BP (2.00 and 1.78
mm.Hg., respectively), although systolic and diastolic
BP responses differed slightly in dose- and duration-de-
pendent manners, respectively. The BP-lowering effects
of Mg supplementation were accompanied by elevat-
ed serum Mg levels. This result supports a causal anti-
hypertensive effect of Mg supplementation in adults
[19]. Cosaro E et al. [20] found in their study that sup-
plementation with magnesium pidolate (8.1 mmol
twice daily) had no significant effect on office systolic
and diastolic BP in 14 normomagneseamic healthy
young men had family history of MetS or T2DM after
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8 weeks of supplementation with 4 weeks washout
period. Lima de Souza et al. evaluated the effect of 400
mg magnesium chloride on IR in 72 women with met-
abolic syndrome without DM. This study showed a
significant reduction in SBP in intervention group (P =
0.004), while the difference between magnesium and
placebo group was no significant (P= 0.498). The dif-
ference in DBP was also no significant (P= 0.964). In
this study, the readings of ABPM during 24-hrs, daytime
ABPM and nighttime ABPM have the same results since
SBP, DBP and PP in all times of measurement decrease
not significantly after magnesium supplementation
compared with placebo, whereas HR shows a signifi-
cantreduction in different time readings. One previous
study found that no significant effects were observed
on mean 24-hrs, mean daytime, and mean nighttime
ABPM levels (SBP, DBP, PP, and HR). This agrees with the
results of the present study except for HR readings.
Hatzisavir LS et al. also studied the effect of oral mag-
nesium supplementation on ABPM in patients with
mild hypertension.The number of patients enrolled in
the study was 48 persons with mild uncomplicated
hypertension. Twenty four of them received magne-
sium pidolate 600 mg daily for 12 weeks in addition to
lifestyle recommendations and the remainder patients
were only assessed for lifestyle recommendations
There were significant reductions in average 24-hrs
SBP and DBP levels in magnesium group compared
with control (P < 0.001 and P= 0.002, respectively).
These effects of magnesium supplementation were
significant in both daytime and nighttime-ABPM read-
ings [21]. Sacks FM et al. studied the effect of potassi-
um, calcium, and magnesium on blood pressure in 300
women with low Mg intake. Changes in SBP and DBP
between magnesium and placebo group were not
significant after 12 weeks of the study (P=0.29 and
P=0.32, respectively). Vongpatanasin W et al. study
showed that there was no significant effect on ABPM
readings (P>0.1) in subjects received potassium mag-
nesium citrate (KMgCit) compared with placebo after
4 weeks of supplementation [22].In dipping status,
sleeping systolic BP must be 10% lower than morning
systolic BP, and can be measured by 24-hrs ABPM.
Nondipping status appears when BP downs by <10%
during nighttime [23], occurs in a different situation
and diseases, like chronic kidney diseases (CKD) and
sympathetic activation. Systolic and diastolic dipping
showed no significant changes (¥12.9% and 10.43%,
respectively) in magnesium group compared with
placebo at the end of the present study. The same
manner in relation to night variability values, since
systolic SD, diastolic SD and HR-SD readings showed
no significant changes (12.48%, 13.14% and 0.72,
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respectively). In certain study, night variability and
nocturnal reduction in SBP and DBP (dipping status)
did not differ between the Mg and placebo group after
12 and 24 weeks of supplementation with magnesium
citrate in overweight and obese subjects. This match-
es with the results of the present study. Similarly, night
HR-variability didn’t change significantly in the present
study. The sensory stimulation that may happen during
cuff inflation may possibly develop the cortical arous-
al, disturb sleep, and elevating blood pressure as re-
ported by Davies et al. However, the extent to which
ABPM can impair nighttime sleep remains unknown.
Depending on this result, another study was devel-
oped to assess the effect of ABPM on sleep duration,
sleep efficiency, and daytime activity. The number of
patients enrolled in the study was 103 patients with
chronic kidney disease. The results indicated that
ABPM was linked with disturbed sleep and decreased
physical activity, and this influenced dipping status.
Ambulatory BP monitoring may itself motivate
non-penetration [24]. Masked hypertension is distinct
by normal office BP and high by ambulatory BP. In
general, about 15-30% of persons with normal office
BP have masked HT. It occurs in accordance with ele-
vated risks of cardiovascular morbidity and mortality
when compared to sustained norm tension, which
matches the risk of sustained hypertension. The prev-
alence of masked HT in T2DM patients treated with
antihypertensive medications and well controlled
office BP was 66.3%, while it found in 13.6% of untreat-
ed office normotensive in patients with TIDM [25].
Other studies elucidated that the prevalence of
masked HT in T2DM is 30-47.5% in those not treated
with antihypertensive agents [26]. Franklin et al. found
that from patients who non-diabetic, office normo-
tensive and not on antihypertensive agents, there
were 18.8% had masked HT. Meanwhile, 30.5% of
patients treated with antihypertensive agents had
masked HT [27]. Rodriguez-Moran M et al. and Zhang
X et al. reported that a significant reduction in office
SBP and DBP readings was observed after magnesium
supplementation, whereas no significant effect on
office measurements was noticed in Cosaro E et al.
study. There was a significant reduction in both office
and 24-hrs ABPM readings and this is shown by Kawa-
noY et al. [28], while Joris PJ et al., noticed that office
and ABPM readings didn’t change after magnesium
interventions. It must be noticed that these studies
were different in their study design, inclusion and
exclusion criteria, study population enrolled in the
study, dose and formulation of magnesium used, and
duration of intervention. The review of different stud-
ies as shown above, displays a significant reductionin
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office DBP and/or SBP as reported in the present study
(reduction in SBP), but this significance was not seen
in ABPM in most of these studies, in addition to the
current study results. To resolve this controversy in
results between office BP and ABPM measurements,
cross-classification of IDACO was used to differentiate
uncontrolled HT from masked HT and well controlled
HT from WCH in the current study. This analysis
showed no significant reduction in 24-hrs ABPM of
SBP, DBP, PP and a significant reduction in HR in
masked HT group; therefore, ABPM is needed to clar-
ify the response to magnesium in addition to diagnose
masked HT that represent 55.31% of the patients
completed follow up of this study. The high prevalence
of masked HT in the current study was attributed to
the facts that most of patients were diabetics, on an-
tihypertensive medications, and with average eGFR
70.049 ml/min. However, a possible explanation is that
antihypertensive drugs and magnesium interaction
may counteract effect of Mg, age of patients, and
duration of HT may also affect the final results. In this
study, office BP measurement showed a significant
SBP reduction in uncontrolled HT group and non-sig-
nificant reduction in other groups, while DBP showed
no changes. Pulse pressure displayed no significant
reduction in different HT status, and HR measurement
also showed no significant reduction in different HT
status groups but more apparent in masked HT pa-
tients. This small difference could not be explained
depending on fact that ABPM is a gold standard of BP
measurement. It may be attributed to small sample
size and may need elaboration by further research
study. The length of the QT interval is inversely pro-
portional to the heart rate. The QT interval is equal to
the corrected QT interval once HR is 60 b.p.m [29].
Normal values of QTc intervals are <430 ms for males
and <450 ms for females. When QTc interval exceeds
450 msin males and 470 ms in females, it is considered
prolonged.The QT interval prolongation occurs when
cardiac repolarization is late. Prolongation in the QTc
is not dangerous by itself. However, when QTc exceeds
500 ms, patients may develop Torsade de Pointes (TdP)
and cardiac arrest. No dependable guidelines are
available to augment magnesium administration in
QTc prolongation. However, administration of intra-
venous magnesium to every patient with a QTc > 500
ms is reasonable [30]. There were no significant chang-
es in the corrected QT interval (T0.69%) in patients
taking magnesium supplements compared with those
taking placebo after 8 weeks of treatment in the pres-
ent study. Another study showed that magnesium
sulfate couldn’t correct QTc intervals prolonged by
overdose of haloperidol in a canine model [31]. This

matched with the results of the present study. Intra-
venous magnesium sulfate (2-4grams IV bolus) re-
versed TdP and prevented its recurrence in 12 subjects
with QTc intervals ranged from 540 to 720 ms who
developed TdP.The QTc interval showed no significant
changes after treatment [32], as observed in the pres-
ent study. Naksuk N et al. found in their recent study
on 8,498 patients admitted to the Cardiac Care Unit
(CCU) at Mayo Clinic Hospital that admission and post
admission serum magnesium levels were not associ-
ated with QTc interval or sudden cardiac death [33].
One limitation of this study is unselecting of the pa-
tients with hypomagnesaemia as inclusion criteria for
the study and this may explain the differences in the
results when compare with the results of other previ-
ous studies. The dose and duration of magnesium
I-lactate may be not enough to improve blood pres-
sure and QT interval. The amount of magnesium in the
diet of patients must be calculated, genetic and indi-
vidual variables in Iraqgi population also may play a
role in the final results and must be studied to evalu-
ate the effect of Mg on BP monitoring and ECG read-
ings. From this study, it can be concluded that mag-
nesium Il-lactate in a dose of 84 mg twice a day for 2
months in women with MetS have a significant reduc-
tion in office SBP readings and ABPM-HR readings
during 24-hours, daytime, and night time measure-
ments. A significant reduction of ABPM-SBP and no
significant reduction in ABPM of DBP, PP, and HR were
observed in patients with masked HT. Also, no signifi-
cant change in QTcinterval was reported. Many recom-
mendations can be suggested for future work, including
further studies with large scale sample and long term
duration.The dose used for magnesium L-lactate tablets
may be increased, or a different formulation such as
magnesium chloride may be used. The effect of mag-
nesium on BP should be studied by ABPM to diagnose
masked HT and WCH. Other suggestions may involve
studying the comparable effect of magnesium on BP
in those patients who administered antihypertensive
medications that affect magnesium function (agonist
or antagonist effect), using Bpro-wrist ABPM or similar
apparatus that don't disturb sleep and may give more
reliable results about dipping status. Further studies
with more details on the changes in ECG readings such
as PR and QRS intervals may also recommended.

CONCLUSIONS

From above results, one can conclude that oral Mg
I-lactate supplement can improve, to a certain extent,
blood pressure of women with MetS. Further studies in
this aspect may be required.
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ABSTRACT

The aim: To study the stages and diseases of occupational and emotional burnout syndromes and characterize the changes in the psychophysiological state
of the medical staff of health care institutions.

Materials and methods: Manifestations and levels of predictors of the development of emotional burnout (PDEB), motivation of medical workers in the
Vinnytsia region, and preventive measures of PDEB to improve the motivational component of medical workers. Statistical processing of the research results
was performed in the licensed standardized package “Statistica 6.1 for Windows”, and included the analysis of the nature of the distribution of characteristics
using the Shapiro-Wilk's W test, and the analysis of differences using the Mann-Whitney test. The content analysis of domestic and foreign scientific sources
and hiblio-semantic and analytical research methods were used in the work. A sociological study was conducted on the dynamics of changes in the psycho-
physiological state of health of medical staff of psychiatric hospitals and medical staff of general health care facilities (CHP) in the Vinnytsia region, depending
on gender and positions.

Results: A survey has been conducted using psychodiagnostic methods of emotional burnout by Boyko V.V. and the adapted approach of Vodopyanova N.E.
According to the results of K. Zamfir's method in A. Rean’s modification, it was established that external negative motivation exceeds external positive motivation
in health care staff, as in male doctors and female doctors from 3,2+0,8 to 2,7+1,0 score and the average medical staff of psychiatric profile in men 3,2+1,8
and 3,0+1,3 and the average medical staff of general profile 3,6+1,0 and 3,2+1,1, respectively, which reflects the negative attitude of the medical staff at
the present stage to the implementation of professional activities.

Conclusions: Predictors of the development of emotional burnout are noted in the average female medical workers working in psychiatric institutions: “Stress’
-41.3419.2 points versus 33.622.2 points (p>0.05), “Resistance » — 56.6+21.4 points against 40.5+16.6 points (p<0.05), “Exhaustion”— 41.5+21.4 points
against 39.4+27.4 points (p >0.05) compared to men, who may be at risk of transition from a pre-morbid state (mild, moderate form of SPV) to a severe form

4

of chronic psychosomatic or psychovegetative disorder.

KEY WORDS: mental health, emotional burnout, motivation, health professionals, health, prevention

INTRODUCTION

The phenomenon of “emotional burnout syndrome’
(EBS) or “predictors of the development of emotional
burnout” (PDEB) has been studied in the medical field
of health for many years from the healthcare profes-
sional making animmediate decision, intellectual effort,
confidentiality, compassion and respect for the patient
and their relatives while maintaining high efficiency
in extreme conditions. Working in extreme/stressful
conditions has an impact on the health of the health
worker and is a risk of occupational disease, but also
affects the quality of medical care. European plan for
a comfortable stay at the WHO workplace for 2013-
2020 introduced several measures/recommendations
that will help maintain a balance between personal
life and work, value employees, identify early signs of
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burnout, introduce stress management and improve
the provision of quality, highly specialized care to the
world’s population [1-7].

Lack of motivation of health workers in constant
stressful situations in the workplace in the field of
health affects the quality of medical services in the
field of mental health of the population of Ukraine and
the EU [6,7]. In Ukraine, the birth, morbidity, disability,
life expectancy, and mortality rates have been steadily
deteriorating in recent years, pointing to a deep health
crisis and the need to modernize the health care system.
Incomplete reform in the field of health care in Ukraine
creates conditions that are not able to regulate the
processes of motivation of medical staff due to under-
funding in this area, leading to a deterioration in the
quality of medical care to the population of Ukraine [8].
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Fig. 1. The scheme of the motivational component of the professional activity of health workers (compiled by the authors of scientific research)

According to Suleiman-Martos N., Zhang S., Azam K.,
and many scientific studies around the world, the burn-
out rate among physicians and health care professionals
isin the range from 31,4% to 85,8%, but in Ukraine, this
figure is higher and ranges from 73,0% to 89,3% [2-4].

The UN has declared the development of health care facil-
ities (HCFs) and the provision of human/medical resources,
and the creation of appropriate working conditions for
them until 2030 as a priority policy of many countries [5].

The purpose of the work is to determine the mani-
festations and level of PDEB, the motivation of medical
workers in the Vinnytsia region, and the development
of preventive measures for PDEB and to improve the
motivational component of medical workers.

THE AIM

This study aims to study the stages and diseases of
occupational and emotional burnout syndromes and
to characterize the changes in the psychophysiological
state of the medical staff of health care institutions.

MATERIALS AND METHODS

Our sociological study involved 326 health workers of
the Vinnytsia region, of which men - 17,5% and wom-
en — 82,5%. The number of psychiatrists who took part
in the survey was 23,0%, and the average number of
psychiatric and general medical staff (SME) was 77,0%.
Experience of professional activity among physicians was
20,4+12,8 years,and among SMP 16,1+11,2 years of the
experimental group (psychiatric medical staff) and 22,5+
11,8 years of control group (general medical staff)). The
average age among psychiatrists was 44,5+12,7 years,
among SMP 38,0+11,4 years of the experimental group
(medical staff of psychiatric profile) and 42,1+£11,3 years
of the control group (general medical staff).

A sociological study was carried out using the meth-
od of emotional burnout Boyko V.V. and the adapted
method of Vodopyanova N.E., which had evaluated by
the following gradations: low, medium, high, and very
high level of change (points).

According to the results of K. Zamfir's method in A.
Rean’s modification, this method allows determining

371



Valentyna V. Chorna et al.

the relevance of types of motivations: external positive
motivation (EPM) - achieving career growth, external
negative motivation (ENM) - unpleasant to receive
criticism from management.

Statistical processing of the research results was
performed in the licensed standardized package «Sta-
tistica 6.1 for Windows,» and included the analysis of
the nature of the distribution of characteristics using
the Shapiro-Wilk's W test and the investigation of dif-
ferences using the Mann-Whitney test.

RESULTS

An analysis of scientific research and current legislation to
study the problem of motivation and burnout syndrome
of medical workers shows that these issues have not been
resolved at the state level. We conducted a sociological
study on the dynamics of changes in the psychophysiolog-
ical state of health of medical staff of psychiatric hospitals
and general staff of health care institutions (CHC) in the
Vinnitsa region, depending on age and length of service.

The main factors of professional burnout are individual
factors — psychophysiological processes of the human
body (temperament, character, traits); factors that affect
a person from the outside — working conditions, excessive
work demands, communication between colleagues, in-
sufficient conditions for rest or relaxation, psychological
comfortin the team, low financial status (low wages), etc.
(Table I) (Compiled by the authors on scientific research).

We conducted a sociological study on the dynamics of
changesin the psychophysiological state of health of med-
ical staff of psychiatric hospitals and medical staff of health
care institutions (HCI) in the Vinnytsia region, depending
onageand length of service. A survey has been conducted
using psychodiagnostic methods of emotional burnout
by Boyko V.V. and the adapted technique of Vodopyano-
va N.E. Using the practice of Boyko V.V. an assessment of
three phases of development of predictors of emotional
burnout (DPEB): the phase of stress, resistance, and ex-
haustion [9]. Furthermore, according to the results of the
questionnaire”Professional burnout” (PV), adapted meth-
od Vodopyanova NE identified: “emotional exhaustion’,
which is characterized by loss of energy, the appearance
of signs of psychophysiological fatigue, signals of anxiety
and depression, anger, aggression, a sense of exhaustion;
“Depersonalization’, which is characterizing by increased
psychological distancing from work, decreased empathy
and cynical attitude towards others, patients, pessimistic
thoughts about work;“Reduction of professional achieve-
ments’, which is characterized by negative self-esteem, in-
difference to the performance of their professional duties
and reduced professional efficiency, reduced professional
motivation and self-esteem.
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According to the results of the psychodiagnostic meth-
od of emotional burnout Boyko V.V concerning the phase
“Stress” among the average medical staff of psychiatric
profile in women is the largest — 41,3+22,2 points com-
pared to men - 33,6+19,2 points (p <0,05) while in the
control group on the contrary in men 39,0+23,3 points,
and in women 34,8+23,4 points (p <0,05).

In the phase of “Resistance,’ the highest degree had
established in women of the average medical staff of a
psychiatric profile - 56,6+21,4 points in comparison with
men — 40,5+£16,6 points (p <0,05), thus in the control
group both among women and among men, indicators
steel 50,0+22,9 points against 50,4+22,9 points (p <0,05).

In the phase of “Exhaustion,” the highest rates had
found in the experimental group among women of the
secondary medical staff of psychiatric profile - 41.5+21.4
points against 39.4+27.4 points in men (p<0.05), while
in the group of average medical personnel of a general
medical profile, the indicators were lower and did not
differ significantly between men and women (table II).

But among psychiatrists, high rates in the“stress” phase
were 40,1+24,7 points for women doctors and 38,5+ 22,8
points for men (p>0,05). The highest rates of the following
phases were lostin male physicians: the“Resistance”phase
in male physicians — 54,6+19,7 points, and in female physi-
cians—52,3+22,0 points (p>0,05); phase of “Exhaustion”in
male doctors — 42,0+18,7 points, and in female doctors —
34,9+20,0 points respectively (p>0,05); In comparison with
doctors and nurses in all three phases of STls, high rates
were also found in women on paramedical nursing staff.

However, depending on the gender characteristics, the
excess of female workers in all phases was determined: in
the phrase “Stress” — 41,3+19,2 points against 33,6+22,2
points (p>0,05) , “Resistance” — 56,6+21,4 points against
40,5+16,6 points (p>0,05),“Exhaustion”-41,5+21,4 points
against 39,4+27,4 points (p>0,05) respectively. Women
are most vulnerable to deteriorating psychophysiolog-
ical conditions and are prone to rapid transition from
pre-morbid conditions (mild, moderate forms) to severe
chronic psychosomatic or psychovegetative disorders,
especially among women paramedics working in psychi-
atric institutions.

These data had confirmed by the method of the ques-
tionnaire “Professional burnout” (OT) according to the
adaptation of Vodopyanova N. on emotional exhaustion
(Table 1lI).

Emotional exhaustion among women of the average
medical staff of psychiatric profile was — 20,3+8,3 points
in comparison with women of the average medical staff of
the general profile of the CHC - 19,348,4 points (p>0,05).
Among men, this figure was much higher. At men of the
average medical staff of the general profile - 20,6+9,9
points against 18,3 +9,8 points (p>0,05) accordingly.
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Table . Stages and symptoms of occupational and emotional burnout syndromes

Syndrome of professional burnout

Syndrome of emotional burnout

Stages of SPB Development
The first stage (easy form)
The second phase (middle form)
The third phase

(severe form, chronic psychosomatic/psychovegetative disorders)

Stages of SEB Development
The phase «alarm voltage» (harbingers)
Phase «resistance» (resistance to increasing stress)
Depletion phase

Symptoms
psychophysical
psychovegetative
behavioral

Symptoms
emotional deficite

emotional alienation
personal removal, or depersonalization

Table I1. Formation of emotional burnout syndrome (by phases of formation) in health care workers in Vinnytsia region, (M = SD), points

Phases Voltage phase «Alarm . Phase
Medical staff voltage» HBEIEO LR «Exhaustion»
Average medical staff of a psychiatric institution, n = 137
Men (n=9) 33,6+19,2 40,5+£16,6 39,4+27,4
Women (n=128) 41,3£22,2* 56,6+£21,4*% 41,5+£21,4*
The average medical staff of the general medical profile of health care institutions, n=101
Men (n=23) 39,0+23,3 50,4+22,9 38,3+£16,8
Women (n=78) 34,8+23,4* 50,0+22,9* 35,7£20,1*

Note.* - the presence of statistically significant (p<0.05 and less) differences compared to the control group

Table IIl. Formation of emotional burnout syndrome according to the method of «Professional burnout» in health care workers in the Vinnytsia region, (M +m)

Forms Emotional Exhaustion Depersonalization Professional Success
Medical staff
Paramedics of a psychiatric institution, n=137
Men (n=9) 18,3+£9,8 9,4£5,1 28,8+6,6
Women (n=128) 20,3%8,3* 12,0+5,0 25,6£8,3
The average medical staff of the general medical profile of health care institutions, n=101
Men (n=23) 20,6+9,9* 14,0+4,8 29,0+7,0
Women (n=78) 19,3+8,4 11,6+4,5 27,5£74

Note. * p <0.05 significance of changes in the cohort comparison group

“Depersonalization /Cynicism” is characterized by in-
creased psychological distancing from work, decreased
empathy and indifference/cynicism towards others/
patients, and pessimistic views on work, which also af-
fect the attitude to their own family. Depersonalization
among women again gave high rates, it was noted in
women of the secondary medical staff of psychiatric
profile—12,0+5,0 points against 11,6+4,5 points (p>0,05).
Professional success was noted in medical staff of general
medical profile in men - 29,0+7,0 points and women -
27,5%7 4 points (p>0,05).

According to the results of the method “Motivation
of professional activity” by K. Zamfir in the modification
of A. Rean allows determining the relevance of types
of motivations as 1 — material reward; 2 — the desire
for career growth; 3 - the desire not to be criticized by
management and colleagues; 4 — the desire to avoid
possible punishments or troubles; 5 - focus on prestige,

respect from others; 6 - satisfaction from a job well
done; 7 - social utility of labor. After the survey, the
following scale from 1to 5 points was used: 1 point—"to
a very small extent”; 2 points - “to a fairly small extent”;
3 points —“not big, but not small”; 4 points —“to a large
extent”; 5 points —“to a very large extent.”

According to the analysis in Table IV, it had been found
that male doctors and male SMP psychiatric institution
external negative motivation exceeds external positive,
which corresponds to the following motivational complex
VM> ZPM <ZNM. Thus, in most health workers working
in a psychiatric institution, we can observe a decrease in
interest in work, a decrease in psychological well-being
(lack of purpose in life, negative attitude towards others,
lack of desire for career growth, lack of self-perception,
indifference to work, etc.), which can negatively affect the
quality of medical care and interpersonal relationships in
the team and at home.
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Table IV. Types of motivation of professional activity in medical workers of psychiatric health care facilities, the average value (points)

Doctors Paramedics (Experimental Group) Paramedics (control group)
Motivation Men (n=25) Women (n=62) Men (n=9) Women (n=128) Men (n=23) Women (n=78)
M+SD M+SD M+SD M+SD M+SD M+SD
Internal 3,9+0,9% 3,6+0,9 39+1,4 3,3+0,9 3,5£1,0 3,4+0,9
External positive 2,9+0,6 2,7+0,7 3,4+1,5% 2,8+0,9 3,4+09 2,9+0,8
External negative 3,2+0,8 2,7£1,0 3,2+1,8 3,0£1,3 3,6£1,0% 3,211

Note. * - the presence of statistically significant (p<0.05 and less) differences compared to the control group

Table V. Social benefits — «Cafeteria», which are using by health workers of the HCF on the principle of choosing «<Menu» (compiled by the authors)

«Menu N21»

«Menu N2 2»

«Menu N2 3»

Payment for food

Payment for gasoline of UAH 500  Payment for training and advanced training

Fare for work

Mobile payment

Payment for travel on public transport

Vacation for a child (in a summer camp or sanatorium)

Vacation for yourself

Vacation for yourself

Payment for a company car

Medical Insurance

Medical Insurance

According to Table IV, women doctors have a moti-
vational complex VM> ZPM = ZNM, which indicates a
desire for career growth and the need to receive financial
incentives, but they are uncomfortable receiving criticism
from management.

According to our research, the highest score was the
internal motivation of all health workers in the Vinnytsia
region, which was expressed in understanding the useful-
ness of their work and the desire to engage and improve
their professionalism (Table IV).

Another motivational complex is found in men-SMP,
who have been working in a psychiatric institution for
7,8+7,5 years and VM>ZPM>ZNM, which emphasizes the
predominance of understanding the usefulness of their
work, desire to engage and improve their professionalism
and strive for punishment growth and for this to receive
material rewards, bonuses. They are not afraid to be
criticized for their work. In-that is the best motivational
complex. The shorter the work experience, the greater
the internal positive motivation, the greater the circum-
stances, and the greater the internal negative motivation
and signs of emotional burnout.

Types of motivation (Fig. 1), which we propose to use in
the state or municipal CHCs of Ukraine, both tangible and
intangible interests of health workers to create an effective
motivational mechanism are given in Fig.1.

DISCUSSION

One of the most popular measures of the management
system in the EU today is social motivation, the purpose
of which is to provide a social package. The social pack-
agein the EU countries has the following components:
health, work motivation, education, training, social sup-
port, recreation, and entertainment. Abroad, the main
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cost of the social package is up to 50% for various types
of insurance, but the main one is health insurance. In
Ukraine, the spread of the social collection is typical only
for employees of large domestic companies, which are
developing rapidly and want to enter the international
markets of European countries, and which adhere to
the civilized principles of social responsibility for their
employees [10].

European medical institutions use a system of motiva-
tion such as a“cafeteria”for various types of social ben-
efits, the so-called “menu’”. This system allows medical
staff to independently (with the consent of the head of
the HCF) choose the type of compensation for different
classes: “Menu N1 “Menu N22”, “Menu N23", which will
be sufficiently motivated and ready to perform their
work (Table V).

The practice of many domestic medical CHPs has
shown the imperfection of the motivational mechanism
if it does not complement the material incentives or
moral (intangible). Optimization of intangible motiva-
tion on a corporate basis will facilitate and accelerate
the process of implementing effective incentives for
their work, as well as increase the likelihood of achieving
successful results in the world [11,12].

The introduction of high-quality corporate relations
to improve the quality of service will be the basis for the
sustainable development of treatment facilities. There-
fore, to increase the motivation of professional activity
of health professionals as a factor in maintaining their
health, the following measures are proposed: to devel-
op and implement various trainings, educational pro-
grams, refresher courses to motivate communication
in the team; to consider the possibility of exchanging
experience inimproving the microclimate in the group
with other medical HCFs of Ukraine and HCFs of foreign
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countries; to introduce the hazard of communication
of medical workers in an informal environment (office
of psychological relief, participation in sports, cultural
events, tourist trips); based on the experience of foreign
medical institutions to create self-governing groups
(organizations) for independent decision-making on
any issues related to the planning of their work and the
effective functioning of the medical institution; devel-
opment of self-government of HCFs with a multi-chan-
nel system of their financing, which are not prohibited
by law (formation of salaries, bonuses, bonuses, social
benefits on the basis of “cafeteria”) and adoption (at the
local government level) of regulations on intangible and
material motivation of professionals local HCFs [13,14].

Thus, the above areas of optimization of motivation
and stimulation of health care workers by analogy
with European standards are aiming atimproving their
productivity, career growth, professional development,
recognition and approval of colleagues, and manage-
ment of their professional results, as well as prevention
of occupational diseases [15].

Reforming and multifaceted health care economy
and multi-channel financing, combining state guaran-
tees with demonopolization and competition; decen-
tralization of public administration, development of
self-government of institutions, and independence of
health care workers (activities on a contractual basis),
provided by the Basic Law of Ukraine, “Fundamentals
of Health Care Legislation”, and the need to implement
European standards of motivation based on changesin
psychological state The implementation of intangible
and material motivation measures will increase the level
of medical services, prevention of occupational diseases
of health workers, and thus preserve and strengthen
the health of the population and the implementation
of the cooperation agreement between Ukraine and
the European Union (Association Agreement Chap-
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ABSTRACT

The aim: To analyze the state of periodontal tissues against the background of Helicobacter pylori invasion in dynamics and to propose a possible mechanism
of development of inflammatory periodontal diseases in patients with Helicobacter pylori-associated pathology of the gastrointestinal tract.

Materials and methods: We examined 43 patients with Helicobacter pylori-associated gastrointestinal pathology and 42 patients of the same age without
somatic pathology, including without gastrointestinal pathology associated with Helicobacter pylori. Clinical and laboratory research methods (clinical, instru-
mental, biochemical, histological methods) were used.

Results: Comparing the data of clinical observations and the results of laboratory studies of patients with inflammatory periodontal disease on the background
of Helicobacter pylori-associated gastrointestinal pathology, obtained in different observation periods, we can assume that basic dental treatment of periodontal
disease in such patients undergoing eradication therapy does not provide stable anti-inflammatory, antimicrobial and antioxidant effect, which leads to reduced
periods of remission and recurrence of periodontal disease, where oral dysbiosis plays a crucial role.

Conclusions: Comparing the data of clinical observations and the results of laboratory studies of patients with chronic gingivitis on the background of Helicobacter
pylori-associated gastrointestinal pathology, obtained in different observation periods, we can say that they correlate with each other and suggest that the
basic dental treatment of chronic gingivatis on the background of H.pylori-associated pathology of the gastrointestinal tract, which is currently undergoing
a course of eradication, does not give a stable anti-inflammatory, antimicrobial and antioxidant effect, which leads to recurrence of periodontal disease and

shortening remission periods, where oral dyshiosis plays a crucial role.

KEY WORDS: periodontitis, periodontal diseases, periodontal treatment, Helicobacter pylori, oral dysbiosis

INTRODUCTION

Helicobacter pyloriinfection is one of the most common
chronicinfections in the world. According to Hooi J.K.Y.
the prevalence of Helicobacter pylori was different in dif-
ferent parts of the world. Thus, the highest prevalence of
Helicobacter pylori was in Africa and was 70.1%, while in
Oceania the prevalence of this infection was the lowest
and was only 24.4%. Among some countries, the lowest
number of Helicobacter pylori (H.pylori) infections was
found in Switzerland (18.9%), Denmark (22.1%), New
Zealand (24.0%), Australia (24.6%) and Sweden. 26.2%),
the largest - in countries such as Kazakhstan (79.5%),
Pakistan (81.0%), Estonia (82.5%), Portugal (86.4%),
Nigeria (87.7 %) [1].

To date, the contamination of the oral mucosa H.py-
lori is considered not only as a factor influencing the
development and course of gastroduodenal pathology,
but also pathology of the oral cavity [2,3]. The presence

Wiad Lek. 2023;76(2):377-385

of H.pylori in the oral cavity leads to a decrease in the
activity of lysozyme - an indicator of local nonspecific
immunity — due to its inactivation by the bacterium H.
PYLORI [4], changes in salivary biochemical parameters,
namely lowering pH and increasing salivation rate, asso-
ciated sialic acid, which causes an increase in viscosity
and deterioration of the rheological properties of saliva,
resulting inimpaired basic salivary functions, leading to
the development of major dental diseases [2,5].

THE AIM

To analyze the state of periodontal tissues against the
background of Helicobacter pyloriinvasion in dynamics
and to propose a possible mechanism of development
of inflammatory periodontal diseases in patients with
Helicobacter pylori-associated pathology of the gastro-
intestinal tract.
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MATERIALS AND METHODS

We observed 43 patients (15 men and 28 women)
with Helicobacter pylori-associated gastrointestinal
pathology. We also examined 42 patients of the same
age group (including 17 men and 25 women) without
somatic pathology, including without pathology of
the gastrointestinal tract (GIT) associated with H.pylori.

Helicobacter pylori-associated gastrointestinal pathol-
ogy included two nosological units - chronic gastritis
(CQ) (type B gastritis) and chronic gastroduodenitis
(CGD), which are the most common diseases of the
stomach and duodenum, which most often affect
young and middle-aged people.

Verification of gastroduodenal pathology (GDP) was
performed on the basis of clinical and instrumental
studies: examination of the patient, collection of com-
plaints, life history and medical history and results of
instrumental (esophagofibrogastroduodenoscopy)
and laboratory studies (histological examination and
polymerase chain reaction).

After establishing and confirming the gastroentero-
logical diagnosis, these patients underwent a clinical
and laboratory examination of the oral cavity.

Patients collected unstimulated saliva on an empty
stomach [7] and calculated the rate of salivation (in ml/
min.). The level of markers of inflammation was deter-
mined in saliva [7]: malonic dialdehyde (MDA) content
[7], elastase activity [8], microbial contamination index
- urease activity [9], nonspecific immunity indicator -
lysozyme activity [10], antioxidant fermentation activity
[7], protein content [11]. The degree of dysbiosis was
calculated according to the ratio of urease and lysozyme
activity according to A.P. Levitsky [9], and the antioxi-
dant-prooxidant index of APl was calculated according
to the ratio of catalase activity and MDA content [7].

Hygienic condition of the oral cavity was assessed
using the Silness-Loe, Stallard and tartar index. The de-
gree of gingivitis was recorded using the PMA indices in
the Parma modification, the Mulemann bleeding index
and the Schiller-Pisarev test. To determine the leading
clinical symptoms that characterize the severity of the
inflammatory-dystrophic process in the periodontal
tissues, the depth of the periodontal pocket was deter-
mined, and an X-ray examination was performed [12].

In patients with a verified diagnosis of chronic gastritis
and gastroduodenitis associated with H.pylori, the diag-
nosis of H.pylori infection in the oral cavity was carried
out by a molecular biological method - the polymerase
chain reaction method, and by a biochemical method -
a rapid urease test, since numerous studies by foreign
authors have shown that the oral cavity is a permanent
reservoir of H.pylori bacteria, the latter, when stored
in dental plaque, creates a microbial association with
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periodontopathogens and stimulates their growth,
which worsens the course of periodontal diseases [13].

Supra- and subgingival dental plaque collected with a
sterile trowel served as biomaterial for the rapid urease
test, oral fluid and dental plaque collected in the same
way were used for the polymerase chain reaction.

Rapid urease testand PCR diagnostics were performed
according to the standard method [14].

All patients were under dispensary observation for
6 months.

When performing statistical processing of the ob-
tained data, we used: calculation of the arithmetic mean
and its mean error (M+m); estimation of the probability
of the difference obtained

of the results in the compared groups using Student’s
t-test (t). Statistical processing and analysis of the results
are performed using Microsoft Excel license program.
A significant difference was considered at a value of
p<0.05, which is generally accepted for medical and
biological research. [15].

ETHICAL ASPECTS

The work complies with the ethical standards of the
Declaration of Helsinki by the World Medical Associa-
tion. A written informed consent was obtained autho-
rizing the publication of the medical history and the
results of the examination.

RESULTS

The main complaints of patients with gastrointestinal
diseases associated with H.pylori, from the oral cavity at
the initial reception were bad breath, severe bleeding
gums (both when brushing teeth and when eating solid
food), swelling and redness of the gums, itchy gums,
sore gums when eating, the presence of soft plaque
and tartar, some patients complained of dry mouth, pe-
riodic rashes on the oral mucosa, which coincided with
periods of exacerbation of gastrointestinal diseases.

During the objective examination of the oral cavity,
patients were found to have: significant deposits of soft
plaque, supragingival and subgingival calculus; pigmented
plaque, located circularly in the neck of the tooth (most of-
ten the lower front teeth, upper and lower molars); edema
clear; enlarged gingival papillae, severe hyperemia with a
cyanotic tinge, bleeding gums (sometimes spontaneous),
the inflammatory process spread to the gingival papillae
and the marginal edge of the gums, in some patients even
the alveolar part of the gums was affected; noted violations
of the relief of ash papillae (loss of pointed peaks).

The results of the index assessment of the oral cavity
in patients with H.pylori-associated gastrointestinal
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Table I. Index assessment of the condition of the oral cavity in somatically healthy patients and in patients with Helicobacter pylori-associated gastro-
intestinal pathology

Index . . q
Silness-Loe  Stallard '!'artar PMA, % _Schlller- Bl.eedmg Periodontal
. , index Pisarev test index pocket, mm
Patients’ group
Patients withoutsomatic .y ) 48 142+027 086£024 233+203 1244025 0,95+0,2 1,240,2
pathology (n=42)
Patients with Helicobacter
pylori-associated 1,72+0,27 1,74+0,35 1,98+0,27 69,9+2,70 2,62+0,37 2,64+0,37 2,6+0,5
gastrointestinal pathology p>0,05 p>0,05 p<0,05 p<0,001 p<0,001 p<0,001 p<0,05

(n=43)

Table II. Dynamics of changes in the clinical condition of the oral cavity according to hygienic and periodontal indices in patients with Helicobacter

pylori-associated gastrointestinal pathology after a course of eradication therapy

Index

Schiller-Pisarev

Silness-Loe Stallard Tartar index PMA,% Bleeding index
ees test
Term of definition
Before treatment 1,72+0,27 1,74+0,35 1,98+0,27 69,9+2,70 2,62+0,37 2,64+0,37
(n=43) p>0,05 p>0,05 p<0,05 p<0,001 p<0,001 p<0,001
+ + +
In 1T month 0,6+0,21 0,80+0,22 0,20+0,08 38,8£3,40 1,50+0,50 p>0,05 1,33£0,27
(n=34) <0,1p1<0001 p<0,05pi<0,05 P00 p<0,001 1<0,1 p>0,05
= P<E I PI<t p<BEopI<b, p1<0,001 p1<0,001 PI<E p1<0,05
+ + + +
156+0,34 1,62+0,32 1,10+0,22 42,2+4,80 1,6040,56 p>0,05 1,67+0,74
In 3 months p<0,05 p<0,05 p<0,001 p>0,05
p>0,05 p1<0,05 p1<0,2
(n=31) 20,05 p1>0,05 p1<0,01 p1<0,001 50,05 p1>0,05
pe<t p2<0,05 p2<0,05 p2>0,05 pe=o p2>0,05
1,89+0,2 1,87+0,21 1,6+0,26 56,6+3,70 2,4140,35 p<0,01 2,32+0,40
p<0,01 p<0,05 p<0,05 p<0,01
In 6 months p<0,001 p1<0,01 p1>0,05
p1>0,05 p1>0,05 p1>0,05 p1>0,05
(n=30) p2<0,01 p2<0,2
p2<0,001 p2<0,05 p2<0,001 320,05 320,05 p2<0,05
p3>0,05 p3>0,05 p3>0,05 <t P25, p3>0,05

Note: p - in comparison with a group of patients without somatic pathology; p, - compared with data before treatment; p, - in comparison with the data
obtained after 1 month; p, - in comparison with the data obtained after 3 months.

Table I11. Biochemical parameters of oral fluid of patients with periodontal diseases on the background of Helicobacter pylori-associated gastrointestinal

pathology

Studied
indicator Salivation  Protein MDA Elastase  Catalase Urease Lisozyme Degree of
. . - Index .. e .
rate, content, content, activity, activity, API activity, activity, dysbiosis
Accompanying ml/min g/l mmol/Il mk-kat/I mkat/I mk-kat/I unit/I (DD)
pathology
Patients
withoutsomatic  ja.005 0656005 020002 030£004 030:0,04 130£02  7+2 78+7 1,0+0,2
pathology
(n=42)
Chronic gastritis  0,69+0,07 0,75+0,09 0,21+0,01 0,47+0,03 0,27+0,04 8,0+0,4 11£3 2716 6,8+2,3
(n=16) p<0,05 p>0,05 p<0,05 p<0,01 p<0,05 p<0,05 p>0,1 p<0,01 p<0,05
Chronic gastro
duodenitis 0,55+0,06 0,85+0,17 0,26+0,02 0,55+0,07 0,13£0,02 9,2+0,2 36+8 40+4 19,2+3,5
(n=27) p>0,3 p<0,05 p>0,05 p<0,01 p<0,01 p<0,05  p<0,01 p<0,05 p<0,05

pathology and in somatically healthy patients are pre-
sented inTable I.

The datain Table | show that patients with H.pylori-as-
sociated gastrointestinal pathology have significantly

increased values of dental indices, there are significant

pathological changes in periodontal tissues compared

with patients without somatic pathology. Thus, in
patients with gastrointestinal pathology associated
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Table IV. Biochemical parameters of oral fluid of patients with HCG on the background of Helicobacter pylori-associated gastrointestinal pathology after
a course of eradication therapy in the dynamics of observation

Patients group Chronic gastritis Chronic gastroduodenitis
e In 1 months In 6 months S In 1 months In 6 months
treatment treatment
-16 n=13 n=11 =27 n=21 n=19
Studied indicator = 0=
Positive rapl;(l’ urease test, 69 76,9 90,9 9,3 90,5 94,7
Salivation rate 0,69+ 0(360251r 0,67x0,06 0.55% 0,52+ 0’53:2)0;04
e 0,07 ' p<0,05 p1>0,3 0,06 0,03 p>0,3 p>%,
mi/min <0,05 p>0,05 250,05 >0,3 1>0,3 p1>03
<t p1>0,05 P>t P>5 P4 p2>0,3
0,82+
+ +
. 0,75+ 061+ 0,73+ 0,85+ 0,63+ 0,14
Protein content, 0,04 0,07
0,09 0,09 0,05 p>0,05 p<0,3
g/l p>0,05 p>0,3p1>0,3
p>0,05 15005 250,05 p<0,05 p1<0,05 p1>0,3
P15 pe>L p2>0,05
0,31+
0,15+ ! 0,38+
0,21+ ' 0,02 0,18+ !
+
MDA content, mmol/I 0,01 0.02 p<0,01 0,26x0,02 0,02 p>0,05 0,02
p< 0,1 p>0,05 p<0,01 p1<0,05
p>0,05 1005 p1<0,05 p1<0,01 2<0.001
pI<E p2<0,001 o<t
0,36+ 0,59+ 0408 06606;
Elastase activity, 0,47+0,03 0,05 0,04 p<0,01 0,55+0,07 N '
0,03 p<0,05 p<0,01
mk-kat/I p<0,01 p>0,05 p1<0,05 p<0,01
1<0,1 2<0,01 p1<005 p1>0,2
pI<E o<t p2<0,001
034004  022%003 0,24+0,03 0.1120,02
. 0,27+0,04 p>0,1 0,13+0,02 p<0,01
Catalase activity, mkat/I p>0,05 p>0,05
p>0,05 15005 p1>0,3 p<0,01 1<0.01 p1>0,3
p1>% p2<0,05 pI<E p2<0,001
7,1+0,3 2,9+0,5
8,0£0,4 22,7219 p<0,01 9,2+0,2 13:3+16 p<0,01
Index API p<0,001 p>0,05
p<0,01 120.001 p1<0,1 p<0,01 12005 p1<0,1
pI<S p2<0,001 pI<S p2<0,001
49+7
Urease activity, 1143 6+1 p>0,05 16+4 368 14£2 p<0,01
p>0,05 p1>0,3 p<0,05
mk-kat/| p>0,1 p1>0,05 2<0.05 p<0,01 1<0.05 p1>0,3
o<t pI<E p2<0,001
3544 215 28+4
Lisozyme activity, 2716 < 06 01 p<0,001 40+4 49+6 p<0,01 p<0,01
unit/I p<0,001 p1>,0 05 p1>0,3 p<0,05 p1>0,05 p1>0,3
p1>% p2<0,05 p2<0,01
19,4+
+ + +
Degree of dysbiosis 6,8+2,3 19£0,4 8,5£1,7 19,243,5 3,220,9 1.8
(DD) <0.05 p<0,001 p<0,01 p1>0,3 <0.05 p<0,05 p<0,01
<t p1<0,05 p2<0,001 p<t p1<0,001 p1>0,3
p2<0,001

Note: p - in comparison with patients without somatic pathology; p, - in comparison with the indicator before treatment; p, - in comparison with the
indicator obtained after 1 month

with H.pylori, the PMA index was increased 3 times, index Mulemann exceeded the group of somatically
indicating the presence of inflammation in periodontal  healthy patients by 2.8 times.

tissues - severe gingivitis, the average value of the Schil- Among patients without somatic pathology, the
ler-Pisarev test increased 2.1 times, and the bleeding  structure of periodontal tissue morbidity was as follows:
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Table V. Prevalence of oral H.pylori in patients with chronic catharral gingivitis against the background of H.pylori-associated gastrointestinal tract
pathology in different observation periods

Diagnostik PCR Urease rapid test
method (abs/%) (abs/%)
Observation Positive Negative + - e -
period
Before treatment 10/22 12/22 15/43 16/43 6/43 6/43
(45,5%) (54,5%) (34,9%) (37,2%) (13,95%) (13,95%)
After 1 month 6/22 16/22 8/34 18/34 3/34 5/34
(27,3%) (72,7%) (23,5%) (53,0%) (8,8%) (14,7%)
After 6 months 8/18 10/18 3/30 21/30 4/30 2/30
(44,4%) (55,5%) (10,0%) (70,0%) (13,3%) (6,7%)
Oral microbiota, including periodontopathogens
Biotops of the oral cavity for H.pylori:
‘f *Dental plaque
*Saliva
*Periodontal pockets
“Dental prothesis
Suppression of the T-cell chain of
humoral immunity
Reflux

/ Decreased resistance of the organism

|

Suppression  of local nonspecific
immunity in the oral cavity (lysozyme
inactivation), stimulation of growth and
reproduction of periodontopathogenic
& microflora, formation of a stable biofilm

H.pylori-associated gastritis
and gastroduodenitis

Reduction of resistance of
periodontal tissues
periodontopathogenic microflora

Healthy teeth \

Shift of the oral microbiota in the
direction of pathogenic and

opportunistic

Gingivitis «— Periodontitis

Development and
deepening of oral dysbiosis

Created in BioRender.com bio

Fig. 1. Pathogenesis of inflammatory periodontal diseases on the background of Helicobacter Pylori invasion

47.6% of subjects were diagnosed with chronic catarrhal  gastrointestinal pathology, CCG was detected in 81.4% of
gingivitis (CCG), 9.5% of patients — chronic generalized  subjects, and in primary and first-degree CGP in 18.6%.
periodontitis (CGP) of the initial and first degree, while 42, Patients with CCG on the background of H.pylori-as-
9% are healthy. Among patients with H.pylori-associated  sociated gastrointestinal pathology, were subsequently
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under dispensary observation and we performed ex-
aminations after 1, 3 and 6 months.

At the end of the course of basic therapy of CCG (ac-
cording to the protocol) and antihelicobacter therapy
(AHBT), patients noted a decrease in symptoms of peri-
odontal tissues: decreased bleeding gums (bleeding
gums occurred only during brushing), swelling and
redness of the gums, disappeared or decreased from
the mouth, there was a metallic taste in the mouth as
a manifestation of side effects of AHBT.

On objective examination of the oral cavity, it was
noted that the redness and swelling of the gums de-
creased, and the relief of the gums was partially restored.
Examination of the oral cavity after T month in 47.1%
of patients showed slight deposits of soft plaque, mild
hyperemia and swelling of single gingival papillae, in
23.5% of subjects noted improvement in the oral cavity
after basic therapy with CCG. At the same time, 29.4%
of the subjects observed a slight deterioration in the
clinical condition of the oral cavity - slight deposits of
soft plaque, gingival redness, swelling of single gingival
papillag, in some areas — bleeding gums, clear painless on
palpation. At the same time, patients did not complain.

After 3 months, 41.9% of patients complained of
bleeding gums, which occurs both during brushing and
eating, bad breath, after 6 months, 60% of patients in
this group have an increase in subjective symptoms of
periodontal tissue, which is confirmed by clinical exam-
ination and corresponds to moderate and severe CCG.

The results of the index assessment of the oral cavity
of this group of patients, presented in Table ll, correlate
with the data of the clinical examination.

The condition of periodontal tissues according to
periodontal indices changed as follows. After T month,
the PMA index decreased by 44.5%, after 3 months - an
increaseinthe PMA index by 1.1 times compared to previ-
ousdata, butitdoes not reach the initial level, while after 6
months the PMA indexincreases by 1.5 times compared to
post-treatment data, and almost reaches baseline, which
correlates with the results of a clinical examination of the
oral cavity. A similar trend is observed with the Schiller-Pis-
arev breakdown, and with the bleeding index.

In addition to the index assessment of the oral cavity,
the biochemical parameters of oral fluid in patients with
CCG and CGP associated with H.pylori were studied,
which revealed differences in biochemical parameters
in the oral fluid of patients with periodontal disease
(PB) (CCG and CGP) on the background of gastrointes-
tinal tract (chronic gastritis and gastroduodenitis) in
comparison with patients without somatic pathology.

Tables llland IV below show the results of biochemical
analysis of oral fluid before treatment, as well as 1 and
6 months after treatment.
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The results of pre-treatment biochemical analysis of
oral fluid in patients with combined H.pylori-associated
gastrointestinal pathology (CG and GD) revealed the
following changes in the oral cavity: increased inflam-
matory processes (in patients with CG and GD increased
elastase activity by 56.7% and 83,3%, respectively), lipid
peroxidation processes (in patients with CG and CGD,
the content of MDA increased by 1.05 and 1.3 times,
respectively), a decrease in the activity of the antioxi-
dant defense system (catalase activity in patients with
CG and GD is reduced by 10% and 57%, respectively,
APlindex decreased by 38.5% and 29.2%, respectively),
decrease in local nonspecific resistance (decrease in
lysozyme activity in patients with CG and GD by 2.9
and 1.95 times, respectively), and as a consequence
development of oral dysbiosis (diabetes in patients with
CG and GD increased by 6.8 and 19 times, respective-
ly), which plays a crucial role in the development and
deterioration of inflammatory-dystrophic processes of
the oral cavity.

The results of biochemical analysis, conducted after
1 month, indicate that the basic dental treatment in
this group of patients helps to reduce inflammatory
processes in periodontal tissues. Thus, in patients with
H.pylori-associated CG and GD there is a decrease in
elastase activity by 1.31 and 1.38 times, respectively,
and the MDA content - by 1.4 and 1.44 times, respec-
tively.

After 6 months, biochemical analysis showed a sig-
nificant increase in elastase activity and an increase in
the content of MDA in the oral fluid in patients with
both CG and GD associated with H.PYLORI. The state
of the antioxidant system (AOS) of the oral cavity also
changed. Basic therapy of CCG increased catalase activi-
ty by 25.9% in patients with CG and by 84.6% in patients
with GD; after 6 months there is a significant decrease in
catalase activity. In proportion to this, there are changes
in the APl index. Thus, after 1 month, the APl index in
patients with concomitant H.PYLORI-associated CG
and GD increased by 2.84 and 1.45 times, respectively,
indicating an improvement in AOS after baseline ther-
apy. However, after 6 months we see a deterioration of
the situation - a significant decrease in the APl index.

The state of local nonspecificimmunity and the level
of microbial contamination were studied on such indi-
cators as lysozyme activity and urease activity. Basic
dental treatment reduces urease activity and increases
lysozyme activity, but after 6 months of observation
we observe the opposite situation, which indicates a
shift in the balance of oral microbiota in the direction
of pathogenic and opportunistic, which against the
background of reduced nonspecific antimicrobial
protection in the cavity to the development of oral
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dysbiosis, which clearly reflects the degree of dysbiosis
(DD), calculated by Levitsky.

All patients with Helicobacter-associated pathology
of the gastrointestinal tract and without somatic pathol-
ogy in the oral cavity were detected with the H.pylori,
while 22 patients were randomly selected for PCR (due
to the high cost of this diagnostic method) with a veri-
fied diagnosis of chronic gastritis and gastroduodenitis
associated with H.pylori.

The results of the identification of H.pylori in the oral
cavity of patients with gastrointestinal diseases are
presented below (Table V).

During the first examination of patients with a con-
firmed diagnosis of H.pylori-associated gastrointestinal
tract pathology according to PCR data, the bacteriumiis
identified in the oral cavity in 45.5% of cases.

At the same time, the results of the rapid urease test
show that in patients with CGin the oral cavity, H.pylori
was detected in 69% of cases, in patients with CGD in
96.3% of cases, in general, in this group of patients,
H.pylori in the oral cavity cavity was detected in 86%
(Table IV), while the degree of microbial insemination
of the mucous membrane of the oral cavity, determined
according to the data of rapid urease test, was different:
«+—in 15 patients;
+++ —in 16 patients;

« +++ —in 6 patients;

« negative result — in 6 patients.

After the course of eradication therapy, the determi-
nation of the H.pylori in the oral cavity was carried out
after 1 and 6 months.

In the oral cavity 1 month after the AHBT according
to PCR, H.pylori was detected in 3 patients with CG and
in 3 patients with CGD, in a total of 6 patients, which
was 27.3%. At the same time, according to the data of
rapid urease test in the oral cavity of patients with CG,
H.pylori was detected in 10 out of 13 cases, which was
76.9%, and among patients with CGD, the prevalence
of oral H.pylori was 90.5%, which on average for the
group was 85.3%.

After 6 months, the results of identification of H.pylori
in the oral cavity were as follows. According to PCR
results, H.pylori was detected in 5 patients with CG and
in 3 patients with CGD, which was 44.4%. The results
of the rapid urease test show that a positive result was
obtained in almost 100% of cases.

The obtained results of rapid urease test indicate that
the oral cavity is a reservoir of the bacterium H.pylori,
and, despite the conducted AHBT, it is not possible to
achieve complete elimination of the bacterium in dif-
ferent biotopes of the oral cavity, which is confirmed
by our studies conducted in dynamics (1 and 6 months
after the during the course of antibacterial therapy, the

bacterium persists in the oral cavity), and is consistent
with literature data [14]. In addition, in the presence of
H.pylori bacteria in plaque and saliva, it stimulates the
growth of periodontopathogenic microflora, which was
shown in [13], which subsequently leads to worsening
of the course of periodontal diseases, which is consis-
tent with our clinical data.

DISCUSSION

The results of dynamic monitoring of patients with
CCG and concomitant H.pylori-associated pathology
of the gastrointestinal tract indicate that professional
oral hygiene, teaching patients the rules of oral hygiene
at home, as well as patient motivation contribute to
maintaining oral hygiene in the first three months,
with some deterioration and almost achieving the
level of the initial data after half a year of observations,
as evidenced by the indices of Silness-Loe, Stallard
and tartar index. The condition of periodontal tissues
according to periodontal indices changed as follows.
After 1 month, the PMA index decreased by 44.5%,
after 3 months there was an increase in the PMA index
by 1.1 times compared to the previous data, but does
not reach the initial level, after 6 months it increases
by 1.5 times compared to the data after treatment, and
practically reaches the initial level, which correlates with
the results of a clinical examination of the oral cavity. A
similar trend is observed with the Schiller-Pisarev test
and with the bleeding index.

Biochemical analysis of the oral fluid showed that
in patients with inflammatory periodontal diseases
against the background of H.pylori-associated pathol-
ogy of the gastrointestinal tract (chronic gastritis and
gastroduodenitis), the functional activity of the salivary
glands increases, the protein content in the oral fluid
increases (which leads to deterioration, which is one
of the factors that worsen oral hygiene), increases
the activity of inflammatory markers, which indicates
an increase in inflammatory processes in response to
inflammation in the gastric mucosa and duodenum,
the balance in the “antioxidant system-peroxide pro-
cesses”towards strengthening the latter. the microbial
contamination of the oral cavity increases and local
nonspecific reactivity decreases, which leads to a shift in
the balance of the microflora of the oral cavity towards
opportunistic and pathogenic and the development of
oral dysbiosis.

All of the above points to the role of the bacterium
Helicobacter pyloriin the development and progression
of periodontal diseases as one of the possible mecha-
nisms of the pathogenesis of diseases such as gingivitis
and periodontitis. H.pylori-associated pathology of the
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gastrointestinal tract significantly exacerbates pre-ex-
isting oral disorders in chronic catarrhal gingivitis and
chronic generalized periodontitis. Oral dysbiosis plays
an important role in the pathogenesis of these patho-
logical changesin the oral cavity. Previously, the role of
this etiological factor was not taken into account in the
pathogenesis of periodontal disease.

The pathogenesis of periodontal diseases that occur
against the background of H.pylori-associated pathol-
ogy of the gastrointestinal tract can be represented as
follows (Fig 1).

The main mechanism of inflammatory periodontal
diseases in patients with H.pylori-associated pathology of
the gastrointestinal tract is systemic and local exposure
to H.pylori, which subsequently leads to immune system
dysfunction (changes in cellular immunity with a decrease
in the content of T-lymphocytes and their autoimmune
functions also function), H.pylori bacterium inactivates ly-
sozyme, enhances apoptosis of macrophages and impaired
antigen presentation), sensitization, stimulates the growth
and reproduction of pathogenic periodontal microflora,
forms stable microbial associations in the biofilm. In addi-
tion, H.pylori causes a violation of cell renewal cycles - an
increase in proliferative processes on the one hand and an
increase in apoptosis on the other. Changes in the human
immune system contribute to and provoke pathological
changes in the oral cavity, which in turn further leads to a
further weakening of immunity and a more severe clinical
course of the disease and its transition to the chronic stage.
In most cases of chronic inflammatory reactions, there is a
pronounced autointoxication of the body, which depresses
the immune system [16], conditions are created to reduce
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ABSTRACT

The aim establish the height and weight characteristics of servicemen of mobilization age with cardiovascular diseases, the frequency and etiological fraction
of excess body weight and obesity in the risk of developing cardiovascular diseases.

Materials and methods: The study induded military personnel, exclusively male (n=127), who made up the observation group. The age of the study participants
varied from 19 to 64 years, the average age - 43.062-4.07. All study participants were undergoing inpatient examination and treatment with cardiovascular diseases.
The material for the study was the results of anthropological examinations and data from primary accounting medical documentation (medical history, primary medical
card, evacuation ticket, etc.).

Results: It was established that the prevalence of obesity in the observation group was 26.0%, which is significantly higher compared to the frequency of obesity
in the control group of 13.2% (x2=17.02; P=0.0003). It was found that obesity of the Il stage degree occurred significantly more often in the experimental
group - 3.03% compared to the control group - 0.4%, (x2=5.73; P=0.01). The calculated value of the etiological share (EF of obesity) was equal to 51-66%,
which indicates a high contribution of obesity to the development of cardiovascular diseases.

Conclusions: It was established that the prevalence of obesity of various degrees among servicemen with diseases of the cardiovascular system is significantly
higher compared to the frequency of obesity in the male population of Ukraine.

KEY WORDS: cardiovascular diseases, anthropological studies, obesity, body mass index, etiological fraction of risk factors

INTRODUCTION
The tasks of military personnel are usually carried outin
extreme conditions, where there are many factors that
require a lot of endurance and physical training. The
body of military personnel is forced to adapt in a short
period of time to the conditions of military service or
to active combat operations, which is associated with
high physical loads. The ability of military personnel
to quickly adapt to new conditions in the war largely
depends on their initial state of health [1].

Good physical condition is the foundation on which
a certain level of functioning of various systems and
organs, psycho-emotional stability of the body is
formed, ensure high work capacity and maintain health
[2]. Studies have proven that the better the physical
development of troops, the more proportional the ratio
between weight and height and the more successful
the actions of soldiers during combat activity [3]. In the
structure of physical capability of military personnel for
successful actions, the mostimportant are: endurance,
the ability to resist fatigue during fast and long move-
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ments, which cannot be achieved with excess body
weight (EBW) and obesity.

Modern society in most countries of the world is
characterized by a low physical activity, an irrational
diet with anincrease in the number of refined products,
overeating, consuming a large amount of food at night,
constant psychological stress, all of which lead to an
increase in the frequency of EBW and obesity among
people of all age groups, especially young people [4, 5].
People under the age of 45 who have EBW are 2.1 times
more likely to have a high cholesterol level than people
with a normal body weight [6, 7]. The presence of EBW
at a young age is a factor that determines the high
probability of obesity, premature death and disability.
At the same time, people with EBW are more likely to
have cardiovascular disease (CVD), type |l diabetes,
problems of the musculoskeletal system, the digestive
system, the bronchopulmonary system, and also have
psychological difficulties that reduce work capacity
and negatively affect the quality of life [8, 9, 10, 11].
On average, EBW reduces life expectancy in men: if it
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exceeds 10% of the norm, life expectancy is reduced by
13%, if it is exceeded by 20% - by 25%, if it is exceeded
by 30% - by 42%. A number of authors emphasize the
importance of timely correction of EBW in young peo-
ple, as the main factor in preventing the development of
obesity, CVD and a number of diseases associated with
EBW [10, 12]. For a long time, CVD remain the leading
cause of disability and reduced life expectancy, while
EBW and obesity pathogenetically contribute to their
development and progression.

At the moment, war is ongoing on the territory of
Ukraine and military personnel protect our country
from the invaders. Therefore, the issue of preserving
and maintaining the optimal state of their health is
extremely important, in order to ensure the full partic-
ipation in combat operations of each soldier.

THE AIM

Purpose of the study - to establish the height and
weight characteristics of servicemen of mobilization
age with CVD, the frequency and etiological fraction
of EBW and obesity as a risk factor for the develop-
ment of CVD.

MATERIALS AND METHODS

The study included military personnel, only male
(n=127), who made up the observation group.The age
of the study participants varied from 19 to 64 years, the
average age - 43.06+4.07. All study participants were
undergoing inpatient examination and treatment at the
“ Amosov National Institute of Cardiovascular Surgery of
the National Academy of Medical Sciences of Ukraine”
with CVD. The material for the study was the results of
anthropological examinations and data from primary
medical documentation (medical history, primary med-
ical card, evacuation ticket, etc.).

The participants of the study underwent a clinical
and anthropological examination with measurement
of heightand body weight and subsequent calculation
of the body mass index (BMI), which was determined
according to formula 1.

BMI = weight (kg) / height *> (m?) 1M

The interpretation regarding the presence of EBW,
obesity with an indication of its degree was evaluated
according to the following criteria: less than 18.5 - body
weight deficit; 18.5 - 24.9 - normal body weight; 25.0 -
29.9 - EBW; over 30.0 - obesity; 30.0 - 34.9 - first degree
obesity; 35.0 - 39.9 - second degree obesity; more than
40.0 - third-degree obesity [13, 14].

Statistical indicators of the male population of
Ukraine of the State Statistical Service of Ukraine for
the year 2021 were taken as the comparison group [15].

The significance of differences in the frequencies of
the studied signs between the observation and control
groups at a significance level of 0.05 was determined
by the X’ test with Yates correction. MS Excel 2010, SPSS
Statistics 18.0 software was used.

The assessment of the risk of CVD development in
this study was based on fundamental developments
[16]. To determine the strength of the association of
EBW and obesity with CVD, the relative risk ratio (RR)
according to formula 2 was used. The variance of the RR
indicator according to formula (3), which is necessary
to calculate the 95% confidence interval (Cl) for RR
according to formula (4):

Aq /A
R==2/2¢
N;’ No (2)
RR - relative risk ratio;
N;—-Ay No—A4p
var[In(RR)] =
Ny 44 Ny A4y (3)

In(RR) — dispercion (D);

D= eln(RR)$1,96-,/var[ln (RR) ]
e~ 27128 @)
e - natural logorythm base, a
In — natural logorythm.
Ethiological risk fraction (RF) calculated by formula:

RF =100-(RR — 1)/RR(%) (5)

The materials used do not violate the principles of
bioethics and can be published, all research participants
gave their consent and signed an information
agreement (excerpt from the protocol No. 2 of the
meeting of the Commission on Bioethics of the Amosov
NICVS National Academy of Sciences of Ukraine dated
July 2,2022).

RESULTS AND DISCUSSION

As a result of conducting a clinical and anthropological
examination of the study participants, it was estab-
lished: the average height of servicemen of mobilization
age is 179+10.5 cm; average body weight - 88+.8 kg;
average BMI - 27.4+3.9. In the observation group, the
following were found: 1 person with body weight deficit
(0.7%); 41 persons with normal body weight (32.4%);
52 persons with EBW (40.9%); 33 persons with obesity
(26.0%), and one person had its extreme degree - obe-
sity of the lll degree. (3.03%). It should be noted that
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Fig. 1. The frequency of deviations from normal body weight in the group of servicemen with CVD compared to the data of the male population of

Ukraine for 2021

Table . Initial Data

Exponated X
Total RR (CI) RF, % CVDrisk
group N2 1 group N2 2
Patients Yes A, A, A
with RR Ethiological risk By criteria in table
obesity No N-A Ny= A4, N-A (@) fraction, % 2
Total N, N, N
Table I1. Categories of assessment of cause-and-effect relationships
0<RR<1,0 1,1<RR<1,5 1,6<RR<2,0 2,1<RR<3,2 3,3<RR<5,0 RR=>5,1
EF=0 EF<33% EF=34-50% EF=51-66% EF=67-80% EF=81-100%
«zero» «low» «moderate» «high» «very high» «almost total»
Table I1I. Frequency distribution of obesity in servicemen with CVD
Stud obesity «+» obesity «-» P y? RR o
udy groups, n } S % isk degree
VIR n M+m, % n Mzm, % 26 (cn =)
Observation 127 33 26,0+3,8 94 74,0+3,8
22 million 2 million 19 million P2=_0%070(()); (1 522’_33149) 51-66 High risk
Control 441 962 13,2+0,01 479 86,8+0,01 XK= ’ ’
thousand  thousand thousand
Table V. Frequency distribution of obesity of the Il degree in the study participants
obesity «+» obesity «-» RR .
Study groups, n e @) RF, % Risk degree
n Mxm, % n M+m, %
Observation 33 1 3,03£1,5 32 96,97+1,5
P=0,01 7,58 81-100 Almost
" e 2 _ - .
Control 2 million 262 11850  0,4+0,06 2 million 950 99,6+0,06 X=573 (1,10-52,20) total risk
thousand thousand

in the group of servicemen with CVD, EBW and obesity
were more common than in the control group (Figure 1).

The analysis of the study of the distribution of EBW
in the group of servicemen with CVD showed that its

compared to the o
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prevalence in the control group was higher (45.4%)

bservation group (40.9%), but was

not characterized by significant differences (P>0.05).
When determining the frequency of deviations from



HEIGHT AND WEIGHT CHARACTERISTICS OF MILITARY SERVICEMEN OF MOBILIZATION AGE...

the norm of body weight in servicemen from the CVD,
a significantly higher difference in the number of cases
of obesity was established - 26.0% in comparison with
the corresponding frequency of obesity in the male
population of Ukraine, which was 13.2% (x2=17.02;
P=0.0003). It was also established that obesity of the
[ll degree occurred significantly more often in the
experimental group - 3.03% compared to the control
group - 0.4%, (x2=5.73; P=0.01).

The next step of our research was to establish the
etiological fraction of obesity in the risk of development
of CVD. The methodology for assessing the etiological
fraction was based on fundamental developments [16],
the calculation of the RR of the development of obesity
in the study participants was carried out according to
formulas (2; 3; 4; 5). Notation to formulas (2, 3) and initial
data for calculating RR, D and Cl of obesity development
are presented in Table I.

The assessment of cause-and-effect relationships
between obesity and the risk of developing of CVD
in study participants was carried out according to the
categories indicated in Table Il

Therefore, the RR values were determined, which
made it possible to establish that obesity increases
the risk of developing of CVD by 2.31 times (RR=2.31;
95% Cl: 1.52-3.49). And the presence of obesity of the
[l degree 7.58 times (RR=7.58;95% Cl: 1.10-52.20), data
are presented in Tables IIl, IV.

Thus, the role of obesity and its extreme degree (3rd
degree obesity) in the risk of CVD development has
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ABSTRACT

The aim: To research the morphofunctional status of instructors of higher educational institutions of different age groups in the process of their pedagogical
activities.

Materials and methods: The research was conducted in the period from 2019 to 2021. The research involved 126 instructor officers (men) of different age
groups: under 30 years of age — 21 people, 31-35 years of age — 27 people, 36-40 years of age — 32 people, 41-45 years of age — 27 people, over 45 years
of age — 19 people. Morphofunctional status of the instructor officers was assessed by the indicators of their height, body weight, lung vital capacity, wrist
dynamometry, heart rate, blood pressure and relevant indices.

Results: It was found that during the study (2019-2020) the Kettle index, vital index, strength index, Robinson index and duration of recovery processes
deteriorated among instructor officers of all age groups. However, in instructor officers of 36-40, 41-45 and over 45 years of age most of indices deteriorated
reliably (P < 0.05). The values of the studied indices are below average or low in most instructors of all age groups, most instructors are overweight.
Conclusions: It was found that the level of morphofunctional status of the instructional staffis insufficient to perform the tasks of their pedagogical activities.
Rationally organized health-improving physical training sessions, taking into account the age group, morphofunctional status of instructors and the time of

training sessions during the working day can be an effective way to solve this problem.

KEY WORDS: physical training, health, morphofunctional status, instructor officers

INTRODUCTION

There is a constant need in society for the training of
qualified, highly moral and faithful to the state ideals
law enforcement officers [1-4]. Their physical training
plays animportant role under these circumstances [5-7].
There is a growing need to improve the organization
and conduct of physical training sessions with all cate-
gories of law enforcement officers in order to improve
indicators of their physical fitness, morphofunction
status and health [8-10].

The analysis of the work of many scientists [11, 12] has
shown that there has been a tendency to reduce the
level of physical fitness and health of the population of
Ukraine in recent years, and law enforcement officers

Wiad Lek. 2023;76(2):391-397

are no exception. This is especially true of instructional
staff of higher educational institutions of Ukraine with
specific learning environment (HEI SLE), whose pro-
fessional pedagogical activities are characterized by a
significant reduction in physical activity.

The professional pedagogical activities of instructor
officers of HEls SLE is accompanied by a significant
number of negative factors, including: low motor ac-
tivity, nervous and emotional stress, mental overload
and stress, monogony and forced working posture and
others [13-16]. The action of negative factors during
service activities causes a set of functional disorders
in instructors that affect the functions of the cardio-
vascular system, respiratory system, nervous system,
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musculoskeletal system and results in metabolic dis-
orders. The pedagogical activities are characterised
by the fact that instructor officers receive almost no
physical load, which leads to a significant reduction in
energy expenditure, accumulation of excess nutrients
in the body and increase of excess body weight [17-20].

THE AIM

The aim is to research the morphofunctional status of
instructors of higher educational institutions of dif-
ferent age groups in the process of their pedagogical
activities.

The hypothesis of the research is to study the level
and dynamics of indicators of the main life support
systems of the body (cardiovascular, respiratory and
muscular) of the instructor officers of the HEI SLE of
different age groups under the influence of negative
factors of their professional activity in order to justify
the content of health-improving classes with physical
exercises taking into account their age group and mor-
phofunctional status.

MATERIALS AND METHODS

The research of indicators of morphofunctional status of
the instructional staff was conducted in the period from
2019t0 2021 at National Academy of Internal Affairs (NAIA,
Kyiv, Ukraine). The research involved 126 instructor officers
(men) from different departments of NAIA. The studied

Table I. The assessment of the Kettle index for 30-59 year-old-men (g / cm)

contingent was divided into age groups: under 30 years
of age — 21 people, 31-35 years of age - 27 people, 36-40
years of age — 32 people, 41-45 years of age — 27 people,
over45years of age — 19 people. This distribution of officers
is determined by the Order of the Ministry of Internal Affairs
of Ukraine dated January 26, 2016 No. 50 “On approval
of the Regulation on the organization of official training
of employees of the National Police of Ukraine” (https:/
zakon.rada.gov.ua/laws/show/z0260-16#Text). Research
methods: analysis and synthesis of literature, pedagogical
observation, medical and biological methods, methods of
mathematical statistics.

Morphofunctional status of the instructor officers was
assessed by the indicators of their height, body weight, lung
vital capacity, wrist dynamometry, Kettle index, vital and
strength indices, Robinson index, heart rate (HR), systolic
blood pressure (SBP) and diastolic blood pressure (DBP),
time of restoring heart rate to baseline after 20 squats for 30
seconds. The research of the indicators of morphofunctional
status of the instructors was conducted at the Central Poly-
clinicof the Ministry of Internal Affairs of Ukraine (Kyiv) during
the medical examination by medical staffin the morning.The
following devices were used: electronic scales (TEFAL Atlan-
tis, REF: PP-3019 B6, max 160 kg) with an accuracy of 100 g,
height meter (P No. 175, value of the smallest graduation in
1 ¢m), manual dynamometer (DRP-90; value of the smallest
graduationin 2 kgf), electronic spirometer (“SPIROPRO’, BTL-
08), electronic tonometer (“SANITAS’, SBM-07).

The Kettle index (KI) characterizes the features of the
body-build of the instructors, defined in g / cm as the

The value of the KI

The indicator of body weight

> 540 Adiposity

451-540 Overweight
416-450 Excess weight

400 Good weight
360-399 Average weight
320-359 Insufficient weight
300-319 Extremely insufficient weight
200-299 Exhaustion

Table I1. The assessment of indices that characterize the morphofunctional status of instructor officers

Studied indices

The level of indices values

Kl,g/cm VI, ml / kg Sl, % RI, c.u. TRHRB, s
Low 501 and > 50 and < 60 and < 111 and > 180 and >
Below average 451-500 51-55 61-65 95-110 120-180
Average 450i< 56-60 66-70 85-94 90-120
Higher than average - 61-65 71-80 70-84 60-90
High - 66 and > 81and > 69 and < 59 and <
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Table l1l. The dynamics of morphofunctional status of instructor officers of different age groups in the process of their pedagogical activities (n=126, Mean=SD)

Age groups
Years of
research Under 30 years of age 31-35 years ofage 36-40 years of age 41-45 years of age Over 45 years of age
n=21 n=27 n=32 n=27 n=19
Kl (g/cm)
2019 415.35+7.60 433.28+8.69 457.08+6.88 460.68+7.29 463.67+8.46
2020 430.21£10.21 440.48+8.82 469.02+7.03 472.76%£7.90 476.15+9.42
2021 434.60+8.77 448.80+8.50 481.84+6.70 483.58+7.68 488.94+9.27
PPy >0.05 > 0.05 > 0.05 > 0.05 >0.05
PP, > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
PP, > 0.05 > 0.05 <0.05 <0.05 <0.05
VI (ml/ kg)
2019 56.19+2.06 55.79+£1.43 54.81+£1.50 54.46+1.14 52.31£1.31
2020 55.65+1.28 54.32+1.47 52.77%+1.53 52.26+1.18 51.45+1.45
2021 54.75+1.66 52.79+£1.42 50.48+1.49 50.17£1.27 48.02+1.39
PPy >0.05 >0.05 > 0.05 > 0.05 >0.05
PP, > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
PP, >0.05 >0.05 <0.05 <0.05 <0.05
SI (%)
2019 61.94+2.20 60.38+1.43 57.76+£1.40 56.08+1.45 55.01+£1.44
2020 59.98+2.36 58.37+1.39 55.34+2.12 54.86+1.46 53.67+1.56
2021 59.05+£1.96 57.77£1.20 54.42+1.54 52.25+1.49 50.10+1.50
PP > 0.05 > 0.05 > 0.05 >0.05 > 0.05
PP, > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
PP, >0.05 >0.05 > 0.05 > 0.05 <0.05
RI(c.u.)
2019 88.36+0.95 91.55+1.37 93.18+1.45 94.30+1.90 95.51+2.41
2020 89.17+£1.25 92.01£1.58 94.27+1.76 95.72+1.55 96.36+1.61
2021 89.86+0.85 92.96+1.81 94.97+2.05 96.43+1.32 97.65%+1.41
PPu > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
PPy > 0.05 > 0.05 >0.05 >0.05 > 0.05
PP, > 0.05 > 0.05 > 0.05 >0.05 > 0.05
TRHRB (s)
2019 110.43+5.62 123.44+5.64 135.56+7.01 137.26£5.40 140.21+8.02
2020 109.81+6.19 126.78+5.43 141.38+7.29 142.44+6.41 147.79+6.95
2021 111.14+£5.97 131.11+6.88 146.3316.72 147.25+5.86 148.03+6.93
PPy >0.05 >0.05 >0.05 > 0.05 >0.05
PP, >0.05 >0.05 >0.05 > 0.05 >0.05
PP, > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
Note: P, -P,, P, -P,,, P.,-P,, - the significance of the difference between the officers’ indicators in 2019-2020, 2020-2021, 2019-2021 respectively,

determined by means of Student’s t-test

ratio of their body weight to their height. The assess-
ment of the Kettle index for 30-59 year-old-men was
carried out according to Table | and Table II.

The vital index (VI) is an important criterion for the
reserve of external respiration functions, defined as
the ratio of vital capacity of the lungs to body weight

(ml / kg). The strength index (SI) characterizes the state
of the muscular system. It is determined by the ratio of
the dynamometry of the stronger hand to body weight
(%).The Robinson index (RI) characterizes the reserve and
economization of cardiovascular functions. Decreasing
of the indicator determines the improvement of a par-
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ticular system. The Robinson index was determined by
the formula: Rl = (heart rate - SBP) / 100, where heart rate
is the heart rate at rest for T minute (beats / min), SBP is
systolic arterial blood pressure (millimetre of mercury).
The assessment of vital, strength indices, Robinson index
and time of restoring heart rate to baseline (TRHRB) was
carried out in accordance with Table II.

The methods of mathematical statistics were used to
check, systematize and correctly process the received
data and present them in tabular form. The significance
of the difference between the studied indicators was
determined by means of Student’s t-test. The significance
for all statistical tests was set at p<0.05. All statistical
analyses were performed with the IBM SPSS Statistics 21
software, adapted to medical and biological researches.

This study followed the regulations of the World Medi-
cal Association Declaration of Helsinki — ethical principles
for medical research involving human subjects. The pro-
cedure for organizing this study was previously agreed
with the committee on compliance with Academic In-
tegrity and Ethics of the NAIA. The topic of the study was
approved by the Academic Council of the NAIA (No. 12
dated 28.08.2020). Informed consent was received from
all participants who took part in this study.

RESULTS

The study of the Kettle index gives the right to conclude
that no significant difference between the average in-
dicators of the instructor officers of age groups under
30 years of age and 31-35 years of age was identified
during 2019-2021 (P > 0.05). In instructors of 36-40, 41-
45 and over 45 years of age during 2019-2021 indicators
of the Kettle index significantly (P < 0.05) worsened by
24.76 g/ cm,22.90g/cmand 25.27 g/ cm respectively
(Table Ill). Comparing the Kl in the instructors under 30
years of age and over 45 years of age at the end of the
research (2021) it can be noted that the index value is
significantly worse by 54.34 g / cm in the instructors of
the older age group (P < 0.05). The assessment of the
Kl shows that only the instructors under 30 years of age
at the beginning of the research (415.35 g / cm) were
characterised by the index at the average level of its
fullness for men and corresponded to the indicator of
“good weight”. The instructors under the age of 30 in
2020 and 2021, as well as the instructors of 31-35 years
of age were characterised during the research as those
having “excess weight”. The Kl of the instructors of other
age groups indicated “overweight”in the instructional
staff of the HEI SLE. The research conducted showed
that the pedagogical activities of the instructor officers
in the HEI SLE are characterized by a hypodynamic
regime and an increase in body weight in the process
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of their service. This indicates the need to improve the
instructional staff’s physical fitness in order to stabilize
their body weight.

The research of the dynamics of the VI in the process
of pedagogical activities of the instructional staff gives
the right to state that the indicators of the instructor
officers of all age groups tend to decrease, but did not
change significantly during the research (P > 0.05) in
instructors of age groups of under 30 years of age and
31-35years of age. In instructor officers of 36-40, 41-45
and over 45 years of age during 2019-2021 indicators
of the Vlindex significantly (P < 0.05) worsened by 4.33
ml/kg,4.29 ml/kgta4.29 ml/kg respectively (Table lll).

Comparing the indicators of the VI in the officers of
different age groups, it can be noted thatin 2021 a sig-
nificant difference was found only between the values
of theinstructors under 30 and 40-45 and over 45 years
ofagein 2019 (P < 0.05; P < 0.01). The highestindicators
of the VI were recorded among the instructor officers
under 30 years of age i. e. the value was assessed as
“below average” (56.19 ml/ kg) at the beginning of the
research, and as “below average” (54.75 ml / kg) at the
end of the research. The instructors of other age groups
had below average level of the VI at the beginning of
the research and below average and below (instructor
officers over 45 years of age) levels at the end of the re-
search. All this indicates the weakening of the functional
capabilities of the respiratory system in the instructional
staff, both in the process of their pedagogical activities
and with increasing age group.

The analysis of the strength index showed that its
value in instructor officers of all groups decreased in
the process of their pedagogical activities, but did not
differ significantly in all age groups at the beginning and
the end of the research (P > 0.05) except instructori over
45 years of age. The difference between Sl indicators
at the beginning and at the end of the research in this
group of instructor officers is 4.91 % and is significant
(P < 0.05) (Table Ill). The indicators of the Sl reduced in
the instructor officers over 45 years of age compared
to the instructors under 30 years of age by 6.93; 6.31;
and 8.95 %, respectively (P < 0.05-P < 0.01) and were
the lowest. Analysing the Sl indicators, it can be noted
that only the instructors under 30 years of age were
characterised in 2019 by its value below average, and
in 2020 and 2021 and during the research the level of
reserves of muscular system functions was estimated
as”“low”in all other groups of the instructor officers.

Theresearch of the Rlin the instructor officers showed
a deterioration of the indicators from 2019 to 2021 in all
study groups (P > 0.05): the difference between the in-
dicators of 2019 and 2021 for instructor under 30 years
of ageis 1.50 c. u., 31-35 years of age — 1.41 c u., 36-40
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years of age — 1.79 c. u., 41-45 years of age - 2.13 c. u,,
over 45 years of age — 2.14 c. u. (Table lll). The research
of the dynamics of the Rl indicators showed that the
cardiovascular system of the instructor officers dete-
riorated with increasing instructional experience i. e.
the value of the indicator for the officers over 45 years
of age was significantly worse than for the instructors
under 30 years of age by 7.15 c. u.in 2019, by 7.19 c. u.
in 2020 and by 7.79 c. u.in 2021 (P < 0.01). The indica-
tors of the functionality of the cardiovascular system
of most of the instructional staff were at the “average”
and “below average” levels.

The research of the dynamics of TRHRB shows a
decrease in the indicator of the instructors of all age
groups during the research (P > 0.05) (Table Ill). There
was a deterioration of this indicator with the increase
of the age group of the instructors, which indicates
the weakening of their cardiovascular system in the
process of their pedagogical activities. Thus, if in 2019
the average indicator of TRHRB for the officers under
30 years of age was 1 minute 51 seconds, then it made
2 minutes 28 seconds for the instructors 36-40 years of
age (P < 0.001). The results of the officers 36-40 years
of age, 41-45 years of age and over 45 years of age did
not differ significantly (P > 0.05). The instructors under
30 years of age were characterised as those having the
level of functional capabilities of the cardiovascular
system in terms of TRHRB values as “average”; the level
of the rest of the studied groups was assessed as“below
average”.

DISCUSSION

The analysis of a large number of literature sources
[21-23] shows that the high level of morphofunctional
status, health and efficiency of professional activities of
law enforcement officers largely depends on the level
of their physical fitness, formed in the process of regular
physical training sessions. The analysis of the normative
documents on the organization of physical training in
the HEI SLE allowed to reveal a number of shortcom-
ings that reduce the impact of physical training on
physical fitness, morphofunctional status and health of
instructor officers, including: insufficient consideration
within the guiding documents of the peculiarities of the
service activities of the scientificand instructional staff;
the main focus during training sessions is on improving
the indicators of special physical training and prepara-
tion for inspections; the time planned for scheduled
physical education training sessions and the lack of
clear organization of the training sessions cause a low
percentage of attendance by the instructor officers and
do not allow to address issues of improving physical

fitness and promoting the health of instructional staff
in the process of their pedagogical activities; the time
allotted for scheduled physical training sessions in the
afternoon does not allow conducting classes with suf-
ficient load and density for the effective development
of physical qualities; the duration and frequency of
training sessions are insufficient to increase the level
of physical fitness and maintain the required level of
morphofunctional status and health; performance of
the tasks of service activities, the functional duties, the
orders of commanders in extracurricular time which is
allocated for independent physical training sessions;
there are not enough factors in the guiding documents
that would stimulate an increase in the level of general
physical fitness of instructor officers; a large number
of appeals to the medical department and a constant
increase in the number of instructor officers who belong
to the group of medical physical culture due to their
state of health.

The analysis of the system of organization of physical
training with the instructional staff of higher educa-
tional institutions of other law enforcement agencies
showed the presence of similar shortcomings [9, 24].
In particular, the instructor officers of theoretical de-
partments in higher military educational institutions
are forced to miss scheduled physical training sessions
because they are involved in conducting classes with
cadets. Some scientists point to the presence of a
number of occupational diseases in the instructors of
HEls [25].

Our research revealed that the level of morphofunc-
tional status of the instructional staff of the HEI SLE
at the present stage is insufficient to fulfil the instruc-
tional tasks and needs to be improved. The experts [5,
7,21, 22] note that one of the ways to solve the above
problem is to improve the physical training of instruc-
tor officers in the HEI SLE based on the use of general
physical training, taking into account the age group and
time for such training sessions during the working day.
Our results complement and expand existing scientific
data on the level of physical fitness and health of law
enforcement officers.

CONCLUSIONS

It was found that during the study (2019-2020) the
Kettle index, vital index, strength index, Robinson index
and duration of recovery processes deteriorated among
instructor officers of all age groups. However, in instruc-
tor officers under 35 years of age, the deterioration of
most indices turned out to be unreliable (P > 0.05). But
in instructor officers of 36-40,41-45 and over 45 years of
age most of indices deteriorated reliably (P < 0.05). The
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most pronounced changes were found in the indicators
of Kettleindex (22.90-25.27g/ cm), vital index (4.29-4.33
ml / kg), strength index (3.34-4.91 %), Robinson index
(1.79-2.14 c. u.). This indicates a negative trend in the
indicators of morphofunctional status of instructor
officers in the process of their pedagogical activities.
It was set that the values of all studied indices in
the instructors of older age groups are significantly
worse than in the instructors of younger age groups,
which also indicates the deterioration of instructors’
morphofunctional status. The values of the studied
indices are below average or low in most instructors of
allage groups; mostinstructors are overweight. All this
confirms the negative impact of factors of professional
activities of instructors on the state of their main life
support systems of the body: cardiovascular, respiratory
and muscular. In our opinion, the main negative factor
that caused the deterioration of the indicators of the
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ABSTRACT

The aim: To assess the effectiveness of the gastroduodenitis prevention program we have developed in patients of retirement age with essential arterial
hypertension who participate in the «Affordable Medicines» program.

Materials and methods: A combined (retrospective and prospective) study was conducted, in which 150 patients took part. The main group consisted of 100
patients of retirement age with essential arterial hypertension and gastroduodenitis, which arose against the background of treatment of essential arterial
hypertension. The control group consisted of 50 patients of retirement age with essential arterial hypertension without gastroduodenitis. For this category of
the population developed a program for the prevention of gastroduodenitis. To assess the effectiveness of this prevention program, an «incremental cost-henefit
ratio» (ICBR) is used.

Results: An assessment of the effectiveness of the gastroduodenitis prevention program we developed in patients of retirement age with essential arterial

hypertension who participate in the «Affordable Medicines» program.

Conclusions: Identified categories of patients for whom the developed prevention program is effective.

KEY WORDS: essential arterial hypertension, gastroduodenitis, prevention program, clinical — economic assessment, costs — efficiency, costs — benefits

INTRODUCTION

For five years, the «Affordable Medicines» program has
been operating in Ukraine, implemented by the Govern-
ment of Ukraine [1]. This program was created for patients
with cardiovascular diseases, bronchial asthma and type
Il diabetes mellitus. It allows you to get free of charge, or
with a small surcharge of medicines for the treatment of
the above diseases. Free access to treatment often caus-
es abuse of medicines. The presence of such a problem
prompted us to study the peculiarities of using this pro-
gram by patients of retirement age with essential arterial
hypertension (EAH) [2-4]. Studying this issue, we drew
attention to the increase in exacerbations of gastroduo-
denitis (GD) in some patients, which was the impetus for
the development of a prevention program (PP) for them
and an assessment of the effectiveness of this program.

THE AIM
To assess the effectiveness of the gastroduodenitis
prevention program developed by us in patients of
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retirement age with essential arterial hypertension
who participate in the «Affordable Medicines» program.

MATERIALS AND METHODS
A combined (retrospective and prospective) study was
conducted.

The case group consisted of 100 patients of retirement
age with essential hypertension and gastroduodenitis.
80% of patients were selected retrospectively (infor-
mation was obtained by selecting data from patients’
medical records, communication with patients and
their family doctors). The duration of hypertension in
all patients is different. Patients with the longest dura-
tion - 17 years (2000 - 2017). The shortest duration is 3
years (2015 - 2017). Gastroduodenitis in each patient
began in a different period of time, but after the onset
of hypertension.

20% of patients were selected prospectively. The be-
ginning of inclusion in the study was in 2017. Duration
of stay in the study - 3 years.
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The control group consisted of 50 patients with
essential hypertension who did not have gastroduo-
denitis. 80% of patients were recruited into the group
retrospectively. The duration of hypertension in all
patients is different. Patients with the longest duration
- 17 years (2000 - 2017). The shortest duration is 3 years
(2015-2017).

20% - prospectively. The beginning of inclusion in
the study - 2017. Duration of stay in the study - 3 years.

Patients were randomly selected for the study. All of
them live in the same region of the country.

We have developed a program for the prevention
of gastroduodenitis for patients of retirement age
with essential hypertension. The proposed prevention
program was tested on patients who participated in
the prospective part of the study. The effectiveness
of individual elements of the program included in the
study were tested also on a retrospective group.

To obtain the expected results, the classical theoret-
ical model was adapted (P. Zweifel and W. G. Manning,
Handbook), based on the economic theory of premor-
bid moral hazard (ex ante moral hazard theory).The
provisions of the classical economic theory modified
during the work concerned the function of utilities from
economic variables, features of the clinical process, as
well as individual characteristics with a continuous
scale of measuring utilities at the stage of model ver-
ification (A. A. Akhmedova, O. M. Ocheredko). It was
believed that the patient is a rational economic agent
who consciously makes a choice in order to achieve the
maximum number of utilities per dollar spent. Clinical
and economic evaluation of prevention, treatment and
rehabilitation programs faces methodological difficul-
ties, in particular, the problem of identifying the form
of the model based on economic theory. In this study,
a model was developed based on the work of Zweifel
& Breyer, with theoretical assumptions derived from
classical theories of moral hazard and utility. The bal-
ance model describes the equilibrium, i.e. the optimal
choice of the scope of the prevention program, and
improves the classical cost-effectiveness, cost-utility
and cost-benefit analyses.

The use of this approach allows to include in the
model important factors that modify the equilibrium,
in particular, the individual response of the patient to
treatment and to obtain meaningful unbiased conclu-
sions.

Based on the developed theoretical model, the ef-
fectiveness of the proposed prevention program was
evaluated. The statistical justification for testing the
effectiveness of the prevention program belongs to
the data analysis techniques under the general name
Average treatment effect (ATE).

To evaluate the effectiveness of the proposed preven-
tion program for patients with essential hypertension at
risk of gastroduodenitis, a simpler Poisson model with
fixed effects was first applied, which includes the entire
set of factors in a linear predictor.

To more accurately reproduce the blood pressure
effect of the program and to increase the power of
the tests, a mixed model with full and reduced sets
of predictors was applied to study the robustness of
the effects. The mixed model allowed to include and
evaluate the effects of design elements.

A powerful modern driver of the implementation of
hierarchical mixed models, to which this model struc-
ture belongs, is the MCMC (Monte Carlo and Markov
chains) algorithms. During the execution of the work,
the most developed and powerful Gibbs sampler was
chosen.

The analytical software module is written in WinBUGS,
which is an abbreviation of the expression Bayesian
inference using Gibbs (software). The calculation of
model parameters was carried out in the WinBUGS
package version 1.4. Preliminary data preparation, as
well as the study of convergence in Markov chains was
carried out in the environment of the mathematical
analytical system R, version 3.1.0 based on the CODA
package. All the graphical images are also created in
the R environment (GRAPHICS package).

Subsequently, the effectiveness of the program was
evaluated by IECR (incremental efficiency-cost ratio)
and IBCR (incremental benefit-cost ratio) according to
the developed balance model.

RESEARCH METHODS

1. Systematic approach and system analysis. The ap-
plication of this method allowed to systematically
present the problems of gastroduodenitis preven-
tion in patients of retirement age with essential
arterial hypertension.

2. Statistical. The use of the statistical method of re-
search allowed to determine the volume of obser-
vations, the reliability of the results, to substantiate
hypotheses and statistical tests.

3. Epidemiological. This method helped in organizing
the study and creating an observation plan and
sampling frame.

4. Sociological. The method was applied at the stage of
collecting data on individual risk factors and medical
events.

5. The method of statistical modeling by MCMC algo-
rithms. It was used to estimate the model parameters.

6. Expert estimates. The use of the method of expert
assessments allowed to study the effectiveness of
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the proposed program for the prevention of gas-
troduodenitis in patients of retirement age with
essential hypertension.

7. Survival curves. The method allowed to obtain
the expected difference in the risk of developing
gastroduodenitis due to the appointment of the
prevention program.

Information about the patient that we were interested
in: age (all patients of retirement age), gender, single/
not single (distribution of their savings is different in
such patients), working/not working (income only in
the form of a pension changes the patient’s ability
to invest in prevention), served by the social security
service/not served (use of social security services limits
the right to choose medicines, methods of prevention,
etc.), stage and degree of hypertension at the time of
onset of the disease and at the time of collection of
information (established by the The stage and degree
at the time of data collection allow us to see changes
in the dynamics), year of diagnosis of hypertension
and gastroduodenitis, annual expenditures for the
treatment of hypertension and gastroduodenitis (we
calculated how many and what drugs were prescribed
each day. We looked at the prices for these drugs in our
country as of the year when the drugs were prescribed.
Prices were taken from the official website of state sta-
tistics[4]. Calculating the costs per year, we converted
the amount of costs to the average dollar exchange
rate in our country in the respective year). We were
also interested in: the year of the first hospitalization
for hypertension and the number of hospitalizations
per year (treatment in hospitals has different schemes
than outpatient treatment. This may change the risk
of comorbidities), annual reimbursement (determined
in the same way as the cost of treatment), smoker/
non-smoker, obesity/non-obesity, which drugs were
the main ones for hypertension treatment (the type of
drug may affect the risk of comorbidities), doctor’s note
on non-compliance with prescriptions (compliance also
affects the effectiveness of treatment and the risk of
complications or comorbidities).

Burden of comorbidity by Charlson index (to obtain
more reliable data, the Charlson index was used, which
allowed to include patients with comorbidities in the
study).

We use the term «incremental ratio of benefits-costs»
(IB R) as more convenient in our study instead of the
used «incremental cost-benefit ratio», respectively,
the abbreviation IBCR instead of the usual ICBR. Both
options carry the same information. The main for con-
verting IECR «incremental cost-efficiency ratio» into
IBCR are prevented by intervention (participation in PP)
costs in case of occurrence or exacerbation of the GD.
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It should be noted that these are expected costs. While
in most observed patients-years, these costs were zero
(without exacerbation of GD), the expected costs can
not be zero. In the case of zero observed values, the
expected values were equal to the weighted average
GD costs of the same patient in other years, while in
the complete absence of exacerbations in the patient
during the follow-up period, the expected costs were
modeled as group-based on the patient’s set of signs.
Additional direct costs associated with going to the
doctor and individually weighted hospitalization are
also taken into account. Compliance played a great
role in modeling the expected costs, non-compliance
with doctor’s prescriptions by patients «hides» real
costs in connection with the GD, so the corresponding
observed values forincomplete compliance are listed at
full costs in connection with the GD. Since the number
of possible exacerbations has the Poisson distribution,
we used this law to obtain the expected number of pre-
vented exacerbations for each patient-year of follow-up
and found the direct costs prevented by the PP as the
product of the expected number of exacerbations in
the context of patient-years for the expected costs per
exacerbation [5-8].

For the convenience of calculations, patients were
divided into 6 groups:

Group 0: Patients with AH who do not receive hypo-
tensive therapy (by their own decision) and have/do
not have a complaint from the gastrointestinal tract.

Group 1: Patients taking anticoagulants and/or an-
ti-agents who have/do not have a complaint from the
gastrointestinal tract.

Group 2: Patients taking NSAIDs who have/do not
have a complaint from the gastrointestinal tract.

Group 3: Patients with resistant AH and have/do not
have a complaint from the gastrointestinal tract.

Group 4: Patients who take long-term medications
that reduce the tone of the lower esophary sphincter
and have/do not have a complaint from the gastroin-
testinal tract.

Group 5: Patients receiving only hypotensive therapy
and having/not complaining from the gastrointestinal
tract.

RESULTS

As a result of the study in order to determine the
clinical and economic efficiency of the program for
the prevention of gastroduodenitis developed by the
authors in patients of retirement age with essential
arterial hypertension, receiving drugs for hypertension
under the Government Program, it was allowed to see
the categories of persons of retirement age for whom
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Table . Distributed the values of the average annual expected losses C () in the event of or exacerbation of the GD

Indicators Minimum 0,25 Median Average 0,75 Maximum
C 15 270 349 356 357 2250
-IBCR 0.001 0.419 0.913 1.214 1.713 13.162
log(-IBCR) -6.861 -0.870 -0.091 -0.312 0.538 2.577
Table II. Assessing the significant effects of predictors on log(-IBCR)
Predictors B m t P
(Constant) -2,44267 0,311 7,86 0,0000000
Costs for the treatment of hypertension -0,00028 0,000 1,70 0,0903058
Age 0,01624 0,004 4,53 0,0000063
Gender 0,33515 0,060 5,60 0,0000000
Lonely/not lonely -0,64607 0,068 9,54 0,0000000
Stage AH Il -0,35687 0,094 3,79 0,0001567
Stage AH llI -0,73419 0,221 3,32 0,0009400
AH degree 0,37727 0,100 3,78 0,0001654
The fact of hospitalization 0,10174 0,061 1,66 0,0976089
Participation in the reimbursement program 0,00925 0,004 2,50 0,0126191
Income 0,00011 0,000 2,31 0,0212948
Compliance 0,85771 0,056 15,29 0,0000000
Complaints -0,25194 0,071 3,57 0,0003690
Group 1 -0,15704 0,110 1,42 0,1547417
Group 2 0,13152 0,187 0,70 0,4810536
Group 3 0,40062 0,171 2,34 0,0194467
Group 4 0,52354 0,114 4,60 0,0000047
Group 5 0,51890 0,112 4,65 0,0000037

Standardized Sampling Error = 1.035 on 1326 degrees of freedom
R2=0.2759, Adapt.R2=0.2667
F(17;1326) =29.77,p < 2.2e-16

the developed program is clinically and cost-effective.

Having distributed the values of the average annual
expected losses C ($) in the event of or exacerbation
of the GD, -IBCR and log(-IBCR) received the data given
below (Table I) where Cis the average annual expected
cost of gastroduodenitis and IBCR and its logarithmic
value:

For the formation of the level of IBCR, we identified
significant (Table Il) without loss of information, as
evidenced by the characteristics of the models (the
same standardized sample error, multiple correlation
coefficient and its adapted to the number of indepen-
dent parameters of the model option).

As can be seen from the table, with an increase in the
cost of treatment of hypertension, the additional effect
of the proposed PP decreases, that is, an additional $
1 spent on the treatment of hypertension leads to a
decrease in the incremental ratio of benefits-costs, be-
cause the increase in the cost of treating hypertension
is usually accompanied by an increase in the number

of drugs due to the progression of the disease.

As the patient’s age increases, the additional effec-
tiveness of the program also increases.

Significant was the predictor gender. That is, in men,
the additional effectiveness of the proposed PP is 33%
better, since this group is marked by a worse compli-
ance, which improves with the participation of PP.

In singles, the additional effect of the program is
reduced by 64%.

As the AH stage increases, the additional effect of the
program also decreases.

Significant in assessing the incremental ratio of ben-
efits-costs were predictors of the degree and fact of
hospitalization. According to the data obtained with an
increase in the degree of hypertension, the additional ef-
fect of PP improves by 37%. And in hospitalized patients,
the additional effect of the proposed PP is 10% better.

In hypertensive patients who participated in the
reimbursement program, the additional effect of PP
increased by 0.9%.
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Fig. 1. Changes in deviance with each subsequent level of DT

The increase in income naturally showed an increase
in additional effect by 0.01%, and high compliance in-
creased the additional effect of the program by 85.7%.

In persons who had complaints from the gastrointes-
tinal tract, the additional effect of the proposed PP was
significantly reduced by 25%.

Considering patients according to the groups, it is
clear that the additional effect of PP is significantly
greater in groups 3, 4, 5 by 40%, 52% and 51%, respec-
tively, compared to the zero group.

Justifying the targeted groups of patients according
to IBCR, we separated the situations with IBCR > =1
(with an additional cost due to participation in PP) from
economically irrational with IBCR < 1. According to the
analysis of the dynamics of deviances with each sub-
sequent level of the decision tree (DT), we determined
the number of levels, namely 4, since it is this value
that ensures the constancy of the efficiency factor of
DT k, the values of which are postponed on the upper
scale (Fig.1.)

The resulting DT is shown in (Fig. 2). Fundamentally
forming (the first level) is the compliance factor with
split at the level of 0.5. Compliance is an important
factor in taxonomization. Low compliance (more than
5 marks on non-compliance with the regimen and
doctor’s prescriptions for 10 years) causes a drop in the
effectiveness of PP.

Dichotomization is carried out in accordance with the
value of compliance. The right branch was formed by
patients with compliance > 0.5, the left branch - with a
value of < 0.5. Such a division shows that the program
we developed gives an additional cost in compliance
> 0.5. That is, spending $ 1, we get in the weighted
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Fig. 2. The tree of determination of targeted groups of patients by IBCR
values due to participation in PP

average value of $ 0.581 of the prohibited costs by $ 1
additional costs per PP.

Less attractive, which do not need this PP, according to
this decision tree, were groups {0, 1, 2} with low compli-
ance. Their low-income combinations are shown to be
even more irrational. That is, the costs are greater than
the profit, spending $ 18 we have $ 1 profit.

The next step we detailed exactly the right branch
of the first level of DR (Fig.2, 3) is patients with good
compliance.

Among this contingent of patients, the form-forming
feature was marital status: lonely or not lonely. The left
branch shows not lonely and is very attractive, espe-
cially with a very high compliance. That is, spending $
1, we have $ 3.02 profit. With less compliance, the cost
of treating AH is important.

With costs < $90, the expected profit was $0.88. That
is, for one additional dollar spent on PP, the patient of
this subgroup saved an average of $ 1.88 by reducing
the expected risk (and associated costs) of the occur-
rence or exacerbation of the GD. Provided that the cost
of treatment of AH exceeds $ 90, the expected profit
was $ 2.04.

In singles, which are described by the right branch,
more important is not compliance, but the cost of
treatment of AH.

At high costs, the proposed program gives a good
result. Spending $1 we have $0.93 profit. At a lower
cost, the result is worse and therefore profit matters for
such patients. If the income <100$ PP is not effective.
The only condition under which the proposed PP is
appropriate was the situation when the profit > $ 1326,
then spending $ 1 we have $ 0.82 profit.
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Fig. 3. The tree of determination of targeted groups of patients with high compliance at IBCR value due to participation in PP

With an income of $ 100 to $ 1326 per year, gender
matters. For men spending $ 1, we have $ 0.3 profit.Ifa
female patient of PP is appropriate only under the con-
dition of the first stage of hypertension with a small cost
for the treatment of AH, namely < $ 5.That s, spending
$ 1, we have $ 0.4 profit.

DISCUSSION

While reading the study, questions may arise:

- Is the assumption of equality of seven-elasticities not
“pulled by the ears"?

- How to estimate AT, in practice?

-What are the possibilities of practical application of
the model beyond our study?

Indeed, the assumption of the equality of the seven

elasticities is debatable, but it is supported by the idea

that for moderate differences in the expected levels of

utilities in both states, the effect of the factors on the

quantity of utilities is the same. For example, the relative

decline in utilities due to aging, smoking, and deteri-

orating housing conditions is the same in both states,

provided that the severity of the disease is moderate.

Strictly speaking in terms of probability, the indepen-

dence of the factors as moderators of utilities and the
fact of the disease (just another factor) is required. This
is obvious for most situations. However, it should be
recognized that the assumption is violated if a serious
disease changes the probability of occurrence of other
events (factors) x.

For diseases whose pathogenesis does not involve
exacerbations, but only stage progression, it is con-
venient to use a cohort design using survival models
(in particular, frailty models) to obtain estimates of A,
(Gelman A., Carlin J., Stern H.).

If the pathogenesis involves exacerbation, a conve-
nient design is a panel with a convenient modeling of
Am, and a panel logistic model.

In this case, multiple exacerbations are possible, so
a panel Poisson model (with fixed and mixed effects)
is used.

Clinical and economic evaluation of prevention, treat-
ment and rehabilitation programs faces methodological
difficulties, in particular, the problem of identifying the
form of the model based on economic theory. The model
developed is based on the work of Zweifel & Breyer [1,
2], the theoretical assumptions stem from the classical
theories of moral hazard and consumer utility. The mod-
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el characterizes equilibrium and is based on classical
cost-effectiveness, cost-utility and cost-benefit analyses.

The use of this approach allows to reliably screen out
factors by which groups differ, in particular, individual
patient response to treatment and to obtain meaningful
unbiased conclusions. In addition, the researcher can
apply sophisticated modern design with elements of
nesting, blocking, clustering to increase the power of
testing working hypotheses.

The discussion gives grounds for the application of
empirical studies devoted to modern health problems.

CONCLUSIONS

1. Additional effectiveness of the proposed prevention
program increases with the age of patients.

2.In men, the additional effectiveness of the proposed
PP is 33% better.

3. Insingle persons, the additional effect of the program
is reduced by 64%.

4. As the AH stage increases, the additional effect of the
program decreases.

5. With the increase in the degree of hypertension, the
additional effect of PP improves by 37%.

6. In hospitalized patients, the additional effect of the
proposed PP is 10% better.

7.1n hypertensive patients who participated in the
reimbursement program, the additional effect of PP
increased by 0.9%.

8.The increase in income naturally showed an increase
in the additional effect by 0.01%, and high compli-
ance increased the additional effect of the program
by 85.7%.

9. In persons who had complaints from the gastrointes-
tinal tract, the additional effect of the proposed PP
was significantly reduced by 25%.

10. Considering patients according to the groups, it is

clear that the additional effect of PP is significantly
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of PP is appropriate only under the condition of the
first stage of hypertension with a small cost for the
treatment of AH, namely < $ 5. That is, spending $
1, we have $ 0.4 profit.
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ABSTRACT

The aim: To research the association of H. pylori infection in patients with irritable bowel syndrome.
Materials and method: In this case control study, 43 patients with IBS (13 males and 30 females) diagnosed according to Rome IV criteria and other 43
controls where included, the patients and control are matched to the gender and age which ranged from 18 to55 years, the study groups were referred to

perform a stool antigen test for H. pylori.

Results: Presence of H. pylori was compared between patients with IBS and controls using chi-square test. There was significant correlation between the
presence of H. pylori and IBS, chi-square = 4.09, P-value = 0.043. The odd ratio for patients with H. pylori to have IBS was 2.53 (95% confidence interval: 1.02-
6.29). There is no significant relationship between type of IBS and presence of H. pylori, chi-square = 2.87, P-value = 0.238. There is no significant relationship
between the presence of H. pylori and age, BMI, gender, occupation, or marital state.

Conclusions: Results of our study had shown an association of H. pylori infection in patients with IBS, which may propose a link of this infection in IBS

pathophysiology.

KEY WORD: H. pylori, Irritable bowel syndrome, diet exposure, stress exposure

INTRODUCTION

Irritable bowel syndrome (IBS) is common diagnosed
gastrointestinal diseases. IBS, in the absence of any other
causative disease, is defined as the presence of abdomi-
nal pain or discomfort with altered bowel habits [1]. The
prevalence of IBS around the world ranged from 10%
to 25% with variation; the highest occurring in South
America 21.0%, while in the South Asia 7.0% [2]. In most
countries, women had more symptoms of IBS than men,
and the diagnostic criteria employed - rates in women
are about 1.5 to 3 fold more than those happen in men.
IBS develops in many age groups, even in children and
elderly, with no difference observed in the frequency of
subtypes regarding age: around 50% of patients with IBS
developed first symptoms before the age of 35 years 3, 4].
Many articles suggest that lower income is lead to poorer
health care outcomes, lower quality of life, and raised
life stressors [5], while others suggest that the contrary
is right and that being in a higher socioeconomic group
during childhood is associated with higher prevalence
of IBS [6]. IBS is considered a disorder, with many causes,
the following among the probable theory contributing
are: gastrointestinal dysmotility, inflammation, visceral
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hypersensitivity, and altered intestinal micro biota [6].
Diet and stress exposure (including early life events)
have palmed as causing factors to this multifactorial
disorders [6]. Nutritional factors are a common cause.
Many patients consume chemical food (non-allergic)
with poorly absorbed, short-chain carbohydrates (fruc-
tose, sorbitol and lactose, along with others), together
identified as FODMAPs. Their fermentation in the colon
causes pain, bloating, flatulence and changed bowel
habit, and many patients may experience small bowel
bacterial overgrowth (SIBO) leading to symptoms. This
“gut dysbiosis” may specify the response to probiotics
or the non-absorbable antibiotic like rifaximin, which
have been described in trials [7]. Because stress plays as
a cause in the development of IBS, the major aspect of
the stress response system, the autonomic nervous sys-
tem (ANS) and the hypothalamic-pituitary-adrenal (HPA)
axis, have been the subject of numerous investigations
of IBS. Finally, genetic predisposition and environmental
interactions, such as familial susceptibility and psychobi-
ology stressors, have been blamed in the pathogenesis
of IBS [8]. Patients with IBS have been observed to dis-
turbances in the brain-gut axis (BGA) including central



ASSOCIATION BETWEEN H. PYLORI INFECTION AND IRRITABLE BOWEL SYNDROME

and autonomic functions, peripheral factors, peptides,
and hormones. Clinical features present with recurrent
episodic abdominal pain, altered bowel habits (diarrhea,
constipation, or mixed), or other gastrointestinal or extra
intestinal manifestations. Abdominal pain: the cardinal
symptom is often a pressure sensation that can be mild
to severe.The pain may be mild enough to go unnoticed,
or it may severely interfere with limited activities of daily
living; pain may decrease with defecation. Pain, that is
progressive; that awakens the patient from sleep or that
is associated by anorexia, malnutrition, or weight loss is
no typical for IBS [9]. Altered bowel habits - changes in
bowel habits, are the most common clinical feature in
IBS. The most common form is constipation alternating
with diarrhea, commonly with one of these symptoms
occurring. Most patients also complain of a sense of
partial evacuationof the bowels, which causes repeated
attempts at defecation in a short of time. In many patients,
diarrhea may be the predominant feature. Diarrhea, as
a result of IBS, usually comprises with small amounts of
loose stools. Multiple of patients have stool volumes of
less than 200 ml. Diarrhea is preceded by lower abdom-
inal cramps [10]. Other gastrointestinal manifestations,
consist of sense of a lumen the throat, acid reflux, satiety
nausea, symptoms, no cardiac chest pain, bloating, and
flatulence. Furthermore, the patients with IBS have ten-
dency to reflux gas from the distal to the more proximal
intestinal part, which clarify the belching. Extraintestinal
manifestations include urinary frequency or urgency and
fibromyalgia [10]. The diagnosis is based on the presence
of specific symptoms in the absence of organic disease
[11]. As there is no specific biomarker or test to confirm or
rule outa diagnosis of IBS, the Rome IV guidelines outline
how the diagnosis of IBS requires certain approach, limit-
ed diagnostic tests, and careful follow-up. The presence
of recurrent abdominal pain in association with abnormal
bowel habits are defining features of IBS[11]. Abdominal
bloating and distention are also common present, but are
not required to make the diagnosis of IBS. While meeting
these criteria serves as a firm basis for reaching a positive
diagnosis of IBS, they do not“confirm”IBS or“rule out”oth-
er conditions, nor do they capture all dimensions of the
patient’s condition in order to optimize treatment [12].
Complete blood count, serum biochemistries and thyroid
function study, stool examination for ova and parasites,
and abdominal imaging studies are not recommended
in the routine diagnostic evaluation of IBS [13].

ROME IV GUIDELINES

Recurrent abdominal pain that is occurring at least 1
day per week in the last 3 months, along with two or
more of the following criteria:

RELATED TO DEFECATION

- Associated with a change in frequency of stool

- Associated with a change in form of stool.

Criteria achieved for the last 3 months with symptom
onset at least 6 months before diagnosis [13]. Man-
agement of irritable bowel syndrome primarily by
providing psychological and advising dietary measures.
Pharmacologic treatment is adjunctive and should be
specific to symptoms [14].

PATIENT AND DIETARY ADVICE

Reassurance and explaining the functional nature of the
disorder and how to limit the obvious precipitants are
first steps of the inpatient diet. UK's National Institute
for Health and Care Excellence (NICE) recommends
eating frequently, avoiding trigger foods, and limiting
alcohol and caffeine intake. This diet has been found to
be as effective as alow-FODMAP diet for the IBS-D [15].
FODMAPs may serve as nutrient for the colonic bacteria
and play role in the growth of gram-negative commen-
sal bacteria, which may have role in epithelial damage
and subclinical mucosa inflammation. In contrast, a
low FODMAP diet reduces IBS symptoms [16]. General
lifestyle advice symptoms of irritable bowel syndrome
can be lowered by regular exercise [17], which should
be in conjunction with dietary advice. The importance
of sleep should also be advised as improved quality of
sleep has been found as part of management.

PHARMACOLOGICAL TREATMENT
ANTISPASMODICS

Anticholinergic drugs can temporary relieve symptoms
such as painful cramps related to intestinal spasm. Many
studies show, that postprandial pain is best treated by
giving antispasmodics 30 min before meals so that
effective blood levels are achieved before the onset
of pain [18].

ANTIDIARRHEAL

Peripherally acting opiate-based agents are the initial
therapy of choice for IBS-D. Studies have shown in-
creased segmental contractions of the colon, delayed
fecal transit, increased anal pressure, and decreased
rectal perception with these drugs [18].

ANTIDEPRESSANTS
Antidepressants can significantly work by manipulating
visceral hypersensitivity and abnormal central pain
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sensitization [19]. Serotonin receptor antagonists have
been treated with IBS-D. Serotonin, acting on 5-HT3
receptors, enhances the sensitivity of afferent neurons
projecting from the gut. In humans, a 5-HT3 receptor
antagonist like aldosterone reduces painful stimula-
tion in IBS [18]. Novel 5-HT4 receptor agonists, such
as tegaserod, exhibit prokinetic activity by stimulating
peristalsis. In IBS-C, tegaserod accelerate intestinal and
ascending colon transit [18]. Patients with intractable
symptoms are sometimes treated with tricyclic antide-
pressants such as amitriptyline or imipramine (10-25
mg orally at night) [14].

MODULATION OF GUT FLORA

Gut dysbiosis may contribute to the pathogenesis of
IBS, and this has led to great interest in using antibi-
otics, prebiotics, and probiotics for the treatment of
IBS. The non-absorbable oral antibiotic rifaximin is
the most common antibiotic of the treatment of IBS.
In a double-blind, placebo-controlled study, patients
receiving rifaximin at a dose of 550 mg two times daily
for 2 weeks had substantial improvement of many IBS
symptoms over placebo [18].

HELICOBACTER PYLORI

H. pylori is a spiral shaped, microaerophilic, gram neg-
ative bacterium measuring approximately 3.5 microns
in length and 0.5 microns in width [20].

PATHOPHYSIOLOGY

H. pyloriis specific to the gastric environment, where it
lives within or beneath the gastric mucous layer. It ex-
poses the underlying mucosa to acidic peptic damage
by disrupting the mucous layer, liberating enzymes and
toxins, and adhering to the gastric epithelium. In addi-
tion, the host’s immune response to H. pylori induces
an inflammatory reaction, which further perpetuates
tissues injury. Chronic inflammation induced by H. pylori
leads to chronic gastritis, peptic ulcer disease, while in
other cases, gastritis progresses to atrophy, intestinal
metaplasia, and finally gastric carcinoma or rarely due
to persistent immune stimulation of gastric lymphoid
tissue to gastric lymphoma.

EPIDEMIOLOGY

H pyloriis the most common chronic bacterial infection
in humans, occurring worldwide and in individuals of
all ages. Infection is more common and acquired at
an earlier age in developing countries compared with
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industrialized nations, within any age the infection can
occur, also affect in black more than white. Infection,
once acquired, persists and may or may not cause gas-
troduodenal disease [21].

ROUTE OF TRANSMISSION
H. pylori is mainly acquired by the fecal-oral, oral-oral
or gastro-oral route [21].

CLINICAL FEATURE

Reported symptoms of H. pylori infection are relatively
non-specific, such as epigastria pain, postprandial full-
ness, bloating, nausea, and vomiting, signs of acid hyper
secretion and delayed gastric emptying [22].

DIAGNOSIS

H. pylori infection diagnosed by noninvasive test such
as serological testing for IgG antibodies with sensitivity
and specificity of 85% and 79%, respectively. This test is
of little value in confirming eradication of the infection,
because antibodies persist for many months, if not lon-
ger, after eradication [22], and another diagnostic test is
urea breath test, which involves drinking 13C—labeled
or 14C-labeled urea, which has a sensitivity and a spec-
ificity of 95% but considerable resources and personnel
required to perform this test [23]. Infection can also be
detected H. pylori fecal antigen test with high negative
and positive predictive values with utilizing monoclonal
antibody (specificity and a sensitivity of 95%) and it can
be used before and after eradication treatment of H.
pylori[24]. Despite their high sensitivity, both the breath
testand the fecal antigen test give false negative results
possible if the patient uses proton pump inhibitor (PPI)
or with the use of antibiotics or bismuth preparations
[25]. H. pyloriinfection can also be detected by invasive
endoscopic biopsy method of the gastric mucosa [25].

TREATMENT

No specific drug achieves the optimal eradication rate
on its own, and most treatment regimens include two
antibiotics in addition to a proton pump inhibitor (PPI)
[25]. Triple therapy for H. pylori plays a role in eradica-
tion and consists of a PPI, amoxicillin 1 g twice daily,
and clarithromycin 500 mg twice daily for 7 to 14 days.
In patients allergic to penicillin, metronidazole have
substituted for amoxicillin. Although triple therapy
originally achieved 90% H. pylori eradication, however
rates have declined under 70% in some areas [25].
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THE AIM
The aim of the study is to research the association of H.
pyloriinfection in patients with irritable bowel syndrome.

MATERIALS AND METHODS

A prospective case-control study accomplished on a
sample of patients and their relatives who attended
the outpatient clinic of internal medicine in al Al Sader
Medical City in Najaf during the period between Jan-
uary 2019 and January 2020, where 86 people were
enrolled in this study. Each of them was informed that
he or she is a part of a scientific study and a verbal
consent was obtained from each one of them.

The participants were divided into two groups:

Group 1:(The IBS group) which comprised of 43 IBS
cases (13 males and 30 females) diagnosed as IBS ac-
cording to Rome IV criteria and based on a complete
history and physical examination. Their age ranged
from 18 to 55 years, with a mean age of 33.06 + 10.35
years and a median age of 32 years. All of them were
interviewed and a complete medical history was tak-
en, including patient’s age, gender, BMI, drug history,
duration of iliness, any history of pre-existing medical
conditions such as autoimmune diseases, diabetes
mellitus, and associated gastrointestinal symptoms
like dyspepsia, nausea, vomiting, heartburn, abdom-
inal pain, diarrhea, and any history of peptic ulcer or
gastritis.

Group 2: (The control group) which comprised of
43 persons (20 males and 23 females) apparently
healthy persons matched cases regarding age and
gender. They were evaluated for any gastrointestinal
symptoms associated with H. pylori infection.

INCLUSION CRITERIA
AllIBS cases were selected according to Rome IV criteria,
which are currently the criteria for the diagnosis of IBS.

EXCLUSION CRITERIA
These include any worrisome symptoms, which make
us to think of a diagnosis other than IBS:

- Anemia,

- Weight loss,

- Rectal bleeding,

- Recent use of antibiotics or PPIs (4 weeks for antibi-
otics and 2 weeks for PPI),

- Nocturnal symptomes,

- Onset at age after 50 years,

- Abnormal abdominal examination (like mass),

- Family history of ovarian or colorectal cancer.

H. PYLORI STOOL ANTIGEN TEST.

All participants were ordered to submit fresh fecal speci-
mens which were tested for presence of H. pylori infection
by fecal antigen positivity with rapid test according to man-
ufacturer’sinstructions (from Wondfo Biotech, Qaradb.v.b.a,
Cipal Street 3, B-2440 Geel, and Belgium) (Figure 1).

The H. pylori stool antigen rapid test was used because
itis non-invasive and rapid. The test was accomplished by
taking a fresh fecal sample (within two hours) and then
taking a smallamount with a stickand putting itin ¢ stool
collection tube which contain one ml of sample extraction
buffer, followed by vigorous shaking of the stool collection
tube, after two minutes the stool collection tube for stool
collection was opened by unscrewing the cap, and two
drops of the sample were added to the rapid immunoassay
strip. The test result can be obtained in 15 minutes.

STATISTICAL ANALYSIS

Statistical Package for Social Sciences (SPSS®) Software
(version 23.0 for Linux®) was used to perform the statistical
analysis for this study. Qualitative data are represented as
numbers and percentages, while continuous numerical
data are represented as mean + standard deviation. Nu-
merical variables were compared between study groups
using Student’s t-test (for 2 groups with normally distribute
variables), while categorical variables were compared
using chi-square test. The data are presented using the ap-
propriate tables and visualized using appropriate figures.
P value of< 0.05 was considered statistically significant.

RESULTS

This study included a total of 86 participants, 43 of whom
were cases with IBS (diagnosed according to Rome IV
criteria) and 43 age- and gender-comparable healthy
controls. Age of participants ranged from 18 to 55 years,
with amean age of 33.06 + 10.35 years and a median age
of 32 years. No significant difference was found in age
between research group 31.95 + 10.20 and controls 34.16
+10.49, t-test =0.99, P-value = 0.325. The distribution of
age groups by study groups is shown in Figure 2.

Males accounted for 38.4% of epy study participants6
while females accounted for 61.6% of them (Figure 3),
and there was no statistically significant difference in
gender was observed between cases and controls, chi-
square=2.41, P-value=0.121 (table I).

Body-mass index (BMI) of study participants ranged
from 18.6 kg/m? to 37.0 kg/m?, with a mean BMI of
27.54 £ 4.28 kg/m?. There was no significant difference
in BMI between cases 27.9 5+ 4.51 and controls 27.12
+4.04, t-test = 0.90, P-value =0.370. Figure 4 shows the
BMI classes among study participants by study group.
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H.Pylori

One Step M. Pytori Feces Test

Fig. 3. Gender distribution of study participants.

Demographic characteristics are summarized in
table Il. There was no significant difference between
cases and controls regarding marital status, smoking,
residency or occupation (P-value > 0.05), and there is
no significant association between the presence of
H. pylori and age, BMI, gender, occupation, or marital
status (tables II, I, IV, V).

The presence of H. pylori was compared between
IBS cases and controls using a chi-square test. There
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Gend was significant correlation between the presence of H.
ender pyloriand IBS, chi-square = 4.09, P-value = 0.043 (Table
VII). The odds ratio for H. pylori patients to have IBS was
2.53(95% confidenceinterval: 1.02-6.29). Among cases,
there is no significant relationship between type of IBS
m Male and presence of H. pylori, chi-square = 2.87, P-value =
® Female 0.238 (Table VII).

DISCUSSION

Eighty six persons categorized into 5 age groups, in-
cluding 43 patients with IBS, with mean age of 33.06
+ 10.35 years, revealed that IBS is more common in
age group of 20-39 (with a percentage of 63%) than
in other age groups among patients with IBS. This
result is almost reminiscent of a study in Lebanon
(2017), which mentioned 67% of patients of the
same age group [26]. A study in Iran found that
the prevalence of IBS is higher at a young age and
decreases as the age increases [27]. However, these
results of high prevalence of IBS in young patients
may be due to emotional and psychological issues,
such as stress of exams, losing jobs, unemployment,
and life stressors. Regarding gender, the present
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Obese class Il -
H Control
e [ E—
0 5 10 15 20 25
Frequency Fig. 4. BMI classes of study participants
by study groups.
Table I. Comparison of gender distribution between cases and controls.
Study Group, No. (%)
Gender y P > P-value
IBS Control Total
Male 13 (39.39%) 20 (60.61%) 33 (100%)
Female 30 (56.60%) 23 (43.40%) 53 (100%) 0.121
Total 43 (50.00%) 43 (50.00%) 86 (100%)
Chi-square = 2.41, P-value = 0.121
Table II. Demographic characteristics of study participants.
. . Study Group, No. (%)
Demographic Characteristics P-value
IBS (n=43) Control (n=43) Total (n=86)
Single 14 (56.00%) 11 (44.00%) 25 (100%)
Married 27 (47.37%) 30 (52.63%) 57 (100%)
Marital status 0.661
Divorced 1(33.33%) 2 (66.67%) 3 (100%)
Widowed 1(100%) - 1(100%)
Smoker 31 (50.00%) 31 (50.00%) 62 (100%)
Smoking 1.000
Non-smoker 12 (50.00%) 12 (50.00%) 24 (100%)
. Urban 30 (49.18%) 31 (50.82%) 61 (100%)
Residency 0.812
Rural 13 (52.00%) 12 (48.00%) 25 (100%)
Unemployed 3 (30.00%) 7 (70.00%) 10 (100%)
Housewife 16 (48.48%) 17 (51.52%) 33 (100%)
Occupation Employed 9 (56.25%) 7 (43.75%) 16 (100%) 0.084
Student 13 (72.22%) 5(27.78%) 18 (100%)
Worker 2(22.22%) 7 (77.78%) 9 (100%)

study revealed that IBS occurring more in female
(69%) than males patients (31%), and our result are
approximately higher than those of a research by
Ford [28] in United States, which mentioned that
62% of study participants were female and the
remaining 38% were male. The reason for this was
suggested that women are more superior to men
in searching medical care or because of difference
in psychological reactions, hormonal changes and
clinical features. Regarding BMI, the study discovered

that IBSis greater in overweight (BMI 25-29.9 kg/m?)
with percentage of 42% than other subgroups, with
the next frequency being in obese (30-34.9 kg/m?)
and a percentage of 32.5%, and this is comparable to
a study in China which mentioned 48% overweight
and 10% obese in patients. There are many theories
that explain the association between obesity and IBS
including alteration in small intestinal and colonic
transit in obese persons. In this study, about 62% of
IBS patients were married, 2% were divorced, and
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Table I1l. Comparison of presence of H. pylori with certain characteristics.

Variable Positive Negative Total P-value
Age (years) 32.23+8.87 33.53%11.14 33.06 £ 10.35 0.554
BMI (kg/m?) 27.32+3.87 27.66 + 4.52 27.54+4.28 0.725
Male 15 (45.45%) 18 (54.55%) 33 (100%)
Gender
Female 16 (30.19%) 37 (69.81%) 53 (100%) 0.152
Table IV. Comparison of presence of H. pylori with occupation.
Occupation Positive, No. (%) Negative, No. (%) Total, No. (%) P-value
Unemployed 6 (60.00%) 4 (40.00%) 10 (100%)
Housewife 8 (24.24%) 25 (75.76%) 33 (100%)
Employed 8 (50.00%) 8 (50.00%) 16 (100%)
Student 8 (44.44%) 10 (55.56%) 18 (100%) 0.066
Worker 1(11.11%) 8 (88.89%) 9 (100%)
Total 31 (36.05%) 55 (63.95%) 86 (100%)
Table V. Comparison of presence of H. pylori with marital state.
Marital state Positive, No. (%) Negative, No. (%) Total, No. (%) P-value
Single 10 (40.00%) 15 (60.00%) 25 (100%)
Married 19 (33.33%) 38 (66.67%) 57 (100%)
Divorced 2 (66.67%) 1(33.33%) 3 (100%) 0.589
Widow - 1(100%) 1(100%)
Total 31 (36.05%) 55 (63.95%) 86 (100%)
Table VI. Comparison of presence of H. pylori between IBS and controls.
H. pylori Study Group, No. (%) P-value
IBS Control Total
Positive 20 (64.52%) 1 (35.48%) 31 (100%)
Negative 23 (41.82%) 32 (58.18%) 55 (100%) 0.043*
Total 43 (50.00%) 43 (50.00%) 86 (100%)
Chi-square = 4.09, P-value = 0.043
*Significant at P < 0.05
Table VII. Comparison of presence of . pylori with type of IBS.
Type of IBS, No. (%)
H. pylori P-value
IBS-D IBS-C IBS-M Total
Positive 7 (35.00%) 8 (40.00%) 5 (25.00%) 20 (100%)
Negative 4(17.39%) 8 (34.78%) 11 (47.83%) 23 (100%) 0.238
Total 11 (25.58%) 16 (37.21%) 16 (37.21%) 43 (100%)

Chi-square = 2.87, P-value = 0.238

2% were widows, similar to what was mentioned by
Khan [29], who expected familial complications to
be behind this result. Regarding the residency, the
present study revealed that 70% of patients with
IBS live in urban areas, and this is higher than was
demonstrated by Yan-Fang Zhao [30], which dis-
closed that urban participants were 52% of patients
and rural ones were 48%, and it is clear that IBS has
higher prevalence in patients living in urban regions.
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A possible cause was the higher stressors and more
complex life in urban than rural regions. The present
study demonstrated that the proportion of patients
with IBS who were positive for H. pylori infection was
approximately 65%, which was slightly higher than
the proportion, reported by McDonald et al. in their
study conducted in Peru in 2013, which was 57.4%
[31], and the proportion of 55.7% reported by El-Bad-
ry. in their study conducted in Egypt [32]. However,
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the Presence of H. pylori infection in the present
study was found to be significantly higher among
patients with IBS, with a P-value of 0.043.This finding
was closely similar to the finding demonstrated by
Hasan, Jaafer in Diyala - Iraq, which found a signifi-
cant correlation between H. pylori infection and IBS,
with a P-value of 0.044 [33]. This correlation was also
consistent with the finding by Yahoob, which con-
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ABSTRACT

The aim: To determine obstruction factors that can lead to lethal consequences for patients with acute small intestine in order to develop possible directions
for their prevention.

Materials and methods: During the retrospective analysis of 30 patients with acute small bowel obstruction, the causes and contributing factors of mortality
were determined.

Results: The cause of mortality in the first three days of the postoperative period was the progression of the phenomena of intoxication, which led to the
appearance of the syndrome of enteric insufficiency and the development of multiple organ dysfunction. Mortality in the later period was observed due to the
decompensation of concomitant diseases that accompanied acute obstruction of the small intestine. In the process of the study it was determined that the
possible reasons of the postoperative complications in the studied group of patients, apart from the elderly and senile age of the patients and delayed medical
care, according to the results of our observation were: uncorrected hypotension and hypovolemia in the postoperative period, refusal of the intubation of the
small intestine and permanent decompression of the gastrointestinal tract, early removal of the nasogastric tube, long-term anemia and hypoproteinemia,
prevention of stress ulcers of the gastrointestinal tract in the elderly and senile age, refusal of early use of enteral nutrition and later restoration of motility of
the gastrointestinal tract.

Conclusions: Treatment of patients with acute small intestine obstruction requires the selection of a specially designed treatment program (optimal timing
of preoperative preparation, selection of the minimum volume) at all stages of surgical care, taking into account the existing concomitant pathology, age and
hospitalization period.

KEY WORDS: intestine obstruction, lethality analysis, adverse factors

INTRODUCTION

It is known that among all acute surgical diseases of
the abdominal cavity, acute small intestine obstruction
(ASIO) remains one of the most complex and urgent
problems of urgent surgery and is accompanied by
high mortality. Intestinal obstruction still remains the
most common condition for emergency exploratory
laparotomy despite the significant decline in mortality
and morbidity since the late 1900 s [1 - 4]. The main
reasons for the unsatisfactory treatment results in such
cases are the development of various purulent-septic
complications, patients’ tardiness in seeking medical
help, as well as their elderly age [5]. Diagnostic and tac-
tical difficulties mostly arise when dealing with senior
patients [6, 7]. This is because some generally accepted
principles of acute abdominal surgical pathology treat-

Wiad Lek. 2023;76(2):415-419

ment may be undesirable for them due to their age and
existing concomitant pathologies [8].

THE AIM

The purpose of our study is to identify the factors that
can lead be fatal for patients with acute small bowel
obstruction in order to develop possible approaches
to the prevention of such.

MATERIALS AND METHODS

To determine the negative aspects of how ASIO unfolds,
we conducted a retrospective analysis of fatal cases in 30
patients with the pathology in the question. Clinical exam-
ination of patients including such conventional methods
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Table I. Terms of admission and the age of patients

Term of admission 20-59 years 60-74 years 75-89 years Total
Up to 6 hours - - - -
6-24 hours 1 5 3 9
More than 24 hours 1 10 10 21
Total 2 15 13 30
Table I1. Analysis of primary diagnoses during hospitalization (n = 29)
Primary diagnoses 20-59 years 60-74 years 75-89 years Total
Acute intestinal obstruction 1 10 6 17 (58,62 %)
Strangulated hernia - 1 2 3(10,34 %)
Diseases of the liver and pancreas in the acute phase - - 2 2 (6,90 %)
Stomach ulcer, perforation 1 2 3(10,34 %)
Acute gastrointestinal bleeding 1 - - 1 (3,45 %)
Kidney disease - - 1 1 (3,45 %)
Postoperative ventral hernia. Coprostasis. - 1 - 1 (3,45 %)
Cholelithiasis. Chronic caIc.quus'choIecystitis. ) 1 ) 13,45 %)
Gallbladder-duodenal intestinal fistula
Total: * 2 14 13 29

Note* - 1 patient sought medical help on his own

as clinical, laboratory, and instrumental research (X-ray,
sonographic examination, electrocardiography, and others)
were used to determine the functional state of the patients
[9,10], the comorbidity index[8], and the degree of surgical
and anesthetic risk according to ASA scale [10 - 14].
Statistical processing of the material was performed using
apersonal computer and a Microsoft Excel spreadsheet ap-
plication using the“STATISTICA-10 for Windows®-6, 0" pack-
age. Graphs were designed using the programs“Microsoft
Excel 7.0" P < 0,05 was considered statistically significant.

RESULTS AND DISCUSSION

The causes of ASIO in the examined patients included
adhesive peritoneal disease - for 19 (63.34%) patients,
strangulation of internal and external hernias - for 10
(33.33%) patients, and in 1 (3.33%) case, the cause was
a gallstone. Earlier 20 patients have undergone from 1
through to 4 surgical interventions (appendectomy, cho-
lecystectomy, herniotomy, gastric surgery, gynecological
surgery, intestinal obstruction, etc.).

The disease duration for patients with ASIO was, on
average, (3.64 + 0.36) days. The terms of admission of
patients in the examined group, depending on their age,
are showninTable .

The data given in Table 1 shows that 70.0% of patients
in all the age groups were admitted to the surgical depart-
ment later than 24 hours after the symptoms appeared,
and mostly these are patients aged 60 years and over. On
the first day of the disease, only 30.0% of all patients were
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hospitalized. Thus, late hospitalization of patients with
ASIO is one of the unfavorable factors during the course
of the disease.

As a result of the study, it was found that among 30
patients who were admitted to the surgical department,
29 people were hospitalized by the direction of medical
workersand only 1 patient came to the hospital on hisown
to get medical help. At the prehospital stage, the deceased
patients were diagnosed with the diseases listed inTable .

When analyzing the results obtained from patients
with an unfavourable course of the disease, we revealed
that only 58.62% of the patients admitted to the hospital
were diagnosed as having intestinal obstruction, while
strangulated hernias of various localization were in 10.34%
of cases, and exacerbation of gastric ulcer with potential
perforation was found in 10.34% of cases; in turn, exac-
erbation of liver and pancreatic diseases had happened
in 6.90% of cases with one incident of a kidney disease,
gastrointestinal bleeding, coprostasis, and gallbladder
duodenum intestinal fistula based on calculous cholecys-
titis. As can be seen from the above data, diagnosing ASIO
in patients before their hospitalization posed significant
difficulties, especially with regard to the elderly patients.
In our opinion, the reasons for establishing false diagnoses
at this stage could be both objective and subjective. The
objective ones include the following:

1. the short time given for the patients’examination in the
emergency department;

2. the absence of laboratory and special examination
methods at this stage;
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Table lll. Distribution of patients depending on the period of acute obstruction of the small intestine and compensation of the functional state of a patient

Functional state of a patient

Number of

Ne Periods of ASIO e Com.pensa Decon_npensa
tion tion
1 The period of acute intestinal passage disorder (,ileus cry”) - - -
The period of acute disorders of intrahepatic
intestinal hemocirculation (imaginary well-being) 14 4 10
3 Period of peritonitis (terminal) 16 - 16
Total: 30 4 26
Table IV. Distribution of patients in the study group according to the ASA scale
Classification Definition of Patient Status Numer of patients
I Healthy patient 2 (6,67 %)
Il Mild systemic disease -
M Severe systemic but not incapacitating diseases 4(13,34 %)
\% Severe, incapacitating disease that is a constant threat to life 20 (66,67 %)
Y Moribund patient, not expected to survive within 24 hours with or without the operation 4(13,34 %)
E Cases of emergency 30 (100 %)
Total: 30 (100 %)

m, 9 decompensation. In our opinion, this can be explained by the
gi peculiarities of how ASIO unfolds and the decompensation
'{'.é‘: L of the existing concomitant diseases.

&a 5 Doctors, including surgeons, often encounter the problem
o! | of comorbidity [8]. At the same time, in the treatment of pa-
35 o I a I ! = tients with ASIO, due attention is rarely paid to the presence
=} 1 a 9 of a whole spectrum of other diseases and the treatment
=fl o focuses mainly on the major surgical illness.

1 2 3 4 S 6 morethan1o A syndromicanalysis as well as the formation of a diagnos-

Postoperative day

Fig. 1.Terms of mortality of patients with acute small bowel obstruction
after surgery in a hospital

3. theimpossibility to dynamically observe the patients;

4. atypical disease symptoms in the elderly and the
senile;

Subjective failures include:

1. patients’ tardiness in seeking medical help;

2. underestimation and superficial interpretation of the
data obtained in anamnesis and objective research.

After being admitted to the hospital, all the patients

were distributed depending on the stage of the disease

and the compensation of patients’ functional state

(Table 111).

None of the deceased patients were hospitalized in a sur-
gical hospital ward during the first period of the disease. In
the second period of ASIO, only 46.67% of the patientsin the
study group were hospitalized. It must me noted that even
in the second period of the disease, the functional state of
the patients who sought medical help was in the stage of

ticand therapeutic concept for patients with ASIO is essential
for the calculation of the potential risk.

It was revealed that the number of elderly and senile pa-
tients in the study amounted to 93.33%. The importance
of this problem lies in the increased number of patients
with ASIO accompanied with the diseases of other organs
and systems. In such cases, the clinical symptoms of this
acute surgical pathology can be confused with those of
concomitant diseases or their complications. This can
hinder the diagnostic process and thus postpone the
choice of treatment tactics [10]. The polymorbidity of
today’s patients is caused not only by living conditions
and environmental peculiarities, but also the tremendous
diagnostic capabilities of modern equipment.

In the group of patients under the study, concomitant
diseases were observed in 29 (96.67%) cases with a sig-
nificant predominance of damage in their cardiovascular
and respiratory systems (75.90%). The comorbidity index
was determined according to Charlson M.E. et al. (1987).
The comorbidity index at the age of 59 was 0.5, at the
age of 60-74 it was 5.5, and for the patients aged 75-89 it
was 6.07. In 76.67% of cases, patients showed from to 2
through 4 concomitant diseases. Such high figures in de-
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ceased patientsindicate the greatinfluence the identified
concomitant diseases have on the patients with ASIO, as
the comorbidity increases the severity of the condition
and worsens the prognosis.

As part of the preoperative assessment of the condition
of the study group of patients, the ASA scale was used
(Table IV).

According to the ASA scale, only 20.0 % of patients with
favourable prognoses after surgery were assigned to the
first three classes. 66.67 % of patients had severe compen-
sated diseases that were a constant threat to their lives,
and 13.34% of patients were admitted in such a condition
that, according to the ASA scale, they corresponded to
classificationV and their prognosis, with or without surgery,
predetermined death.

For patients with ASIO, presurgical preparation was
carried out on average for (40.29 + 7.28) hours; the op-
eration was performed within 24 hours for 17 (56.67%)
patients. The average duration of surgery performancein
this group of patients was (2.05 = 0.37) hours; however, in
46.43% of cases, it was more than 2 hours. In 7 (23.33%)
cases, a relaparotomy was performed with the duration
of the operation of (2.15 £+ 0.42) hours, and for 3 (10.0%)
patients, the operation lasting 2.06 + 0.32 hours was per-
formed for the third time.

Nasogastrointestinal intubation was performed in 17
patients (56.67% cases, and in 2 cases it was performed
during relaparotomy), simultaneous intraoperative de-
compression of the gastrointestinal tract was performed
for 2 (6.67%) patients, and the imposition of enterostomy
was performed for 3 patients during relaparotomy.

We conducted a study of the duration of treatment of
patients with ASIO in a hospital (Figure 1).

In more than half of the operated patients (53.33 %),
mortality occurred in the first three days after surgery.
The third and fifth days after surgery were the most un-
favourable during the postoperative period in patients
with ASIO (30 % and 20 %).

The cause of death during the first three days after
surgery was the progression of intoxication phenome-
na, primarily due to functional obstruction of the small
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intestine, which resulted in the appearance of enteral
insufficiency syndrome and the development of multiple
organ dysfunction [7,9,15], that in many cases caused
decompensation of the existing concomitant pathology.
Lethality in the later period was observed due to the de-
compensation of concomitant diseases that accompanied
ASIO.The cause of patients’death in 24 (80.0%) cases was
determined as multiple organ failure;in 5 (16.67%), it was
acute cardiovascularinsufficiency,and in one case (3.33%),
it was a pulmonary embolism.

During the investigation, it was determined that the
possible causes of the complicated course of the post-
operative period in the study group of patients, except
the elderly and senile patients, and late medical care
seeking, were the following:

- uncorrected hypotension and hypovolemia in the
postoperative period;

- failure of small intestine intubation and constant de-
compression of the digestive canal [5,10];

- early removal of the nasogastrointestinal probe;

- prolonged anaemia and hypoproteinemia;

- lack of prevention of stress ulcers of the digestive canal
in the elderly and senile age;

- failure of early use of enteral nutrition;

- the later restoration of the motility of the digestive tract.

CONCLUSIONS

1. Treatment of patients with acute small bowel obstruc-
tion requires the choice of a specially developed treat-
ment program (algorithm) at all stages of surgical care,
taking into account the existing concomitant pathology.

2. Optimization of surgical care for patients with acute
small bowel obstruction should meet the optimal
timing of preosurgical preparation, choosing the
minimum amount of surgical care provided during
surgery.

3. When treating patients with ASIO, it is necessary
to use effective methods of decompression of the
digestive canal, early restoration of motility of
the gastrointestinal tract, with the use of enteral
nutrition.
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ABSTRACT

The aim: To determine malignant transformation and progression ability of high grade and low grade prostate intraepithelial neoplasia with the help of
immunohistochemical method.

Materials and methods: The results of examination of 93 patients with PIN (50 patients with high grade PIN and 43 patients with low grade PIN) were
assessed comparatively using immunohistochemical markers. Semiquantitative method was used to evaluate Ki-67, p63 and AMACR tissue expression with
four grades from,,+"to,,++-++"or from 1 to 4 points: ‘+'— low reaction, “++'— poor reaction, ‘+++'— moderate reaction and ‘+-+++"— intense reaction.
Results: There were statistically significant differences in immunohistochemical expression rates between HGPIN and LGPIN. Patients with HGPIN had higher
Ki-67 and AMACR expression rate and lower p63 expression rate than patients with LGPIN. Intense and moderate Ki-67 expression was detected in HGPIN more
often, in 24 % and 11 % respectively. Low and moderate AMACR expression was determined in HGPIN more often, in 28 % and 5 % respectively. Low and not
evident p63 expression was observed in HGPIN more often, in 36 % and 8 % respectively.

Conclusions: HGPIN has common morphological peculiarities with prostate adenocarcinoma. Immunohistochemical detection of Ki-67, p63 and AMACR is

aimed to differentiate among patients with PIN a group of high malignant transformation risk.
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INTRODUCTION

Prostate cancer (PC) is among the most common
malignancies diagnosed in men [1]. Premalignant”
conditions of PC lie on a spectrum between the
classification of benign and malignant. Researcher
who first described this concept over a century ago
recognized that histologically, these lesions comprise
morphologically abnormal cells that do not meet the
strict requirements for the diagnosis of malignancy
[2]. Frequently, premalignant lesions including high-
grade prostatic intraepithelial neoplasia (HGPIN) and
low-grade prostatic intraepithelial neoplasia (LGPIN)
are diagnosed upon prostatic biopsy. PIN is defined as
a preinvasive, neoplastic proliferation of secretory cells
within preexisting ducts and acini, and is commonly
seen in association with PCa [3]. PIN has been pro-
posed to arise with progressive morphologic abnor-
malities along a continuum from normal epithelium, to
low-grade PIN to high-grade PIN and then to invasive
carcinoma [4]. These lesions often have a propensity
with time to develop into malignant lesions, and some
may be appropriately“screened”and dealt with before
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this change occurs. Although both HGPIN and LGPIN
have both been described by many as“premalignant”
lesions with malignant potential, others have argued
that this may not entirely be accurate [5]. Ultimately,
contemporary evidence regarding HGPIN develop
malignancy is limited, and institutions report varied
results. The formal distinction between premalignant
and malignant lesions in the prostate as such remains
somewhat unclear [6].

A large number of molecular alterations have been
identified in high-grade PIN lesions, many of which
are also found in adenocarcinoma implying that PIN is
molecularly intermediate between normal and carci-
noma [7, 8]. Biological features of precancerous states,
their capability for invasion and metastasis depend on
balance of growth factors and inhibitors. Molecular
markers reflect proliferation, apoptosis, angiogenesis
processes which are determined by receptor spectrum
of investigated tissues. Immunohistochemical methods
are essential for specific visualization of different cells in
tissue, growth factors and their receptors, hormones [9].
Alpha-methyl-acyl-CoA racemase (AMACR) is a ferment
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Fig. 1. HGPIN, moderate Ki-67 expression at
200x magnification.
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that enhances free radical processes and DNA damage
in cell [10]. p63 expresses by basal epithelium layer of
prostate tissue exceptionally and is a marker of tumour
invasion [11]. Ki-67 belongs to regulative proteins and
is used as universal proliferation marker for assessment
of malignant growth. Complex use of immunohisto-
chemical markers which reflect different features of
cancerogenesis is aimed to determine malignisation
potential in every individual case and to detect group
of patients with high risk [12-14].

THE AIM

The aim was to define immunohistochemical pecu-
liarities of prostate intepithelial neoplasia in aspect of
malignant transformation and progression ability.

intense
Fig. 2. Ki-67 expression in high grade and low
grade PIN
MATERIALS AND METHODS

We studied 93 patients from 56 to 76 years old (mean
age 67+2,3 y.0.) with PIN who underwent transrectal
multifocal prostate biopsy or transurethral prostate
resection. With the help ofimmunohistochemical meth-
ods were studied molecular biological features of PIN,
especially its ability for malignisation and progression.
Expression of proliferation marker Ki-67, marker of
invasive growth p63 and marker of malignant progres-
sion AMACR was investigated. Immunohistochemical
reaction assessment was based on coloration intensity
and immunopositive cells distribution. Semiquantitative
method was used to evaluate Ki-67, p63 and AMACR
tissue expression with four grades from ,+" to ,++++"
or from 1 to 4 points: '+’ - low reaction, ‘++' — poor re-
action,+++'— moderate reaction and ++++" - intense
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Fig. 3. LGPIN, intense p63 expression at 200x
magnification
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Fig. 4. p63 expression in high grade and low
grade PIN

reaction. Complex immunohistochemical investigation
with studiing of Ki-67, p63 and AMACR expression was
performed 93 patients. Among them were 50 patients
with high grade PIN and 43 patients with low grade PIN.

Statistical processing of data was performed with
the help of descriptive and variative statistics. The sig-
nificance of received results and comparison between
groups was evaluated using non-parametric Mann
Whitney u test criteria. At assessment of the differences
between the groups, the value p < 0.05 was considered
significant.

RESULTS
Analysis of Ki-67, p63 and AMACR expression regarding
grade of PIN was conducted. Analysis of Ki-67 expres-
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sion showed, that in HGPIN group 24 (48 %) of patients
had intense expression “++++" 15 (30 %) of patients
had moderate expression “+++” (Fig. 1), in 6 (12 %)
cases Ki-67 expression was not evident“+"and in 5 (10
%) patients was detected low expression Ki-67 level.
In patients with LGPIN mainly was determined low
“++"Ki-67 expression — in 19 (44,2 %), not evident “+”
Ki-67 expression -in 10 (23,3 %) cases, moderate “+++"
Ki-67 expression — in 8 (18,5 %) patients and intense
“++++"Ki-67 expression —in 6 (14 %) patients.
Comparing expression Ki-67 levels in patients with
high grade and low grade PIN should be noticed that
generally patients with HGPIN had higher Ki-67 values.
In LGPIN low Ki-67 expression was detected in 34 %
and not evident Ki-67 expression in 11 % more often
than in HGPIN. Conversely, patients with HGPIN had in
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Fig. 5. HGPIN, low AMACR expression at 200x
magpnification
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Fig. 6. AMACR expression in high grade and
low grade PIN

24 % more often intense and in 11 % moderate Ki-67
expression than patients with LGPIN (p<0,05). (fig 2).

One of the investigation tasks was to determine the
meaning of marker p63 in PIN diagnostics, especially in
assessment of precancerous diseases invasive potential.

It was determined that patients with HGPIN had in
22 (44 %) of cases low ‘++' p63 expression. Moderate
‘+++' p63 expression level was detected in 14 (28 %)
patients, not evident'+'p63 expression was in 9 (18 %)
of cases andin 5 (10 %) patients intense p63 expression
was diagnosed.

In patients with LGPIN mainly was determined mod-
erate p63 expression, namely in 21 (42 %) of cases and
intense ‘++++' expression — in 20 (40 %) patients (fig.
3), not evident p63'+'expression was observed in 5 (10
%) of patients, low ‘++'p63 level - in 4 (8 %) cases.

Analysing the differences in p63 expression levelsin
patients with high grade and low grade PIN should be
noticed that generally patients with LGPIN had higher
p63 values. In LGPIN intence p63 expression was detect-
ed in 30 % and moderate p63 expression in 14 % more
often than in HGPIN. Conversely, patients with HGPIN
had in 36 % more often low and in 8 % not evident p63
expression than patients with LGPIN (p<0,05). (fig. 4).

Analysis of AMACR immunohistochemical expres-
sion showed thatin HGPIN group 29 (58 %) of patients
had low expression “++" (fig. 5), 12 (24 %) of patients
had not evident expression“+",in 7 (14 %) cases AMACR
expression was moderate “+++"and in 2 patients was
detected intense AMACR expression level.

The following data were established in patients with
LGPIN regarding AMACR expression: not evident ex-
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Table I. Rates of Ki-67, p63 and AMACR expression in patients with HGPIN and LGPIN.

Ki-67 p63 AMACR
PIN grade
+ ++ +++ ++++ + ++ +++ ++++ + ++ +++ ++++
HGPIN rate, % 12 10 30 48 18 44 28 10 24 58 14 4
LGPIN rate, % 233 44,2 18,5 14 10 8 42 40 68 23 9

pression —in 29 (68 %) cases, low expression —in 10 (23
%) patients, moderate expression — in 4 (9 %) patients.
There were no cases with intense AMACR expression
detected in patients with LGPIN.

Comparing AMACR expression levels in patients
with high grade and low grade PIN should be noticed
that generally patients with HGPIN had higher AMACR
values. In LGPIN not evident AMACR expression was
detected in 44 % more often than in HGPIN. Also there
were no cases of intense AMACR expression in patients
with LGPIN. Conversely, patients with HGPIN had in 28 %
more often low and in 5 % moderate AMACR expression
than patients with LGPIN (p<0,05). (fig 6).

Thus, studying ofimmunohistochemical expression
rate of markers Ki-67, AMACR and p63 determined sta-
tistically significant differences between high grade and
low grade PIN. Patients with HGPIN were characterized
by higher rates of Ki-67 and AMACR and lower rates of
p63 comparing with those of LGPIN (table I). Obtained
data confirm common morphological features of HGPIN
and PC, higher ability of HGPIN to malignant transfor-
mation comparatively with LGPIN.

DISCUSSION

In last decade investigations were made to determine
molecularfactors that could help to detect a group of high
malignization risk in patients with PIN. Our data correlate
with investigation of Allina D et al., according to latest
data of genetic, proteomic and morphological analysis
of HGPIN is the most likely precursor of adenocarcinoma
[15].This is precondition for high PC detection in patients
with PIN during follow up.The use of immunohistochem-
ical methods in prostate pathology is essential for precise
diagnostics of PC. By Popov S. at allimmunohistochemical
analysis of biopsy material using monoclonal antibodies
to p63, high-molecular cytokeratins of clone 34BE12 and
AMACR for suspected prostate cancer specifies the mi-
cromorphological picture and demasks prostate cancer,
increases the detectability of prostate cancer; thirdly, it
reduces the occurrence of false-negative results [13]. To
the opinion of Trabzonlu et al, a better understanding of
the early stages of prostate cancer initiation, potentially
arising from precursor lesions, may fuel development of
powerful approaches for prostate cancer prevention or
interception. In case of HGPIN rearrangements of molec-
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ular markers TMPRSS2-ERG result in the overexpression
of the oncogenic transcription factor ERG and represent
an early event in prostate cancer progression [16]. Haffner
et al. suggest that ERG-positive HGPIN is closely associat-
ed with ERG-positive carcinoma as a result of the strong
tendency for ERG-positive HGPIN to invade. This finding
might explain previous observations suggesting that pa-
tients with ERG-positive HGPIN lesions more often show
carcinoma on repeat biopsy, and add to our understand-
ing of the order of molecular and morphological events
and complex clonal relationships that can occur during
the development and progression of primary prostate
cancers [17].

Grivas N. et al. explored the role of angiogenesis as
a prognostic factor in progression of premalignant
prostate states. The authors compared angiogenesis
in benign prostatic hyperplasia, HGPIN and prostate
cancer. Vascular endothelial growth factor (VEGF) is
considered as the most potent mediator of physiologic
and pathologic angiogenesis and lymphangiogenesis.
The aim of our study was to record and compare the
immunohistochemical expression of VEGF, VEGFR-1,
VEGFR-2 and CD105 in PCand HGPIN.The authors came
to the conclusion that angiogenesis was significantly
higherin PCwhen compared to HGPIN, while there was
no difference between benign prostate hyperplasiaand
HGPIN [18]. According to data of Dareen A et al stromal
caveolin-1 expression was significantly higher in benign
prostate hyperplasia cases (88%) than HGPIN (25%) and
PC cases (15%) respectively. This finding confirmied
that an absent stromal ceveolin-1 directly correlates
with progression of prostate cancer. Caveolin-1 plays
an important role in prostatic carcinogenesis and me-
tastasis. Stromal expression of caveolin-1 in carcinoma
is reduced in relation to PIN [19].

In patients with PIN detected patterns influence on
observation and treatment choise, namely demonstrate
the necessity of additional examination of patients
with PIN and of prescription of treatment to prevent
malignant transformation of precancerous prostate
pathology in these patients.

CONCLUSIONS

1. Ki-67 proliferation marker expression rate is higher
in patients with HGPIN than with LGPIN. In HGPIN
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intense Ki-67 expression was detected in 24 % and
moderate Ki-67 expression in 11 % more often than
in LGPIN.

. p63 invasion marker expression is higher in LGPIN.
Intense p63 expression was determined in 30 %
and moderate p63 expression in 14 % more often

common features with prostate adenocarcino-
ma, what is a sign of great HGPIN malignisation
potential. Patients with HGPIN and high rates
of Ki-67, AMACR and low rate of p63 belong to
group of risk and need detailed examination and
observation.

in LGPIN comparing with HGPIN.

AMACR progression marker expression is higher in
patients with HGPIN comparing with LGPIN. Low
AMACR expression was observed in 44 % more oftenin
LGPIN than in HGPIN. There were no cases with intense
AMACR expression in patients with LGPIN detected.
Expression rates of proliferation, invasion and
progression markers in patients with HGPIN has

ABBREVIATIONS

AMACR alpha-methyl-acyl-CoA racemase

HGPIN high grade prostate intraepithelial neoplasia
LGPIN low grade prostate intraepithelial neoplasia
PC prostate cancer

PIN prostate intraepithelial neoplasia
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ABSTRACT

The aim: A systematic analysis and generalization of scientific information of Ukrainian scientists about planning of the stages of diagnosis of patients with
TMJ diseases, which will allow to optimize the commonly accepted examination algorithm.

Materials and methods: Scientific analysis and generalization of obtained data of literary sources of Ukrainian scientists articles with characteristics of
planning stages of diagnosis of patients with TMJ diseases is based on such databases as Scopus, Web of Science, MedLine, PubMed, NCBI, the study of which
does not exceed 6 years, including monographs and results clinical research.

Conclusions: The results of scientific research by Ukrainian scientists are the basis for increasing the effectiveness of diagnosis of TMJ diseases by improving

complex examination methods and implementing clinical algorithms, which will allow to choose adequate treatment methods.

KEY WORDS: temporomandibular joint, diagnostic methods, efficiency improvement, Ukrainian scientists

INTRODUCTION

Modernintegral medicine considers temporomandibular
joint (TMJ) to be the center of body’s postural
balance, and providing dental rehabilitation is
possible only if optimal aesthetics, function, and
morphology of the dento-maxillofacial area of an
individual are achieved in general, and balanced work
of the TMJ in particular [1-4].

Unfortunately, with prevalence of dento-
maxillofacial anomalies, a significant place in structure
of dental diseases is occupied by TMJ dysfunction [2,
5-7].TMJ pathology is one of the urgent problems of
modern dentistry, which in terms of prevalence ranks
third among diseases of temporomandibular system
after caries and periodontal lesions [8, 9]. According
to various authors, the prevalence of TMJ diseases
ranges from 20 to 70% among all patients seeking
dental care [10, 11]. Research by the American Dental
Association shows that at least 35% of the world’s
population have TMJ pathology. Among the total
number of patients, TMJ dysfunction occurs in up to
80% of women. It has a polyetiological feature and
direct dependence on the hormonal state, especially
gynecological status, and the leading causes of
its occurrence are considered to be anatomical,

Wiad Lek. 2023;76(2):427-432

occlusive, muscular, neurogenic, post-traumatic and
general somatic [12-14].

Due to the presence of a large number of
manifestations of clinical signs, absence of generally
accepted classification and a single view at
pathogenesis, the lack of systematization of TMJ
pathology diagnostics methods leads to a fact
that patients are treated by specialists of various
profiles: dental surgeons, orthopedists, orthodontists,
neurodentists, otolaryngologists, rheumatologists [15].

Diagnosis of TMJ diseases is important, because
occlusal disorders of maxillofacial system can be the
cause and aggravating factors at a whole complex
of dental diseases [6]. However, the methods of
diagnosis and forecasting of TMJ diseases develop-
ment need to be improved. All of the above men-
tioned applies to the population of our country.

THE AIM

The aim of the study is a systematic analysis and
generalization of scientific information of Ukrainian
scientists about planning of the stages of diagnosis of
patients with TMJ diseases, which will allow to optimize
the commonly accepted examination algorithm.
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MATERIALS AND METHODS

Scientific analysis and generalization of obtained
data of literary sources of Ukrainian scientists articles
with characteristics of planning stages of diagnosis of
patients with TMJ diseases is based on such databases
as Scopus, Web of Science, MedLine, PubMed, NCBI,
the study of which does not exceed 6 years, including
monographs and results clinical research.

REVIEW AND DISCUSSION

Clinical examination of patients is based on generally
accepted methodology and includes assessment of
general somatic and dental status: clarification of
complaints, life and medical history , examination,
palpation. It is carried out according to the principle
of a screening study, which allows to reveal the main
aspect of pathology in a short period of time [3].

Patients with TMJ muscle-articular dysfunctions
are recommended to undergo diagnostic psycho-
screening and psychotherapist consultation with the
aim of mandatory subsequent differentiated correction
of behavior in accordance with existing leading
psychopathological manifestations [13, 14].

When examining a patient, attention should be paid
to the patient’s usual posture, head position, cervical
and thoracic spine, and upper limbs, as well as to clarify
how the intensity of pain syndrome changes according
to the change in a body position [4, 13].

Clinical examination includes, in addition to
general dental external and intraoral, the following
examination methods: symmetry assessment of facial
and masticatory muscles functioning, position of the
lower jaw, displacement of chin relative to nose at
rest and when mouth is fully opened (deviation from
the median axis), the size and symmetry of mouth
opening (deviation and deflection), determination of
joint noises, palpation of masticatory muscles, neck and
shoulder muscles, determination of their tenderness,
detection of occlusal sound and its asymmetry, analysis
of eccentric occlusion of teeth and its trauma [3, 4,
13]. Advanced clinical analysis of the TMJ condition
is carried out by lateral and dorsal palpation of the
articular heads, applying a dynamic joint compression
test, studying acoustic phenomena in the joint and their
nature (friction, crunching, clicking, etc.), depending on
a phase of mandible movements.

At clinical examination stage, special attention is
paid to manual functional analysis, which indirectly
determines the condition of individual TMJ anatomical
structures, such as bilaminar zone, joint capsule,
and the muscular system of masticatory apparatus.
When evaluating movements of the lower jaw, ca-
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pacity of active mouth opening, passive and loading
movements of the lower jaw, dynamic compression (
to determine the state of the ligamentous apparatus
and joint capsule), articular surfaces, as well as
passive compression(to characterize the adaptation of
bilaminar zone) must be determined [15-17].

Objectively, palpation of the lateral pterygoid
muscle is carried out behind the tubercle of the upper
jaw, followed, if necessary, by its infiltration with an
anesthetic without a vasoconstrictor [4].

An effective method of non-injection diagnosis of
lateral pterygoid muscle condition can be considered
an isometric test, available in clinical conditions, which
does not require special equipment. Also, among the
methods of express diagnostics, there is a clinical test
for a presence of a certain pathology of joint, which
is carried out by opening a mouth from position of
maximum protrusion [3, 4, 13].

Palpation should be carried out not only in the area of
the joints, but also in all parts of face: parotid salivary
glands, exit points of trigeminal nerve branches, lymph
nodes of face and neck, chewing muscles both at rest
and when they are tense.

When examining the oral cavity, it is especially im-
portant to assess the character of occlusion, a ratio of
the jaws and occlusal planes, presence of dental defects,
state of fillings in previously treated teeth, and a state
of chewing surfaces of the teeth. Partial loss of teeth,
especially complicated by secondary deformations
of dentitions, leads to TMJ and masticatory muscle
pathology [3, 4, 8.

TMJ and masticatory muscle dysfunctions are also
observed in patients with complete dentition, which
is caused by anomalies, deformations of the dentition,
which lead to a violation of occlusal-articulation equi-
librium and muscle balance, spatial orientation of the
lower jaw relative to the upper [4-6].

Electromyography is one of the leading methods
of functional research of neuromuscular apparatus,
which allows to optimize diagnostic algorithm, as well
as differential diagnosis and dynamic monitoring of
patients with diseases of temporo-mandibular joint.
Electromyographic research can be used not only for
the purpose of primary diagnosis, but also for qualita-
tive differential diagnosis of various forms of pathology
of temporo-mandibular joint, which will contribute to
the development of the most rational treatment plan
and increase the quality of medical care [18].

It has been shown that the method of functional
diagnostics proved to be quite informative when as-
sessing the state of masticatory muscles in patients with
temporomandibular joint diseases, as it allows to detect
indicators changes at different levels of disorders [19, 20].
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According to the results of EMG masticatory muscles,
in patients with TMJ dysfunction, the masticatory cycle,
which is determined by the activity of central neural
generator of mastication in brain stem, undergoes a
significant transformation. The duration of this cycle in
the presence of TMJ pathology is significantly shorter
on average, and the average frequency of chewing
movements is higher than in controls, mainly due to
reduction of the silent phase in the generated cyclic
activity. This is a confirmation of the existing significant
modulation of mechanisms activity of chewing action
central control by nociceptive influences from the pe-
riphery [21-25].

According to the results of .M. Kostyuk research [26,
27] of EMG and MRI, a decrease in a distance from the
back edge of a joint head to the back edge of a joint
cavity is responsible for the presence of pain symptoms
(8-10 points) and on EMG corresponds to an increase
in ratio of bioelectric activity and bioelectric rest of
muscles and an increase in degree of severity muscle
damage. The number, thickness, and localization of
linear compressions of muscle fibers of masticatory
muscles (according to MRI data) and the intensity
of changes in EMG activity of these muscles in TMJ
dysfunction are directly correlated with the value of
dysfunction index (P < 0,05). The degree of compaction
in the mentioned muscles directly depends on the
bioelectrical activity indicator and the amplitude of
contractions of superficial masticatory muscles of the
opposite side. Almost all patients with TMJ muscle
and joint dysfunction (up to 95,3%) have noticeable
disorders of the vascular bed of the head and neck
(deficiency of blood flow in the system of external
carotid artery and compression of internal carotid
artery); this allows pathogenetically substantiate
and include ischemic concept of the development
of TMJ dysfunction to the formation of diagnostic
and treatment model. An application program «PR»
was developed for the systematization of diagnostic
indicators and analysis of depth of changes in TMJ
structures. This makes it possible to assess objectively
dynamics of clinical course and organize a sequence of
specific treatment and diagnostic and rehabilitation
measures in patients with TMJ muscle and joint
dysfunction. A device and, in accordance with it, a
method of registering occlusal ratios in patients with
TMJ dysfunction, has been developed, which allows to
carry outinstrumental registration when articulation is
limited in patients with this pathology, to improve the
quality of orthopedic care for patients and to shorten
the duration of diagnostic and treatment period.

Ultrasonography may be a useful alternative in
cases of internal TMJ disease and in cases where

the patient has contraindications to MRI, such as
claustrophobia or the presence of a pacemaker. This
research method demonstrates high sensitivity and
accuracy in diagnostics of an articular disc location in
patient’s rest state to identify the anatomical position or
toidentify a displacement of the disc. On the other hand,
this method does not provide enough information to
analyze displacements of articular discs in patients with
an open mouth and to analyze morphological changes
of the disc or articular head [26].

Another non-invasive and easy-to-use method
of TMJ auscultation with the help of an electronic
stethoscope is used to detect the presence of noise
phenomena (crepitations, clicks, friction sounds of
articular surfaces). The purpose of the study was to
evaluate TMJ auscultation method using an electronic
stethoscope as a step in comprehensive diagnosis
of TMJ internal disorders in comparison with other
methods, such as clinical examination methods
(interview, examination, palpation), analysis of diagnostic
models in the articulator, radiological examination,
electroneuromyography. Audio diagnostics is carried out
using a Littmann electronic stethoscope (3M ESPE), after
it phonograms are analyzed using a computer program
according to the main characteristics of sounds [3, 4, 23].

Axiography can be used as a method that allows to obtain
accurate graphic data about trajectory of the articular
head during movements of the lower jaw. This research
method is used for the purpose of functional diagnosis of
TMJ, as well as for adjusting articulators according to the
individual parameters of a patient. This individual setting
of the articulator eliminates the need to use additional
methods of registration of the lower jaw position and allows
to achieve maximum occlusal accuracy [4].

When conducting a comparative analysis of an
application of software-hardware complex for digital
orthopantomography and analog orthopantomograph
for TMJ tomography, it was found that the use of
digital orthopantomographs is more convenient than
analog ones, because they give smaller projection
distortions, a patient receives a picture immediately
after tomography, there is a possibility of specific
processing, analysis, copying and storing the received
information [21].

The main diagnostic method for detecting
arthropathies today is radiography, which is fairly
simple and inexpensive method. With the help of
radiography, pathological changes in bone structures
of the joint can be fully and reliably detected, but, as
a rule, at the late stages of the disease [3, 4]. TMJ is
studied on plain X-rays films of the skull, on spot X-ray
films of the joint in the lateral projection and on spot
X-ray films of the temporal bone in the side projection.
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The correctness of the ratios in TMJ is determined
by comparing the spot-film radiography in the lateral
projection with a patient’s mouth closed [21].

Based on known X-ray morphometric indices of the
lower jaw, V.M.Novikov [11, 14] proposed a protocol
for X-ray morphometric measurements of TMJ based
on paired radiographs of the joint according to Parma
technique. After visual evaluation and preliminary
diagnosis, all radiographs were digitized using a
scanner. Evaluation of X-ray density was performed
on X-ray visiograph using the densitometric function.

Arthrography or arthrotomography is used to visualize
thejointdisc, whichisacombination of lineartomography
and arthrography. It becomes possible to assess visually
the articular disc, its shape, position and establish its
intra-articular relationship with the bony structures of
the joint, and when opening or closing mouth, also
determine its biomechanics in motion [3]. But this
method has a number of disadvantages: invasiveness of
the procedure, emergence of the risk of inflammatory
reactions due to joint puncture and development
of allergic reactions in response to administration
of a contrast agent. In addition, the technique is
contraindicated in patients with tumor lesions of the
joint and arthritis due to the high risk of developing
inflammatory complications. Tomography and contrast
arthrotomography, associated with a sufficiently large
radiation dose, are quite voluminous methods of
examination [4]. Such complications significantly limit
the use of arthroscopy and arthrography.

Advent of zonography made it possible to reduce
radiation exposure compared to tomography [2, 4],
but the problem of clear visualization of TMJ structures
remained, because when using orthopantomography,
the joint is depicted in oblique projections, which
disturb the picture of bony elements, the joint space.
It does not eliminate the problem of obtaining a
clearer image of TMJ structures and the use of special
orthopantomograph programs.

Cone-beam computed tomography and other three-
dimensional tomographicimaging tools are considered
to be more accurate than panoramic radiographs for
evaluating of bony components of TMJ and morphologic
changes with high resolution. With the help of spiral
computed tomography, it is possible to obtain images
of TMJ and surrounding tissues in three mutually
perpendicular planes: sagittal, coronal, and axial, to carry
out measurements, to evaluate volumetric symmetry of
TMJ elements, but the analysis of the condition of joint
soft tissue structures remains unavailable [5, 6]. The use
of computer densitometric analysis allows to determine
the quality of a bone in different segments of the jaws in
the form of digital indicators [4].
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One of the safest, non-invasive diagnostic methods
is magnetic resonance imaging (MRI) of TMJ as the
gold standard for joint research, which allows to obtain
images of periarticular tissues of TMJ without radiation
exposure. Other advantages of MRI are sensitivity,
specificity, and diagnostic accuracy [3, 4, 17].

V.M. Novikov et al. [11] proposed a set of diagnostic
measures for patients with unilateral and bilateral
TMJ disc dislocations associated with the presence of
deficit or excess of interdental space with intact den-
titions, which includes an assessment of the length of
occlusal surface of dentitions, research topographical
and anatomical changes of TMJ articular discs by MRI
method and assessment of quality of life using the
questionnaire «\WHOQOL - 100».

T.M.Kostyuk in the research [31-32] developed and
scientifically based multidisciplinary algorithm for
diagnosis of TMJ muscle-articular dysfunctions. The
author characterized for the first time the relationship
between the state of vascular bed of head and neck
in accordance with the development of dysfunctional
disorders of TMJ according to the data of duplex
scanning of the vessels and it is scientifically confirmed
that 95,3% of all patients with muscle and joint
dysfunction of TMJ have disorders of the state of
vascular bed of head and neck.

In each clinical situation, it is important to prescribe
such additional examination methods that would
have adequate diagnostic value with the least
contraindications, taking into account its availability
[4] for a patient. With the development of modern
technologies, Ukrainian scientists have an opportunity
to decode received diagnostic information, but the
development of new and further improvement of
existing research methods remains topical, which is
important for determining both the dynamics of TMJ
diseases and for the preliminary diagnosis of disorders
of structural and functional state of bone tissue.

CONCLUSIONS

The results of scientific research by Ukrainian scientists
are the basis forincreasing the effectiveness of diagnosis
of TMJ diseases by improving complex examination
methods and implementing clinical algorithms, which
will allow to choose adequate treatment methods.

PROSPECTS FOR FURTHER RESEARCH

To develop an applied computer program for the di-
agnosis of TMJ diseases with the aim of synchronizing
data, simplifying work of dentist and establishing more
correct diagnosis.
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ABSTRACT

The aim:To identify, group and analyze international standards in terms of regulating the criminal procedural status of persons suffering from mental disorders.
Materials and methods: In preparing the article, the following issues were worked out: the provisions of international legal acts; legal positions of the
European Court of Human Rights regarding the observance of the right to a fair trial of persons suffering from mental disorders; scientific research to ensure
the rights of persons suffering from mental disorders in criminal proceedings. The methodological basis of the research is dialectical, comparative-legal,
systemic-structural, analytical, synthetic, complex research methods.

Conclusions: Universal international standards of human rights retain their validity for persons suffering from mental disorders; today, a clear synchronization
of universal (global) and European standards for determining the procedural status of persons suffering from mental disorders is being followed; the most
justified is a differentiated approach to solving the issue of personal participation of a person suffering from a mental disorder in a court hearing.

KEY WORDS: mental health, international standards, mental disorder, ECHR practice

INTRODUCTION

In order to ensure the effectiveness of criminal pro-
ceedings, the legislation of European states provides
for the possibility of limiting the rights and freedoms
of persons participating in the criminal process, which
requires the existence of a system of procedural guar-
antees that ensure the legality and justification of such
restrictions and the proportionality of interference with
human rights and freedoms. At the same time, the set
of rights and responsibilities, embodied in the proce-
dural status of a participant in criminal proceedings,
reflects the community’s vision of a reasonable balance
between the public reaction to socially dangerous
encroachments and the observance of the rights and
freedoms of a person in the process of implementing
such a reaction. The question of finding a balance, for-
malized in the procedural status, is extremely acute in
relation to persons who, due to objective reasons, are
unable to fully realize the appropriate range of proce-
dural opportunities or fulfill the obligations provided
for by law, in particular, persons suffering from mental
disorders. In this perspective, international standards
that establish the procedural status of such persons,
in particular, in criminal procedural relations, have
significant research potential.

Wiad Lek. 2023;76(2):433-438

THE AIM

The aim of this work is to identify, group and analyze
international standards in terms of regulating the
criminal procedural status of persons suffering from
mental disorders.

MATERIALS AND METHODS

During the preparation of the article, the following
issues were worked out: the provisions of international
legal acts of the universal and regional level regarding
the regulation of the procedural status of persons
suffering from mental disorders; the legal positions
of the European Court of Human Rights (hereinafter
referred to as the ECHR) regarding the observance
of the right to a fair trial of persons suffering from
mental disorders (we analyzed 9 decisions in which
the ECHR highlighted this issue in the context of the
requirements of Article 6 of The European Convention
on Human Rights (hereinafter referred to as the Con-
vention)); scientific research on ensuring the rights of
persons suffering from mental disorders in criminal
proceedings.

A complex of general scientificand special methods
of cognition (dialectical, comparative-legal, system-
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ic-structural, analytical, synthetic, complex research
methods) was used in the research process.

REVIEW AND DISCUSSION

Depending on a number of essential criteria, interna-
tional norms on one or another issue can be universal
or occupy a regional level. An indicator of the level of
universality of the provisions is, on the one hand, the
subject of creation (for example, the United Nations
Organization (hereinafter referred to as the UN) or the
Council of Europe), on the other hand, the territorial
scope (for example, Europe, the states of North and
South America, or Africa). This criterion will be used to
structure the research material.

UNIVERSAL LEVEL

The expediency of considering international standards
of a universal level within the framework of a narrow di-
rection - the procedural status of persons suffering from
mental disorders is due to the fact that universal standards
retain their validity in relation to the specified persons as
well, as evidenced by the following provisions of:

a) general international legal acts of a universal level.
Forexample, Art. 1 of the Universal Declaration of Human
Rights, adopted by resolution 217 A (lll) of the UN General
Assembly of December 10, 1948, declares everyone equal
in their dignity and rights from birth, and according to
Art. 2 of the same act, a full set of rights and freedoms
is granted to every person, regardless of race, color, sex,
language, religion, political or other beliefs, national or
social origin, property or other status (italics added) [1];

b) normative legal acts of a universal level, specially
devoted to the regulation of proper guarantees of persons
suffering from mental disorders. For example, the Declara-
tion on the Rights of Mentally Retarded Persons, adopted
by resolution 2856 (XXVI) of the UN General Assembly of
December 20, 1971, defines that a mentally retarded per-
son has, as far as possible, the same rights as other people
(clause 1) [2].A similar rule is reflected in the Declaration
on the Rights of the Disabled, adopted by resolution
3447 (XXX) of the UN General Assembly of December 9,
1975 (clause 2) (hereinafter referred to as the Declaration
on the Rights of the Disabled) [3]. A more specific rule is
contained in the Principles for the Protection of Persons
with Mental lliness and Improvement of Psychiatric Care,
which is an appendix to Resolution 46/119 “Protection
of Persons with Mental lliness and the Improvement of
Mental Health Care’, adopted by the UN General Assem-
bly on February 18, 1992 (hereinafter referred to as the
Principles for the Protection): every person with a mental
iliness shall have the right to exercise all civil, political,
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economig, social and cultural rights as recognized in the
Universal Declaration of Human Rights, the International
Covenant on Economic, Social and Cultural Rights, the
International Covenant on Civil and Political Rights,and in
other relevant instruments (the Declaration on the Rights
of Disabled, the Code of Principles for the Protection of All
Persons Subject to Detention or Imprisonmentin any Way,
adopted by resolution 43/173 of the UN General Assembly
of December 9, 1988 (hereinafter referred to the Code of
Principles for the Protection of Prisoners (clause 5 of the
principle 1) [4]).

The original provisions that laid the foundation for the
international understanding of procedural guarantees of
persons suffering from mental disorders are contained in
the Declaration on the Rights of Mentally Retarded Per-
sons. In our opinion, such guarantees can be conditionally
divided into several groups:

1) representative direction: provides for the right to use
the qualified services of a guardian in cases where it is
necessary to protect the well-being and interests of a
mentally retarded person (clause 5) [2]. Despite the fact
that this provision does not directly indicate the legal
nature of guardianship, the terms “qualified services’,
“to protect the well-being and interests” used in it give
reasons to believe that it was in this way that the founda-
tions were laid at the international level for legal, as well
as professional legal representation of a person suffering
from a mental disorder;

2) judicial direction: in the case of prosecution for com-
mitting any act, the right to the proper implementation
of legality is assumed, which would fully take into account
the degree of mental development (clause 6) [2]. In the
given guarantee, the intention to differentiate the gen-
erally accepted procedures of judicial proceedings by
adapting them to the peculiarities of the mental health
of the person in respect of whomiitis carried out is traced;

3) limiting direction: provided that, as a result of a significant
disability, a mentally retarded person is not able to properly
exercise all his rights or there is a need to limit or cancel
some or all rights, the procedure must provide for proper
procedural guarantees against any abuses (justified by a
qualified assessment by specialists of the person’s socially
useful capabilities, periodic review, possibility of appeal to
higher authorities) (clause 7) [2]. This provision has the most
pronounced procedural nature and lays the foundations
for international standards regarding expert assessment
of a person’s mental state, as well as periodic and appellate
reviews of the reasonableness of limiting a person’s rights.

In addition, international standards for the procedural
status of persons suffering from mental disorders are de-
tailed in the Principles of Protection. In order to facilitate
their perception, we distinguish them according to the
objective criterion (the key issue for the solution of which
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they are fixed).

DETERMINING THE VALIDITY OF

PLACEMENT IN A PSYCHIATRIC INSTITUTION
Placement in a psychiatric institution is allowed by deci-
sion of a court or other body authorized by national law
on the basis of competent and independent medical
consultations (clause 3 of principle 20 of the Principles of
Protection). The adoption of such a decision is preceded
by the determination of a mental iliness in accordance
with international standards (clause 1 of principle 4 of
the Principles of Protection), carried out during a medical
examination, which can be compulsory only ifitis carried
out in accordance with domestic legislation (principle
5 of the Principles of Protection). The resolution of the
issue of forced hospitalization is accompanied by the
right of a person during any proceedings to provide an
independent psychiatric report or other oral or written
evidence, appropriate and admissible for the resolution
of the issue by the competent authority (clause 3 of
principle 18 of the Principles of Protection). The detail-
ing of the requirements for the subject composition is
also interesting: a) assessment of the legality of forced
hospitalization must be carried out by a judicial or other
independent and impartial body formed and acting on
the basis of domestic legislation; b) assistance from one
or more qualified and independent psychiatric workers
must be provided during the rendering of the decision
(clause 1 of principle 17 of the Principles of Protection).

DUE PROCESS OF LAW FOR A PERSON
SUFFERING FROM A MENTAL DISORDER

A person suffering from a mental disorder is guaranteed
the free choice of a lawyer for representation, in particu-
lar, during the appeal of decisions (clause 1 of principle
18 of the Principles of Protection). It is significant that the
international understanding of the institution of repre-
sentation has undergone development in the direction
of distinguishing professional legal (lawyer) and personal
representation (personal representative). In addition, the
procedural guarantees can also include those enshrined
in principle 18 of the Principles of Protection, in particular:
a) the right to the assistance of an interpreter (clause 2);
b) the right to receive documents that are submitted for
review by a competent authority, except for cases when
familiarization with them may cause significant harm
to a person’s health or pose a danger to other persons
(clause 4); c) the right to personal participation during
any proceedings, in particular, to express arguments
(clause 5); d) factors that must be taken into account
when determining the mode (open or closed) of con-
ducting the review: the person’s opinion, respect for his

personal sphere, as well as the sphere of other persons,
the possibility of causing significant damage to the
health of the person or other persons (clause 7); e) the
right to review and receive a final decision, reasoned in
writing (clause 8) [4]. The Principles of Protection have
also established procedural guarantees that accompany
a person after a decision on the use of forced treatment:
the possibility to appeal the decision on hospitalization
to a court of higher instance (clause 7 of principle 17), as
well as to initiate a review of the question of expediency
before an authorized body after reasonable intervals
of time continuation of forced treatment (clause 4 of
principle 17) [4].

EUROPEAN LEVEL

The scientific understanding of international standards at
the European level in the context of the researched topic
was repeatedly addressed as individual authors of this ar-
ticle [5,6], as well as other domestic scientists [7,8]. Certain
aspects of this topic were the subject of scientific interest
of foreign researchers, in particular, of PeterVerbeke, Gert
Vermeulen, Tom Vander Beken, Michaél Meysman [9],
Stephen J. Morse [10], Peter Bartlett, Oliver Lewis, Oliver
Thorold [11] etc. However, the issue of finding ways to in-
troduce European standards into domestic legislation does
not lose its relevance. The normative basis of the standards
of the procedural status of persons suffering from mental
disorders at the European level are the provisions of the
ECHR and the decision of the ECHR regarding the interpre-
tation of Articles 3, 5, 6, 8 of the ECHR, the Convention on
Human Rights and Biomedicine in the Field of Biomedical
Research dated April 4, 1997, Recommendations of the
Parliamentary Assembly of the Council of Europe No. 818
(1977) on the situation with mental illnesses of October
8, 1977, as well as Recommendations of the Committee
of Ministers of the Council of Europe to the participating
states: 1) No. R (83)2 regarding the legal protection of
persons suffering from mental disorders who are forcibly
kept as patients; 2) No. R (99)4 on the principles relating
to the legal protection of incapacitated adults; 3) No. Rec
(2004)10 on the protection of human rights and dignity
of persons with mental disorders (hereinafter referred as
the Recommendation No. Rec (2004)10), etc.

A unified statement of European standards can be found
in the norms of Recommendation No. Rec (2004)10),among
which the European interpretation of universal standards
can be traced. Thus, a significant array of rules actually
duplicates the global understanding of proper legal pro-
cedures for persons suffering from mental disorders. For
example, the following norms differ in full compliance with
universal standards: establishment of a mental disorder
based on international medical criteria (clause 1, article 2),
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differentiation of a representative and a personal defender
(clause 3, article 2), prohibition of substantial limitation of
the convention rights of persons suffering are distinguished
by full compliance with universal standards for mental dis-
orders (clause 2, article 4), requirements for the subject of
consideration of the issue of compulsory treatment (article
21, clause 1 of article 34), procedural features of the appeal
and review of the feasibility of continuing compulsory treat-
ment (article 25, clause 1 of article 34) and others.

In addition, a significant volume of standards was
developed by the ECHR within the framework of the in-
terpretation and application of the norms of the Criminal
Procedure Code, which was already partially considered
by the authors of this article together with Vasyl Y. Tatsiy
[7], Olena A. Leiba [5]. Developing the results of previous
studies, we note that it seems most interesting to consider
the issue of personal participation of a person suffering
from a mental disorder in court proceedings through
the prism of European standards. Therefore, in favor of
the mandatory participation of a person suffering from a
mental disorder, the following arguments supported by
the positions of the ECHR can be given:

1) direct participation in the trial is one of the key compo-
nents of the right to a fair trial (Article 6 of the Convention).
The European Court of Human Rights has repeatedly em-
phasized that the essence of the right to a fair trial derives
from the general principle regarding the right of a person
accused of committing a criminal offense to be presentand
effectively participate in the court proceedings (§ 100 of
the ECHR decision in the case of “Proshkin v. Russia”[12], §
106 of the decision of the ECHR in the case of “‘Romanov v.
Russia”[13]). With regard to persons suffering from mental
disorders, the positions of the ECHR follow the priority of
ensuring their personal participation in court proceedings
[7], which the ECHR emphasized particularly clearly in §
102 of the decision in the case of “Proshkin v. Russia” [14];

2) although one of the forms of exercising the right to
personal participation is the involvement of a defender in
the proceedings, under certain circumstances representa-
tion does not allow effective compensation for the absence
of a person and the inability to express one’s arguments (§
104 of the ECHR decision in the case of “Proshkin v. Russia”
[14]), which, in turn, prevents direct evaluation of evidence
by the court (§ 112 of the ECHR decision in the case of
“Romanov v. Russia”[15]);

3) a person suffering from a mental disorder plays a dual
role in the proceedings: heisaninterested party and at the
same time the main subject of the judicial investigation,
and therefore: a) the direct or indirect participation of such
a person s inseparable from a“fair and lawful procedure”(§
62 of the ECHR decision in the case of “Zagidulina v. Russia”)
[14]; b) the direct participation of a person allows the judge
to form his own opinion about his mental state based on
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a short visual contact and, if possible, an interrogation (§
72, 73 of the ECHR decision in the case of “Shtukaturov
v. Russia”) [15].

At the same time, the expediency of limiting the right
of a person suffering from a mental disorder to directly
participate in a court hearing follows from:

1) the possibility of exercising such a right not only per-
sonally, butalso through a representative office. According
to the established practice of the ECHR, the person in re-
spect of whom the question of treatment is decided must
have access to the court in person or through a certain
form of representation (§ 65 of the decision of the ECHR
in the case of “Vaudelle v. France”[16], § 39 of decision of
the ECHR in the case of “Gorshkov v. Ukraine”[17], § 60, 61
of the decision of the ECHR in the case of “Winterwerp v.
the Netherlands”[18]);

2) recognition by the ECHR as legitimate of the restriction
of such aright to ensure the proper administration of jus-
tice, protection of the health of the relevant person, etc. (§
68 of the decision of the ECHR in the case of “Shtukaturov
v. Russia”) [17], as well as the range of circumstances that
are taken into account when assessing the legality of such
a restriction. Thus, in the case of “Romanov v. Russia’, the
failure to involve the applicant in the trial was recognized
as a violation of the right to a fair trial, taking into account
the fact that the person did not demonstrate unbalanced
behavior and there were no such manifestations of his
physical or mental state that would prevent him from
appearing to court (§ 109) [15]. A similar approach was
used in the case of“Anatoly Rudenko v. Ukraine’, where the
ECHR drew attention to the absence of “no proper reason
for preventing the applicant from participating in the pro-
ceedings’, as well as the lack of evidence to consider the
mental state of the applicant “such that it does not allow
him to participate effectively in court sessions”(§ 114) [19].

Therefore, the analysis of the given positions of the ECHR
makes it possible to come to the conclusion that the ECHR
recognizes as forms of realization of the conventional right
to a fair trial both the personal participation in the trial of a
person suffering from mental disorders and the alternative
participation of his or her representatives [20]. In our opinion,
both of the extreme positions (which can be conventionally
called the “rule of personal participation” and the “rule of
proceedings in the absence of a person”) do not adequately
reflect the actual level of legal personality of a person, which
is determined, first of all, by the nature and degree of mental
disorder. In view of the above, a differentiated approach has
the greatest potential effectiveness. Its essence consists in
solving the question of the possibility of a person’s partici-
pation in court proceedings depending on the actual ability
to exercise procedural powers and correct behavior in court.

Scientific interest in ensuring the rights of persons
suffering from mental disorders in criminal proceedings
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is due to their special vulnerability, which has repeatedly
been the subject of scientific discussions. Thus, the is-
sue of normative regulation of the procedural status of
persons suffering from mental disorders in the context
of international standards and precedent practice of the
ECHR has already been investigated by individual authors
of this article [6] together with Vasyl Y. Tatsiy [7], Olena
A. Leiba [5]. Other domestic scientists also turned to the
scientific understanding of international standards at
the European level in the context of the researched topic
[8-10, 21]. Certain aspects of this topic were the subject
of scientific interest of foreign researchers, in particular,
PeterVerbeke, Gert Vermeulen, Tom Vander Beken, Michaél
Meysman [11], Stephen J. Morse [12], Peter Bartlett, Oli-
ver Lewis, Oliver Thorold [13], etc. David Latham’s report
“Mental health and fair trial” provided recommendations
for protecting the rights of people suffering from mental
disorders [22]. Despite the considerable amount of work,
a number of issues remain debatable and require further
scientific research, in particular, in terms of improving the
normative regulation of the procedural status of persons
suffering from mental disorders.

CONCLUSIONS

1. The expediency of considering international standards
of the universal level within the framework of a narrow
direction - the procedural status of persons suffering
from mental disorders is due to the fact that the universal
standards retain their validity in relation to the specified
persons as well, as evidenced by the provisions of both
general international legal acts of the universal level
and regulatory legal acts of a universal level, specially
devoted to the regulation of adequate guarantees for
persons suffering from mental disorders.
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ABSTRACT

The aim: To study the current requlation on egg donation in Ukraine as one of the most attractive destinations for reproductive tourism, establish the current
loopholes in the legal framework to be addressed when amending Ukrainian legal rules.

Materials and methods: The article is based on studying international and regional legal acts, jurisprudence of European Court of Human rights, pieces of
national Ukrainian legislation, law drafts submitted to Ukrainian parliament and legal doctrine. The methodology of the article includes dialectical, comparative
method and the method of systematic and structural analysis.

Conclusions: Existing legal framework in Ukraine has some serious lacunas that can result in violation of rights and interests of donors and of the children.
Firstly, the state does not keep the unique state register of donors. Secondly, there are no rules on compensation for egg donor. Lastly, the current Ukrainian
legislation does not contain provisions ensuring protection of the child's right to know about one’s genetic origin, and thus to obtain the identifying infor-
mation about the donor. All these issues should be addressed in order to establish a fair balance between the rights and the interests of donors, recipients,

the child and the society.

KEY WORDS: reproductive rights; egg donation; assisted human reproduction; right to the information on one’s genetic origin

INTRODUCTION

Egg donation is a method of assisted human repro-
ductive technologies, under which a healthy woman
donates her egg to another woman, who does not have
healthy eggs. In accordance with the latest available of-
ficial statistics in Ukraine there were 2799 cycles of egg
donation in Ukraine in 2020 [1] and the size of the egg
donation market was valued in 2020 as over 1 billion
with potential almost 20% growth by 2027 [2]. For some
couples egg donation can be the only means to pro-
create, that is why this method of infertility treatment
is very popular. In the meantime the method itself can
be harmful for the donor and thus, if it is allowed by the
legislation, it is very important to provide a legal regu-
lation, ensuring that the rights and interests of donors
and recipients are balanced and protected in a due way.

Legislation on egg donation vary in different coun-
tries and in a lot of jurisdictions egg donation is for-
bidden. For example, in Switzerland egg donation was
long time prohibited under Article 4 of Federal Act
on Medically Assisted Reproduction. The reasoning
behind this prohibition was to follow the Roman prin-
ciple “Mater Semper Certa Est” (the mother is always
certain), meaning that the motherhood is established
by the fact of birth and the motherhood of the woman
that gave birth to the child can not be challenged [3].

Wiad Lek. 2023;76(2):439-444

Egg donation can result in situation, when the child is
genetically connected with one woman, gestated by
another woman (the surrogate) and brought up by the
third woman, and the Swiss legislator has specifically
opted for avoidance of such situation. Just recently in
September 2022, the Swiss Senate voted in favour of
allowing the egg donation and now the government
has the obligation to create the legal mechanism for
egg donation [4]. It is interesting that Swiss legislation
contained a discriminative provision towards women,
allowing only sperm donation before recent develop-
ments. Egg donation can be not allowed also due to
religious reasons. For example, the Catholic Instruction
Dignitas Personae on Certain Bioethical Questions [5],
does not specifically ban the egg donation, but it pro-
vides for three fundamental goods for the treatment of
infertility, that exclude the egg donation. Egg donation
is also prohibited by Al-Azhar Fatwa (being one of the
sources for creation of legislation in Islamic countries),
because “it involves the fertilization of a woman'’s egg
by the semen of a stranger” and “bears resemblance
with adultery and it also leads to the confusion of
lineages” [6].

In a number of jurisdictions egg donation is allowed:
this is the case for Ukraine, the Kingdom of Spain, the
United Kingdom of Great Britain and Northern Ireland,
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the United States of America, the Czech Republic etc.
The legal rules provide for different types of egg dona-
tion, e.g. it can either be anonymous (when donor and
recipient do not know each other) and non-anonymous
(when the donor gives the egg to the recipient she
knows. This can be donation of eggs to close relatives
or friends etc.). The egg donor can undergo a cycle of
donation with the aim to donate the eggs or can give
the “spare” eggs that were left after the donor's own
cycle of invitro fertilisation treatment. In the latter case
itis called the “egg sharing”. The donor can donate the
eggs for free (altruistic donation) or can do it on financial
basis (commercial egg donation).

Before the brutal war, started by the Russian Feder-
ation against Ukraine, Ukraine was a popular touristic
destination for infertility treatment, as the country has
very good geographical location, excellent medical
services with affordable prices. Ukraine allows egg
donation, but its legal rules on egg donation have
some loopholes which will be addressed in the article.
Ukrainian legislation on egg donation is a fertile ground
for certain improvement.

THE AIM

This research aims to study the current regulation on
egg donation in Ukraine as one of the most attractive
destinations for reproductive tourism, establish the cur-
rent loopholes in the legal framework to be addressed
when amending Ukrainian legal rules.

MATERIALS AND METHODS

The article is based on studying international and re-
gional legal acts, jurisprudence of European Court of
Human Rights, pieces of national Ukrainian legislation,
law drafts submitted to Ukrainian parliament and legal
doctrine. The author has chosen the methods taking
into account the aim of this research. Dialectical meth-
od was used to study the gaps of legal regulation of
egg donation in connection with the need to balance
private and public interests. Comparative method was
used to analyse the rules on egg donation in the oth-
er jurisdictions. Method of systematic and structural
analysis was used to formulate the loopholes of the
current Ukrainian legal framework on egg donation.

REVIEW AND DISCUSSION

Regulation of egg donation is conducted at differ-
ent levels. For instance, at the international level the
right to life and right to health are protected by such
universal international agreements and covenants as
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International Covenant on Civil and Political Rights
[7], International Covenant on Economic, Social and
Cultural Rights [8], Universal Declaration of Human
Rights [9]. At regional (European) level the regulation
of egg donation is conducted by the Convention for
the Protection of Human Rights and Fundamental
Freedoms (in particular — by Article 8 of this Conven-
tion, protecting the right to respect for private and
family life) [10].

Given that the practice of European Court of Human
Rights (hereinafter - ECtHR) is a source of law in Ukraine
under Article 17 of the Law of Ukraine “On Execution
of Judgements and Application of Practice of European
Court of Human Rights” [12], Ukrainian regulation on
egg donation should also comply with the practice of
ECtHR.The ECtHR has issued a decision on egg donation
regulation in the case”S.H.and others v. Austria”[13].In
this case two married couples alleged the violation of
their rights under Article 8 and Article 14 read in con-
junction of Article 8 of the Convention for the Protection
of Human Rights and Fundamental Freedoms, because
the provision of the Austrian Artificial Procreation Act
prohibited ova donation and sperm donation for in vitro
fertilisation, which was the only medical technique that
could be used by the applicants to conceive children. In
particular, the third applicant was completely infertile;
she suffered from agonadism, meaning that she could
not produce her own ova. Her husband, on the contrary,
was fertile and the only way for this couple to conceive
would be to implant into her uterus the embryo con-
ceived by the sperm of her husband (the fourth appli-
cant) and the donor's egg. Such procedure in Austria
is prohibited by the Artificial Procreation Act with the
main aim to prevent extended parental relations, when
the child, conceived with the egg of the donor, will have
two mothers (genetic one and the one who carried
the child) and also to protect the women from being
exploited. In its decision, the ECtHR has noted that
there is no European consensus on whether to allow
the egg donation for in vitro fertilisation or not; there
is a big margin of appreciation granted to the European
legislators in the matter. Austria has not overstepped
the said margin of appreciation in respect of prohibition
of ovum donation for in vitro fertilisation and the ECtHR
has not found a violation of Article 8 of the Convention
for the Protection of Human Rights and Fundamental
Freedoms and ruled that itis not necessary to examine
the application also under Article 14 of the Convention
read in conjunction with Article 8 [13].

The national legal rules on egg donation in Ukraine
can be found in different laws and sub-laws: the Civil
Code of Ukraine [14], Family Code of Ukraine [15], the
Law of Ukraine “Fundamentals of the Legislation of
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Ukraine on Healthcare” [16], the order of the Ministry
of Healthcare of Ukraine “On Adoption of the Order of
Application of Assisted Reproductive Technologies in
Ukraine” (hereinafter — the ART Order) [17] and other
acts. Part 3 of Art. 123 of the Family Code of Ukraine
foresees that the married couple shall be recognized
as the parents of the child, born by the wife after the
transfer of embryo, conceived by her husband and
other woman as a result of application of assisted
human reproduction technologies. The Civil Code of
Ukraine provides for a right of woman and man who
reached the age of majority to conduct medical pro-
grams on assisted human reproduction if they have
medical condition in accordance with the order and
conditions established by the legislation (Part 7 of Art.
281). Article 290 of the Civil Code of Ukraine stipulates
that person who has reached the age of majority and
has full civil capacity can donate gametes. Donation
of gametes shall be made in accordance with the law.
Following Art. 48 of the Law of Ukraine ‘Fundamentals
of the Legislation of Ukraine on Healthcare, application
of artificial conceiving and implantation of the embryo
is conducted in accordance with the conditions and
the order, established by the central body of executive
power, that is in charge of forming of the state policy in
the sphere of healthcare, upon the medical indications
of the woman that reached the age of majority, upon
condition of written approval of the married couple,
donor anonymity and medical secret non-disclosure.

The ART Order regulates mostly medical rules on egg
donation.The ART Order allows either for egg donation
(anonymous and donation by close relatives) and for
egg sharing, and it lists the requirements for the egg
donor.The egg donor should: be of certain age (from 18
to 36 years old); have her own healthy child; not have
negative phenotypic manifestations; have good state of
somatic health; not have contraindications, hereditary
diseases, drug and/or alcohol addiction. Egg donorship,
asamethod of treatment, is allowed only upon medical
indications, such as: the absence of eggs, risk of trans-
fer of hereditary diseases, unsuccessful attempts of in
vitro fertilization with a low quality of embryos and
unsatisfactory response of the ovaries to controlled
stimulation and repeated receipt of low-quality oocytes
and embryos.

The ART Order has norms that tend to protect the egg
donor, e.g. it limits the number of egg donation cycles
to eight per donor. There is a provision that the clinics
should provide donor with medical treatment during
thirty days after aspiration of oocytes in case of com-
plication. Further, the text of donor’s informed consent
shows that the egg donor should be provided with all
the information on potential complications after dona-

tion of eggs (including bleeding, inflammation, injury to
adjacent organs, ovarian hyperstimulation syndrome,
formation of ovarian retention cysts, allergic reactions
and other side effects of medicines etc.). The donor is
also provided with the information that in some cases
hospitalization and surgery may be needed.

In the end of 2021 and at the beginning of 2022
three draft laws on assisted human reproduction were
submitted to Ukrainian Parliament and all of them
regulate egg donation. The first draft of Law of Ukraine
“On Assisted Human Reproduction” No. 6475 dated
December 12,2021 was submitted by the Cabinet of
Ministers of Ukraine [18] and it foresees the definitions
of the terms“egg donation”and“donor of gametes”and
lays down mandatory genetic screening of gametes’
donors. Article 19 of this draft stipulates that the list of
medical contraindications for the gametes” donors and
the order of donor's medical check should be approved
by the Ministry of Health Care of Ukraine; the Ministry
of Health Care of Ukraine should also adopt the require-
ments and the order of donation of gametes, order of
their storage and recording of the donors. Article 19
also lays down the anonymity of egg’s donor and for-
bids the donors to have parental rights with regard to
the intended child as well as to try to find information
about the child and the personal data of recipients. In
the meantime, it is allowed for the donor to give the
clinic informed consent to disclose her personal data
when itis necessary for the interests or for the health of
the future child (e.g. the child's treatment of hereditary
diseases). Article 20 of the same draft ensures protec-
tion of the egg donor by the state, it obliges the clinic
to inform the donor on her rights and duties and the
order of conduction of assisted human reproduction
treatment. Article 21 states the age limits for egg donor
—from 18 to 36. Article 22 of the said draft foresees that
donation of eggs can be conducted on commercial and
non-commercial basis. The compensation to the donor
should be conducted in account of the recipient. This
draft law also entitles the Cabinet of Ministers of Ukraine
to adopt the order of eggs transfer within Ukraine as
well as in and out of Ukraine.

Alternative law draft was filed by the Member of
Ukrainian Parliament, Oleksandr Danutsa. This draft of
Law of Ukraine “On Application of Assisted Reproductive
Technologies” No. 6475-1 dated January 11, 2022 [19]
also addresses the issues on egg donation. This law
draft foresees the definition of “egg donation’, “donor
of gametes”, “oocytes”. Chapter IV of the law draft spe-
cifically deals with the donation of gametes and lays
down the following rules. Egg donation can be done
only on the basis of donor's informed consent. Any
medical contraindications for donors and the order of
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their medical check should be adopted by the Ministry
of Health Care of Ukraine. The draft excludes the donor's
parental rights to the future child and even forbids the
donorsto look for the child and the recipients. The state
protects the donor and the donor should be informed
by the clinicabout her rights and duties and the proce-
dure of donation. Egg donor should be 18 -36 years old,
should have her own healthy child and should not have
any medical contraindications for donation. The draft
law also provides with a minimum requirements for
donor medical check (notless than listed in Commission
Directive 2006/17/EC of 8 February 2006 implementing
Directive 2004/23/EC of the European Parliament and of
the Council as regards certain technical requirements
for the donation, procurement and testing of human
tissues and cells). Rules on coding of donors should
be adopted by the Ministry of Health Care of Ukraine,
following the principle of traceability. Egg donorship
could be anonymous or non-anonymous (in case of
donation to relatives or if the donor and recipients have
filed common application). Financial compensation
to donors shall be provided by the clinics, altruistic
donation is allowed. The Cabinet of Ministers, as in the
case with the first law draft, is entitled to adopt the
order of eggs transfer within Ukraine as well as in and
out of Ukraine.

Another alternative law draft “On Application of As-
sisted Reproductive Technologies and Surrogacy” No.
6475-2 dated January 13,2022 [20] was filed by a group
of Members of Ukrainian Parliament. Like the previous
drafts, this draft also foresees the definitions of the
terms “gametes’ donation’, “gametes’ donor”. Chapter
Il of the law draft is dedicated to egg donation. Egg
donor should be 20 - 36 years old and have her own
health child. Medical contraindications for donors and
the order of their medical check should be adopted by
the Ministry of Health Care of Ukraine. The draft foresees
the obligation of the clinic to inform the egg donor on
her rights and duties and the procedure of donation;
the information should be given by competent person
in appropriate way and using the language appropri-
ate for the donor. The egg donor does not acquire any
parental rights towards the future child and also is not
allowed to look for the child and the recipients. Article
13 of the law draft foresees the rights and duties of
the donor. Both anonymous and non-anonymous egg
donation are allowed, the latter being legal in cases of
donation to relatives or if the donor and recipient filed
common application. Information about the donor
can be disclosed to the recipients or other clinics upon
voluntary informed consent of the donor when donor
is the relative of recipients; upon mutual consent of re-
cipients and donor and also in cases when disclosure of
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the information is necessary for treatment of the child’s
hereditary disease. A very positive offer is that donor’s
compensation shall be conducted in the order, adopted
by the Cabinet of Ministers of Ukraine. Altruistic egg
donation is also allowed. This law draft does not allow
transfer and selling of gametes out of Ukrainian territo-
ry.The way of transfer of gametes within the borders of
Ukraine, into the territory of Ukraine and conditions of
their storage during the transfer should be regulated
by the Cabinet of Ministers of Ukraine.

Despite the recent legislative initiatives, that are cur-
rently considered by Ukrainian parliament, the current
rules of Ukrainian legislation on egg donorship have
some loopholes that should be addressed.

First of all, there is no state donor registry of egg donors.
The lack of such register can cause several problems
- e.g. the egg donor can overgo through more than
eight cycles of egg donation and it will be impossible
to trace it. Secondly, the information about the donors
is kept only by separate clinics and in case if the leg-
islation will allow for the rights to information about
the child’s genetic origin - it will be difficult to find
the information about egg donors. The legal doctrine
discusses also the necessity of limiting the number of
eggs retrieved from one donor in order to avoid the
possibility of future marriage between the children of
the same donor [21]. Although, there is lack of studies
on statistics of such cases in Ukraine, the mere “threat”
of such situation should be avoided.

Secondly, the scope of compensation for egg donors is
not regulated and should be addressed. For example, in
the United States of America, the Ethics Committee of
the American Society for Reproductive Medicine came
to conclusion that “financial compensation of women
donating oocytes for reproductive or research purposes
is justified on ethical grounds and should acknowledge
the time, inconvenience, and discomfort associated
with screening, ovarian stimulation, oocyte retrieval,
and postretrieval recovery and not vary according to
the planned use of the oocytes or the number or qual-
ity of oocytes retrieved” [22]. In the United Kingdom
of Great Britain and Norther Ireland, egg donor gets
a compensation for egg donation in amount of up to
£750 per donation [23]. The law draft “On Application
of Assisted Reproductive Technologies and Surrogacy”
No. 6475-2 dated January 13, 2022 tries to address this
issues by referring to adoption of the rules on donor's
compensation by the Cabinet of Ministers of Ukraine.

Thirdly, the current Ukrainian legislation does not
foresee the right to know about genetic origin and does
not contain any rules on disclosure of egg donor's ano-
nymity if it is in the interests of the child. The law drafts
contain some rules on disclosure of donor’s anonym-
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ity, however in our opinion, the legislation should be
amended to follow the examples of the states when the
child has full access to the information about the donor
(e.g. following the example of the United Kingdom of
Great Britain and Northern Ireland).

CONCLUSIONS

Ukraine is a very liberal jurisdiction, allowing egg
donation. Before the war, started by the Russian Fed-
eration against Ukraine on February 24, 2022, Ukraine
was a very popular touristic destination for infertility
treatment. The rules on egg donation can be found in
different laws and sub-laws of Ukraine and this frag-
mentary regulation is not sufficient. Currently Ukrainian
Parliament considers three law drafts, dedicated to
regulation of assisted human reproduction and all of

the law drafts contain special norms of egg donation.
Existing legal framework in Ukraine has some serious
lacunas that can resultin violation of rights and interests
of donors and of the children. For example, the state
does not keep the unique state register of donors and
the donors potentially can donate more eggs than is
allowed by the ART order. Secondly, there are no rules
on compensation for egg donor and the simple check
of the web-sites of the clinics shows that the scope of
compensation may vary. Lastly, the current Ukrainian
legislation does not contain provisions ensuring pro-
tection of the child’s right to know about one’s genetic
origin, and thus to obtain the identifying information
about the donor. All these issues should be addressed
in order to establish a fair balance between the rights
and the interests of donors, recipients, the child and
the society.
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ABSTRACT

The aim: Study of Ukraine’s international obligations in the field of access to medical treatment and analysis of Ukrainian legislation in respect of exercising
the rights of patients to medical treatment in the conditions of Russia’s war against Ukraine.

Materials and methods: The analysis of requlatory legal acts of Ukraine and international standards was carried out using the comparative method.
Conclusions: The health care system of Ukraine has shown its effectiveness and focus on the protection of human rights and freedoms, as well as a vector for
the harmonization of Ukrainian legislation with the EU in the field of health care.
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INTRODUCTION

On 24 February 2022, Russia launched a military of-
fensive on the territory of the independent European
state of Ukraine. In connection with Russia’s military
aggression against Ukraine, the President of Ukraine
introduced martial law in Ukraine by his Decree No.
64/2022 dated 24 February 2022. From the very first
days, Russia has been shelling and bombing not only
military targets, but also industrial sites, critical in-
frastructure, medical facilities, defiantly shelling and
destroying civilian homes, committing war crimes and
crimes against humanity.

The conditions of martial law add the problems of
logistics and access of patients to continuous treatment
and, as a result, create an urgent need for measures to
be taken by the state. In connection with military op-
erations, a large part of the south and east of Ukraine
became temporarily occupied. In the territories tem-
porarily occupied by Russia, patients remain who need
continuous access to pharmaceuticals and medicinal
products. A significant part of Ukrainians was forced
to leave for EU and other countries in search of a safe
place. According to the UN, Europe is experiencing the
biggest migration crisis since World War Il. The Office
of the United Nations High Commissioner for Refugees
has estimated that more than 8.7 million people have
left Ukraine and more than 8 million Ukrainians became
internally displaced persons. This is the fastest forced
population displacement since World War Il [1]. For
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example, Poland is one of the countries that accepted
the largest number of Ukrainians who became forced
migrants. Most countries grant the right to social ben-
efits, access to housing and medical care to Ukrainians
who are forced to stay outside of Ukraine.

Since the first days of the war in Ukraine, the state, rep-
resented by the Public Health Center of the Ministry of
Health of Ukraine, has begun developing mechanisms
for obtaining access to medical treatment for persons
living with HIV who were forced to leave Ukraine due
to the war or remain in the temporarily occupied ter-
ritory of Ukraine. Half a year after the war has begun,
the Public Health Center of the Ministry of Health of
Ukraine is proceeding with continuous accumulation
and improvement of the mechanisms of access to med-
ical treatment for patients who temporarily stay outside
Ukraine and in the temporarily occupied territory of
Ukraine to exercise their inalienable right to treatment.

THE AIM

The aim of our study is to highlight two aspects of exer-
cising the rights of patients to medical treatment in war-
time conditions: patient’s physical access to treatment
(including access to the patient’s medical record) and
access in the context of removing the patent monopoly
on medicinal and medical products. Another objective
is to find out an effective state approach to exercising
the rights of patients to treatment in wartime conditions.
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MATERIALS AND METHODS

In order to achieve the results of our research, we
analyzed international documents and standards in
the field of human rights protection, in particular the
right to exercise access to medical treatment, including
persons living with HIV.

Research methods were used to achieve the set goal
and address the work task, taking into account the spe-
cifics of the study. In the course of the research, general
scientific methods and the logical method were used
in the development of recommendations for clarifying
an effective state approach to exercising the rights of
patients to medical treatment in wartime conditions.

REVIEW AND DISCUSSION

Important legal steps for Ukraine’s integration into
the European Union were taken as far back as 2014,
including the health care sector of Ukraine, when the
Association Agreement was signed between Ukraine,
on the one part, and the European Union, the European
Atomic Energy Community and their member states,
on the other part (hereinafter “the Association Agree-
ment”), where it was agreed that the parties shall de-
velop cooperation in the field of health care in order to
increase the level of its safety and protection of human
health as a prerequisite for sustainable development
and economic growth. Article 427 of the Association
Agreement defines the prevention and control of com-
municable diseases, such as HIV/AIDS and tuberculosis,
as one of the areas for cooperation [3].

In the first block of our study, it is proposed to con-
sider the patient’s physical access to treatment taking
into account the patient’s consent to access his medical
documents.

According to Ukrainian legislation, access to medical
documentation is closed to unauthorized parties, as it
contains confidential information. Thus, according to
Article 39-1 of the Law of Ukraine“Fundamentals of the
Legislation of Ukraine on Healthcare”, a patient has the
right to secrecy about his/her state of health, the fact
of seeking medical help, diagnosis, as well as informa-
tion obtained during the medical examination. It is
prohibited to request and provide information about
the patient’s diagnosis and treatment methods at the
place of work or study. Moreover, in accordance with
Part 3 of Art. 13 of the Law of Ukraine “On Countering
the Spread of Diseases Caused by the Human Immuno-
deficiency Virus (HIV) and Legal and Social Protection of
People Living with HIV", information about the results
of testing a person for the purpose of detecting HIV,
about the presence or absence of HIV infection in a
person is confidential and constitutes a medical secret.
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We must also take into account the provisions of Article
16 of the Law of Ukraine “On the Protection of Personal
Data” and Article 10 of the Law of Ukraine “On Access
to Public Information”.

Let us return to Article 39-1 of the Law of Ukraine
“Fundamentals of the Legislation of Ukraine on Health-
care”, which contains the definition of medical secret. A
medical secret means information about the disease,
medical inspection, examination and their results, inti-
mate and family aspects of a citizen’s life, which became
known to a health care provider or another person in
connection with the performance of professional or
official duties [4].

In accordance with Article 40 of the Law of Ukraine
“Fundamentals of the Legislation of Ukraine on Health-
care”, health care providers and other persons who,
in connection with the performance of professional
or official duties, became aware of an illness, medical
examination, inspection and their results, intimate and
family aspects of a citizen’s life, do not have the right
to disclose this information, except for cases provided
by legislative acts when the medical secret can be
disclosed without the consent of the person or his/her
legal representatives [4].

Part 1 of Article 286 of the Civil Code of Ukraine stip-
ulates that a natural person has the right to secrecy
about his/her state of health, the fact of seeking medical
help, diagnosis, as well as information obtained during
medical examination [5].

Given the specified legal norms, the patient’s rights
regarding disclosure of information about his/her
health are reliably protected by Ukrainian legislation.
However, during active warfare within Ukraine, both
patients and physicians were forced to leave the terri-
tory of Ukraine going to other countries, or to become
internally displaced persons in search of safer places
to stay. In connection with such events, there was a
disruption of communication and physical links be-
tween the patient and the physician / hospital where
the patient received treatment. At the same time, the
effective provision of medical care to people living with
HIV, especially in wartime conditions, depends on the
ability to access the patient’s medical record in order
to find out the treatment regimen, possible adverse
reactions to medication and concomitant conditions. In
the first days of the war, the Ukrainian healthcare sector
was challenged to provide treatment for patients who
had lost contact with their physician and the hospital
where they received antiretroviral therapy. The Public
Health Center of the Ministry of Health of Ukraine
started working to develop mechanisms for obtaining
information from the patient’s medical record and
arrange cooperation between medical institutions in
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the event of the need to provide medical assistance
to people living with HIV, including cooperation with
medical institutions of other countries.

Attention also should be drawn to the fact that access
to medical information of a patient living with HIV is
closed even between different providers of these med-
ical services in order to eliminate the stigmatization
of a person regarding his/her diagnosis. Therefore, an
important step was to develop a reliable and effective
mechanism to get access to medical records of patients
without violating their rights, including the right to
privacy about health status. In order to continue the
antiretroviral therapy cycle according to the scheme
by which the patient was treated, it is important for
the physician to know this scheme, since people living
with HIV can change the treatment scheme only once
in their life. Itis no longer possible to return to the pre-
vious treatment scheme, and it will become necessary
to provide the patient with other medicinal products.
Antiretroviral therapy is a mandatory component of
comprehensive medical care for HIV-infected persons,
since continuous lifelong antiretroviral therapy ensures
maximum suppression of HIV replication, restoration
of immune system function, prolongation and im-
provement of the quality of life of PLHIV, prevention
of the development of AIDS-related diseases and HIV
transmission [6].

According to this protocol, when a person living
with HIV applies to clinics in Europe, the following is
provided for:

- filling out of the “Application for providing informa-
tion on health status and treatment” by the patient;

- submission of this application to the department of
HIV infection management and prevention of the Public
Health Center to the e-mail _ in order to facilitate provi-
sion of information on HIV infection treatment from the
attending physician or health care institution where the
patient had been under medical supervision;

- filling out of information about the patient;

- patient applications are subject to registration.

An interesting initiative was launched within the
framework of the pilot project of Poland and Ukraine
with the aim of effective treatment of people living with
HIV who were forced to stay in Poland. WHO has started
funding two of four Polish NGOs, the project activities
of which are aimed at facilitating access to the health
care system and HIV prevention, care and treatment
for people living with HIV/AIDS and at-risk population
groups, focusing on refugees arriving in Poland from
Ukraine. Pilot initiatives will continue until December
31,2022. (2]

We should note the positive dynamics regarding the
implementation of access to patient treatment with

the adoption of the new Law of Ukraine “On Medicinal
Products” (hereinafter “the Law"), which is designed to
expand access of patients to exercising their natural
right to health. On 28 July 2022, the Verkhovna Rada
of Ukraine adopted in the second reading the Law of
Ukraine “On Medicinal Products”, the purpose of the
Law being to ensure health care for the population of
Ukraine by providing access to effective, high-quality,
modern and safe medicinal products, as well as to
implement certain provisions of the EU legislation
regarding medicinal products for human use [8]. The
adoption of the Law is a long-awaited step to bring its
provisions on the regulation of the medicinal products
circulation in line with the EU standards and expand
access to treatment. The Association Agreement im-
posed an obligation on Ukraine to develop cooperation
in the field of health care. Thanks to the Association
Agreement signed in 2014, which laid the foundation
for harmonization of the Ukrainian legislation with the
EU legislation, the Law has become a logical continu-
ation on the way to the European space, and Ukraine’s
obtaining the status of a candidate for the EU mem-
bership is a confirmation of that. The Law entered into
force on 18 August 2022 and will be carried into effect
30 months after the end of martial law in Ukraine, with
the exception of certain regulations. However, the Law
of Ukraine“On Medicinal Products”No. 123/96-VR dated
04.04.1996 continues to be in effect until the entry into
force of the Law No. 2469-1X dated 28.07.2022. Among
the main provisions of the Law, the following innova-
tions are worthy of attention:

- The mechanisms were established for conducting
programs of extended access of patients to unregistered
medicinal products and programs of access of research
subjects (patients) to the researched medicinal product
after the completion of a clinical study (trial), which fully
complies with the norms of the EU legislation and expands
human rights to access to medical treatment (Art. 7).

- An improved approach to clinical studies (trials) of
medicinal products was also established (Art. 10).

With the adoption of the Law, we see these innova-
tions as a positive transformation of patients’ access
to medical treatment in post-war times. Therefore, let
us pay attention to the practice of the European Court
of Human Rights regarding health care, since most of
its resolutions are a source of national law, including
Ukraine. An interesting case that we draw attention to
in the context of our research is the case No.47039/11
and 358/12 Hristozov and Others v. Bulgaria on access
to experimental treatment or medicinal product [9].
We can highlight the following from the case materials:
the applicants in the case are terminal cancer patients
who tried to obtain from the Bulgarian government
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the possibility to legally take experimental anti-cancer
pharmaceuticals. The pharmaceuticals have not been
approved for treatment in any of the European coun-
tries. However, in a number of countries including Ger-
many they were allowed for “compassionate use’, that
is, for such patients whom the conventional treatment
methods were no longer able to help. The applicants
appealed to the authorities to allow the use of these
medicinal products, which have not passed all phases
of clinical study in other countries, in Bulgaria. How-
ever, they were refused on the grounds that Bulgarian
legislation does not provide for such a mechanism. In
its resolution, the ECtHR noted that the development
of new medicinal products is a field that is constantly
influenced by scientific research and technological
progress. By denying the applicants (terminal patients)
any access to these products, the Bulgarian authorities
actually have completely disregarded their strong in-
terest in being able to try a treatment which, although
involving the acceptance of additional risk uncertainty,
could turn out to be their only chance to try to save
one’s own life. The ECtHR recognized that in this case
there was a violation of Article 8 “Right to respect for
private and family life” of the Convention for the Pro-
tection of Human Rights and Fundamental Freedoms
(European Convention on Human Rights).

Therefore, we believe that Articles 8 and 10 of the new
Law of Ukraine“On Medicinal Products”will significantly
expand access to treatment, including experimental
medicinal product, which for some patients are the last
chance and hope for recovery.

We also believe that these regulations will have pos-
itive dynamics in post-war times as well, for example,
during Russia’s military aggression against Ukraine, ac-
cording to UN data, more than 100 cases of war crimes
of sexual violence were recorded as of the beginning of
summer 2022 [10], such war crimes entailing injury and
mutilation of the victim, as well as high risks of infection
with HIV and other venereal diseases. At the same time,
the regulations of the new Law of Ukraine“On Medicinal
Products” will allow patients to participate in clinical
trials of the latest and innovative medicinal products.

The next block which we will cover concerns the exer-
cise of patient rights by removing the patent monopoly
on medicinal and medical products.

The problem of ensuring access to treatment gained
worldwide importance at the beginning of the 21st
century already, when the patent monopoly cameinto
conflict with fundamental human rights [7].

For many years, the scientificand human rights com-
munities in Ukraine have been raising painful issues of
human rights to health and access to the latest medic-
inal products.
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For a long time, the Ukrainian legislature needed
to address the issues of issuing patents for surgical or
therapeutic treatment methods and methods of diag-
nosing the human body, which violated the interests
of a person in one of the most important benefits such
as access to innovative treatment methods. Another
aspect was the possibility of providing legal protection
to a utility model patented as a substance, which in turn
allowed the pharmaceutical to be patented again and
again, and thus Ukrainian patients did not have the
opportunity to buy medicines at affordable prices due
to the “patent monopoly”.

On 21 July 2020, the Verkhovna Rada of Ukraine ad-
opted the Law of Ukraine “On Amendments to Certain
Legislative Acts of Ukraine (Regarding the Reform of
Patent Legislation)’, which from now on has the status
of the Law of Ukraine No. 816-IX and changes the patent
system, preventing the abuse of patent rights by pat-
ent owners, and therefore, expands the possibilities of
patients to access affordable, innovative, high-quality
medicines and methods of diagnosis and treatment.
After all, ensuring access to basic medicinal products
is a fundamental duty of the state in respect of human
rights.

Ukraine has reached a historical moment of shifting
emphasis in the field of legal protection of intellectual
property items towards the implementation of the
relevant provisions of the Agreement on Trade-Relat-
ed Aspects of Intellectual Property Rights (hereinafter
“the TRIPS Agreement”) and international obligations
in terms of legal protection of inventions and utility
models.

The patent reform which has finally taken place in
Ukraine will not extend legal protection to items de-
clared as inventions (utility models), namely: diagnostic,
therapeutic and surgical methods of treating humans
or animals, from now on, they are excluded from the
scope of patentable subjects, such a provision is stipu-
lated by Art. 27.3(a) of the TRIPS Agreement. Ukrainian
physicians will have legal rights to use the best methods
of patient treatment and diagnostics without the need
to obtain permission from the patent owner. In this case,
the inventor of the treatment procedure or method will
have a personal non-property right to be the author of
such treatment procedure or method.

Let us find out how the patent reform will affect the
field of medicine and pharmacy and ensure access
for Ukrainian patients to high-quality and affordable
medicinal products. Ukraine has a sufficient invento-
ry of both original (branded) and generic medicinal
products, as well as, until recently, the opportunity to
patent procedures and methods of human treatment
and diagnostics. Physicians faced the difficult question
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of choosing a medicinal product and treatment method
for the rational pharmacotherapy of the patient, the
mostimportant aspect being the price of the treatment
cycle. Because of the high cost of medicinal products,
48.8% of Ukrainian patients refused treatment, and
56.5% reduced the number of prescribed pharmaceu-
ticals or used only a part of them for financial reasons.
Such statistical data were presented in the results of
the study “Free Medicine".

The question arises why medicines are so expensive
for patients in Ukraine? The main reason is the imperfect
patent system that made it possible to patent the orig-
inal medicinal product repeatedly, despite the fact that
the legal protection term is 20 years for the invention
and 10 years for the utility model, unscrupulous patent
owners patented the same active substance that was no
longer innovative through treatment procedures and
methods, which is absurd for European countries. Most
often, it was patented as a useful model, the intellectual
property rights for which were previously acquired
according to a simplified procedure. The legal protec-
tion was thus continued, preventing generic medicinal
products from entering the market and providing af-
fordable and high-quality pharmaceuticals to patients.

In Ukraine, in accordance with the previous version of
the Law of Ukraine “On Legal Protection of Inventions
and Utility Models’, the concepts of “invention” and
“utility model”were defined exactly the same, and in the
second part of Article 6, legal protection was provided
to the object of the invention (utility model), respective-
ly for: the product (device, substance, microorganism
strain, plantand animal cell culture, etc.); process (meth-
od), as well as a new application of a known product
or process. Thus, manufacturers of medicinal products
had legal grounds in Ukraine to obtain a patent for the
same product after the expiration of the patent through
a process, method, and new application of a known
product or method.

Thus, in the EU, legal protection of procedures and
methods of treatment and surgical techniques was
abandoned. Such monopolization of intellectual prop-
erty rights is considered a violation of human rights to
life and health. This is the reason why we did not find
any judicial resolution of the Practice of the European
Court of Human Rights from EU patients.

Harmonization of the provisions of the Ukrainian
legislation with the provisions of the EU in this direction
provides patent protection to innovations in the field of
medicine, and not to fake patents for the procedure of
surgical intervention or the method of treatment, etc.
Intellectual property is designed to protect the true
new pharmaceutical findings of inventors and plays a
significant role in scientific progress and the develop-

ment of innovation, allowing inventors to protect the
results of their creative activity without abusing them.

But, unfortunately, our search in the database of
“inventions (utility models) in Ukraine”revealed a valid
patent No. 104476 Annular Bundle and Method of its
Manufacture [11], therefore, in Ukraine the patent still
protects previously patented absurd inventions the
effective term of which is still valid: medical tourniquet
bundles and other medicinal and medical products that
received a patent for such an intellectual property item
before the new standards of patent reform came into
effect. This does not apply to medical products that are
imported to Ukraine today as humanitarian aid for the
needs of servicemen and civilians who were injured to
stop bleeding. A problem may arise if tourniquet bun-
dles that are subject to patent protection are brought
to Ukraine as humanitarian aid.

It should be noted that in order to resolve the hu-
manitarian problems faced by the Ukrainian health
care system due to the Russian invasion, the Ukrainian
Government shall address the issue of the supply of
medicinal and medical products to patients applying all
possible legal mechanisms, including those envisaged
by intellectual property laws.

Ukraine is a party to a number of bilateral and mul-
tilateral international treaties that regulate the protec-
tion of intellectual property rights, including the TRIPS
Agreement. The TRIPS Agreement establishes minimum
standards for the protection of IP rights that all mem-
bers of the World Trade Organization (WTO), including
Ukraine, are obliged to ensure. As part of its assumed
obligations to ensure effective protection and imple-
mentation of intellectual property rights, Ukraine must
comply with the requirements of the TRIPS Agreement.
However, the TRIPS Agreement also contains certain
exceptions to the fulfillment of such obligations. Giv-
en the fact that Ukraine is currently a state at war, it is
possible to apply the provision of Article 73 “Security
Exceptions”of the TRIPS Agreement. The said provision
goes as follows: “Nothing in this Agreement shall be
construed: ...b) to prevent a Member from taking any
action which it considers necessary for the protection
of its essential security interests: ... iii) taken in time of
war or other emergency in international relations...". In
other words, paragraph (b) of Article 73 contains an in-
troductory part that qualifies actions in taking of which
by a WTO member there may not be any interference,
namely the actions “which it considers necessary for
the protection of its essential security interests”. Such
actions may be taken despite a member’s obligations
under TRIPS. That is, this provision guarantees that WTO
members have the right to refer to the protection of
their essential security interests in order to justify ac-
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tions that are not actually corresponding to TRIPS. Thus,
Article 73 of the TRIPS Agreement essentially acts as an
exception or defense against allegations of violation of
TRIPS obligations [13].

The Ukrainian state has every right to apply Article 73
of the TRIPS Agreement to protect the lives and health
of people in Ukraine, which are fundamental especially
during wartime, and the restriction of intellectual prop-
erty rights to critically needed medicinal or medical
products precisely means the protection of the state’s
security interests.

The Scientific Research Institute of Intellectual
Property of the National Academy of Law Sciences of
Ukraine has developed, for the purpose of implemen-
tation into the national legislation in the field of intel-
lectual property rights of the legal grounds available
in international law for the limitation of intellectual
property rights in order to provide the population with
critically important medicinal and medical products,
the Draft Law of Ukraine“On Providing the Population
with Critically Needed Medicinal and Medical Products
During the Martial Law and for the Period of Over-
coming the Consequences of the Military Aggression
of the Russian Federation against Ukraine” which
was submitted to the Committee of the Verkhovna
Rada of Ukraine for Economic Development and to
the Committee of the Verkhovna Rada of Ukraine for
National Health, Medical Care and Medical Insurance
on the basis of Article 73 of the TRIPS Agreement and
of the Law of Ukraine “On the Legal Regime of Martial
Law”. The said Draft Law proposes to the Verkhovna
Rada of Ukraine to establish restrictions on intellec-
tual property rights regulated by the legislation of
Ukraine, including patents, supplementary protection
certificates, copyrights, industrial designs, trade se-
crets, exclusive data and other intellectual property
rights (except for trademarks) related to medicinal
and medical products applied to save life and health
of people who suffered both directly as a result of the
military actions of the aggressor and indirectly due
to the impossibility of supplying a sufficient amount
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ABSTRACT

Mechanical heart compression, including that from mediastinal tumor, may cause Brugada-like ECG pattern. Such ECG pattern might also be observed
in intracardiac tumor obstructing the right ventricular outflow tract (RVOT). Eight cases with Brugada-like ECG and tumors involving RVOT have been
described so far; 4 growing in the mediastinum (with one example of inflammatory mass), 3 with intracardiac location, and 1 being an organized
pericardial hematoma.

The authors present other 3 cases of intracardiac metastatic tumors in RVOT and Brugada-like ECG pattern with coved ST-segment elevation in the right
precordial leads. All patients had negative history of cardiovascular disease or familiar malignant arrhythmia occurrence. ECG were done routinely; none
of the patients had chest pain or an increased level of cardiac troponins. In all patients, neoplastic disease was at advanced stage. A 76-year-old male, had
a history of four neoplasms: bladder cancer was being treated with chemotherapy, while prostate, tongue, and lung cancers had been resected years ago
and no signs of local relapse were found. A 78-year-old female, was diagnosed with colon cancer 1 month after an episode of venous thromboembolism.
Six months after the resection of cancer, second focus of adenocarcinoma was found in the rectum. Third patient, a 65-year-old-male had undergone
nephrectomy for renal cancer a year before cardiac metastasis diagnosis.

KEY WORDS: Brugada-like ECG, right ventricular outflow tract, mediastinal tumor, intracardiac tumor

INTRODUCTION

Mechanical heart compression may be a cause of Bruga-
da-like ECG pattern with specific (coved or saddle-back)
ST segment elevation (STE) in patients without true Bru-
gada syndrome, i.e., Brugada phenocopy [1, 2]. Clinical
conditions include: pectus excavatum [3], chest trauma
[4], large pericardial effusion [5], acute pneumothorax [6],
spontaneous pneumopericardium [7], retrosternal stomach
reconstruction (in esophageal cancer patients) [8] and me-
diastinal tumors growing in the neighborhood of the right
ventricular (RV) wall, especially RV outflow tract (RVOT) [2].
However, Brugada-like ECG pattern mightalso be observed
in intracardiac tumor obstructing RVOT. Eight cases with
Brugada-like ECG and tumors associated with RVOT have
been described so far; 4 growing in the mediastinum (in-
cluding one inflaimmatory mass) [9-12], 3 with intracardiac
location [13-15], and one being an organized pericardial
hematoma [16].
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THE AIM

The purpose of this paper is to present 3 new Bruga-
da-like ECG cases associated with intracardiac metastat-
ic tumor and to analyze the clinical data of all published
ones with such ECG pattern in the presence of tumor
involving RVOT.

CASE SERIES REPORT

All of 3 our patients were at advanced cancer stage
in the moment of intracardiac metastatic tumor diag-
nosis, all were examined due to the right ventricular
heart failure exacerbation; two of them died during
hospitalization, one soon after discharge. They had
negative history of cardiovascular disease or familiar
malignant arrhythmia occurrence. Their ECG, echocardi-
ography, and computed tomography (CT) are collected
in figure 1.
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Fig. 1. Case 1-3. ECG - precordial leads
(A), intracardiac metastatic tumor (Tu)
in RVOT in TTE (B) and in CT (C). TTE
- transthoracic echocardiography, (T
- computed tomography, RVOT - right
ventricular outflow tract, RV - right
ventricle, LV - left ventricle, RA - right
atrium, PA - pulmonary artery.

Fig. 2. Heart histopathology (case 3):
the infiltration of renal carcinoma cells
into the pericardial fat and RV myo-
cardium (A), cancer mass in RV cavity
covered with fibrin, deeper - necrotic
mass (B), neoplastic involvement of
interventricular septum vessels (C);
magnification: 100x (A-B), 40 x (C);

ECG which showed Brugada-like STE in the right pre-
cordial leads (in case No 3 with coexistent right bundle
branch block -RBBB) were done routinely; none of the
patients had chest pain or an increased level of cardiac
troponins. Previous ECG had been all normal. Echocar-
diography was the first examination which revealed

hematoxylin and eosin stain

tumor. First patient, a 76-year-old male, had a history
of four neoplasms: bladder cancer was being treated
with chemotherapy, while prostate, tongue, and lung
cancers had been resected years ago and no signs of
local relapse were found. Second patient, a 78-year-old
female, was diagnosed with colon cancer 1 month after
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Table I. Clinical data of published cases with Brugada-like ECG and mediastinal tumor compressing RVOT or intracardiac tumor obstructing RVOT

Patient age/ Method of tumor Brugada ECG
Case number X .
gender/ .. imaging and pattern, Therapy/
Author Tumor description A .
L symptoms/ underlying disease other ECG outcome
(publication date) . . .
other diagnosis findings
52/M/ Large anterior
1 palpitations mediastinal tumor type 1 tumor removal,
y ! X echocardiography, (STEinV1-V3), adjuvant radiotherapy,
Tarin recurrent chest displaced RVOT, . A
. . MRI coexistent clinical improvement
1999 [9] pain/ metastatic breast . R
; incomplete RBBB STE disappearance
PAF carcinoma
2., . 44/F./ pericardial organized echocardiography, type 1 . t'umgr removal,
Tomcsanyi dyspnea/history of hematoma MRI (STE inV1-V3) clinical improvement,
2002 [16] rheumatoid arthritis STE disappearance
3 52/F/ mediastinal type 1 antibiotics,
) history of . echocardiography, (STEinV1-V4), amelioration of RV
Nakazato . inflammatory mass . fai
2003 [10] pulmonary stenosis compressing RV MRI coexistent ailure symptoms,
and recurrent RVHF incomplete RBBB STE resolution
r'habdomyo.ma tumor reduction,
in the anterior R
4. interventricular ECG normalization at
Nguyen 17months/F . echocardiography type 1 age 21 months,
2011 [13] septum, extending negative genetic
into RV and LV free .
testing
walls
massive intracardiac c::gzg;ffgly
65/F/ tumor invading RA . . .
5. . R CT, intracardiac transplantation
Sato fatigue, and RV wall, projecting echocardiography with type | remission of
palpitations, pitting to RVOT/ ography (STEinV1-V3)
2011 [14] . < . biopsy lymphoma, ECG
edema primary intracardiac L
lymphoma normalization,
Y 2-year follow-up
mediastinal giant
6. 33/F/ lipoma (20.x 14x7 T, type 2 tumor exc.|5|o_n,

. c¢m) extending from . (STEinV1-V2), ECG normalization,
Asteriou dyspnea, ) histopathology of tumor . ) .
2013 [11] palpitations the right lateral excised coexistent negative provocative

thoracic wall to the incomplete RBBB test
pericardium
§6/F/. . . . PET, CT, . wide QRS tachycardia
7. negative history intracardiac metastasis . type 1inV1, R
. histopathology (needle . after biopsy,
Schnegg for chest pain, of rectal cancer bioosy of perimvocardial negative T waves alliative treatment
2016 [15] palpitations, in RVOT psy of perimy inV2-v4 P
region of RVOT of cancer
syncope
stent implantation
79/F/ . (RCA),
?
8 precordial pain with  large mediastinal NHL echocardlgrgraphy @ (STEtiynp\e/11_V2) chemotherapy,
o epigastric radiation, compressing PA . ! ; ! immunotherapy,
Pérez-Riera histopathology coexistent ST -
dyspnea, syncopal and RVOT . ST radiotherapy,
2018[12] X (transthoracic needle depression in
episode/ aspiration) inferolateral leads reversal of STE,
coexistent CAD P negative provocative
test
9. 76/M/ intracardiac metastatic echocardiography, palllatlvg treatment,
Elikowski dyspnea tumor in RVOT, cT, type terminal care,
yspnea, . ! probably bladder cancer (STEinV1-V3) death soon
2023, [present case No 1] RVHF history of 4 neoplasms - )
metastasis after discharge
78/F/ . . . . o
10. dvspnea intracardiac metastasis echocardiography, tvoe 1 palliative treatment,
Elikowski )IngHF/ ! of colorectal cancer CT, histopathology of (STE)i/r?W v2) death during
2023, [present case No2] PAF in RVOT primary (colorectal) foci hospitalization
11. 65/M/ intracardiac mgtastams echocardiography, CT, type 1 palliative treatment,
. . of renal cancer in RVOT . : .
Elikowski dyspnea, (nephrectom heart histopathology (STEinV1-V3), death during
2023, [present case No 3] RVHF P Y (autopsy) coexistent RBBB hospitalization

1 year earlier)

RVOT - right ventricular outflow tract, RV - right ventricle, RA - right atrium, LV - left ventricle, PA - pulmonary artery, RCA - right coronary artery, STE
- ST- segment elevation, RBBB - right bundle branch block, MRI - magnetic resonance imaging, (T - computed tomography, PET - positron emission
tomography, PAF - paroxysmal atrial fibrillation, RVHF - right ventricular heart failure, CAD - coronary artery disease, NHL - non-Hodgkin’s lymphoma
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an episode of venous thromboembolism. Six months
after the resection of cancer, second focus of adenocar-
cinoma was found in the rectum. Cardiac involvement
was diagnosed on echocardiography when her clinical
status deteriorated after the operation. Third patient,
a 65-year-old-male had undergone nephrectomy for
renal cancer a year before cardiac metastasis diagno-
sis. In retrospective analysis of CT performed before
nephrectomy (not shown), small cancer metastasis
in RVOT could be identified. Heart histopathology in
case 3 revealed the infiltration of renal carcinoma cells
into the pericardial fat and RV myocardium, cancer
mass covered with fibrin in RV cavity and neoplastic
involvement of interventricular septum vessels (Fig. 2).

Clinical data of all 11 patients (3 males) with Bruga-
da-like ECG and mediastinal or intracardiac tumor are
collected in table I. Six patients were 65 or older, one
female subject was a child. More important symptoms
were dyspnea, RV heart failure and palpitations. All
tumors were large in size. Mediastinal tumors were
diagnosed as: lipoma, non-Hodgkin lymphoma, inflam-
matory mass. Two intracardiac masses were primary
cardiac tumors (rhabdomyoma, lymphoma), remaining
ones were metastases (two from colorectal cancer,
one from renal cancer, one unspecified in a male with
a history of 4 neoplasms). Benign mediastinal tumors
were observed in younger adult patients (33-52 years).
Advanced age (65-79) was associated with aggressive
intracardiac metastatic cancer or intracardiac/medi-
astinal lymphoma. In 10 patients coved ST segment
elevation (STE), meaning type 1 Brugada ECG pattern,
was present; one female had saddle-back STE consistent
with type 2 Brugada ECG pattern. Four patients had
coexistent RBBB; in three cases block was incomplete.
Ventricular arrhythmia was observed in only one pa-
tient, but it was a complication of myocardial biopsy.
In six patients, proper therapy (surgery, radiotherapy,
chemotherapy, stem cell transplantation, antibiotic
therapy) caused clinical improvement as well as ECG
normalization. In four older patients (including 3 ours)
neoplastic disease was at advanced stage which led to
death; therefore, ECG normalization was not possible.

DISCUSSION

Local pressure applied to the RV wall has been reported
to induce Brugada-like ECG pattern [2]. The ability of
local pressure to give rise to STE in the right precordial
leads has been demonstrated experimentally in the
arterially perfused RV wedge preparation; focal pressure
was shown to cause loss of the action potential dome
at some right epicardial sites [17]. Those observations
explain why mechanical heart (especially RVOT) com-

pression by mediastinal tumor or pericardial mass, may
be responsible for generating specific ECG alterations
of repolarization [9-12]. Considerable size of tumor
[11] and location in the anterior mediastinum [10-12]
particularly predispose to such situation. In the moment
of diagnosis, reported tumors were large or even giant,
e.g., lipoma described by Asteriou et al.[11], no matter
if tumor is benign [11], malignant [9, 12], inflammatory
[10] or is an organized pericardial hematoma [16].

Mechanism of Brugada-like STE in RV intracardiac
tumor seems to be more complex than that resulting
from mediastinal mass compression. The role of he-
modynamic deterioration related to RVOT obstruction
should not be excluded. However, in large intracardiac
tumors (e.g., like in our case 1 and 3), changes of the
heart position in the chest due to tumor proliferation
may also be associated with compression (from the
outside) of RV areas responsible for ECG alterations
[14]. In patient reported by Schnegg et al., large neo-
plastic mass involved peri-myocardial region of RVOT
[15]. Nguyen et al. observed Brugada phenocopy in
female infant with large rhabdomyoma extending
from interventricular septum into the RV and LV free
wall and resulting in heart displacement [13]. Sato et
al. described a patient with primary cardiac lymphoma
invading a significant amount of the RV and causing
marked cardiac distortion around the longitudinal
axis [14]. On the other hand, myocardial infiltration in
hematological disorder, without evident signs of int-
racardiac or extracardiac tumor, may also induce ECG
pattern mimicking Brugada syndrome [18]. Neoplastic
or inflammatory infiltration and local edema of RVOT
myocardium may (unevenly in respective myocardial
layers) disturb cells action potential which produce
transmural gradient. Right ventricular metastases,
including RVOT location, are observed in different
cancers; e.g., colorectal [19], renal [20, 21], bladder
[22], tongue [23, 24], and lung cancer [25]. By applying
the approximate frequencies of cardiac tumors cate-
gorized by type and site, an intracavitary RVOT tumor
is 70 to 140 times more likely to be malignant than
benign [26]. Metastatic obstruction of RVOT should be
considered in the absence of widespread malignancy
because the heart was the sole site of metastasisin a
half of autopsy patients [27].

Probably, Brugada-like STE in pulmonary embolism
should be also considered in the aspect of RVOT me-
chanical compression, since it is observed in patients
with severe RV dilatation [28]. Mechanical causes of
Brugada-like ECG listed in the introduction, can be
completed by some interventional procedures like
pericardiocentesis [29] and radiofrequency catheter
ablation of atrial fibrillation.
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In all but one of the analyzed patients, type 1 Brugada
pattern was present. It was also dominating type in other
cases identified as examples of mechanical heart com-
pression [1]. It should be remembered that mediastinal
orintracardiac tumor sometimes manifests as arrhythmia
and some patients complain with palpitation, which
in the presence of STE simulating Brugada syndrome,
favors misdiagnosis. Yet, only one female in the group,
had ventricular tachycardia provoked by myocardial bi-
opsy. Apart from Brugada-like ECG, other repolarization
abnormalities, may be observed in patients with tumors
involving RVOT. In some of them, STE mimicking myocar-
dial infarction and extending to lateral precordial leads,
can be seen [24]. Causes of STE associated with cardiac
neoplasm include: direct compression of coronary arter-
ies, tumor extension/embolization to coronary lumen,
neoplastic pericardium invasion, direct myocardial
injury or physiochemical action [30]. The most frequent
ECG features in patients with RVOT tumor are right axis
deviation and right bundle branch block [19].

As in the previously described by the authors case
with Brugada-like ECG and fatal pulmonary embolism
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