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ORIGINAL RESEARCH

D.N. Vasiliev, D.E. Kulbakin, E.L. Choynzonov, S.V. Avdeev, 
M.N. Stakheyeva, L.V. Gerdt, A.A. Lee, D.Y. Azovskaya,
D.A. Shishkin, A.V. Shvetsova

INFLUENCE OF ANAESTHESIA
ON THE IMMUNE STATUS OF PATIENTS 
WITH MALIGNANT NEOPLASMS
IN THE OROPHARYNGEAL REGION

The immune system, as the main factor in protecting the body from the action of infectious, 
viral agents, as well as performing anticancer surveillance, undergoes a number of negative 
changes during surgery. With surgical intervention that causes a stress response and the effects 
of anesthetics, immunosuppression is formed, which in turn reduces the quality of medical care 
to patients, increases the duration of hospital stay, as well as the development of a number of 
complications. The purpose of the study was to evaluate the effect of pre-carbohydrate loading 
and perioperative administration of dalargin on immunity indicators in patients who underwent 
surgery for malignant neoplasms of the oropharyngeal region. Materials and methods. 58 pa-
tients operated on for malignant neoplasms of the oropharyngeal region were examined. Patients 
are divided into 2 groups. In the main group (n=29), patients received a carbohydrate load of 400 
ml for 12 hours and 200 ml for 2 hours before surgery, used multicomponent general anesthesia 
with the introduction of dalargin at a dosage of 45-55 mcg/kg/min, at the end of the operation, 
dalargin was administered 1 mg intramuscularly. In the control group (n=29) was multicomponent 
general anesthesia. The morphological composition of blood, the content of cytokines (IL-1β, 
-6, -8, -10, INF-γ and TNF-α) and immunoglobulins (IgA, IgM, IgG) were determined. Results. 
The level of lymphocytes in the postoperative period up to 7 days was significantly higher in the 
main group than in the control group, where there was a decrease in this indicator relative to the 
preoperative level. A significant increase in rod-shaped neutrophils in the control group also per-
sisted up to 7 days after surgery. On the 1st day after surgery, the cytokine content significantly 
increased in both groups. The values of IL-1ß, IL-6, IL-8, INF-γ, TNF-α were significantly higher 
in the control group, however, on the 7th day after surgery, significant differences between the 
groups remained only in the indicators of IL-8, INF-γ. When assessing the level of immunoglob-
ulins, statistically significant differences were revealed between the groups – in the main group, 
the concentration of IgA on day 1 and IgG on day 7 after surgery was higher. The content of CRP 
in both groups increased significantly on the next day after surgery, and in the main group the 
indicators were statistically significantly lower compared to the control group. The level of CRP 
in both groups remained above the initial values up to 7 days after surgery. Conclusion. The use 
of enkephalin, dalargin, as a component of anesthetic support in the perioperative period in the 
surgical treatment of malignant neoplasms of the oropharyngeal region is associated with a lower 
concentration of pro-inflammatory interleukins, an increase in IgG concentration compared with 
endotracheal multicomponent anesthesia and may contribute to the activation of an antitumor 
immune response.

Keywords: dalargin, anesthesia, immunity, depression, stress protection.

UDC 616.31-006.04: 616.32-006.04: 
616 - 008.9 - 005.2 - 059-089.5

Introduction. The state of the immune 
system is of great importance in the life 
of the human body, having a significant 
impact on the incidence of postoperative 
complications, the duration of postoper-
ative rehabilitation, and, most important-
ly, can affect the final result of treatment 
of the underlying disease. On the other 
hand, the surgical stage of treatment can 
have a negative impact on the immune 
status of patients.

In modern medical practice, there is 
substantial and convincing evidence con-
firming the almost inevitable occurrence 
of postoperative immunosuppression [11]. 
Such immunodeficiency can manifest it-
self in varying degrees and is the result 
of a complex interaction of many factors.

Surgical methods of treatment, 
through the activation of various compo-
nents of humoral and cellular immunity, 
are accompanied by local or systemic 
inflammatory reactions and lead to dis-
turbances in carbohydrate metabolism - 
insulin resistance [14]. In this condition, 
excess glucose independently causes 
hyperproduction of proinflammatory cy-
tokines [15]. This, in turn, increases ca-
tabolism and mobilization of energy sub-
strates, which also negatively affects the 
patient’s postoperative recovery and the 
prognosis of his treatment.

It is important to emphasize that a 
negative effect on the immune system is 
characteristic not only of surgical inter-
vention, but also of anesthesia compo-
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nents [10,6]. One of the leading roles in 
this is provided by analgesics – opioids. 
Despite the significant positive role of 
this group of drugs, without which it is 
impossible to carry out traumatic surgical 
interventions, they also have a number 
of disadvantages such as inhibition of 
phagocytosis by neutrophils, inhibition of 
the proliferative ability of macrophages, 
decreased production of anti-inflamma-
tory cytokines IL-10 and IL-12, immuno-
globulins, IL-2 , INF-γ, NK cell activity, 
and inhibition of lymphocytic proliferation 
[16,8]. All this, along with stimulation of 
angiogenesis [19] is a significant factor 
in the suppression of the immune sys-
tem and can contribute to the progres-
sion of the tumor process [13].Conse-
quently, the developed dysregulation of 
the immune system must be neutralized 
by choosing anesthetics that minimally 
inhibit immune reactions.

In the context of immunomodula-
tion, an important link and mechanism 
that corrects the systemic inflammatory 
response to stress, prevents immuno-
suppression and increases the body's 
stress immunity is the use of a com-
bination of a preliminary carbohydrate 
load and dalargin. The prerequisites 
for the use of dalargin in an anesthet-
ic regimen were data on antinocicep-
tive, antistress, immunomodulatory, 
and organoprotective effects [12,20]. 
In addition, a number of studies have 
confirmed the safety of using dalargin 
in cancer pathology [1].

Purpose of the study. To evaluate the 
effect of preoperative carbohydrate load-
ing and stress protection with dalargin, 
as a component of anesthesia, on the 
immune status of patients with malignant 
neoplasms of the oropharyngeal region

Materials and methods. The present-
ed work is a single-center prospective 
study. The formation of groups of patients 
was carried out using the case-control 
method. The study was conducted with 
permission from the local ethics commit-
tee of the Oncology Research Institute 
of the Tomsk National Research Medical 
Center (protocol No. 2 of 01/18/2023).

Inclusion criteria:
•	 availability of voluntary informed 

consent of the patient;
•	 diagnosis of cancer of the oral 

cavity and oropharynx T1-4 N0-3 M0 
stage;

•	 patient age from 18 to 75 years;
•	 Class II–III according to the 

classification of the physical status of 
patients of the American Society of Anes-
thesiologists;

•	 areas of surgical intervention: 
oral cavity, oropharynx, +/- lymph node 

dissection of the neck (according to indi-
cations);

•	 normal white blood cell count.
Non-inclusion criteria:
•	 refusal of treatment;
•	 disseminated or inoperable tu-

mor process;
•	 concomitant decompensated 

diseases;
•	 history of diabetes mellitus;
•	 emergency operations;
•	 perioperative blood transfu-

sions.
The study included 58 patients (Table 

1) with operable cancer of the oropha-
ryngeal region who were treated at the 
Department of Head and Neck Tumors 
of the Oncology Research Institute of the 
Tomsk National Research Medical Cen-
ter. Patients were comparable in age, an-
thropometric data and ASA.

The patients underwent the following 
surgical interventions as planned (Table 
2):resection of the lower jaw with a recon-
structive plastic component, glossectomy 
with reconstructive plastic component, 
wide excision of the cheek tumor with 
reconstructive plastic component, com-
bined resection of the oropharynx. If indi-
cated, lymph node dissection of the neck 
was performed on one or both sides. 
During surgical intervention, as well as 
in the postoperative period, there was 
no need for transfusion of blood compo-
nents.

All patients were divided into 2 clinical 
groups, 29 people in each.

Characteristics of perioperative 

management. Preoperative prepara-
tion was carried out for patients of the 
main group. Zand 10-12 hours before 
surgery, patients received 400 ml of a 
carbohydrate drink (Provide Extra drink, 
Fresenius Kabi). 2-3 hours before sur-
gery - another 200 ml. Premedication in 
both groups included diazepam solution 
0.5% - 2 ml intramuscularly 30 minutes 
before surgery. Further anesthesia, after 
the administration of propofol 1.5-2 mg/
kg, rocuronium bromide 0.6 mg/kg, was 
carried out with Sevoflurane 2.0-2.5 vol% 
(MAC 1.0) with a bolus injection of fen-
tanyl 2-4 mcg /kg/ at the moment of the 
greatest stress response. The difference 
between the main group in the anesthet-
ic care was that these patients, from the 
moment of admission to the operating 
room, received an intravenous infusion 
of dalargin at a dosage of 45-55 mcg/kg/
h,and at the end of the surgical interven-
tion, 1 mg of dalargin was administered 
intramuscularly once. Intraoperative 
monitoring was carried out according to 
the Harvard standard [8].

Determination of the morphologi-
cal composition of blood was assessed 
during a general clinical blood test. Ve-
nous blood was collected: the day before 
surgery, immediately after surgery, 1 day 
after surgery, 7 days after surgery.

Determination of the concentration of 
cytokines (IL-1β, -6, -8, -10, INF-γ and 
TNF-α) and immunoglobulins (IgA, IgM, 
IgG) in blood serum was performed us-
ing test systems for enzyme immunoas-
say (JSC "Vector -Best", Russia). Blood 

Table 1

Characteristics of the studied patients

Indicator Main group (N=29) Control group (N=29)
Age, years 60±8.5 years 59.6±9.3 years

Male/female, n (%) 15 (51.7) / 14 (48.3) 14 (48.3) / 15 (51.7%)
BMI,kg/m2 24.5±2.7 25.2±3.1

ASA II/III, n (%) 21 (72.4) / 8 (27.6) 23 (79.3) / 6 (20.7)

Scope of surgery

Operation name Main group (N=29) Control group (N=29)

Combined resection of the oropharynx 7 (24) 6 (20.7)
Combined resection of the tongue. floor

of the mouth. lower jaw 8 (27.6) 9 (31)

Resection of the lower jaw 6 (20.7) 5 (17.2)
Tongue resection 6 (20.7) 5 (17.2)

Skin resection of the buccal area 2 (6.9) 4 (13.8)
Lymph node dissection of the neck 26 (89.7) 25 (86.2)

Table 2
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samples were collected in tubes contain-
ing ethylenediaminetetraacetic acid (pre-
servative) and centrifuged for 10 min at 
4°C immediately after collection. Venous 
blood samples were taken for immunity 
indicators: the day before surgery, 1 day 
after surgery, 7 days after surgery. All 
studies were performed on the day of 
blood collection.

For statistical analysis, the Microsoft 
Excel software package “Statistica 10.0” 
was used. Normality of distribution was 
assessed using the Shapiro-Wilk test. 
Depending on the distribution, the data 
were presented as arithmetic mean and 
standard deviation (M ± α). The signifi-
cance of differences depending on the 
distribution was assessed using para-
metric and non-parametric tests: Stu-
dent's t-test or Mann-Whitney U-test. To 
analyze qualitative characteristics, the 
χ2 test, χ2 test with Yates correction, or 
Fisher's exact test were used. P values   
<0.05 for all tests were considered statis-
tically significant.

Results. Before anesthesia, the mor-
phological composition of the blood of 
patients in both groups was homoge-
neous and did not have statistically sig-
nificant differences (Table 3). The level 
of leukocytes in both groups during the 
entire evaluation period did not go be-
yond the normal range. However, after 
surgery, changes affected the percent-
age of lymphocytes: in the main group its 
value was significantly higher (25±1.5% 
versus 22.5±0.9% in the control group). 
1 day after the operation, these changes, 
both in quantitative terms and in percent-
age, became more pronounced and also 
affected neutrophils and monocytes. The 
changes that occurred persisted up to 7 
days after surgery.

Before anesthesia and surgery, the 
concentration of cytokines did not differ 
significantly between the groups (Table 
4). On the 1st day of the postoperative 
period in both groups, the content of both 
anti- and proinflammatory cytokines in-
creased significantly in comparison with 
the initial indicators and between groups. 
Values   of pro-inflammatory cytokines IL-
1β, IL-6, IL-8,INF-γ, and alsoTNF-αwere 
significantly higher in the control group. 
On the 7th day after surgery, significant 

differences between the groups remained 
only in IL-8,INF-γ.

The concentration of the anti-inflam-
matory cytokine IL-10 in the main and 
control groups one day after surgery sig-
nificantly exceeded preoperative values. 
On the 7th day, the indicator decreased 
to initial values   in both groups.

The levels of all immunoglobulins un-
derwent changes at some stage of the 
study. However, statistically significant 
differences between the groups were re-
corded only in IgA on the 1st day and IgG 
on the 7th day after surgery.

The content of CRP in both groups 
on the next day after surgery increased 
significantly, and in the main group the 
values   were statistically significantly low-
er compared to the control group. On the 
7th day of the postoperative period, the 
level of CRP in both groups decreased, 
however, it was significantly higher com-
pared to the initial values.

Discussion of results. Long-term 
surgical interventions in the oropharyn-
geal region are a stress factor and are 
accompanied by significant tension in all 
protective regulatory systems of the body, 
which is manifested by the development 
of a surgical stress response and, as a 
consequence, immunosuppression [3]. It 
has been demonstrated in animal mod-
els that areas of surgical trauma may be 
preferential sites for local tumor progres-

Dynamics of leukocyte formula indicators

Indicator Group Before 
surgery

After 
surgery

1 day after 
surgery

7 days after 
surgery

Lymphocytes, %
Main 25.1±1.5 25±1.5 #. * 27±3.4 # 27.0±1.9 #

Control 24.7±0.9 22.5±0.9 * 19.7±0.4 * 21±0.1 *

Neutrophils s/i, %
Main 52.0±6.4 52.1±6.4 # 54.7±6.2 # 54.5±3.3 #

Control 50.4±6.8 49.7±0.9 * 59.3±0.8 57.2±0.5

Neutrophils p/i, %
Main 0.9±0.3 1.0±2.3 # 0.5±1.6 #,* 0.5±0.6 #,*

Control 0.8±0.2 1.6±0.1 * 2.0±0.1 * 0.95±0.1

Monocytes, %
Main 5.8±2.1 5.8±0.5 6.0±1.1 # 4.6±1.5 #,*

Control 5.9±2.4 5.9±0.2 4.5±0.5 * 4.5±0.1 *

Eosinophils, %
Main 2.4±0.5 2.5±0.3 2.5±0.4 3.1 ±0.4 *

Control 2.3±0.2 2.4±0.1 2.5±0.1 3.3±0.2 *

* - p < 0.05 compared with the preoperative stage, # - p < 0.05 between groups

Table 3

Dynamics of immunity and CRP indicators

Indicator Group Before surgery 1 day after
surgery

7 days after 
surgery

IL-1β,
pg/ml

Main 3.5±0.7 6.6±2.5 #,* 3.4±0.9
Control 3.3±0.6 9.4±1.4 * 3.4±0.7

IL-6,
pg/ml

Main 4.0±0.9 20.3±9.3 #,* 4.3±1 *
Control 4.2±0.9 40.3±6.2 * 4.6±0.9 *

IL-8,
pg/ml

Main 3.5±0.6 8.7±2.7 #,* 3.5±0.8 #
Control 3.4±0.5 15.2±1.6 * 3.9±0.6 *

IL-10,
pg/ml

Main 3.0±0.4 19.2±3.8 * 3.0±0.5
Control 2.8±0.6 18.4±5.5 * 3.1±0.6

INF-γ
pg/ml

Main 3.1±0.9 5.4±2.3 #,* 4.4±1.4 #,*
Control 3.3±0.7 8.7±1.9 * 6.3±1.0 *

TNF-α,
pg/ml

Main 5.2±1.2 6.4±0.7 #,* 5.3±0.8
Control 5.4±08 8.6±0.4 * 5.4±0.7

IgA,
g/l

Main 2.7±1.0 2.5±0.8 #,* 2.7±1
Control 2.3±1.1 1.7±0.9 * 2.2±0.9 *

IgM,
g/l

Main 1.1±0.6 1.2±0.7 1.2±0.5
Control 1.2±0.7 1.0±0.5 * 1.3±0.2

IgG,
g/l

Main 10.6±2.2 10.8±2.0 * 11.3±2.1 #
Control 10.2±2.3 9.4±2.2 * 9.2±2.0 *

SRB,
mg/l

Main 15.7±7.9 35.2±41.9 #,* 17.7±16.1 #,*
Control 20.1±7.2 68.5±22.4 * 29.8±11 *

Table 4
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sion, and it has previously been shown 
that surgery may indirectly stimulate the 
development of locoregional metasta-
ses [23]. A number of published studies 
describe that surgical trauma leads to 
systemic changes that accelerate tu-
mor development [26,25]. Thus, surgery 
causes both local and systemic changes 
that may contribute to tumor progression. 
However, tumor cell migration during sur-
gery alone cannot fully explain the high 
recurrence rate. The generally accepted 
opinion at the moment is that surgery in-
evitably leads to injury, which initiates a 
stress response covering a wide range 
of endocrinological, immunological and 
hematological consequences, and this in 
turn indirectly affects long-term surgical 
and oncological treatment results.

The anesthetics used also have a 
negative effect on the functioning of the 
immune system [24]. However, it should 
be noted that such effects are short-lived 
and of little significance for patients with 
a normal immune system. However, in 
patients with existing immune disorders, 
including cancer patients with previous 
chemoradiotherapy [17], as well as in 
high-risk patients, the influence of drugs 
in the anesthetic regimen may have im-
portant clinical implications for the periop-
erative period and immune imbalance.

During the study, there was a signif-
icant increase in the level of band neu-
trophils and a decrease in the content of 
one of the most important components 
of the immune system, lymphocytes, 
compared to the initial data in the con-
trol group immediately after surgery, 
which may indicate the presence of the 
most pronounced stress reactions in the 
perioperative period.

It is known that both surgical interven-
tion and the components of anesthesia 
indirectly affect the appearance in the 
blood of certain cytokines that can regu-
late the processes of proliferation, differ-
entiation, functioning, apoptosis of cells 
and can have a pro- or anti-oncogenic 
effect [2]. Although inflammation is a 
normal protective response to injury and 
infectious agents, tumor cells can use 
this process for their own survival and 
progression [21]. In addition, an acute in-
flammatory response to surgical trauma 
promotes the transfer of tumor cells to 
areas of the body remote from the lesion. 
For example, proinflammatory cytokines 
such as IL-1 and TNF-α stimulated the 
adhesion of circulating cancer cells [27]. 
However, it should be noted that acute in-
flammatory reactions after surgical trau-
ma are often transient and do not lead 
to significant deterioration in oncological 
results.

In this regard, it is important to assess 
the content of pro- and anti-inflammatory 
cytokines in the blood. In the study, the 
increase in pro-inflammatory cytokines 
was significant on the next day after sur-
gery, however, when using a preliminary 
carbohydrate load and dalargin, this phe-
nomenon was less pronounced. This fact 
indicates that immune function was less 
suppressed under enkephalin conditions. 
This is also confirmed by the concentra-
tion of IFN-γ, which, with a moderate in-
crease, is capable of exerting antitumor 
activity [9]. Despite a significant increase 
in IL-1β, IL-6, IL-8, there is a correspond-
ing compensation by the high activity of 
anti-inflammatory IL-10.

Another important aspect reflecting the 
state of the immune system in the periop-
erative period is antitumor immunity. A 
marker of weakened antitumor, as well 
as antimicrobial immunity, is an increase 
in the level of IL-6 [18], which stimulates 
tumor growth by inhibiting apoptosis and 
inducing tumor angiogenesis.TNF-α has 
a largely similar tumorigenic effect [5,29]. 
Moreover, in addition to the direct effect 
on the formation of tumor tissue, TNF-α 
promotes the growth of blood vessels and 
the expression of adhesion molecules in-
volved in the metastasis of transformed 
cells.Therefore, significantly low levels of 
these pro-inflammatory cytokines in the 
group using dalargin can be considered 
as a positive factor in protecting the body 
from the development of tumors.

It is known that overproduction of cy-
tokines, including IL-1, IL-6 and TNF-α, 
plays a significant role in the prolonga-
tion of the hypermetabolic state [4,7]. An 
increase in the level of IL-6 also stimu-
lates the production of antibodies, and 
a decrease in the formation of albumin 
and transferrin occurs. On this side, the 
increased concentration of these cy-
tokines is one of the factors that slow 
down the recovery of patients in the 
postoperative period and increases the 
risk of infection.

Proinflammatory cytokines also in-
crease the liver's production of CRP, 
which in turn is an inflammatory factor 
[22,28]. Therefore, a more significant 
decrease in the concentration of CRP in 
the blood of patients in the main group, 
according to the patterns of inflamma-
tion, should also be associated with a 
decrease in the activity of pathological 
processes.

Assessment of humoral immunity by 
determining the content of immunoglob-
ulins showed that the immunological 
profile of patients in whom dalargin was 
present in the perioperative period was 
characterized by better indicators. Im-

munglobulins IgA and IgM in the control 
group tended to decrease on day 1 after 
surgery, which characterizes the state 
of immunity as suppression. In the main 
group, these antibodies remained without 
significant changes. A positive role of da-
largin in increasing IgG by 7 days after 
surgery is also noted.

The study showed that the developed 
anesthesia method with the inclusion of 
enkephalin,was able to reduce immu-
nosuppression and the activity of proin-
flammatory cytokines, which may create 
favorable preconditions for improving the 
oncological results of combined treat-
ment of patients with malignant tumors of 
the oropharyngeal region.

Conclusion. The key role played by 
the immune system in the perioperative 
period highlights the importance of both 
reducing the morbidity of surgical in-
terventions and finding new anesthetic 
agents aimed at reducing immunosup-
pressive effects. Support and moderate 
enhancement of the immune response in 
the perioperative period without dysregu-
lation may potentially bring a number of 
benefits.

The results of this work can provide 
additional fundamental information on 
the use of enkephalin (dalargin) as a 
component of anesthesia. Its use in the 
perioperative period in patients with ma-
lignant neoplasms of the oropharyngeal 
region is associated with a lower concen-
tration of pro-inflammatory interleukins, 
an increase in the concentration of IgG 
compared to endotracheal multicompo-
nent anesthesia and may contribute to 
the activation of an antitumor immune 
response.
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Introduction. Today, oncological dis-
eases occupy one of the main places in 
the overall structure of morbidity and mor-
tality. However, cancer has been known 
since ancient times. The Ebers Papyrus, 
dated 1500 BC, contains the first descrip-
tions of possible tumors of soft tissues, 
skin, uterus, stomach, and also the rec-
tum. More precise evidence of the pres-
ence of tumors is provided by mummies. 
Not long ago, Zimmerman M.R. [18] de-
scribed the first histologically confirmed 
case of rectal cancer, detected in an 
unnamed mummy of a man who lived in 
Doha in 200-400 AD. Despite centuries of 
effort to understand the nature of cancer 
and the undoubted colossal progress in 
the study of malignant tumors, questions 
still remain.

Modern studies have identified a link 
between the occurrence of CRC and an 
increased body mass index (BMI) [9, 36], 
a diet low in dietary fiber [35] and high in 
red meat [36], cigarette smoking [46, 36], 
alcohol consumption [5], low physical ac-
tivity [46, 36], a history of type 2 diabetes 
[53], a family history of CRC [36], and 
chronic bowel diseases [46]. Most of the 
identified risk factors for CRC are modifi-
able (more than 75%) - associated with 
the environment and lifestyle. However, 
the degree of influence of these factors 
on the risk of CRC varies in different pop-
ulations, and the results of studies are 
sometimes ambiguous. For example, in 
the EPIC study, BMI was positively as-
sociated with colon cancer in men (29.4 
kg/m2 vs <23.6 kg/m2, RR=1.55; 95% 
CI:1.12-2.15), but no significant associ-
ation was found with rectal cancer (29.4 
kg/m2 vs <23.6 kg/m2, RR=1.05; 95% 
CI:0.72-1.55). In contrast, in women in 
this study, BMI was not associated with 
either colon cancer (28.9 kg/m2 vs <21.7 
kg/m2, RR=1.06; 95% CI:0.79-1.42) or 
rectal cancer. (28.9 kg/m2 vs <21.7 kg/
m2, RR=1.06; 95% CI:0.71–1.58) [14]. In 
another study in women, both low BMI 
(<18.5 kg/m2) and obesity (>= 30 kg/m2) 
were positively associated with the risk 
of developing colon cancer. Moreover, 
low BMI was more associated with the 
proximal colon, and obesity with the dis-
tal colon [13]. There are also conflicting 

data regarding alcohol consumption. In 
the EPIC (Norfolk Intervention Study) 
study, total alcohol consumption did not 
influence the risk of developing CRC 
(HR=0.80; 95% CI: 0.51–1.26 for alco-
hol consumption ≥21 units/week or 24 
g ethanol/day compared with non-drink-
ers), while daily consumption of ≥1 unit 
of wine (≥8 g ethanol/day) was inverse-
ly associated with the risk of developing 
CRC (HR=0.61; 95% CI:0.40–0.94) [11]. 
In another study (meta-analysis), an in-
crease in the risk of CRC was found with 
moderate (>1–4 drinks/day, equivalent to 
12.6–49.9 g/day of ethanol) and heavy 
(≥4 drinks/day, equivalent to ≥50 g/day 
of ethanol) alcohol consumption by 21% 
and 52%, respectively [5]. However, in 
the same study, according to the dose-
risk analysis, a significant increase in the 
risk of CRC by 7% was found with con-
sumption of 10 g of alcohol per day [5].

These data indicate the need for fur-
ther research in this area, as it is not only 
of scientific interest, but also makes a 
practical contribution to the prevention of 
malignant neoplasms, especially for can-
cers (including colorectal cancer), where 
modifiable risk factors make a significant 
contribution to their occurrence, mainly 
at an older age, the correction of which 
will reduce morbidity and mortality from 
tumors of these localizations.

Objective: to investigate the prognos-
tic significance of risk factors for chronic 
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non-communicable diseases in the de-
velopment of colorectal cancer (CRC) in 
an ageing population (Novosibirsk).

Materials and methods: The work 
was carried out on a representative pop-
ulation sample (Novosibirsk), examined 
within the framework of the international 
project HAPIEE, 2003-2005 (the princi-
pal researchers of the Novosibirsk center 
are Prof. S.K. Malyutina, Academician 
of the Russian Academy of Sciences 
Yu.P. Nikitin ). The basic study involved 
9360 people aged 45-69 years, includ-
ing 4266 men and 5094 women. The 
study protocol (dated 14.03.2002) was 
approved by the local ethics committee 
of The Research Institute of Internal and 
Preventive Medicine. Each participant in 
the study signed an informed consent be-
fore inclusion in the project. In the frame-
work of this work, data from 6061 people 
were analyzed, of which 152 people (73 
men and 79 women) were included in 
the main group, in whom "new cases of 
CRC were identified" during the follow-up 
period from 2003-2005, up to December 
31, 2019, the comparison group included 
5909 people (2287 men, 3622 women), 
in whom "CRC was not identified" during 
the same follow-up period. The analy-
sis did not include 3299 people, among 
them: 2527 persons who died during the 
past follow-up period from various caus-
es (except of fatal cases from CRC); 587 
persons with new cases of cancer other 
than colorectal cancer, were identified 
during the follow-up period; as well as 
185 persons with prevalent cancer of any 
localization diagnosed before inclusion in 
this study.

To identify all cases of cancer, the 
HAPIEE databases and data from the 
cancer registry were compared (the reg-
istry is maintained in the Research Insti-
tute of Internal and Preventive Medicine 
in cooperation with Novosibirsk Region-
al Clinical Oncologic Dispensary with 
the support of the RAS budget topic № 
FWNR-2024-0002). The diagnosis of 
CRC was established according to the 
codes of the International Classifica-
tion of Diseases, 10th revision (ICD 10): 
C18 - colon; C19 - rectosigmoid junction; 
C20 - rectum. This work was carried out 
according to the design of a prospective 
cohort study and was supported by the 
Russian Science Foundation (20-15-
00371-П).

The average follow-up period for men 
was 15.21±1.58 years, for women – 
15.53±1.32 years.

At the stage of basic screening, so-
cio-demographic data were collected, 
including information on alcohol con-
sumption, smoking, level of education, 

presence of malignant neoplasms in 
first-degree relatives without specifying 
the localization of the process, anthro-
pometric data, blood pressure (BP) was 
measured, and some biochemical pa-
rameters of the blood were determined.

Blood was collected from the cubital 
vein on an empty stomach. Blood serum 
samples were stored in a low-temperature 
chamber (-70° C). Determination of the 
levels of total cholesterol (TC), high-den-
sity lipoprotein cholesterol (HDL-C) and 
triglycerides (TG) was carried out on 
KoneLab 300i (USA) autoanalyzer using 
Biocon kits (Germany). Low-density lipo-
protein cholesterol (LDL-C) concentration 
was calculated using the formula of WT 
Friedewald et al. (1972) [24]: LDL-C=TC 
− (TG / 2.2 + HDL-C) (mmol/L). Serum 
glucose was converted to FPG using the 
formula of the European Association for 
the Study of Diabetes, 2007 [28]: FPG 
(mmol/L) = −0.137 + 1.047 × serum glu-
cose (mmol/L). Blood pressure (BP) was 
measured three times (the average of 
three BP readings was analyzed) using 
an Omron M5-I automatic tonometer (Ja-
pan). Body weight was determined using 
a balance scale. Body mass index (BMI) 
was calculated using the formula: BMI 
= body weight (kg)/height2(m2). Height 
was measured with a vertical stadiom-
eter. Waist circumference (WC) and hip 
circumference (HC) were measured with 
a tape measure: WC - in the middle be-
tween the lower edge of the costal arch 
and the sacral part of the ilium, HC - 
along the greater trochanter. All details of 
the study protocol have been published 
previously [19].

Statistical analysis was performed 
using SPSS v.13.0. The obtained data 
are presented as absolute and relative 
values, as well as M±SD, where M is the 
arithmetic mean, SD is the standard de-
viation. Statistical hypotheses about the 
type of distribution were tested using the 
Kolmogorov-Smirnov criterion. To com-
pare two groups from populations with 
a normal distribution, Student's t-test 
for two independent samples was used. 
The Pearson χ2 criterion was used to 
compare categorical variables (tables 1 
and 2 for men and women, respectively). 
The prognostic significance of the main 
risk factors in the development of CRC 
was assessed using Cox regression 
methods (proportional hazards models) 
in age-standardized and multivariate 
models for men (table 3) and for women 
(table 4). Model 0 included each studied 
factor separately adjusted for age. Mod-
el 1 included age, smoking status, and 
alcohol consumption (average dose per 
session). Model 2 included age, smoking 

status, alcohol consumption (average 
dose per session), education level, and 
family history of malignant neoplasms. 
Model 3 additionally included the follow-
ing covariates: BMI, TG level, presence 
of hypertension, and presence of type 2 
diabetes.

The critical significance level for test-
ing statistical hypotheses in this study 
was taken to be 0.05.

Results and discussion. Over the 
15-year follow-up period, the incidence 
rate of new CRC cases in the population 
cohort was 2.5% (3.1% for men and 2.1% 
for women). At the time of CRC diagno-
sis, the average age was 69.23±7.89 
years in men and 69.85±7.98 years in 
women. The baseline characteristics of 
the survey participants are presented in 
tables 1 and 2. At the time of the base-
line examination, both men and women 
who developed CRC during the follow-up 
period were more than 4 years older 
(p<0.0001) than men and women in the 
comparison group. The proportion of 
male patients with hypertension (HT) and 
with a family history of cancer of any lo-
calization was higher in the CRC group 
than in the comparison group (p=0.012 
and p=0.013, respectively). The percent-
age of women with type 2 diabetes was 
higher in the group with CRC than in the 
comparison group (p<0.0001). 

Next, we examined the results ob-
tained in the Cox regression analysis. 
According to our study, the assessment 
of proportional hazards for both sexes 
established a positive significant as-
sociation between CRC and male sex 
compared to females: HR=1.57; 95% 
CI:1.14-2.16 in Model 0 and HR=1.76; 
95% CI:1.12-2.77 in Model 3. Our results 
are indirectly confirmed by published sta-
tistical data: in all regions of the world 
(Global Cancer Observatory, 2022), the 
incidence of CRC is higher in men than in 
women (1,069,446 versus 856,979 [21,9 
versus 15,2 per 100,000 people]) [27]. In 
addition, according to McCashland TM, 
at al. (2001) the risk of developing polyps 
and colon cancer in men is higher than in 
women: 1,5 and 1,4 times, respectively 
[17], and in the study of Hsu SH, at al. 
(2022) the risk of CRC in men is more 
than 2 times higher than in women (HR 
= 2.119; 95% CI:1.386–3.241) [50]. At 
the same time, men have an 83% high-
er chance of progressive colorectal neo-
plasia to be detected than women [26]. 
These differences can be explained by 
the putative protective effect of estrogens 
in relation to the risk of CRC develop-
ment in women [40], as well as the fact 
that men tend to smoke more often [2], 
consume more alcohol [25], and adhere 
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to a diet with less fiber and more red and 
processed meat [6]. 

However, some studies show existing 
sex differences in terms of tumor localiza-
tion in the colon and its histological type: 
women have a higher risk of developing 
right-sided colon cancer (RSCC) with a 
higher percentage of poorly differentiated 
and locally advanced tumors than men 
[16]. Many assumptions have been made 
about the reasons for such differentiation, 
but they require further research. 

Age is the main risk factor for spo-
radic CRC. This neoplasia is rare un-
der the age of 40 years, and more than 

90% of all cases of detected CRC occur 
in people over 50 years of age. Howev-
er, recently there have been reports of 
a steady increase in the number of new 
cases of CRC at a younger age (under 
50 years) [34, 30]. Nevertheless, the risk 
of CRC increases with age, and the peak 
of the disease occurs at approximate-
ly the age of 70 years [1]. According to 
Hsu SH, at al. (2022) in individuals aged 
46 to 54 years and over 55 years, the 
risk of developing CRC is 2.7 and 5.5 
times higher than in individuals under 45 
years of age [50]. In our study, the risk of 
CRC is positively associated with age in 

both men and women (tables 3 and 4).
In addition, we found an increased risk 

of CRC in men with a positive family his-
tory of malignant neoplasms of any local-
ization, including colon and rectal tumors 
(table 3).

According to the published data, hav-
ing a positive family history of CRC leads 
to an increased risk of developing this 
disease in a proband, while the strength 
of the association depends on the num-
ber of relatives with CRC and their de-
gree of relationship with a proband, as 
well as the age at which the disease was 
diagnosed. 

Table 1

The characteristics of men 45–69 years old at the baseline examination for those who developed (main group)/did not develop 
(comparison group) the incident colorectal cancer over a 15-year observation period (population cohort, Novosibirsk, 2003-2005)

Parameters/Examined Comparison group
(2287 men)

Main group
(73 men) р

Age at baseline examination, M(SD) 56.15 (6.77) 60.77 (6.97) 0.0001
Systolic blood pressure, mmHg, M(SD) 140.78 (22.07) 144.77 (21.26) 0.128
Diastolic blood pressure, mmHg,M(SD) 89.84 (12.75) 90.27 (10.97) 0.776
Cardiovascular diseases, n(%) 267 (11.7) 11 (15.1) 0.380
AH, n(%) 1355 (59.2) 54 (74.0) 0.012
Type 2 diabetes,n(%) 211 (9.4) 7 (10.0) 0.867
Presence of family heredity for cancer of any location, n(%) 453 (20) 23 (31.9) 0.013
Education:                                      Primary, n(%) 177 (7.7) 5 (6.8) 0.779
                                                       Secondary, n(%) 771 (33.7) 19 (26) 0.171
                                                       Professional, n(%) 503 (22) 23 (31.5) 0.055
                                                       Higher, n(%) 836 (36.6) 26 (35.6) 0.869
Marital status:                                Single/Not married, n(%) 58 (2.5) 0 0.168
                                                       Married, n(%) 2006 (87.7) 64 (87.7) 0.991
                                                       Live with a partner outside of marriage, n(%) 53 (2.3) 1 (1.4) 0.564
                                                       Divorced or separated, n(%) 116 (5.1) 4 (5.5) 0.876
                                                       Widower/Widow, n(%) 54 (2.4) 4 (5.5) 0.090
TC, mmol/l, M(SD) 5.98 (1.16) 6.16 (1.14) 0.199
HDL-C, mmol/l, M(SD) 1.48 (0.37) 1.54 (0.41) 0.166
LDL-C, mmol/l, M(SD) 3.82 (1.04) 3.94 (0.96) 0.365
FPG, mmol/l, M(SD) 5.94 (1.48) 5.89 (0.88) 0.809
TG, mmol/l, M(SD) 1.48 (0.81) 1.49 (0.91) 0.912
BMI, kg/m2, M(SD) 26.74 (4.25) 26.85 (3.76) 0.826
WC (cm), M(SD) 93.75 (11.69) 95.12 (10.12) 0.322
Alcohol consumption, average dose per session (g), M(SD) 52.90 (42.95) 53.36 (37.43) 0.929
Current smoker (at the time of baseline survey), n(%) 1042 (45.7) 25 (34.2) 0.056
Past smoker (quit smoking at some point before baseline), n(%) 558 (24.5) 21 (28.8) 0.393
Never smoked, n(%) 682 (29.9) 27 (37.0) 0.188
Average number of cigarettes per day currently smoked (at baseline), M(SD) 17.78 (8.38) 16.25 (7.65) 0.376
Average number of cigarettes per day, past smoking (quit smoking at some point before 
baseline survey), M(SD) 19.21 (11.13) 18.05 (7.26) 0.635

Note. In table 1-2: Data are presented in the form M (SD) - mean (standard deviation), as well as in the form of absolute and relative frequency 
- n (%).
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In one study, the presence of first-de-
gree relatives with CRC increased the 
risk of developing a tumor of this localiza-
tion in a proband from 1.91 times in the 
presence of 1 first-degree relative with 
a history of CRC to 19.86 times in the 
presence of 5 or more first-degree rela-
tives with this disease (individuals likely 
to have hereditary CRC syndromes). In 
addition, the presence of only second-de-
gree relatives also increased the risk of 
this disease in a proband, but to a much 
lesser extent, and the presence of only 
third-degree relatives did not lead to a 

significant increase in risk. The totality 
and combination of the affected relatives 
in the family history of a proband led to 
an intermediate increase in the risk of 
CRC. [44]. In another study (meta-anal-
ysis), having a first-degree relative with 
a family history of CRC increased the 
risk of developing this malignant tumor 
by more than 2 times (RR=2.25; 95% 
CI: 2.00-2.53), having more than one 
relative with CRC by 4 times (4.25; 95% 
CI:3.01-6.08), and having a relative with 
this disease under 45 years of age by 
3.8 times (3.87; 95% CI:2.40-6.22) [33]. 

Both women and men with a first-degree 
family history of CRC were at increased 
risk of CRC, and a family history of CRC 
in both men and women was associated 
with an increased risk of colon cancer, 
but not rectal cancer. The same study 
(a prospective study) showed that the 
relative risk of CRC associated with a 
family history of the disease was high-
er in younger participants and gradually 
decreased with age in both women and 
men.[3] Similar data were obtained in the 
work of Jung YS, at al., where it was not-
ed that the risk of CRC in women with a 

Table 2

The characteristics of women 45–69 years old at the baseline examination for those who developed (main group)/did not develop 
(comparison group) the incident colorectal cancer over a 15-year observation period (population cohort, Novosibirsk, 2003-2005)

Parameters/Examined Comparison group 
(3622 women)

Main group
(79 women) р

Age at baseline examination , M(SD) 56.82 (6.92) 60.99 (6.68) 0.0001

Systolic  blood  pressure, mmHg, M(SD) 141.99 (24.68) 140.50 (20.95) 0.594

Diastolic  blood  pressure, mmHg, M(SD) 89.57 (13.11) 88.69 (11.66) 0.554

Cardiovascular diseases, n(%) 291 (8) 6 (7.6) 0.885

AH , n(%) 2328 (64.3) 58 (73.4) 0.093

Type 2 diabetes, n(%) 333 (9.4) 16 (21.3) 0.001

Presence of family heredity for cancer of any location, n(%) 935 (25.9) 26 (32.9) 0.159

Education:                             Primary, n(%) 279 (7.7) 9 (11.4) 0.226

                                              Secondary, n(%) 1205 (33.3) 25 (31.6) 0.762

                                              Professional, n(%) 1135 (31.3) 24 (30.4) 0.856

                                              Higher, n(%) 1003 (27.7) 21 (26.6) 0.827

Marital status:                       Single/Not married, n(%) 179 (4.9) 4 (5.1) 0.961

                                              Married, n(%) 2176 (60.1) 49 (62.0) 0.726

                                              Live with a partner outside of marriage, n(%) 62 (1.7) 1 (1.3) 0.762

                                              Divorced or separated, n(%) 528 (14.6) 11 (13.9) 0.870

                                              Widower/Widow, n(%) 677 (18.7) 14 (17.7) 0.827

TC, mmol/l, M(SD) 6.47 (1.29) 6.69 (1.29) 0.139

HDL-C, mmol/l, M(SD) 1.56 (0.34) 1.55 (0.39) 0.695

LDL-C, mmol/l, M(SD) 4.20 (1.16) 4.38 (1.13) 0.170

FPG, mmol/l, M(SD) 5.87 (1.42) 6.17 (1.36) 0.070

TG, mmol/l, M(SD) 1.55 (0.86) 1.66 (0.75) 0.247

BMI, kg/m2, M(SD) 29.89 (5.48) 30.13 (5.48) 0.702

WC (cm), M(SD) 90.91 (12.83) 92.74 (12.22) 0.210
Alcohol consumption, average dose per session (g), M(SD) 21.58 (16.65) 21.88 (15.58) 0.870
Current smoker (at the time of baseline survey), n(%) 387 (10.7) 4 (5.1) 0.108
Past smoker (quit smoking at some point before baseline), n(%) 152 (4.2) 2 (2.5) 0.463
Never smoked, n(%) 3079 (85.1) 73 (92.4) 0.067
Average number of cigarettes per day currently smoked (at baseline), M(SD) 8.82 (6.01) 7.33 (2.52) 0.669
Average number of cigarettes per day, past smoking (quit smoking at some point 
before baseline survey), M(SD) 6.77 (6.02) 3.50 (0.71) 0.445
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family history of CRC, compared with all 
women without a family history of CRC, 
gradually decreases with age from 1.92 
(95% CI:1.55–2.38) at 40-49 years to 
1.06 (95% CI:0.67–1.69) at ≥80 years. A 
similar trend was observed in men in this 
study from 1.58 (95% CI:1.27–1.96) at 
40-49 years to 0.54 (95% CI:0.29–1.06) 
at ≥80 years [7]. In our study, women with 
first-degree relatives with cancer of any 
localization did not have an increased 
risk of CRC. This may be partly explained 
by the study design: the family history re-
flects the presence of not only CRC but 
also any other cancer in first-degree rela-
tives, which may make our data less spe-
cific, since some types of malignancies 
do not increase the risk of developing 
CRC. Newschaffer CJ et al. reported that 
women with previous breast cancer were 
5% less likely to develop colon cancer 

and 13% less likely to develop rectal can-
cer than women in the general population 
[47]. Most likely, the result obtained in the 
work of Newschaffer CJ et al. reflects the 
known negative effect of estrogens on 
breast carcinogenesis [48] and a possi-
ble protective effect on the occurrence of 
CRC [40]. On the other hand, there is a 
study (meta-analysis) confirming a signif-
icant association between the presence 
of a family history of CRC or any type of 
cancer with CRC, increasing the risk of 
developing malignant neoplasms of this 
localization (OR=2.12; 95% CI:1.65-2.73) 
[8]. However, this meta-analysis presents 
an assessment of the risk only for individ-
uals of both sexes, but not separately for 
men and women, which, in our opinion, is 
important in this situation, given the ob-
vious sex differences in the incidence of 
CRC. 

We also found a positive association 
between the risk of CRC and the pres-
ence of type 2 diabetes in women (table 
4). Our results are partially confirmed by 
numerous studies; however, there are 
differences in the information available to 
date. In some meta-analyses, the risk of 
CRC was increased in both women and 
men with type 2 diabetes, but the degree 
of association in women in some studies 
was higher than in men, [29] in others, 
the association of CRC with diabetes was 
more pronounced in men [20] or the risk 
was approximately the same in both sex-
es [56]. A prospective study by Campbell 
PT, at al. [45] reported an increased risk 
of developing CRC only in male patients 
with type 2 diabetes, but not in female pa-
tients. Other studies noted an increased 
risk of developing CRC among women 
with type 2 diabetes, but not among men 

15-year risk of incident colorectal cancer in men, results of analysis of prognostic predictors in Cox regression models

H
R

 (9
5%

C
I)

Covariates Model 0 Model 1 Model 2 Model 3
Age, years (for 1 year) 1.1 (1.06-1.14) 1.11 (1.07-1.15) 1.11 (1.07-1.15)

Smoking: Never smoked (reference) 1.0 1.0 1.0 1.0
       Current smoker 0.82 (0.47-1.43) 0.81 (0.46-1.41) 0.87 (0.49-1.53) 1.00 (0.56-1.79)
       Past smoker 0.97 (0.55-1.71) 0.96 (0.54-1.69) 1.01 (0.57-1.80) 1.01 (0.56-1.84)
Alcohol, average dose, g/session: 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Education:
Higher education (reference) 1.0 1.0 1.0
Secondary education 0.91 (0.50-1.64) 1.02 (0.55-1.86) 1.02 (0.54-1.91)
Professional education 1.46 (0.83-2.56) 1.62 (0.91-2.86) 1.70 (0.95-3.05)
Primary education 0.63 (0.24-1.65) 0.71 (0.27-1.89) 0.76 (0.29-2.04)
Family history of any cancer: No 
(reference) 1.0 1.0 1.0
Yes 1.83 (1.11-3.00) 1.82 (1.11-2.99) 1.90 (1.14-3.17)

BMI
< 25 kg/m2 (reference) 1.0 1.0

≥25 kg/m2 1.31 (0.77-2.24) 1.17 (0.65-2.11)

TG level
<1.7 mmol/l(reference) 1.0 1.0

≥1.7 mmol/l 1.22 (0.73-2.02) 1.03 (0.58-1.83)

HT
BP < 140/90 mmHg
without treatment (reference) 1.0 1.0

BP ≥ 140/90mmrtst
or treatment 1.64 (0.97-2.77) 1.48 (0.86-2.55)

Presence of type 2 diabetes
<7.0 mmol/l and no history of diabetes 
(reference) 1.0 1.0

≥ 7.0 mmol/l
or history of diabetes 0.93 (0.42-2.02) 0.86 (0.38-1.94)

Note. In table 3-4: Model 0 – standardization by age. Models 1-3 are multi-variant.

Table 3
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[42]. The degree of association between 
CRC and diabetes depends on the du-
ration of the latter: according to some 
data, the risk of CRC decreases after 
8 years of type 2 diabetes compared to 
individuals without type 2 diabetes, the 
maximum increase in the risk of CRC is 
observed in individuals with a duration of 
type 2 diabetes of less than 3 years [56]. 
According to other data, the risk of CRC 
decreases in individuals with a diabetes 
duration of 10 years or more, and indi-
viduals with a type 2 diabetes duration 
of 2 to 5 years, compared with diabetes 
duration of 5 to 10 years, in this study are 
most susceptible to an increased risk of 
CRC (HR=2.55; 95%, CI: 1.77-3.67) [55]. 
In addition, methods of diabetes therapy 
are important: taking metformin reduces 
the risk of CRC in diabetes [41], while in-
sulin treatment, on the contrary, increas-
es the risk of CRC [31].

In our study, we did not identify an as-
sociation between colorectal cancer and 
such factors as smoking, alcohol intake, 
BMI, hypertension, education level, and 
TG levels. There are reported evidences 
that either confirm or refutes the connec-
tion of the above mentioned factors with 
CRC.

In one meta-analysis, colorectal can-
cer was significantly associated with 
smoking in both former and current 
smokers, but the association with smok-
ing was greater in colorectal cancer. Also 
in this study, smoking increased the risk 
of CRC in men in both former and current 
smokers; in women, the risk of CRC was 
increased only for former smokers [15]. 
Another meta-analysis (based on EMRO 
Eastern Mediterranean studies) found a 
significant association between smoking 
and CRC (OR=1.40; 95% CI:1.11–1.78). 
However, subgroup analysis revealed 

a negative correlation between CRC 
and current smoking, although the as-
sociation was not significant (OR=0.94; 
95% CI:0.59–1.51). Former smoking 
increased the risk of developing CRC, 
but was also not statistically significant 
(OR=1.53; 95% CI:0.96–2.45) [10]. One 
study shows a significant increase in the 
risk of developing colon cancer in women 
who smoke regularly, but not in men [51]. 
In addition, an increased risk of CRC has 
been reported to be associated with the 
number of cigarettes smoked per day, 
longer smoking period, or higher number 
of packs per year [15, 54].

One meta-analysis provided strong 
evidence of an association between 
moderate (2–3 drinks/day or 12.6–49.9 g/
day ethanol) and high (≥ 4 drinks/day or 
≥ 50 g/day ethanol) alcohol consumption 
and risk development of colorectal can-
cer in both men and women. In addition, 

15-year risk of colorectal cancer in women, results of analysis of prognostic predictors in Cox regression models

H
R

 (9
5%

C
I)

Covariates Model 0 Model 1 Model 2 Model 3
Age, years (for 1 year) 1,09(1,05-1,13) 1,09(1,06-1,14) 1,09(1,05-1,14)

Smoking: Never smoked (reference) 1.0 1.0 1.0 1.0
        Current smoker 0.75 (0.27-2.12) 0.68 (0.24-1.95) 0.68 (0.24-1.94) 0.55 (0.17-1.83)

        Past smoker 0.93 (0.22-3.84) 0.90 (0.22-3.74) 0.90 (0.22-3.75) 0.97 (0.23-4.03)

Alcohol, average dose, g/session: 1.01 (0.99-1.02) 1.01 (0.99-1.02) 1.01 (0.99-1.02) 1.01 (0.99-1.02)

Education:
Higher education (reference) 1.0 1.0 1.0

Secondary education 0.89 (0.50-1.60) 0.89 (0.49-1.59) 0.89 (0.48-1.65)

Professional education 1.03 (0.57-1.84) 1.03 (0.57-1.86) 1.10 (0.60-2.02)

Primary education 0.89 (0.40-1.99) 0.89 (0.40-2.00) 0.94 (0.42-2.13)

Family history of any cancer: No 
(reference) 1.0 1.0 1.0

Yes 1.41 (0.88-2.26) 1.42 (0.89-2.27) 1.42 (0.88-2.30)

BMI
< 25 kg/m2 (reference) 1.0 1.0

≥25 kg/m2 1.13 (0.73-1.76) 1.04 (0.64-1.67)

TG level
<1.7 mmol/l(reference) 1.0 1.0

≥1.7 mmol/l 1.54 (0.98-2.40) 1.39 (0.86-2.25)
HT
BP < 140/90 mmHg
without treatment (reference) 1.0 1.0

 BP ≥ 140/90mmrtst
or treatment 1.13 (0.68-1.88) 1.03 (0.59-1.79)

Presence of type 2 diabetes
<7.0 mmol/l and no history of diabetes 
(reference) 1.0

≥ 7.0 mmol/l
or history of diabetes 2.25 (1.29-3.91) 1.97 (1.10-3.53)

Table 4
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light (1 drink/day or less than 12.5 g/day 
of ethanol) alcohol consumption in wom-
en was a protective factor, while in men 
it increased the risk of CRC, but in both 
cases the results were not significant. 
[5]. In another meta-analysis, the risk of 
CRC was increased only in men and only 
with high alcohol consumption (>42 g/
day ethanol); light/moderate alcohol con-
sumption (1.1–28 g/day ethanol) reduced 
the risk of CRC in women (OR=0.88; 
95% CI:0.82-0.95), as well as in men 
(OR=0.96; 95% CI:0.88-1.05) [37].

In other data (case-control), moderate 
alcohol consumption (12-35 g/day etha-
nol) compared with light (less than 12 g/
day ethanol) was associated with a sig-
nificantly reduced likelihood of develop-
ing colorectal cancer in men and wom-
en; conversely, high alcohol consump-
tion (>48 g/day ethanol) was associated 
with an increased risk of CRC in men 
(OR=3.45; 95% CI:1.35–8.83) but not in 
women (OR=3.40; 95% CI:0.50-22.92) 
[4]. In Korea, any alcohol consumption, 
including even one alcoholic drink per 
day, is associated with an increased risk 
of developing cancer of the esophagus, 
stomach and colorectal cancer, however, 
subgroup analysis showed a significant 
increase in the risk of colorectal cancer in 
men with light/moderate and heavy alco-
hol consumption; in women the risk was 
reduced insignificantly [52].

There are not many studies related 
to hypertension and an increased risk 
of CRC. One meta-analysis reported an 
increased risk of CRC in men with hy-
pertension, but not in women, and there 
were no significant associations between 
systolic blood pressure or diastolic blood 
pressure and the risk of CRC [8]. An as-
sociation between blood pressure and the 
risk of colorectal cancer in men was also 
found in the Me-Can study (RR=1.10; 
95% CI:1.02–1.18) [38] In contrast, in 
the EPIC study (European Prospective 
Investigation into Cancer and Nutrition), 
Christakoudi S, at al. reported that dia-
stolic blood pressure was positively as-
sociated with the risk of colon cancer in 
both men and women, and systolic blood 
pressure was positively associated with 
the risk of CRC in men only. [12]. At the 
moment, the connection between hyper-
tension and colorectal cancer is difficult to 
explain and requires additional research.

Educational data are inconsistent: in 
some reports, people with a college de-
gree or higher had a lower risk of devel-
oping CRC than those with elementary 
school completion or less [21], these data 
are consistent with another study show-
ing that the overall incidence of CRC was 
significantly higher among people with 

low levels of education or living in areas 
of low socioeconomic status [49]. Accord-
ing to other data (EPIC study - European 
Prospective Study of Cancer and Nutri-
tion), the risk of CRC, especially in the 
proximal colon, is lower in subjects with 
a lower level of education compared with 
those with a higher level of education. 
[22].

Most reviews, articles, and meta-anal-
yses report a positive association of BMI 
with CRC [43, 32], but Nilsen TI, at al. did 
not find an association between BMI and 
the risk of developing CRC, which is con-
sistent with our study [42].

Elevated TG levels in the Me-Can 
study (cohort study) were associated 
with an increased risk of CRC, but only 
in men: RR=1.17; 95% CI:1.06–1.28 [38]; 
in another cohort study, high TG levels 
increased the risk of CRC [50], but this 
study did not analyze separately for each 
sex. According to Aleksandrova K, at al. 
(2011) an increased level of serum TG 
does not lead to an increased risk of de-
veloping CRC [39].

Limitations of the study. The study 
has several limitations, it concerns the 
modest number of men and women with 
CRC identified over the 15-year follow-up 
period, however, the study included all 
new cases of CRC that occurred in the 
cohort (9360) over the study period (av-
erage 15 years of follow-up); this increas-
es the likelihood that we have obtained a 
representative sample of typical CRC for 
the population.

Conclusions
1. In the cohort 45-69 years old, the 

15-year risk of developing colorectal 
cancer was higher in men compared to 
women.

2. CRC risk was positively associated 
with age in men and women.

3. In men with a positive family history 
of malignant neoplasms of any location in 
first-degree relatives, the risk of colorec-
tal cancer was increased.

4. The presence of type 2 diabe-
tes mellitus was associated with an in-
creased risk of CRC in women.
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THE RATIO OF CAPILLARY AND VENOUS 
PERIPHERAL BLOOD, ASSESSMENT
OF THEIR CHANGES AFTER SHORT-TERM 
COOLING

A comparative analysis of capillary and venous blood parameters in practically healthy people before and after general cooling was car-
ried out. It has been established that in capillary blood a higher level of leukocytes is provided mainly by mature forms of monocytes, neu-
trophils, eosinophils and basophils. There were no significant differences in the level of lymphocytes. The response to cooling, depending on 
the hematological test, is an increase in the circulating pool of leukocytes in capillary blood due to increased cell migration and activation of 
lymphocyte recycling, and in venous blood - an increase in the output of neutrophils from the depot. Red blood cells in capillary blood have a 
large degree of variation in size. After cooling, erythrocyte indices of capillary and venous blood have the same tendency to increase, with a 
higher rate of increase in the capillary sample, which may reflect their importance in the regulation of the homeostasis of small vessels during 
cooling. In capillary blood the level of platelets is lower, but their population is more heterogeneous and the content of large cells is higher. 
With general cooling, platelet parameters, regardless of the hematological test, did not change significantly. Thus, changes in the composi-
tion of venous blood reflect the classic response to stress with an increase in the level of segmented neutrophils. Changes in capillary blood 
parameters are aimed at maintaining the homeostasis of small vessels, increasing the pool of functionally active and recirculating cells that 
provide an effective response to antigenic influence.

Keywords: capillary blood, venous blood, leukogram, hemogram, general cooling, adaptation.
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Introduction. A complete blood count 
is the most commonly performed test 
needed to evaluate a patient's condition. 
Capillary blood is usually used as an alter-
native to venous blood when conducting 
general clinical analysis on hematology 
analyzers. However, there are a number 
of differences in the determined indicators 
of these types of blood. Capillary blood 
has a higher average hemolysis index, 
which must be taken into account if the 
analysis is not performed within 24 hours 
after blood collection (8,26). In addition, it 
has been shown that the thin aperture of 
the hematology analyzer (75 micron cap-
illary) can become clogged with epitheli-
al destruction products and other tissue 
fragments when taking capillary blood, 
which are automatically counted as blood 
cells, distorting the actual picture (2). Ve-
nous and capillary blood serum cannot 

be interchangeable when assessing the 
concentration of lipids and lipoproteins, 
the levels of which are significantly lower 
in capillary blood (12). Comparative stud-
ies of the content of potassium, chloride, 
sodium, calcium, phosphorus, creatinine, 
total protein, urea, bilirubin, AST, ALAT, 
LD, insulin, thyroxine, thyroid-stimulating 
hormone (TSH), glucose in the serum of 
venous and capillary blood ( 8, 13, 18, 21, 
29). In addition, these indicators change 
significantly under the influence of phys-
ical activity, stress, etc. [27, 28]. Assess-
ment of the levels of erythrocyte, platelet 
and leukocyte indicators of venous and 
capillary blood is also very controversial, 
although it is generally accepted that dif-
ferences in indicators are not clinically 
significant (6, 11, 14, 15). According to 
most sources, the number of platelets 
in venous blood exceeds their content in 
capillary blood (1, 2, 3, 5, 24). This may 
be due to the activation of tissue platelet 
aggregation factors released when finger 
tissue is pierced. In addition, in the tis-
sue fluid there is a high titer of antibodies 
mediating binding to the surface glyco-
proteins of the platelet in the presence 
of an anticoagulant such as EDTA (1, 2, 
11). A feature of capillary endothelial cells 
is the high expression of HLA-DRII mol-
ecules and adhesion molecules, which 
allows them to actively capture, adhere 
and infiltrate immune cells [25]. The num-
ber of red blood cells in capillary blood is 
higher according to data (1, 5, 24). Oth-
er studies have shown that the content 
of red blood cells, hemoglobin, lympho-

cytes, neutrophils and hematocrit of ve-
nous blood is slightly lower than or equal 
to their number in capillary blood (2, 10). 
The level of hemoglobin and hematocrit 
of capillary blood is higher than that of 
venous blood according to data (1, 2, 5, 
24). Assessment of hemoglobin in capil-
lary blood is not recommended when di-
agnosing anemia, because indicators are 
often underestimated compared to ve-
nous blood, which leads to a false diag-
nosis [23]. There is evidence that blood 
parameters related to red blood cells are 
more stable than those related to leuko-
cytes or platelets (10). According to some 
data, the level of leukocytes in capillary 
blood is higher (1, 2, 5, 24). Detected dif-
ferences in the content of leukocyte and 
erythrocyte parameters in capillary and 
venous blood may be the result of imme-
diate local accumulation of leukocytes 
upon stimulation of skin puncture, as well 
as due to the absence of an additional 
amount of tissue fluid in capillary blood 
samples, which affects the ratio of liquid 
and cellular components of hematologi-
cal samples (2). The level of leukocytes 
in the blood changes dynamically under 
the influence of various factors, such as 
physical activity, stress, changes in diet, 
influence of climatic conditions, etc. We 
have previously shown that after general 
short-term cooling, 3 response options 
are formed on the part of lymphocytes, 
which is manifested in maintaining their 
level, reducing, or increasing their num-
ber in circulation in the venous blood (4). 
Small peripheral vessels are primarily ex-
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posed to low temperatures, their spasm 
occurs, cell aggregation, their migration 
and functional activity changes, which 
determines dynamic changes in blood 
parameters aimed at maintaining the ho-
meostasis of the body. Assessment of the 
background level and changes in leuko-
cyte, erythrocyte and platelet parameters 
in different hematological samples during 
short-term general cooling will allow us to 
determine the features and correlation of 
the formation of adaptive reactions, which 
is necessary when studying the influence 
of stress factors and interpreting the re-
sults when using different hematological 
samples. Knowledge of the ratio of reac-
tions in capillary and venous blood under 
normal conditions, with pathology or the 
influence of some external factors is nec-
essary, because Capillary sampling has 
recently been increasingly considered as 
an alternative to venous sampling due to 
greater accessibility, less discomfort for 
the patient, and the possibility of more 
frequent and faster sample collection and 
analysis.

Aim. To conduct a comparative anal-
ysis of adaptive changes in leukocyte, 
erythrocyte and platelet parameters of 
capillary and venous blood after general 
short-term cooling in practically healthy 
people.

Abbreviations: WBC - leukocytes, 
RBC - erythrocytes, HGB - hemoglobin, 
HCT - hematocrit, MCV - average erythro-
cyte volume, MCH - average hemoglobin 
content in an erythrocyte, MCHC - eryth-
rocyte hemoglobin saturation, RDW-SD 
- erythrocyte distribution index, RDV-CV 
- degree of deviation of red blood cell 
size from normal, PLT - platelets, PDW 
- platelet distribution width, MPV - mean 
platelet volume, P-LCR - percentage of 
large platelets, PCT - thrombocrit.

Materials methods. A study of he-
matological and immunological param-
eters was carried out in 212 practically 
healthy people of working age before and 
immediately after general cooling for 5 
minutes in a cold chamber (USHZ-25N, 
Russia) at -25°C. The volunteers wore 
cotton clothes under constant video sur-
veillance, did not have any acute or ex-
acerbation of chronic diseases during the 
study period, and had not previously or 
currently engaged in hardening. Blood 
was collected by qualified medical per-
sonnel before and immediately after be-
ing in the cold chamber from the cubital 
vein into Vaccuette vacuum tubes with 
EDTA to obtain plasma and conduct he-
matological studies; with a blood clotting 
activator to produce serum. Serum and 
plasma were separated by centrifugation. 
The samples were frozen once at a tem-

perature of minus 20°C. The leukogram 
and hemogram were determined using a 
hematology analyzer XS-1000i (Sysmex, 
Japan). In blood smears stained accord-
ing to Romanovsky-Giemsa on a Nikon 
HemaVision microscope at immersion 
magnification ×40, a lymphocytogram 
was studied according to the method 
of Kassirsky I.A., with determination of 
the content of large (more than 12 μm), 
medium (from 8 to 12 μm) and small (up 
to 8 µm) lymphocytes; monocytogram 
according to O.P. Grigorova’s method, 
with differentiation of mononuclear cells 
into promonocytes, monocytes and poly-
morphonuclear cells; a neutrogram with 
a count of up to 100 neutrophilic leuko-
cytes, among which cells with 1, 2, 3, 4, 
5 or more nuclear segments were isolat-
ed. The research results were processed 
using the Statistica 6.0 application pack-
age (StatSoft, USA). To check the data 
for normality of distribution, the Shap-
iro–Wilk normality test was used. The 
median (Me) and 25–75 percentiles were 
used to describe the data. The statistical 
significance of differences was deter-
mined using the nonparametric Wilcoxon 
T-test. The critical significance level (p) 
when testing statistical hypotheses was 
taken equal to 0.05. To assess the rate 
of change in indicator levels, growth and 
loss rates were calculated.

Research results and discussion. 
A comparative analysis of venous and 
capillary blood parameters before gen-
eral cooling is presented in Table 1. No 
significant differences were established 
in the levels of erythrocytes, HGB, MCH, 
MCHC and lymphocytes. When studying 
the lymphocytogram, it was shown that in 
venous blood the content of large forms 
of lymphocytes is higher, the levels of 
small and medium lymphocytes do not 
differ significantly. In capillary blood, such 
indicators as HCT, MCV, RDW-SD, RDW-
CV, PDW, MPV, P-LCR are higher. The 
average level of leukocytes, eosinophils, 
basophils, monocytes and neutrophils is 
also higher in capillary blood. A higher 
level of neutrophils in capillary blood is 
provided by mature segmented cells with 
two, three and four nuclear segments. 
The monocytogram of capillary blood is 
characterized by a higher content of ma-
ture monocytes and polymorphonuclear 
cells.

A comparative analysis of changes 
in venous and capillary blood parame-
ters after general short-term cooling was 
carried out. It was found that the number 
of leukocytes in venous blood increases 
from 5.13 (4.13 – 6.14) to 5.46 (4.06 – 
6.52) × 109 cells/l (p = 0.006), in capil-
lary blood – from 5 .55 (4.74 – 6.57) to 

6.07 (5.00 – 7.36) ×109 cells/l (p=0.001). 
To assess the dynamics of changes in 
capillary and venous blood parameters, 
the rates of growth and loss of leukocytes 
were calculated. It was determined that 
the rate of increase in the number of leu-
kocytes in capillary blood was actually 3 
times higher and amounted to 9.4%, ver-
sus 3.61% in venous blood.

Changes in neutrophil levels. In 
capillary blood, the total number of 
neutrophils increases from 2.86 (2.15 – 
3.59) to 3.15 (2.34 – 4.09) × 109 cells/l 
(p = 0.001), without a significant change 
in the level of band cells concentration 
which before and after general cooling 
were 0.20 (0.09 – 0.28) and 0.18 (0.10 
– 0.26) × 109 cells/l, respectively. An in-
crease in the content of segmented neu-
trophils was recorded from 2.82 (2.14 – 
3.45) to 3.06 (2.31 – 3.38) × 109 cells/l 
(p = 0.027). When studying the structure 
of the segmentogram, an increase in the 
number of cells with 2, 3 and 4 nuclear 
segments was established (Table 2).  In 
venous blood, the level of neutrophils 
also significantly increases from 2.46 
(2.00 – 3.19) to 2.89 (2.09 – 3.72) × 109 
cells/l (p = 0.001), without changing the 
level of band cells (0.18 (0.09 – 0.29) and 
0.18 (0.10 – 0.32) ×109 cells/l) and with 
an increase in the number of segment-
ed neutrophils from 2.27 (1.78 – 2.98) to 
2.62 (1.90 – 3.44) ×109 cells/l (p=0.001). 
In the structure of the segmentogram, the 
number of cells with 2, 3 and 4 nuclear 
segments increases.

Despite the same dynamics of chang-
es in the circulation of neutrophils, the 
growth rates vary significantly. In capillary 
blood, the growth rate of the total num-
ber of neutrophils was 10.1%, segment-
ed cells – 9.65%; in venous blood, the 
growth rate for neutrophils was 17.8%, 
for segmented forms – 15.4%. A more ac-
tive increase in the number of neutrophils 
and their segmented forms in the venous 
blood is a classic reaction to an irritating 
factor and may be associated with the re-
lease of cells from the depot in response 
to stress, because such a short period of 
influence of a negative factor eliminates 
the possibility of cell accumulation due 
to activation of proliferation. However, 
chronic exposure to a stress factor affects 
the functional activity of neutrophils, with 
the activation of their formation of neu-
trophil traps, which significantly changes 
the microenvironment and the likelihood 
of damage to surrounding tissues, which 
is more clearly manifested in pathological 
conditions [9, 20].

Changes in monocyte levels. There 
was no change in the level of monocytes 
in venous blood (0.43 (0.30 – 0.56) ×109 
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cells/l – before general cooling and 0.44 
(0.28 – 0.58) ×109 cells/l – after). There 
were also no significant differences in the 
structure of the monocytogram. The num-
ber of promonocytes was 0.14 (0.09 – 
0.22) and 0.14 (0.08 – 0.25) ×109 cells/l, 
respectively, before and after cold expo-
sure; mature monocytes – 0.14 (0.08 – 

0.22) and 0.12 (0.07 – 0.23) ×109 cells/l; 
polymorphonuclear – 0.05 (0.03 – 0.06) 
and 0.04 (0.02 – 0.06) ×109 cells/l. In 
capillary blood, the content of monocytes 
significantly increases from 0.57 (0.46 – 
0.82) to 0.65 (0.49 – 0.88) × 109 cells/l (p 
= 0.001). Assessing the structure of the 
monocytogram, we can say that the in-

crease in the total level of monocytes oc-
curs primarily due to promonocytes (0.14 
(0.01 – 0.24) – before cooling and 0.16 
(0.01 – 0.26) × 109 cells/l – after cooling, 
p=0.021). The content of mature mono-
cytes and polymorphonuclear forms does 
not actually change and amounts to 0.23 
(0.16 – 0.34) and 0.25 (0.16 – 0.35) ×109 

Table 1

Indicators of venous and capillary blood before general cooling, Me (25-75)

Indicator name Capillary blood, n=212 Venous blood, n=212 The level of significance 
of the differences, р

WBC (leucocyte), 109 cells/liter 5.55 (4.74 – 6.57) 5.13 (4.13 – 6.14) 0.002
RBC (erythrocyte), 1012 cells/liter 4.61 (4.28 – 4.96) 4.58 (4.22– 4.90) -
HGB (hemoglobin), grams/liter 137 (126 – 150) 136 (124 – 143) -
HCT (hematocrit), % 40.3 (38.0 – 44.5) 39.1 (36.8 – 42.3) 0.029
MCV (average volume erythrocyte), femtoliter 88.1 (85.2 – 92.1) 86.3 (82.6 – 90.0) -
MCH (the average hemoglobin content in the 
erythrocyte), picograms 29.8 (28.7– 31.2) 29.3 (28.4 – 30.5) -

MCHC (saturation of erythrocytes with hemoglobin) , 
grams/liter 338 (329 – 344) 340 (332 – 349) -

RDW-SD (distribution index of erythrocytes),  
femtoliter 41.8 (39.5 – 44.4) 39.8 (37.5 – 42.3) 0.018

RDW-CV (the degree of deviation of the size of 
erythrocytes from the normal), % 13.3 (12.6 – 14.1) 12.9 (12.4 – 13.6) 0.001

PLT (thrombocyte ), 109cells/liter 192 (161 – 239) 228 (181 – 266) 0.001
PDW (thrombocytes distribution width), % 15.1 (13.5 – 16.6) 13.9 (12.7 – 15.7) 0.001
MPV (average thrombocytes volume), femtoliter 11.5 (10.7 – 12.2) 10.9 (10.3 – 11.6) 0.001
P-LCR (percentage of the content of large 
thrombocytes), % 37.5 (31.3 – 42.9) 33.3 (29.0 – 39.0) 0.001

PCT (thrombocrit), % 0.22 (0.18 – 0.27) 0.25 (0.22 – 0.29) 0.001
Eosinophils 109 cells/liter 0.14 (0.09 –0.20) 0.11 (0.06 – 0.17) 0.001
Basophils, 109 cells/liter 0.04 (0.02 – 0.11) 0.02 (0.01 – 0.03) 0.001

Neutrophils and segmentogram
Neutrophils, 109 cells/liter 2.86 (2.15 – 3.59) 2.63 (2.04 – 3.34) 0.013
Rod-shaped neutrophils 109 cells/liter 0.20 (0.09 – 0.28) 0.18 (0.09 – 0.29) -
 Segmented neutrophils, 109 cells/liter 2.82 (2.14 – 3.45) 2.27 (1.78 – 2.98) 0.005
Neutrophils with 2 core segments, 109 cells/liter 0.94 (0.59 – 1.23) 0.74 (0.55 – 1.03) 0.001
Neutrophils with 3 core segments, 109 cells/liter 1.27 (1.00 – 1.60) 0.95 (0.73 – 1.31) 0.031
Neutrophils with 4 core segments, 109 cells/liter 0.57 (0.37 – 0.81) 0.39 (0.25 – 0.56) 0.001
Neutrophils with 5 core segments, 109 cells/liter 0.07 (0.04 – 0.11) 0.06 (0.03 – 0.11) -

Lymphocytes and lymphocytogram
Lymphocytes, 109 cells/liter 1.79 (1.21– 2.15) 1.80 (1.36 – 2.26) -
Small lymphocytes, 109 cells/liter 1.10 (0.79 – 1.43) 1.10 (0.79 – 1.59) -
Average lymphocytes, 109 cells/liter 0.54 (0.40 – 0.74) 0.56 (0.39 – 0.73) -
Large lymphocytes, 109 cells/liter 0.14 (0.11 – 0.20) 0.18 (0.12 – 0.25) 0.005

Monocytes and monocytogram
Monocytes, 109 cells/liter 0.53 (0.43 – 0.64) 0.43 (0.30 – 0.56) <0.001
Promonocytes, 109 cells/liter 0.14 (0.01 – 0.24) 00.14 (0.09 – 0.22) -
Monocytes, 109 cells/liter 0.230 (0.162 – 0.337) 0.135 (0.078 – 0.224) <0.001
Polymorphonuclear monocytes, 109 cells/liter 0.07 (0.05 – 0.10) 0.04 (0.03 – 0.06) <0.001
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cells/l, respectively; 0.07 (0.05 – 0.10) 
and 0.07 (0.05 – 0.10) ×109 cells/l. An 
increase in the number of monocytes 
in capillary blood indicates the need for 
these cells to enter tissues to participate 
in adaptive processes. Considering the 
absence of venous blood monocyte lev-
els in the dynamics, it can be assumed 
that the increase in the number of cells 
occurs due to the active migration of 
cells into smaller vessels from the pari-
etal pool of larger vessels, and not due 
to the circulating part of the population. 
Prolonged and chronic exposure to a 
stress factor through increased levels of 
glucocorticoids activates the trafficking 
of monocytes from the spleen, and their 
level in the circulation exceeds the rate of 
release into the tissue [7].

Changes in the level of lympho-
cytes. In both capillary and venous blood, 
the absolute number of lymphocytes 
does not change significantly. In capillary 
blood, the content of lymphocytes was 
1.80 (1.21 – 2.15) – before cooling and 
1.74 (1.32 – 2.19) × 109 cells/l – after; 
in the venous – 2.02 (1.42 – 2.58) and 
1.90 (1.46 – 2.47) ×109 cells/l, respec-
tively. A decrease in the relative levels of 
lymphocytes was established: in venous 
blood from 39 (32.5 – 46.0) to 36.0 (30.0 
– 43.1) % (p = 0.001); in the capillary – 
30.3 (24.2 – 35.3) to 28.2 (23.1 – 34.8) 
× 109 cells/l (p = 0.001). Assessing the 
structure of the lymphocytogram, it was 
shown that in capillary blood the number 
of small forms of lymphocytes increas-
es, with a decrease in medium and large 
forms (Table 3). The same trend is re-
corded in venous blood.

The rate of decrease in the level of 
lymphocytes in capillary blood was low-
er and amounted to -6.9%, in venous 
blood this figure was -7.7%. Despite the 
similar dynamics in the structure of lym-
phocytograms, the rates of increase and 
decrease indicate a more rapid increase 
in the number of small forms of lympho-
cytes in capillary blood (growth rate of 
11.9% versus 5% in venous blood) and 
a slower decrease in medium and large 
forms of lymphocytes (rate of decrease 
-15.1% and -10.3% – in capillary blood; 
-24.9% and -28.0% – in venous blood). 
Small lymphocytes represent the main 
population of recirculating long-lived 
cells, i.e. an increase in their level in cap-
illary blood indicates the participation of 
this part of lymphocytes in maintaining 
homeostasis when exposed to low tem-
peratures with their subsequent migra-
tion to lymph nodes and organs for an-
tigen-stimulated differentiation and pro-
liferation [16]. A decrease in the number 
of large and medium-sized lymphocytes 

probably occurs due to an increase in 
their adhesion and transition to the pari-
etal pool. It is known that large and me-
dium-sized lymphocytes for the most part 
do not recirculate, but migrate to the lam-
ina propria of the small intestine, where 
they are transformed into plasma cells.

Changes in the level of eosinophils 
and basophils. In capillary blood, the 
content of eosinophils increases from 
0.16 (0.10 – 0.25) to 0.32 (0.16 – 1.00) 
× 109 cells/l (p = 0.019), without a signif-
icant change in the level of basophils (0. 
04 (0.02 – 0.11) and 0.04 (0.02 – 0.09) 
×109 cells/l). In venous blood, the content 
of eosinophils decreases from 0.11 (0.06 
- 0.17) to 0.10 (0.06 - 0.17) × 109 cells/l 

(p = 0.002) also without a change in the 
level of basophils (0. 02 (0.01 – 0.03) and 
0.02 (0.01 – 0.04) ×109 cells/l). Thus, it 
has been shown that changes in the size 
of the basophil population are little sus-
ceptible to short-term cold influences. An 
increase in the level of eosinophils is as-
sociated with the need for the participa-
tion of these effector cells in the formation 
of innate immune responses in response 
to adrenergic stimuli [17, 19]. However, 
an excessive increase in eosinophils can 
lead to their aggregation, blockage of 
small vessels and tissue ischemia.

Changes in platelet levels and plate-
let parameters. After general short-term 
cooling, no significant changes in the 

Structure of the neutrogram before and immediately after short-term general cooling, 
Me(25-75)

Indicator of name Before short-term 
general cooling

After short-term 
general cooling

The level of significance 
of the differences, р

Capillary blood
Neutrophils with 2 core 
segments, 109 cells/liter 0.94 (0.59 – 1.23) 1.03 (0.75 – 1.58) 0.025

Neutrophils with 3 core 
segments, 109 cells/liter 1.27 (0.99 – 1.61) 1.50 (1.18 – 2.03) 0.001

Neutrophils with 4 core 
segments, 109 cells/liter 0.57 (0.37 – 0.81) 0.65 (0.41 – 0.920) 0.001

Neutrophils with 5 core 
segments, 109 cells/liter 0.07 (0.04-0.11) 0.09 (0.06-0.13) 0.060

Capillary blood
Neutrophils with 2 core 
segments, 109 cells/liter 0.74 (0.55 – 1.03) 0.80 (0.54 – 1.18 0.046

Neutrophils with 3 core 
segments, 109 cells/liter 0.95 (0.73 – 1.32) 1.06 (0.72 – 1.44) 0.002

Neutrophils with 4 core 
segments, 109 cells/liter 0.39 (0.25 – 0.56) 0.42 (0.27 – 0.67) 0.001

Neutrophils with 5 core 
segments, 109 cells/liter 0.06 (0.03-0.11) 0.06 (0.04-0.14) 0.146

Table 2

Table 3

Structure of the lymphocytogram before and immediately after short-term general 
cooling, Me(25-75)

Indicator of name Before short-term 
general cooling

After short-term 
general cooling

The level
of significance 

of the 
differences, р

Capillary blood
Small lymphocytes, 109 cells/liter 1.01 (0.79 – 1.43) 1.23 (0.86 – 1.54) 0.001
Average lymphocytes, 109 cells/liter 0.54 (0.41 – 0.73) 0.46 (0.34 – 0.64) 0.006
Large lymphocytes, 109 cells/liter 0.14 (0.11 – 0.20) 0.12 (0.07 – 0.20) 0.025

Venous blood
Small lymphocytes, 109 cells/liter 1.10 (0.79 – 1.60) 1.15 (0.87 – 1.62) 0.036
Average lymphocytes, 109 cells/liter 0.56 (0.39 – 0.73) 0.42 (0.28 – 0.64) 0.001
Large lymphocytes, 109 cells/liter 0.18 (0.12 – 0.25) 0.13 (0.09 – 0.18) 0.001
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level of platelets and platelet parameters 
were found, either in venous or capillary 
blood (Table 4). Thus, it can be assumed 
that platelet parameters in practically 
healthy people are more stable and less 
susceptible to the influence of short-term 
exposure to low temperatures.

Changes in the level of red blood 
cells and erythrocyte parameters. In 
capillary and venous blood, similar reac-
tions from erythrocytes and erythrocyte 
parameters are recorded (Table 5). In-
creased levels of red blood cells (RBC), 
hemoglobin (HGB) and hematocrit (HCT) 
were found. The rate of increase in indi-
cators in capillary blood was higher than 
in venous blood and amounted to 2.80 
and 1.74% for RBC, 2.20 and 1.41% for 
HGB, and 1.70 and 1.29% for NCT, re-
spectively. Red blood cells are involved in 
the regulation of endothelial dysfunction 
by altering the balance between levels 
of nitric oxide (NO) and reactive oxy-
gen species to prevent the induction of 
vascular oxidative stress [22]. Thus, an 
increase in the number of erythrocytes 
in practically healthy individuals during 
short-term general cooling can be con-
sidered as a positive adaptive reaction 
that ensures the maintenance of vascular 
homeostasis.

Conclusion. The background levels 
of venous and capillary blood parame-
ters in practically healthy people living in 
the North differ somewhat, but are within 
the physiological norm. Red blood cells 
of capillary blood have a large degree of 
variation in size and the degree of devia-
tion of their sizes from normal. After gen-
eral cooling, erythrocyte indicators such 
as RBC, HGB and HCT have the same 
tendency to increase, but in capillary 
blood a higher rate of increase is record-
ed, which may indicate their importance 
in regulating the maintenance of homeo-
stasis of small vessels during cooling. 
The total number of platelets is higher 
in venous blood, while in capillary blood 
the platelet population is more heteroge-
neous and the content of large cells is 
higher. During cooling, the levels of plate-
lets and platelet parameters are more 
stable and do not change significantly in 
both capillary and venous blood. It has 
been shown that in capillary blood there is 
a higher level of leukocytes mainly due to 
mature forms of monocytes, neutrophils, 
eosinophils and basophils. This distribu-
tion is probably due to the fact that these 
cells exhibit the main functional activity in 
tissues and it is in the capillary pool that 
there are cells ready to respond to anti-
gens. In response to general short-term 
cooling, regardless of the hematological 
test, adaptive reactions are recorded 

with an increase in the total level of leu-
kocytes. At the same time, in capillary 
blood a more rapid replenishment of this 
pool occurs mainly due to small forms of 
lymphocytes, promonocytes and eosino-
phils, while in venous blood the increase 
in the number of leukocytes is support-
ed by an increase in the content of seg-
mented neutrophils. Thus, it has been 
shown that even short-term stress leads 
to changes in the cellular composition of 
capillary and venous blood, reflecting in-

creased reactions of cell release from the 
depot, maintenance of vascular homeo-
stasis, migration of leukocytes from larg-
er vessels to small ones and activation of 
lymphocyte recycling.

The work was carried out within the 
framework of the program of fundamen-
tal scientific research on the topic of the 
Laboratory of Ecological Immunology of 
the Institute of Environmental Physiol-
ogy FECIAR UrB RAS  (registration no. 
122011300377-5).

Table 4

Table 5

Changes in platelet levels and platelet parameters before and immediately
after short-term general cooling, Me (25-75)

Name
of indicator 

Before
general cooling 

After
general cooling 

Level of significance
of differences, p 

Capillary blood
PLT, 109 cells/liter 192 (161.0 - 239.0) 208.5 (162.0 - 247.0) 0.133
PDW, % 15.10 (13.50 - 16.60) 15.3 (13.2 - 16.8) 0.340
PCT, % 0.22 (0.18 - 0.27) 0.230 (0.200 - 0.280) 0.368
MPV, femtoliter 11.5 (10.7 – 12.2) 11.4 (10.7 – 12.1) 0.239
P-LCR, % 37.5 (31.3 – 42.9) 37.1 (30.8 – 42.5) 0.081

Venous blood
PLT, 109 cells/liter 228 (181 – 266) 230 (181 – 275) 0.488
PDW, % 13.9 (12.7 – 15.7) 14.1 (12.6 – 15.4) 0.324
PCT, % 0.25 (0.22 - 0.29) 0.260 (0.210 - 0.290) 0.132
MPV, femtoliter 10.9 (10.3 – 11.6) 10.9 (10.3 – 11.5) 0.114
P-LCR, % 33.3 (29.0 – 39.0) 33.6 (28.7 –38.5) 0.115

Changes in the level of erythrocytes and erythrocyte parameters before
and immediately after short-term general cooling, Me(25-75)

Name
of indicator 

Before
general cooling

After
general cooling

Level of significance
of differences, p

Capillary blood
RBC, 1012 cells/liter 4.61(4.28-4.96) 4.74(4.28-5.10) 0.022
HGB, grams/liter 137(126-150) 140(126-153) 0.020
HCT, % 40.3(38-44.5) 41(38.6-45.4) 0.022
MCV, femtoliter 88.1(85.2-92.1) 88.3(85.8-92.2) 0.042
MCH, picograms 29.8(28.7-31.2) 29.7(28.7-31.1) 0.450
MCHС, grams/liter 338(329-344) 325(335-344) 0.065
RDW-SD, femtoliter 41.8(39.5-44.4) 41.7(39.6-44.5) 0.937
RDV-CV, % 13.3(12.6-14.1) 13.2(12.6-14.1) 0.775

Venous blood
RBC, 1012 cells/liter 4.58 (4.22 – 4.90) 4.64 (4.35 – 5.02) 0.001
HGB, grams/liter 136 (124 – 143) 138 (127 – 146) 0.005
HCT, % 39.1 (36.8 – 42.3) 39.7 (37.6 – 42.2) 0.014
MCV, femtoliter 86.3(82.6-90.0) 86.1(82.4-89.9) 0.007
MCH,  picograms 29.3(28.4-30.5) 29.3(28.3-30.5) 0.828
MCHС,  grams/liter 340 (332 – 349) 341 (335 – 349) 0.153
RDW-SD, femtoliter 39.8(37.5-42.3) 39.8(37.7-42.2) 0.367
RDV-CV, % 12.9(12.4-13.6) 12.9(12.4-13.7) 0.075
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The purpose of the study: to study the features of the sorption activity of the epithelium of the oral mucosa, depending on the body mass index. 
A survey of 61 practically healthy women living in Arkhangelsk aged 19 to 45 years was conducted. According to the results of the distribution, two 
groups were formed depending on BMI: BMI > 25 (30 people) and BMI < 25 (31 people). To exclude the metabolic syndrome, a study of the main 
parameters of the lipid profile was conducted. The sorption activity of the epithelium in the separated oral mucosa in the group with a BMI >25 
was lower compared with the group of subjects with normal weight. The average number of peripheral blood leukocytes in the examined group 
with a BMI>25 was statistically significantly higher (6.67±0.88 ×10^9 cells/l compared with 4.94±0.06 ×10^9 cells/l) due to neutrophil granulocytes 
(3.75±0.27 ×10^9 cells/l versus 2.50±0.18 ×10^9 cells/l). Their content levels did not go beyond the reference values. The average level of the 
proinflammatory cytokine IL-1β in the supernatant of oral fluid in individuals with a BMI >2.5 was twice as high (20.19±2.95 pg/ml compared with 
10.95±1.80 pg/ml). The average levels of IL-1β in peripheral blood in individuals of both groups studied do not exceed the physiological norm, and 
the average levels of this proinflammatory cytokine in the supernatant of oral fluid are 2-4 times higher than in the cut, it can be assumed that the 
local synthesis of this cytokine. low levels of sorption activity of the oral epithelium in individuals with a BMI >25 may indicate a risk of developing 
metabolic syndrome.

Thus, in individuals with a BMI > 25, a decrease in the levels of sorption activity of the oral epithelium was revealed, as well as a twofold increase 
in the average levels of IL-1β in the supernatant of the oral fluid, which suggests a more intense inflammatory reaction of the oral mucosa, the 
chronization of which can lead to metabolic changes, and, as a result, can contribute to the development of metabolic syndrome. At the same 
time, the average levels of IL-1β in peripheral blood do not change, which emphasizes the relative autonomy of the local immune response. 
Concentrations of the proinflammatory cytokine IL-1β in the oral fluid, which are many times higher than the average levels of IL-1β in peripheral 
blood, indicate a predominantly local synthesis of this inflammatory mediator.

Keywords: Sorption, epithelium, obesity.

Introduction. The innate immune sys-
tem of the oral cavity functions as the first 
line of defense against infection, provides 
immune tolerance to commensal bacte-
ria and food antigens. Epithelial cells of 
the mucous membranes of the oral cavity 
are the main components of the innate 
immune system, providing relative imper-
meability of the epithelial barrier to mi-
croorganisms. The microbiota of the oral 
cavity plays an important role in maintain-
ing the health of the human body. Devia-
tion from the symbiotic balance between 
the host and the microbiota can lead to 
oral and systemic diseases. Epidemio-
logical studies confirm the connection 
between oral dysbiosis and metabolic 

dysregulation. Dysbiosis of the oral mi-
crobiome can contribute to inflammatory 
changes and impaired metabolic regula-
tion in obesity. Significant differences in 
the composition of the oral microbiome 
between people with normal weight and 
obesity have been revealed [3, 7, 8].

Increased permeability of the intestinal 
wall in obesity is associated with changes 
in the composition of proteins of dense 
compounds and thinning of the mucous 
layer of the epithelial barrier, which leads 
to translocation of food and bacterial an-
tigens into the bloodstream. The micro-
flora of the oral cavity initiates immune 
reactions and contributes to increased 
metabolic inflammation of adipose tis-
sue. Two approaches linking oral bacteria 
with inflammatory and metabolic effects 
in distant organs are discussed in the 
literature. Translocation of oral bacteria 
into the intestine and effects on the com-
position of the intestinal microbiome are 
one of the approaches. Translocation of 
oral bacteria and inflammatory molecules 
into the bloodstream leads to bacteremia, 
systemic damage and various immune 
reactions. This causes systemic inflam-
mation and local inflammation in remote 
areas [6]. Local increase in proinflamma-
tory cytokine levels and remodeling of 
dense compound proteins play a key role 
in the manifestation of epithelial barrier 
dysfunction in obesity [2].

There are fundamental restrictions on 
the capture of bacteria by epithelial cells 
in the gastrointestinal tract and other cav-
ities. Endocytosis, as a consequence of 
the fundamental principles of biology, is 
based on molecular and cellular recog-
nition, which plays an important role in 
bacterial adhesion to host cell receptors. 
Adsorption and receptor-mediated pro-
tein endocytosis is a universal property 
of cells, and especially in the epithelium 
of mucous membranes. Some absorbed 
proteins are transported intact through 
the cells and thus provide specialized 
functions, such as the transfer of immuni-
ty from mother to child. However, mostly 
absorbed proteins are transported to ly-
sosomes, where they undergo complete 
hydrolysis to amino acids. This process 
is important for the homeostasis of circu-
lating proteins [9].

The sorption activity of the epithelium 
depends on the size of the sorbed par-
ticles. Studies of the sorption capacity 
of epithelial cells of the mucous mem-
branes of the esophagus show that latex 
microspheres larger than 1 µm adhered 
to epithelial cells, but were not subjected 
to phagocytosis [4]. Microspheres with a 
diameter of 0.01 and 0.1 microns. micro-
spheres, but not 1.0 microns, were inter-
nalized rather than simply attached to the 
outer surface of the cell [5].

Studies simulating the consequence 
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of diabetes mellitus in the oral cavity have 
demonstrated a decrease in the sorption 
capacity of oral epithelial cells against the 
background of an increase in the number 
of heterogeneous microflora and low leu-
kocyte activity. There were also trends to-
wards a significant decrease in the index 
of cellular differentiation and an increase 
in the nuclear-cytoplasmic ratio against 
the background of intensive processes of 
desquamation of the mucosal epithelium, 
exacerbating local inflammatory reac-
tions [10].

At the local level, cytokines ensure the 
development of all stages of the immune 
response to the influence of a pathogenic 
factor: they limit its spread, removal and 
restoration of damaged tissue. Low con-
centrations of cytokines form adequate 
local inflammation, higher ones cause a 
systemic inflammatory reaction of a pro-
tective nature, extremely high ones lead 
to the development of pathological condi-
tions. The source of cytokines in the oral 
fluid is serum transudate and salivary 
glands, and they are also produced by 
epithelial cells of the oral mucosa upon 
contact with microorganisms. In addi-
tion, cytokines are actively produced by 
lymphocytes and macrophages embed-
ded in the epithelial layer of the mucous 
membrane. Separately, it should be not-
ed that the content of cytokines in the oral 
fluid does not correlate with their level in 
the blood, which indicates the relative au-
tonomy of local immunity. The diagnostic 
value of determining cytokines increases 
when they are examined directly in the 
focus of inflammation.

The initial mucosal response is trig-
gered by the activation of toll-like recep-
tors, which act as the most important 
inflammatory mediators within the innate 
immune system. Activation of immune 
cells such as macrophages and T cells 
contributes to the creation of a pro-in-
flammatory environment, which leads to 
an increase in the level of inflammatory 
cytokines such as TNF-α, IFN-γ, IL-6, 
IL-13 and IL-1β. Moreover, inflammatory 
cytokines can affect the main regulator of 
the function of dense compound proteins.

Studies prove that metabolic inflam-
mation of adipose tissue in individuals 
with a high body mass index has a neg-
ative effect on the epithelial layer of the 
mucous membranes, weakening the se-
cretion of proteins of dense compounds, 
increasing the permeability of the epithe-
lial layer due to paracellular transport. 
The degree of permeability of the epithe-
lial barrier is regulated by proteins of in-
tercellular tight contacts both under phys-
iological conditions and under conditions 
of a pathological process [1].

The purpose of the work: to study 
the features of the sorption activity of the 
epithelium of the oral mucosa depending 
on the body mass index.

Materials and methods. On the ba-
sis of the Laboratory of Environmental 
Immunology of the Institute of Physiol-
ogy of Natural Adaptations of the the N. 
Laverov Federal Center for Integrated 
Arctic Research of the Ural Branch of 
the Russian Academy of Sciences, a 
survey of 61 practically healthy wom-
en living in Arkhangelsk aged 19 to 45 
years was conducted. The average age 

of the subjects was 33.52±8.17 years. 
The examination was conducted during 
the absence of exacerbation of chron-
ic diseases. All studies were conducted 
with the consent of volunteers and in 
accordance with the requirements of the 
Helsinki Declaration of the World Medical 
Association on Ethical Principles of Med-
ical Research. Permission was received 
from the Ethical commission of the Insti-
tute of Physiology of Natural Adaptations 
of the the N. Laverov Federal Center for 
Integrated Arctic Research of the Ural 
Branch of the Russian Academy of Sci-

Table 1

Table 2

Average levels of body mass index and peripheral blood lipid metabolism,
depending on BMI

Parameters BMI >25, М±m BMI <25, М±m
Body Mass Index 31.59±3.65* 21.84±2.25
Total cholesterol, mmol/l 3.54±0.47 3.98±0.74
Triglycerides, mmol/l 0.83±0.33 0.96±0.20
Phospholipids, mmol/l 2.08±0.60 2.48±0.70
Glucose, mmol/l 5.02±0.43 5.26±0.41
aspartate transaminase, E/L 21.42±6.14 20.77±3.07
Alanine aminotransferase, E/L 12.71±4.78 15.16±3.70
Gamma-glutamyltranspeptidase, E/L 20.37±21.22 20.72±14.22
Amylase, E/l 49.25±18.07 49.23±19.84

* - p<0.05

The sorption activity of the epithelium in the oral fluid of the subjects,
depending on BMI

Parameters BMI > 25 BMI < 25

Average sorption activity of the epithelium, bacterium / cell 69.66±3.92* 86.29±2.25
% of individuals with epithelial sorption activity <100 
bacterium / cell 55.17 32.29

% of individuals with epithelial sorption activity <50 
bacterium / cell 27.59 0

* - p<0,05
а

Epithelial cell of the oral cavity with a low number (a) and a large number (b) of sorbed 
microorganisms. Staining according to Romanovsky-Giemsa. Magnification ×1000

b
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ences (Protocol No. 8 dated March 30, 
2022) to conduct the study.

All the subjects had their height and 
body weight measured, and the body 
mass index was calculated using the for-
mula: BMI = weight (kg) / height (m)2.

Oral fluid was taken in the morn-
ing, on an empty stomach, into plastic 
tubes, which were immediately frozen 
for 72 hours, then unscrewed on a cen-
trifuge. A smear was made from the sed-
iment and stained according to Roma-
novsky-Gimse. The average number of 
microbial bodies per 100 epithelial cells 
was calculated in the smear. The infusion 
fluid was used to determine IL-1β by en-
zyme immunoassay.

The complex of immunological re-
search included the study of a hemogram 
of venous blood taken on an empty stom-
ach in the morning (the number of plate-
lets, erythrocytes, leukocytes, total he-
moglobin in the blood, leukograms) on an 
automatic hematology analyzer XS–500i 
(Sysmex, Japan). Cytokines IL-1β, IL-6, 
TNF-α, IL-10 (Vector Best, Russia) of 
peripheral blood and the supernatant of 

oral fluid were determined by the enzyme 
immunoassay using the Multiskan FC 
enzyme immunoassay analyzer (Thermo 
Scientific, USA).

The study of the lipid profile included 
the determination of total cholesterol, 
glucose, triglycerides, phospholipids, and 
insulin using a Shimadzu UV-1800 spec-
trophotometer (Japan) and Vector–Best 
reagents (Russia). 

Statistical processing with the determi-
nation of the arithmetic mean and stan-
dard error (M ± m) was carried out using 
the Microsoft Excel software package. 
The significance of the differences was 
assessed using the Student's t–test when 
conducting statistical analysis using the 
Statistica software package. The signifi-
cance of the differences was taken into 
account at p < 0.05.

Table 3

Erythrocyte and leukocyte indices of peripheral blood depending on BMI

Parameters ИМТ >25, М±m ИМТ <25, М±m
Erythrocytes, 10^6 cells/µl 4.81±0.49 4.79±0.39
Hemoglobin, g/l 132.40±18.64 131.06±14.93
Hematocrit, % 37.11±4.34 37.11±3.33
Red blood cell volume, fL 77.25±5.91 77.59±4.32
The volume of hemoglobin in erythrocytes, pg 27.53±2.74 27.38±2.15
The average concentration of hemoglobin in erythrocytes, g/l 355.83±13.74 352.42±11.86
Platelets, 10^3 cells/µl 281.67±64.97 256.00±53.53
The estimated width of the distribution of red blood cells by volume, standard deviation, fL 38.63±3.06 36.80±2.18
The calculated width of the distribution of erythrocytes by volume, coefficient of variation, % 14.21±2.00 13.36±1.26
Estimated platelet distribution width, fL 14.40±2.48 13.90±2.19
Platelet volume, fL 11.03±1.04 10.79±0.89
The coefficient of large platelets, % 34.17±8.30 32.31±7.15
Thrombocrit, % 0.31±0.06 0.27±0.05
White blood cells, 10^9 cells/l 6.67±0.88* 4.94±0.06
Neutrophils, 10^9 cells/l 3.75±0.27* 2.50±0.18
Neutrophils, % 55.86±0.90 50.39±0.51
Lymphocytes, ×10^9 cells/l 2.12±0.79 1.82±0.62
Lymphocytes, % 32.10±0.50 36.82±1.18
Monocytes, ×10^9 cells/l 0.56±0.15 0.45±0.11
Monocytes, % 1.87±0.07* 1.55±0.07
The ratio of neutrophils to lymphocytes (NLR) 8.60±0.60 9.26±0.87
Eosinophils, ×10^9 cl/l 0.19±0.14 0.16±0.11
Eosinophils, % 2.98±0.01 3.15±0.05
Basophils, ×10^9 cells/l 0.03±0.02 0.02±0.01
Basophils, % 0.44±0.06 0.41±0.02

* - p<0.05

Average levels of peripheral blood cytokines and oral fluid supernatant

Cytokines BMI >25, М±m BMI <25, М±m
IL-17F, pg/ml 26.54±23.93 28.47±13.62
IL-1β, pg/ml 4.75±1.92 4.63±3.65
IL-1β (saliva), pg/ml 20.19±2.95* 10.95±1.80
IL-4, pg/ml 11.88±1.85 10.17±2.71
IL-6, pg/ml 2.72±2.06 3.2±2.47
TNF-α, pg/ml 6.21±6.9 7.04±6.2
IL-10, pg/ml 4.53±4.1 5.03±6.44

* - p<0.05

Table 4
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Results and discussion. Accord-
ing to the results of the distribution, two 
groups were formed depending on BMI: 
BMI > 25 (30 people) and BMI < 25 (31 
people). To exclude the metabolic syn-
drome, a study of the main parameters 
of the lipid profile was conducted. The re-
sults of the lipid metabolism parameters 
studied by us are shown in Table 1.

The main parameters of the lipid pro-
file in all subjects did not exceed the lim-
its of the physiological norm. 

We found that a high body mass in-
dex is associated with a decrease in the 
sorption activity of epithelial cells of the 
mucous membranes of the oral cavity. 
The average levels of sorption activity of 
epithelial cells of the oral fluid, as well as 
the percentage of persons with reduced 
sorption levels are shown in Table 2.

The sorption activity of the epithelium 
in the separated oral mucosa in the group 
with a BMI >25 was lower compared with 
the group of subjects with normal weight 
(Figures 1, 2). At the same time, the av-
erage level of epithelial cell sorption ca-
pacity did not reach 100 bacterium / cell. 
in half of the subjects in the BMI group 
>25, and 50 bacterium / cell in a third of 
the volunteers in this group. A decrease 
in the levels of the sorption capacity of 
epithelial cells may indicate a weakening 
of the protective properties of epithelial 
cells of the mucous membranes of the 
oral cavity in persons with high BMI due 
to the negative influence of factors of 
metabolic inflammation of adipose tissue.

Figure 1. Epithelial cell of the oral cav-
ity with a low number of sorbed microor-
ganisms. Romanovsky-Giemse coloring. 
Increase ×1000.

To clarify the nature of metabolic in-
flammatory processes, it was of interest 
to study peripheral blood parameters, the 
results of which are presented in Table 3.

The indicators of erythrocyte and 
platelet components of peripheral blood 
in both groups of subjects had no sig-
nificant differences and were within the 
physiological norm.

The average number of peripheral 
blood leukocytes in the examined group 
with a BMI>25 was statistically signifi-
cantly higher (6.67±0.88 ×10^9 cells/l 
compared with 4.94±0.06 ×10^9 cells/l) 
due to neutrophil granulocytes (3.75±0.27 
×10^9 cells/l versus 2.50±0.18 ×10^9 
cells/l). Their content levels did not go be-
yond the reference values. To assess the 
likely systemic inflammation, the aver-
age values of the neutrophil-lymphocytic 

index in the subjects were calculated, it 
was determined that those with a high 
BMI were higher than those of volunteers 
with normal body weight (1.87±0.07 com-
pared with 1.55±0.07). 

The average concentrations of the 
mediators of inflammatory reactions of 
peripheral blood and the supernatant of 
oral fluid studied in individuals with differ-
ent BMI levels are shown in Table 4.

The studied levels of peripheral blood 
cytokines in the subjects in both groups 
had no statistically significant differences. 
However, the average level of the proin-
flammatory cytokine IL-1β in the oral flu-
id supernatant in individuals with a BMI 
>2.5 was twice as high (20.19±2.95 pg/
ml compared with 10.95±1.80 pg/ml). El-
evated levels of the inflammatory media-
tor IL-1β in the oral fluid indicate a local 
immune response, play an important role 
in the development of inflammation and 
a decrease in the effectiveness of the 
protective function of the epithelial bar-
rier in obesity. Since the average levels 
of IL-1β in peripheral blood in individuals 
of both groups studied do not exceed 
the physiological norm, and the average 
levels of this proinflammatory cytokine in 
the supernatant of oral fluid are 2-4 times 
higher than in the cut, it can be assumed 
that local synthesis of this cytokine. It is 
important to keep in mind that the aver-
age values may vary depending on the 
individual characteristics of the body. 

The relatively elevated level of c-re-
active protein (2.46±0.17 micrograms/ml 
compared with 1.97±0.19 micrograms/
ml), even with normal cholesterol levels 
in practically healthy individuals, makes 
it possible to predict the risk of metabolic 
disorders that can lead to the develop-
ment of metabolic syndrome, since in-
dividuals with a BMI > 30 have average 
concentrations of c-reactive protein. pro-
teins tend to increase (4.20±1.86 micro-
grams/ml).

Conclusion. Thus, in individuals with 
a BMI > 25, a decrease in the levels of 
sorption activity of the oral epithelium was 
revealed, as well as a twofold increase in 
the average levels of IL-1β in the super-
natant of the oral fluid, which suggests a 
more intense inflammatory reaction of the 
oral mucosa, the chronization of which 
can lead to metabolic changes, and, as a 
result, can contribute to the development 
of metabolic syndrome. At the same time, 
the average levels of IL-1β in the periph-
eral blood do not change, which high-
lights the relative autonomy of the local 

immune response. Concentrations of the 
proinflammatory cytokine IL-1β in the oral 
fluid, which are many times higher than 
the average levels of IL-1β in peripheral 
blood, indicate a predominantly local syn-
thesis of this inflammatory mediator.

The work was carried out within the 
framework of the program of fundamen-
tal scientific research on the Laboratory 
of Environmental Immunology of the In-
stitute of Physiology of Natural Adapta-
tions of the N. Laverov Federal Center 
for Integrated Arctic Research of the Ural 
Branch of the Russian Academy of Sci-
ences No. 122011300377-5.
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The vitamin D supply of healthy newborns and young children living in the Khabarovsk Territory was analyzed. Using a random sampling meth-
od, the study included children of two age groups: at birth and the mothers of these children (n=67) and at the age of 1-3 years (n=58), undergoing 
examination in medical organizations of the Ministry of Health of the Khabarovsk Territory, Khabarovsk. Low vitamin D status was detected in every 
third child aged 0 to 3 years (29.4%): vitamin D deficiency and insufficiency were diagnosed in 14.4% and 15.0% of children respectively, severe 
deficiency was defined in 4.0 % of cases. A decrease in the concentration of 25(OH)D in the blood serum was found with increasing age of the 
child. It was determined that the median concentration of 25(OH)D in the blood serum of children in the first three years of life was 2.5 times higher 
compared to the control group. The data obtained as a result of the study demonstrate the high prevalence of low vitamin D status among the 
child population of Khabarovsk, while there is an increase in the deficiency state as they grow older and, as a consequence, the most vulnerable 
group is adolescents.

Keywords: vitamin D, newborns, young children, teenagers.

Introduction. Recently, there has 
been an accumulation and rethinking of 
scientific research on the level of vita-
min D in different age categories around 
the world, since the supply of vitamin D 
has become a key factor determining 
the health of both adults and children. 
Vitamin D deficiency is an internationally 
recognized health problem of particular 
importance in certain geographic regions 
and in certain social and demographic 
segments of the population. Currently, 
there is evidence that vitamin D deficien-
cy affects from 24 to 49% of people, insuf-
ficiency ranges from 5 to 18%, depending 
on the region of the world [8]. Numerous 
studies indicate the diversity of the bio-

logical significance of vitamin D and have 
long been not limited to the “classical” 
and go far beyond simply “prevention of 
rickets” and “bone metabolism”, its mod-
ern undeniable role in the development 
and functioning of the central nervous 
system in children, its influence on devel-
opment chronic somatic pathology and 
implementation of reproductive function.

The modern scientific idea of   research 
in this area is to summarize the available 
data and formulate a unified concept for 
the prevention and treatment of vitamin 
D deficiency in the pediatric population, 
taking into account age periodization. On 
the territory of the Khabarovsk Territory, 
since 2019, systematic work has been 
carried out to form a base of vitamin D 
supply depending on the age of the child 
from 0 to 18 years [5, 6], since studies of 
the vitamin D supply of children of differ-
ent age groups in the Khabarovsk Territo-
ry, in accordance with modern diagnostic 
criteria, have not previously been carried 
out, which served as the basis for con-
ducting this study. Maintaining adequate 
vitamin D levels is important throughout 
childhood because vitamin D deficiency 
negatively affects children's health.

The largest study of vitamin D lev-
els in children included 1230 studies in 
7 regions of the Russian Federation [2]. 
According to the results of the study, 
low levels of vitamin D were detected in 
children from 0 to 3 years of age in the 
cities of the Far Eastern Federal District - 
Khabarovsk, Vladivostok and Blagovesh-
chensk (73.3%, 87.9% and 62.8%, re-
spectively) [2]. Also, low levels of vitamin 
D in preschool and adolescent children 
were detected in the Amur region (80.0% 
and 88.3%, respectively) [1].

The analysis of vitamin D supply in the 

children's population of various countries 
revealed some age-related features. Eu-
ropean adolescents aged 15-18 years 
demonstrate a higher prevalence of vita-
min D deficiency (12-40%) compared to 
children aged 1-14 years (4-7%) [9]. The 
prevalence of vitamin D deficiency and 
insufficiency among children in mainland 
China was 7% and 16%, respectively, 
while the lowest levels of provision were 
found in newborns (deficiency – 55%, in-
sufficiency – 33%), adolescents had low 
vitamin D status in 18% and 35% of cas-
es, respectively [11].

The disparity of the results of previous 
studies regarding the prevalence of vita-
min D deficiency depending on the age 
of the child requires further study with an 
emphasis on children of the younger age 
group, since it is in this period of life that 
the child's health and development pro-
gram is laid in subsequent years.

The aim of the study: to determine 
the features of vitamin D supply in healthy 
newborns and young children living in the 
Khabarovsk Territory.

Materials and methods of research.
An observational, analytical, cross–sec-
tional study was conducted, in which chil-
dren aged 0 to 3 years (n=125) were in-
cluded by random sampling, undergoing 
examination in medical organizations of 
the Ministry of Health of the Khabarovsk 
Territory, Khabarovsk - the consultative 
and diagnostic department of the Chil-
dren's City Clinical Hospital named after 
V.M. Istomin and the KGBUZ Perina-
tal Center named after Professor G.S. 
Postol. According to the age periodiza-
tion, the children were divided into study 
groups: newborns (n=67) and young chil-
dren (1-3 years old, n=58). The control 
group consisted of adolescent children 
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(10-18 years old, n=30). In addition, the 
analysis of vitamin D supply in 67 moth-
ers of newborns included in the study 
was carried out.

Inclusion criteria: conditionally healthy 
children aged 0-3 years, born with av-
erage physical development from a sin-
gleton physiological pregnancy and the 
mothers of these children, from whom 
had a sampling done umbilical cord blood 
(newborns) and venous blood (mothers of 
the early postpartum period and children 
1-15 years old), living in the Khabarovsk 
and undergoing examination in selected 
medical organizations at the time of the 
study, from whose legal representatives 
a written voluntary informed consent to 
participate in the study was obtained.

Quantification of the level of 25-hy-
droxyvitamin D (25(OH)D) in blood serum 
was performed by solid-phase enzyme 
immunoassay based on the principle of 
competitive binding using a set of re-
agents 25-OH-Vitamin D ELISA (DRG In-
struments GmbH, Germany). The range 
of detectable concentrations is 25(OH)
D was (according to the instructions of 
the test manufacturer) 2.89–130 ng/ml. 
No results beyond the specified values 
were found in this study. The study was 
performed on a Model 680 Microplate 
Reader photometer (Bio-Rad, USA). The 
biomaterial set was carried out in the au-
tumn-winter period of 2021-2022. The 
level of vitamin D supply was determined 
according to the recommendations set 
out in the national program [7].

The study was approved by the local 
Ethics Committee at the Far Eastern 
State Medical University of the Ministry 
of Health of the Russian Federation (Pro-
tocol No. 10 of 06/10/2020), conducted 
in accordance with the ethical principles 
of conducting medical research involving 
people as subjects (Helsinki, 1964; re-
vised - Scotland, October 2000).

Statistical analysis of the results of 
the study was carried out using statisti-
cal programs Statistica 12.0 (StatSoft 
Inc., USA) and IBM SPSS Statistics 20. 
The description of quantitative indica-
tors was performed indicating the aver-
age value (M), the error of the arithmetic 
mean (m), the median (Me), the 25th and 
75th percentiles. The normality of the 
data distribution was checked using the 
Shapiro-Wilk criterion. The statistical sig-
nificance of the differences in the study 
groups was assessed by the Student's 
t-test for independent samples with a nor-
mal distribution of data. The comparison 
of quantitative indicators in the compar-
ison groups with the distribution of data 
that do not have a normal distribution 
was carried out using the Mann-Whitney 

criterion. The statistical significance of 
the differences in relative indicators was 
assessed using Pearson's χ2 criterion 
and Fisher's exact criterion. Spearman's 
rank correlation coefficient was used to 
determine the degree of correlation be-
tween the indicators. To quantify the re-
lationship between a certain outcome 
and a risk factor, when comparing two 
groups, the statistical indicator odds ratio 
(OR) was used with the calculation of a 
95% confidence interval (CI). The differ-
ences between the groups were consid-
ered statistically significant at p<0.05.

Results and discussion. According 

to the study, a low vitamin D status was 
detected in every third child aged 0 to 
3 years (29.6±4.1%). At the same time, 
vitamin D deficiency and insufficiency 
were diagnosed equally in 14.4±3.1% 
and 15.0±3.2% of children, respective-
ly, severe deficiency was determined in 
4.0±1.8% of cases, the optimal vitamin D 
level was in 70.4±4.1% of the examined 
children.

Concentration analysis of 25(OH)D in 
the blood serum of children in the com-
parison groups showed significant dif-
ferences in vitamin D supply depending 
on age (p<0.001) (Table 1). The highest 

Table 1

Concentrations of 25(OH)D in the blood serum of the examined children
of the comparison groups

Vitamin D supply. abs. (%)
Age groups

p
Newborns 1-3 years

Concentration of 25(OH)D. ng/ml
(Me (25%; 75%)) 49.1 (39.3; 60.0) 34.5 (22.0; 53.0) 0.001

Supply of vitamin D. abs. (%):
Deficiency 4 (6.0) 14 (24.1) 0.005

Severe deficiency 3 (4.5) 2 (3.4) 1.000
Insufficiency 6 (8.9) 13 (22.4) 0.066
Optimal level 57 (85.1) 31 (53.4) < 0.001

Table 2

Comparative analysis of vitamin D supply in the examined young children
with the control group (adolescents)

Vitamin D supply, abs. (%)
Age groups

p
1-3 years Adolescents

Concentration of 25(OH)D, ng/ml
(Me (25%; 75%)) 46.0 (27.0; 59.0) 18.2 (12.0; 28.0) < 0.001

Supply of vitamin D, abs. (%):
Deficiency 18 (14.4) 17 (56.7) < 0.001

Severe deficiency 5 (4.0) 7 (23.3) 0.002
Insufficiency 19 (15.0) 7 (23.3) 0.425
Optimal level 88 (70.4) 6 (20.0) < 0.001

Table 3

Comparative analysis of vitamin D supply in children of the studied age groups living
in Khabarovsk and Moscow

Vitamin D supply, 
abs. (%)

Age groups  
0-3 years 0-3 years p Adolescents Adolescents p

Deficiency 18 (14.4) 45 (17.5)

0.014

17 (56.7) 496 (65.0)

0.041
Severe deficiency 5 (4.0) 4 (1.6) 7 (23.3) 75 (9.8)

Insufficiency 19 (15.0) 69 (27.0) 7 (23.3) 211 (27.7)
Optimal level 88 (70.4) 142 (55.5) 6 (20.0) 56 (7.3)

Note: the data published by Kondratieva E.I. et al. are highlighted in bold [4]
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levels of vitamin D in the child's body, cor-
responding to a sufficient level of supply, 
were found in the group of newborns. The 
median concentration is 25(OH)D was 
49.1 ng/ml and was higher than calcidi-
ol concentrations in young children (34.5 
ng/ml, p = 0.001).

As a result of the study, it was found 
that vitamin D deficiency and insufficiency 
occurred in young children in 46.4±6.6% 
of cases, much less often in newborns 
– 14.9±4.4% (p<0.001). There were no 
statistically significant differences in the 
prevalence of vitamin D insufficiency in 
children of the comparison groups (p = 
0.066) (Table 1). 

When determining the relationship 
between the level of vitamin D supply 
and the age group of children, a statis-
tically significant negative relationship 
was established as a result of correlation 
relations (r = -0.349, p < 0.001). Thus, a 
decrease in the concentration of 25(OH) 
was determined in the blood serum with 
an increase in the age of the child.

It is interesting to note that a multi-
center, prospective, cohort pharmacoep-
idemiological study conducted about 10 
years ago to assess the supply of vitamin 
D in the younger age group of children 
in the Russian Federation "Rodnichok" 
revealed a high prevalence of vitamin 
D deficiency (42.9±6.6%) and vitamin D 
insufficiency in children in Khabarovsk 
(30,4±6,1%) [2]. Vitamin D deficiency in 
young children according to the results 
of this study amounted to 24.1±5.6%, 
which is almost 2 times less than in the 
Rodnichok study (p = 0.035).  The num-
ber of children with a sufficient level of 
security was increced from 26.8±5.9% 
to 53.4±6.6% (p = 0.004). The improve-
ment in the level of vitamin D supply is 
probably due to the implementation by 
pediatricians of the recommendations on 
cholecalciferol subsidies set out in the 
National Program for the Elimination of 
Vitamin D Deficiency, greater awareness 
and commitment of parents to alimentary 
correction of deficiency using vitamin and 
mineral complexes containing cholecal-
ciferol.

In a pairwise comparison of concen-
trations of 25(OH)D in blood serum, as 
well as relative indicators of varying de-

grees of vitamin D supply in children aged 
0-3 years (main group) and adolescents 
(control group), statistically significant dif-
ferences were revealed (p < 0.001). The 
median concentration is 25(OH)D in the 
blood serum of children of the first three 
years of life was 2.5 times higher com-
pared with the control group (46.0 and 
18.2 ng/ml, respectively, p<0.001), the 
prevalence of low vitamin D status was 
3 times less (29.6±4.1% and 80.0±7.3%, 
respectively, p = 0.049) (table 2).

When calculating the odds ratio, it 
was found that the prevalence of vitamin 
D deficiency in adolescent children was 
almost 8 times higher (OR = 7,774; 95% 
CI 3,231-18,703) compared with children 
from 0 to 3 years old. It was found that 
adolescents were 4 and 20.5 times more 
likely to be deficient in vitamin D than 
young children and newborns (respec-
tively, OR = 4.110; 95% CI 1,606-10.519 
and OR = 20.596; 95% CI 5,948-71.323). 
The obtained comparative analysis data 
indicate, probably, a greater commitment 
to cholecalciferol subsidies in children of 
the first three years of life and its absence 
in older age groups.

The data obtained in the course of 
our study are consistent with the results 
of Kondratieva E.I. et al. in a continu-
ous study of groups (from children less 
than 3 years old to adults 76 years old 
and older). A study by Kondratieva E.I. 
et al., conducted in 2021 in Moscow, 
showed that the content of 25(OH)D is at 
a sufficient level only at a younger age, 
immediately after the child reaches the 
age of 3 years, there is a biochemical 
manifestation of a deficiency of 25(OH)
D, and then insufficiency and deficiency 
of 25(OH)D persist throughout the rest of 
life. The lowest concentration of 25(OH)D 
was noted precisely during the period of 
active growth of the body (from 11 to 21-
22 years old) and in old age [4] (Table 3).
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Introduction. In the last decade, 
there has been a trend toward increased 
morbidity and mortality from malignant 
neoplasms (MN) [7, 8]. According to the 
Global Cancer database Observatory 
(GLOBOCAN), newly diagnosed cases 
of MN are expected to increase by 47% 
(28.4 million) by 2040 with a steady in-
crease in patients with chronic pain syn-
drome (CPS) caused by the tumor pro-
cess.

CPS in oncological practice is one of the 
main symptoms causing emotional and 
physical suffering in patients with cancer. 
It has been established that in 78-90% of 
patients with generalized forms of MN, 
pain is the leading symptom of the under-
lying disease, which significantly reduces 
their quality of life, representing a seri-
ous medical and social problem [7, 23].

The International Association for the 
Study of Pain (IASP) has developed a 
new classification, which provides for the 
etiology and pathogenesis of CPS in MN 
[9].

In the treatment of pain, narcotic and 
non-narcotic analgesics are used ac-
cording to the three-step WHO Analgesic 
Ladder [1, 2]. Data from studies of pain 
therapy indicate that its effectiveness 
reaches 35-80%. If the analgesic ladder 
is insufficiently effective, WHO recom-
mends using interventional methods in 
treating CPS [1, 3, 5, 21]. Such methods 
of treating CPS can be divided into two 
categories: neuromodulation and neu-
rodestruction [1-3, 8]. We have analyzed 
and systemized the information on using 
neuromodulation and neurodestruction 
methods in CPS in cancer patients for the 
basis of this study.

Purpose of the Study: conducting a 
systematic review of the literature based 
on the results of using interventional 
methods for treating CPS in oncological 
practice.

Materials and Methods. Search and 
Selection Strategy for Literary Data. 
The authors have carried out a system-
atic search of specialized literature in 
Russian and English using Medline, Co-
chrane Library, and eLibrary databases 
published between January 1970 and 
December 2023 on interventional meth-
ods of treating CPS in cancer patients. 
The search was carried out using the 
following keywords for English-language 
databases: “neurolysis of the celiac plex-

us”, “intrathecal opioid administration in 
the treatment of pain in cancer patients”, 
“peripheral nerve blocks for oncology”, 
and for eLibrary: “celiac plexus neuroly-
sis”, “morphine pumps in oncology”, “pe-
ripheral blockades in oncology”. The data 
obtained were assessed by two indepen-
dent experts, and any disagreements be-
tween the experts were resolved through 
group discussion. At the second and third 
stages, we have analyzed abstracts and 
articles that did not meet the inclusion cri-
teria were excluded. We have also exam-
ined full-text publications (Figure).

This study was carried out in accor-
dance with the Preferred Reporting Items 
for Systematic reviews and Meta-Analy-
ses (PRISMA) [28].

Criteria for Selecting Literary 
Sources:

(1)	 The study includes retrospec-
tive and prospective cohort studies, 
case-control studies, systematic reviews, 
and clinical cases studying minimally in-
vasive surgical interventions for the treat-
ment of CPS in oncology practice.

(2)	 Types of interventions: percu-
taneous and transgastric celiac plexus 
neurolysis, implantable programmable 
morphine pumps, peripheral nerve plex-
us blocks.

(3)	 Study design: includes all types 
of studies describing the use of interven-
tional methods for treating CPS in cancer 
patients.

Assessing the Risk of Bias and 
Systematic Error in Studies. The risk 
of systematic errors was determined us-
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Currently, chronic pain syndrome (CPS) is considered an independent pathology holding significant importance in cancer patients. It has been 
established that at the early stage of malignant neoplasms (MN), patients experience chronic pain in 35-47% of cases, during full manifestations 
the number goes up to 78%, and in 98% of patients with generalized forms of malignant neoplasms, chronic pain is the dominant symptom. Despite 
numerous studies devoted to CPS in oncology, this problem remains relevant. 

Purpose of the Study: conducting a systematic review of the literature based on the results of using interventional methods for treating CPS 
in oncological practice.

Materials and Methods: the authors carried out a systematic search on the subject for articles in English and Russian published between 
January 1970 and December 2023 using the following databases: Medline, Cochrane Library, and eLibrary.

Results: the systematic review included 15 studies that used interventional treatments for cancer-related CPS. We have established that the 
use of the analyzed methods in most cases has provided a sufficient level of pain relief in patients with CPS.

Conclusion. Based on the results of the systematic review, we see that there is a need to develop specialized criteria for choosing an interven-
tional method and creating an algorithm for treating drug-resistant CPS in oncology patients.

Keywords: chronic pain syndrome, cancer pain, neurolysis of the celiac plexus, neurodestruction , neuromodulation , palliative care, malignant 
neoplasm
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ing the Newcastle-Ottawa Scale (NOS) 
[30].

Results. Literary Data Search. This 
systematic review included 15 publica-
tions that used interventional methods 
for treating CPS in oncological practice 
[1, 4, 5, 6, 10, 11, 14, 15, 17, 18, 20, 22, 
24, 26]. The characteristics of the studies 
included in the systematic review are pre-
sented in Table 1.

The systematic review presents the 
most commonly used methods for treat-
ing CPS in oncological practice.

Neuromodulatory Treatment for 
CPS. Intrathecal and Intraspinal Opi-
oids Administration.  Neuromodulatory 
treatment methods include intrathecal 
and epidural administration of opioids 
[23, 27, 29]. For the first time in 1979, 
Wang et al. applied and proved the ef-
fectiveness of intrathecal morphine injec-
tions in treating CPS in cancer patients. 
The main advantage of such methods of 
administration is adequate pain relief with 
low doses of opioids and a long effective 
period, which significantly reduces the 
likelihood of developing adverse drug ef-
fects [25]. This therapy positively affects 
the gelatinous substance of the dorsal 
horns of the spinal cord [5, 20, 23].

When choosing a method of interven-
tional treatment of CPS, there has to be 
a detailed selection of patients, which 
includes determining the general somat-
ic and mental status, the etiology and 
pathogenesis of CPS, as well as the pre-
dicted life expectancy [11, 14].

Percutaneous implantable epidural 
catheters today are in most cases used in 
the early postoperative period to relieve 
acute pain, and they are also used for a 
test study before installing long-term in-
trathecal therapy with a morphine pump, 
especially with a relatively unfavorable 
prognosis (less than 3 months) [20, 23]. 
The disadvantages of these devices in-
clude local and generalized infection, mi-
gration, kinking, and obstruction of cath-
eters [5, 14]. In the work published by 
Hsieh et al., the authors have assessed 
the effectiveness and safety of epidural 
opioid administration in cancer patients 
with end-stage cancer. The systemat-
ic review included 9 randomized trials 
(n=340) and 15 observational studies 
(n=926). The authors found that epidural 
administration of opioids in combination 
with local anesthetics or adjuvants had 
the best analgesic effect. There was also 
no significant difference in the dynamics 
of pain between bolus administration and 
continuous epidural infusion of morphine 
[13].

Today, there is also the method of 
dosed intrathecal administration of opioid 
analgesics using programmable pumps 
being successfully applied. One of the 
advantages of these systems is maintain-
ing lower morphine concentrations in the 
cerebrospinal fluid [13, 16, 20, 25].

The work of narcotic analgesics ad-
ministered intrathecally is inhibiting the 
release of neurotransmitters by opioid 
receptors located in lamina II of the dor-

sal horn of the spinal cord. Programma-
ble pumps are suitable for patients with 
a life expectancy of more than 6 months 
[21, 23]. Complications of such analgesia 
include urinary retention, sweating, nau-
sea, vomiting, euphoria, central depres-
sion, orthostatic hypotension, and tachy-
phylaxis [4, 13, 14].

In the study Carvajal et al. The results 
of surgical treatment of 93 patients with 
pancreatic MN were studied: in 70 cas-
es, a programmable morphine pump was 
implanted and in 23, ports and external 
pumps were implanted. All patients re-
ceived a mixture of morphine and anal-
gesics – ropivacaine (n=89), ziconotide 
(n=75), clonidine (n=25). Median survival 
was 91 days. The authors found that a 
halving of pain was noted by 78.8% of 
patients with an implanted system and 
44.4% of patients with external pumps 
and ports [5].

In a multicenter prospective study on 
1403 oncology respondents with CPS, 
the effectiveness and safety of intrathe-
cal therapy with opioid analgesics was 
assessed . The most common locations 
of MN were lungs, breast, colon/rectum, 
pancreas, and prostate. The authors as-
sessed life expectancy after pump im-
plantation: six-year life expectancy was 
39%, one-year – 24%, two-year – 16%, 
three-year – 11%, ten-year – 5%. The 
authors managed to collect information 
about the dynamics of pain severity from 
283 patients. It was found that intrathecal 
administration of opioids reduced pain 

Search and selection strategy for the systematic review
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levels and maintained the effect after 6 ( 
n = 103) and 12 ( n = 55) months. There 
was also an improvement in the quali-
ty of life according to the EuroQol -5 D 
questionnaire ( n = 41) 6 months after the 
procedure. In 3.2% of patients, complica-
tions associated with the operation of the 
pump were registered that required its re-
placement [20].

A meta-analysis including 22 studies 
showed that intrathecal use of opioid an-
algesics and spinal cord stimulation are 
effective and safe methods in the treat-
ment of CPS of oncological origin [14].

Neurodestructive methods of treat-
ing chronic pain syndrome. Percu-
taneous and transgastric neurolysis 
of the celiac plexus. Neurodestructive 
methods of treating CPS in cancer pa-
tients are used when the “analgesic 
ladder” is ineffective, in patients with 
uncontrolled pain syndrome [2,20]. The 
most commonly used neurodestructive 
methods include neurolysis of the celiac 

plexus, peripheral and plexus blockades, 
laser and radiofrequency destruction of 
the spinal nerve roots [3,12,17,24].

Neurolysis ( neurolysis, neuroablation) 
is a process of persistent destruction of 
afferent fibers of the peripheral nervous 
system (surgical, chemical, thermal), 
which is based on the introduction of a 
96% ethyl alcohol solution into the celiac 
plexus [12]. The most typical complica-
tions of the manipulation are: orthostat-
ic hypotension, diarrhea, post-injection 
hematoma, pneumothorax, abscess and 
peritonitis [3,17]. Neurolysis of the celiac 
plexus is indicated for patients with MN 
of the upper gastrointestinal tract, mainly 
with inoperable lesions of the pancreas 
[18,24].

In a meta-analysis by Pacheco-Feijoó 
et al . compared the effect of percutane-
ous endoscopic neurolysis and tradition-
al pharmacological treatment of patients 
with chronic heart disease and MN lo-
calized in the upper abdominal cavity. A 

total of 744 publications were examined 
between 2000 and 2021 in the PubMed, 
Cochrane, Scopus, Web of Science and 
Google Scholar databases . Of these, 13 
manuscripts were selected for qualitative 
analysis, 3 of which met the criteria for 
quantitative synthesis and procedural ef-
ficiency. It was found that pain was sig-
nificantly reduced in the neurolysis group 
compared to the group that used only 
pharmacological treatment. Among the 
side effects of manipulation, orthostat-
ic hypotension, diarrhea and pain at the 
puncture site were recorded in 21-37% of 
cases [17].

In a study by Gevorkyan et al., the re-
sults of neurolysis in 12 patients with in-
operable pancreatic MN associated with 
CPS were studied retrospectively. The 
authors reported that in 9 (75%) cases 
there was a persistent decrease in pain, 
while in 3 (25%) repeated neurolysis was 
required due to persistent pain [1].

Transgastric neurolysis of the celiac 
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Carvajal et al., 2018 [5] 93 61.1 Retrospective 3 2 Implantable programmable 
morphine pumps 3 

Stearns et al, 2020 [20] 1403 59 Prospective, cohort 3 6 Implantable programmable 
morphine pumps 12

Pacheco-Feijoó et al., 2023 [17] - - Meta-analysis 1 6 Transgastric neurolysis
of the celiac plexus -

Gevorkyan T. G. et al., 2023 [1] 12 - Retrospective, 
cohort 3 2 Transgastric neurolysis

of the celiac plexus 2

Koulouris et al., 2021 [15] 727 - Systematic review and 
meta-analysis 1 6 Transgastric neurolysis

of the celiac plexus -

Wong et al., 2007 [22] 25 55 Retrospective, cohort 3 3 Intercostal blocks 1 

Darabad et al., 2020 [10] 3 65 Clinical case 3 - Selective blockade
of the stellate ganglion 3

Luo et al., 2022 [26] - - Literature review 5 - Puncture interventions
on the stellate ganglion -

Motoyama et al., 2023 [24] 1 55 Clinical case 3 - Transgastric neurolysis
of the celiac plexus -

Sakamoto et al., 2010 [18] 67 - Retrospective, 
cohort 3 2 Transgastric neurolysis

of the celiac plexus 1

Capozza et al, 2021 [23] - - Literature review 5 - Implantable programmable 
morphine pumps -

Bentley et al., 2014 [4] 5 64 Retrospective, 
cohort 3 2 Implantable programmable 

morphine pumps 3

Candido et al., 2017 [6] - - Literature review 1 - Neurolysis of the celiac plexus, 
selective blocks -

Zheng et al., [11] 54 66.40±18.52 Prospective, 
cohort 3 3 Implantable programmable 

morphine pumps 3

Duarte et al., [14] 3043 - Meta-analysis 1 6 Implantable programmable 
morphine pumps 16
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plexus under endoscopic ultrasonogra-
phy control (EUS) is currently one of the 
most popular methods of treating CPS 
of the upper gastrointestinal tract, which 
was introduced in 1966 by Wiersema MJ 
and Wiersema LM [1].

In a meta-analysis by Koulouris et al., 
the effectiveness and safety of endo-
scopic neurolysis for pancreatic MN was 
studied depending on the needle access 
point: central, bilateral, or celiac gangli-
on neurolysis. Of the 136 publications on 
this topic, 26 were used for full-text quali-
tative analysis. The authors reported that 
there was no significant difference in the 
dynamics of pain reduction between the 
three access points; the overall reduction 
in pain after EUS was 68% (61-74%) in 
the second week after manipulation and 
53% (45-62%) in the fourth week [15].

Peripheral Nerve Plexus Blocks. 
Peripheral and plexus blocks in oncolog-
ical practice are used as an additional 
method of pain relief in combination with 
the analgesic ladder and are combined 
with a multimodal approach [3]. Such 
methods are used for CPS that occurs in 
innervation of one or more nerves [3, 22, 
26].

Intercostal nerve blockade is a com-
mon method for relieving CPS that oc-
curs in rib destruction by a metastatic 
lesion in MN of the breast, lungs, and 
sternum and is associated with a high 
probability of pneumothorax. There is 
practically no information in the special-
ized literature about the results of using 
this method. In 2007, a clinical series of 
25 patients who underwent neurolytic in-
tercostal blockade was published. It was 
found that 80% of patients experienced a 
reduction in pain by more than 50% [22].

Patients with MN in the head and 
neck area represent the most vulnerable 
group with a frequent risk of developing 
opioid dependence due to the high need 
for use of narcotic medications. Today, 
ultrasound-guided blockade of the stel-
late ganglion is effectively used to relieve 
pain in this group of patients [3, 26]. This 
neural structure is located along the lat-
eral border of the C6 and Th1 vertebral 
bodies, and in some cases on the lower 
edge of the C6 vertebral body. A contra-
indication to the blockade is contralateral 
pneumonectomy, which is accompanied 
by the risk of pneumothorax [26]. The 
study by Darabad et al. presents data 
from 3 patients with head and neck MN 
who underwent stellate ganglion block-
ade using 0.25% Bupivacaine. As a re-
sult, the authors report a reduction in pain 
by an average of 5.33 ± 4.16 cm, the ef-
fectiveness of which was maintained for 
up to three months. The authors stated 

that there were no complications after the 
procedure [10].
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CLINICAL EXPERIENCE OF CORRECTION 
OF THE MOTOR-EVACUATION FUNCTION 
OF DUODENUM  IN ACUTE DESTRUCTIVE 
PANCREATITIS IN THE FIRST PHASE
OF THE DISEASE

The purpose of the study was to clinically evaluate the effectiveness of the treatment tactics we developed using the Dextran-40 colloidal 
solution in patients with duodenal MEF disorders with ADP in the first phase of the disease. The use of a technique using a colloidal solution of 
Dextran-40 showed greater effectiveness in terms of the rate of reduction in intraduodenal pressure compared to the standard method of prolonged 
nasogastrojejunal decompression of the upper gastrointestinal tract used for this purpose. Among other things, this made it possible to improve 
the immediate results of treatment.
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Introduction. Currently, the problem 
of acute destructive pancreatitis (ADP) 
and its complications is one of the most 
difficult in modern emergency surgery of 
the abdominal organs. Despite the suc-
cesses achieved in improving various di-
agnostic methods, intensive care tactics, 
surgical treatment using minimally inva-
sive technologies, mortality in destructive 
pancreatitis over the last decade remains 
at a fairly high level and amounts to 15-
40% [9], with infected forms and the de-
velopment of pancreatogenic sepsis can 
reach 65% [3].

In the pathogenesis of many diseases 
of the pancreatobiliary system, including 
acute pancreatitis, a special place is oc-
cupied by the problem of impaired mo-
tor-evacuation function (MEF) of the du-
odenum [8]. In the medical literature, this 
pathology can be described under differ-
ent names: duodenal stasis, megaduo-

denum, chronic duodenal obstruction, 
duodenal dyskinesia, etc. However, with 
ADP, unlike many other situations, duo-
denal stasis (DS) is acute [4]. In addition, 
DS is an integral part of a more signifi-
cant process that develops against the 
background of ADP, which includes intes-
tinal failure syndrome (IFS). In turn, IFS, 
as some researchers believe [1,2,4,10], 
is the cause of the development of a wide 
range of infectious complications in ADP. 
A non-trivial task is that correction of du-
odenal MEF in ADP can be carried out 
over a fairly long period of time, taking 
into account the phase nature of the dis-
ease, the presence or absence of certain 
forms of complications of the disease, 
the need for surgical interventions, which 
can also affect the effectiveness of the 
corrective measures. All this creates the 
prerequisites for a more in-depth study 
of this problem by modern emergency 
pancreatology, and the search for ways 
to quickly resolve this issue.

Despite the fact that in our time, sig-
nificant progress has been made in un-
derstanding the general principles of 
treatment of ADP and some of its com-
plications, the issues of correcting disor-
ders of the MEF of the duodenum remain 

unresolved, as we indicated above. At 
different periods of time, different authors 
proposed certain methods for correcting 
disturbances in the MEF of the duode-
num in ADP [4,6,8,11,12]. In particular, 
it was pointed out that the most severe 
MEF disorders are diagnosed in the initial 
stages of the disease (I A-B phase). How-
ever, to this day, despite regular revisions 
of clinical recommendations for the treat-
ment of acute pancreatitis and its compli-
cations, there are no protocols devoted to 
the correction of duodenal MEF disorders 
in ADP. It is for this reason that we tried to 
evaluate the clinical effectiveness of the 
treatment tactics used in the clinic in rela-
tion to patients who were diagnosed with 
symptoms of duodenal MEF disorders in 
the first phase of the disease. It is during 
this period that a pronounced pathomo-
rphological transformation of pancreatic 
necrosis occurs, ranging from enzymatic 
peritonitis and parapancreatitis to peri-
pancreatic infiltrate and the formation of 
delimited fluid accumulations.

The aim of the study ‒ to evaluate the 
clinical effectiveness of the developed 
treatment tactics in patients with disor-
ders of the duodenal MEF during ADP in 
the first phase of the disease.
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Material and methods. The study 
was conducted in a multidisciplinary sur-
gical clinic in the Yakutsk ‒ Republican 
Hospital № 2 ‒ Center for Emergency 
Medical Care (RH №2-CEMP) in the pe-
riod from 2022 to 2024. A non-random-
ized, single-center, retrospective-pro-
spective study included 61 patients with 
ADP and who had disorders of the duo-
denal MEF. The average age of the pa-
tients was 38,1±5,4 years, there were 35 
(57,4%) men, 26 (42,6%) women. The 
diagnosis of ADP was established on the 
basis of a standard examination. During 
the presented period, we were guided 
by the classification of acute pancreati-
tis adopted on october 30, 2014 in St. 
Petersburg at a meeting of the Russian 
Society of Surgeons and the Association 
of Hepatopancreatobiliary Surgeons of 
the CIS countries [5]. Inclusion criteria 
for the study were: moderate to severe 
acute pancreatitis; the age of the stud-
ied patients was from 18 to 74 years; pa-
tients who have not undergone surgical 
treatment in other health care facilities, 
in case of their evacuation to a multidis-
ciplinary surgical hospital; absence of 
surgical or pancreatogenic violations of 
the integrity of the duodenum at the time 
of admission to the clinic, absence of 
death in the first 72 hours from the start 
of surgical care. Taking into account the 
fact that today there is no standardized 
scheme for correcting disturbances in 
duodenal MEF in ADP, all patients were 
divided into two groups depending on the 
treatment tactics used. The first group, 
the control group, included 34 (55,7%) 
patients who, in order to relieve gastro-
stasis and intestinal paresis, underwent 
prolonged nasogastric and, if possible, 
nasogastrointestinal decompression with 
the installation of a probe 30 cm distal 
to the Treitz ligament, as recommended 
in current clinical practice recommen-
dations for the treatment of acute pan-
creatitis [7]. The second, the main one, 
included 27 (44,3%) patients who used a 
scheme developed by us in the clinic and 
proposed for correcting disturbances in 
the MEF of the duodenum in ADP. The 
MEF correction scheme was carried out 
as follows. During infusion-detoxification 
therapy, regardless of the need for surgi-
cal intervention, 200 ml of a 10% colloi-
dal solution of Dextran-40 with a molec-
ular weight of 35-45 kDa is injected into 
the duodenum via a two-channel probe 
4 times a day for 3-5 days. The proce-
dure for administering the solution is 
continued until normal values   of intradu-
odenal pressure are achieved (100-130 
mm water column). If necessary, the pro-
cedure is repeated during the treatment 

process. An indispensable condition be-
fore introducing the solution was to flush 
the intestinal lumen to «clean waters» 
through a previously installed two-chan-
nel duodenal tube, preheated in a water 
bath to 37 o C with physiological solution. 
To determine the form (severity) of duo-
denostasis and the level of intraduodenal 
pressure using the open catheter meth-
od, we used the method proposed by 
Kurish R.V. [6]. So, at a level of intradu-
odenal pressure of 180-190 mm water 
column, and a fluid flow rate of 20-25 ml, 
DS was considered compensated, with a 
level of intraduodenal pressure of 220-
230 mm water column, and fluid flow is 
30-35 ml, subcompensated and the lev-
el of intraduodenal pressure is 260-270 
mm water column, and a fluid flow rate 
of more than 40 ml, decompensated, 
which is consistent with other authors 
who studied DS using this method [4,8]. 
The choice of solution for the purpose 
of correcting disturbances in duodenal 
MEF was due to the fact that the colloi-
dal solution Dextran-40, in comparison 
with other solutions known and used for 
this purpose, is a drug that has passed 
state registration and accreditation with 
known characteristics, is widely used in 
practical medicine, does not requires the 
creation of laboratories, personnel train-
ing, and has a minimum of recorded side 
effects.

Statistical processing of the received 
material was carried out using the mod-
ern computer program «Stat Plus 2021» 
for Microsoft office. To determine the 

hypothesis and determine the type of 
distribution of the values   of the studied 
characteristics, the Shapiro-Wilk quan-
titative test was used. In the groups to 
be compared, the arithmetic mean ‒ (M) 
and standard deviation ‒ (σ) were deter-
mined. Parametric data are presented 
as M±σ. The reliability coefficient of dif-
ferences ‒ ρ groups with a normal distri-
bution was determined by the t-test. The 
critical value was taken to be p ≤ 0,05.

Results and discussion. It is well 
known that difficulties in diagnosing dis-
turbances in the MEF of the duodenum in 
ADP and a number of other pathological 
conditions arise due to the prevalence 
of symptoms of destructive pancreati-
tis itself. In addition, there are serious 
limitations on the possibility of using 
informative research methods (x-ray, 
multichannel floor-by-floor manometry, 
determination of the bioelectrical activity 
of various parts of the intestine, angiog-
raphy of the superior mesenteric artery, 
etc.), which have proven themselves in 
determining the severity of disorders in 
chronic processes. This is primarily due 
to the severity of the condition of patients 
with ADP, as well as the presence of pain, 
the presence of encephalopathy, which 
does not allow the patient to maintain 
contact with the researcher and follow 
his recommendations, restrictions on the 
use of contrast agents in the presence 
of organ dysfunction, etc. In connection 
with the existing diagnostic features, we 
supported the symptoms associated with 
disruption of the MEF of the duodenum 

Table 1

Comparative dynamics of duodenomanometry and duodenodebitometry indices during 
correction of duodenal MEF in ADP in groups 1 and 2

Indicators Group
Time period from the start of therapy

1 day
 (М±σ)

3 day
 (М±σ)

5 day
 (М±σ)

7 day
 (М±σ)

       IA-phase of the disease

Basal intraduodenal pressure 1-st
2-nd

228.1±3.2*
200.3±3.3

200.7±3.0*
160.4±4.1

180.1±3.0*
151.1±2.4

164.1±3.3*
129.7±1.8

Residual intraduodenal pressure 1-st
2-nd

231.1±4.4*
225.1±3.1

215.1±3.3*
183.1±5.6

192.3±3.5*
158.4±3.3

174.1±1.5*
141.1±2.0

Duodenal content flow 1-st
2-nd

40.3±1.1
38.6±2.2

31.3±1.2*
24.1±1.7

26.3±2.1*
20.1±2.2

20.3±1.3*
15.0±4.1

       IB phase of the disease

Group 8-е сут
(М±σ)

10-и сут
(М±σ)

12-е сут
(М±σ)

14-е сут
(М±σ)

Basal intraduodenal pressure 1-st
2-nd

312.2±2.3*
291.3±1.1

286.4±3.1*
272.1±2.3

262.1±3.0*
232.0±1.3

178.1±1.2*
146.3±2.1

Residual intraduodenal pressure 1-st
2-nd

325.2±1.3*
310.2±1.2

287.4±2.3*
247.1±1.6

257.0±1.2*
239.0±2.2

236.4±1.6*
219.0±1.1

Duodenal content flow 1-st
2-nd

49.1±2.2
43.5±1.1

43.0±1.3*
34.1±2.5

37.1±2.1*
24.0±1.3

26.0±1.3
20.2±3.3

Note. In table 1-2: *Statistically significant differences between groups (ρ≤0.05).
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in acute destructive pancreatitis with data 
obtained during duodenomanometry 
and duodenodebitometry. The above re-
search methods are simple, informative 
and accessible for disorders of the MEF 
of the gastrointestinal tract and are ideal 
for patients with ADP.

According to our observations, upon 
admission to the clinic, all 61 (100%) 
patients with ADP were found to have 
disturbances of the duodenal MEF of 
varying severity. The most pronounced 
changes were observed in the first 3 days 
in patients in phase IA of the disease and 
throughout the entire period in phase IB 
of the pathological process (table 1).

It should be noted that within 1 day 
from the start of treatment for ADP, there 
were no significant differences in the 
groups in terms of the results of correc-
tion of DS using either the regimen rec-
ommended by the Russian Society of 
Surgeons or the one proposed by us. At 
the same time, starting from the 2-nd day 
of therapy in patients in phase IA of the 
disease and starting from 2-3 days in pa-
tients in phase IB, a clear trend towards 
a more rapid decrease in intraduodenal 
pressure in patients of the second group 
could be observed , and in whom the 
treatment regimen we developed was 
used for this purpose.

In our opinion, in many respects, the 
positive clinical effect of the administra-
tion of 10% Dextran-40, in contrast to 
prolonged nasogastrointestinal decom-
pression, or the administration of sa-
line hypertonic solutions, is ensured by 
the very nature of high-molecular com-
pounds. In particular, a small volume 
injection of a solution containing dextran 
is required ‒ 100-200 ml. Dextran solu-
tions provide the viscosity of solutions, 
increase the prolonging effect of other 
substances (if they are used together) in-
cluded in the solution, are able to reduce 
the toxic level of the active substance by 
eliminating sharp fluctuations in concen-
tration, have a pronounced decongestant 
effect, provide a detoxification effect due 
to the ability to adsorb on their surfaces 
various endo- and exotoxins. In addition, 
during the hydrolysis of dextran, ɑ-oligo-
saccharides are formed, which are well 
absorbed into the blood and improve 
tissue microcirculation by reducing the 
aggregation of formed elements, there-
by preventing thrombus formation. In our 
case, the positive effect of introducing a 
colloidal solution of Dextran-40 into the 
lumen of the duodenum was due to the 
ability of high-molecular compounds to 
increase oncotic pressure ‒ colloid-os-
motic pressure. In this regard, excess 
water molecules were removed from the 

interstitial space of the intestinal wall and 
lumen, thereby ensuring a fairly rapid and 
effective reduction in intraduodenal pres-
sure and restoration of motor-evacuation 
function.

In parallel with the decrease in in-
traduodenal pressure and restoration of 
duodenal function, the symptoms of the 
disease also changed. At the same time, 
more pronounced changes that appeared 

in the early stages occurred in patients 
of the 2-nd observation group. Thus, a 
weakening of the main symptoms of du-
odenal MEF disorders (nausea and vom-
iting) in the 2-nd group of the study was 
observed already by 2-3 days from the 
start of therapy ‒ in 78,5% of patients, 
while in the 1st group, these symptoms 
persisted for a longer period of time, and 
a feeling of bitterness in the mouth and 

Table 3

Comparative characteristics of surgical interventions for ADP in the first phase of the 
disease in patients of the 1-st and 2-nd observation groups

Type of surgery
Number of patients

1-st group (n=34) 2-nd group (n=27)
abs. %±σ abs. %±σ

                 IA-phase of the disease
Therapeutic and diagnostic laparoscopy 3 8.8±4.9 1 3.7±3.6
Percutaneous drainage of the abdominal 
cavity under ultrasound guidance 3 8.8±4.9 2 7.4±5.0

Projection interventions using a mini-
assistant (minilaparotomy) 1 2.9±2.9 1 3.7±3.6

                  IB phase of the disease
Therapeutic and diagnostic laparoscopy 2 5.9±4.0 1 3.7±3.6
Percutaneous drainage of the abdominal 
cavity under ultrasound guidance 5 14.7±6.1 2 7.4±5.0

Projection interventions using a mini-
assistant (minilaparotomy) 5 14.7±6.1 1 3.7±3.6

Table 2

Comparative dynamics of relief of dyspeptic disorders 
in the correction of duodenal MEF with ADP in the 1-st and 2-nd groups

Clinical sign Group
Time period from the start of therapy

1 day
 (М±σ)

3 day
 (М±σ)

5 day
 (М±σ)

7 day
 (М±σ)

    IA-phase of the disease
Feeling of bitterness in the 
mouth, %

1-st
2-nd

70.1±4.4
65.1±2.2

63.4±1.1*
55.3±3.3

44.1±3.2*
35.1±2.2

25.5±3.3*
15.2±2.4

Heartburn, % 1-st
2-nd

81.4±3.1*
71.3±3.5

69.3±4.2
65.4±3.3

56.1±3.0*
35.0±3.3

30.1±2.2*
17.0±4.2

Nausea, % 1-st
2-nd

91.2±4.8*
78.5±3.1

82.3±4.2*
35.2±2.4

60.0±1.5*
28.7±3.1

40.2±4.1*
12.1±1.1

Vomit, % 1-st
2-nd

79.3±1.5*
70.2±2.2

60.1±1.3*
50.3±4.2

30.1±2.3*
18.7±3.2

16.2±3.2
12.0±1.3

    IB phase of the disease

Group 8-е сут
(М±σ)

10-и сут
(М±σ)

12-е сут
(М±σ)

14-е сут
(М±σ)

Feeling of bitterness in the 
mouth, %

1-st
2-nd

85.3±1.5*
77.2±1.2

72.2±1.3
66.1±3.3

63.2±1.4*
52.4±1.2

49.3±1.5*
39.2±1.3

Heartburn, % 1-st
2-nd

89.2±2.2*
83.3±1.2

78.3±1.2*
68.6±2.2

72.1±1.0
69.3±1.4

70.0±1.0*
46.2±1.2

Nausea, % 1-st
2-nd

99.3±3.1
95.2±2.2

92.0±1.5*
77.1±3.3

74.2±1.2*
55.0±1.4

56.5±3.3*
23.2±2.2

Vomit, % 1-st
2-nd

95.0±2.2*
83.0±3.2

72.3±3.3*
56.0±5.2

56.0±2.2*
42.3±1.5

36.4±3.3*
26.0±1.3
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heartburn could be observed at later peri-
ods of control (table 2). 

An integral part of the treatment pro-
cess for ADP is surgical correction for 
emerging complications of the disease. 
In turn, timely surgical correction accord-
ing to indications (they must be strict-
ly verified) will be the key to successful 
relief, including violations of the mo-
tor-evacuation function of the gastroin-
testinal tract. As a rule, in the first phase 
of ADP (periods 1-2), there are no indica-
tions for traditional «open» interventions. 
This is caused by the severity of the 
patients condition, the presence of pan-
creatogenic shock, transient or persistent 
organ failure, and the low likelihood of 
developing an infectious process during 
this period of time. During this period, as 
a rule, surgical correction is carried out 
using minimally invasive technologies 
(laparoscopy, percutaneous drainage of 
the abdominal cavity under ultrasound 
guidance, projection interventions using 
mini-assistants (minilaparotomy), etc.). 
To confirm our words, we provide a com-
parative table of the types of surgical 
interventions (all of them are minimally 
invasive) that were used in patients in the 
1st and 2-nd observation groups in the 
first phase of the disease (table 3).

It is necessary to comment that, as a 
rule, in phase IA of the disease, when it 
comes to the presence of enzymatic fluid 
in the abdominal cavity (enzymatic peri-
tonitis), preference was given to percuta-
neous drainage of the abdominal cavity in 
sloping areas under ultrasound guidance: 
in group 1 ‒ 8,8% of patients, in group 
2 – 7,4% of patients. Therapeutic and 
diagnostic laparoscopy was performed 
somewhat less frequently. In most cases, 
it was of a diagnostic nature (suspicion 
of a combined nature of the disease or 
the development of an intra-abdominal 
complication). In group 1 ‒ 8,8% of pa-
tients, in group 2 ‒ 3,7% of patients. In 
phase IB, the proportion of percutaneous 
drainage interventions and projection 
minilaparotomy increased significant-
ly. Thus, in the 1-st group it amounted 
to 29,4% of patients, in the 2-nd group 
– 11,1% of patients. This circumstance 
can be explained by the lack of clinical, 

laboratory and instrumentally confirmed 
dynamics of relief of the inflammatory 
process, expressed in the preservation 
and/or increase of free fluid (mainly in the 
projection of the omental bursa) and the 
onset of sequestration. In severe forms of 
ADP, during this period infection of acute 
necrotic and peripancreatic fluid accumu-
lations and areas of necrotic destruction 
may begin, which prompts the surgeon to 
act. At the same time, at the end of phase 
I of the disease (end of the 2-nd begin-
ning of the 3-rd week from the onset of 
the disease) during puncture-drainage 
and minilaparotomy interventions in 5 
(14,7%) cases in the 1-st group and in 
1 (3,7%) case in the 2-nd observation 
group, when conducting a microbiolog-
ical study of the exudate in the postop-
erative period, microflora was detected. 
This fact once again confirms that, if pos-
sible, earlier relief of MEF disorders in the 
proximal gastrointestinal tract prevents 
the development of pancreatogenic in-
fectious complications. At the same time, 
which, apparently, is also due to earlier 
leveling of the source of endotoxemia, a 
decrease in the mortality rate was noted 
in the group of patients who underwent 
correction of duodenal MEF disorders 
using the method we proposed. Mortali-
ty in the 1-st group of observations was 
15,5%, in the 2-nd group – 9,8%.
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FEATURES OF INDICATORS OF 24-HOUR 
BLOOD PRESSURE MONITORING IN 
INTERNET-DEPENDENT ADOLESCENTS

The ever-increasing problem of Internet addiction (IA) in adolescents dictates the need to study its impact on the body, which is intensively 
developing in this age period, as the most susceptible to various adverse factors. At the same time, the relationship of Internet addiction with the 
pathology of the cardiovascular system has not yet been sufficiently investigated. 

Purpose: In this regard, the purpose of our work was: to identify the main changes in the indicators of SMAD and their relationship with psycho-
emotional state in children with Internet addiction.

Materials and methods: 69 children aged 11-18 years were examined with the help of 24-hour ambulatory blood pressure monitoring (ABPM) 
(TIR-NS-02s "Voskhod") on the basis of the Pediatric Department of the hospital in Krasnoyarsk. Internet addiction was identified by questionnaire 
using the Chen questionnaire (CIAS). The presence of psychological problems was determined by R. Goodman's questionnaire "Strengths and 
difficulties".

Results: As a result, children with unadapted Internet use have a tendency to increased variability in blood pressure indicators with an increase 
in hypotension indicators during the day and hypertension at night, which is a risk factor for the development of arterial hypertension (AH). At the 
same time, children with deviations in ABPM indicators were more likely than in the control group to have problems with behavior, hyperactivity and 
problems communicating with peers, as well as higher rates of personal anxiety with low levels of situational anxiety.

Conclusion: Thus, children with ID should be recommended to undergo ABPM in order to early identify established risk factors for the 
development of hypertension and its prevention with the mandatory use of psychotherapeutic techniques.

Keywords: daily blood pressure monitoring; adolescents; Internet addiction; blood pressure variability; R. Goodman questionnaire "Strengths 
and difficulties"
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Introduction: Currently, the Internet 
is intensively introduced into all spheres 
of life. At the same time, the problem of 
Internet addiction (IA) among adoles-
cents, as the least stable category of the 
population in the motivational-emotional 
sphere, is constantly growing [1, 6]. In 
this regard, studies on the impact of IA on 
health status are gaining momentum of 
particular relevance. The most attention 
is paid to the study of the risk of cardio-
vascular pathology development as the 
most frequent and serious problem in 
modern society [2-5, 7, 9, 14]. All kinds of 
ways and mechanisms contributing to the 
development of this pathology in Internet 
addiction are considered. Excessive time 
spent in front of a screen has been found 

to be associated with poor sleep [11] and 
cardiovascular risk factors such as high 
blood pressure, obesity, low High-den-
sity lipoproteins (HDL) cholesterol, poor 
stress regulation (high sympathetic 
arousal and cortisol dysregulation) and 
insulin resistance [12]. Anxiety-depres-
sive symptoms and suicidal moods asso-
ciated with poor sleep also contribute to 
the development of arterial hypertension 
(AH) [9]. In addition, early and prolonged 
exposure to violent and dynamic con-
tent that activates dopamine and reward 
pathways is associated with Attention 
deficit hyperactivity disorder, risk of anti-
social behavior, and decreased prosocial 
behavior [12]. All these psycho-emotional 
abnormalities reduce the ability to cope 
with social problems, which increases 
the level of stress and, consequently, the 
degree of risk for the development of car-
diovascular pathology [9]. Taking this into 
account, the majority of works are devot-
ed to the study of autonomic regulation of 
heart rhythm in Internet addiction [2, 13].

However, despite the special signifi-
cance of the problem of early detection 
of cardiovascular pathology in childhood, 
when it is still possible to prevent it, re-
search on this topic is extremely insuf-
ficient. There are still no clear criteria 
for risk factors of AH development in 
children. Many authors pay attention to 
the important role of 24-hour ambulato-
ry blood pressure monitoring (ABPM) in 
the preclinical detection of early signs of 

hypertension in children. Nevertheless, 
there are no studies devoted to the study 
of the parameters of ABPM in children 
with Internet addiction in the available 
literature [4, 7]. Taking this into account, 
the aim of our study was to identify the 
main changes in ABPM parameters and 
their relationship with psycho-emotional 
state in children with Internet addiction.

Materials and Methods: 69 children 
(37 boys and 32 girls) from 11 to 18 years 
of age (44 aged 11-14 years and 25 aged 
15-18 years) were examined using a de-
vice of daily blood pressure monitoring 
- ABPM (MDP-NS-02s "Voskhod") on 
the basis of the Pediatric Department of 
the hospital in Krasnoyarsk. IA was de-
termined using a self-completed ques-
tionnaire Chen (CIAS), according to the 
results of which all children were catego-
rized into 3 groups:

1 - adaptive Internet users (AIU) with 
the sum of questionnaire scores up to 42 
points (30 people / 17 boys, 13 girls), 

2 - non-adaptive Internet users (NIU) 
with the sum of scores from 43 to 64 
points (31 people / 18 boys, 13 girls), 

3 - pathological Internet users (PIU) 
with a sum of 65 points or more (8 people 
/ 3 boys, 5 girls).

However, given the small volume of 
group 3, it was decided to combine it with 
group 2:

1 - AIU (30 people / 17 boys, 13 girls), 
2 - NIU (39 people / 21 boys, 18 girls). 
In addition, all children were divided 
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into 3 groups according to the sum of 
scores on Chen's questionnaire accord-
ing to the value distribution: 

1 - up to 25% inclusive (from 26 to 38 
points on the CIAS scale) - 19 people / 10 
boys, 9 girls;

2 - up to 75% inclusive (from 39 to 55 
points on the CIAS scale) - 34 people / 19 
boys, 15 girls;

3 - more than 75% (more than 55 
points on the CIAS scale) - 16 people / 8 
boys, 8 girls.

To identify psychological problems 
we used R. Goodman's questionnaire 
"Strengths and difficulties", as well as 
previously tested questionnaires with 
questions about the presence of sleep 
disorders, daytime sleepiness, asthenic 
syndrome (author Tereshchenko S.Yu, 
Professor, Head of the Clinical Depart-
ment of Somatic and Mental Health of 
Children, “Federal Research Center“ 
Krasnoyarsk Scientific Center of the Si-
berian Branch of the Russian Academy 
of Sciences ” Scientific Research Insti-
tute of Medical Problems of the North, 
Krasnoyarsk, Russia), the Toronto Alex-
ithymia Scale, Spielberger-Hanin ques-
tionnaire (to identify levels of personality 
and situational anxiety).

Statistical processing of the results 
was performed in the computer program 
"STATISTICA, 10" using the Mann-Whit-
ney (M-W) criterion for comparison of 
two independent groups, Kraskell-Wallis 
(K-W) and median test (MT) for compar-
ison of several independent groups, and 
Pearson Chi-square (PCS) for compari-
son of qualitative features. The 95% con-
fidence interval was calculated using the 
«Exact Confidence Intervalor a Propor-
tion calculator». Quantitative results are 
presented as Mean values with standard 
deviation and as medians with 25-75% 
interval; qualitative traits are presented 
as percentages with 95% confidence in-
terval (CI). The results were considered 
reliable at a significance level of p<0.05; 
a trend toward reliable differences was 
defined at p<0.1.

Results and Discussion: The pa-
rameters of ABPM in children with Inter-
net addiction are summarized in Table 1.

According to the obtained data (Table 
1): average and maximum values of SBP 
and DBP in children with NIU do not dif-
fer from those in the control group, and 
minimum values tend to be lower. DNR 
of SBP does not differ from the control 
group, and DNR of DBP tends to in-
crease. In addition, there is an increased 
variability of MeBP values, especial-
ly at night, and a tendency to increase 
the variability of DBP. Corresponding 
changes (decrease in minimum values, 

increased variability and lower decrease 
at night) are also observed with MeBP 
and PBP indices. Compensatory to this, 
there is an increase in PS values during 
the daytime.

The morning dynamics of BP indices 
in children with NIU had no significant 
differences from the control group. Hy-
pertension indices for SBP also in our 
sample did not differ from the results of 
measurements in the control group, while 
hypotension indices for SBP were signifi-
cantly elevated, especially in the morning 
and afternoon. For DBP, on the contrary, 
the hypertension indices tended to be 
higher in the afternoon, while the hypo-
tension indices did not differ from the 
corresponding ones in the control group. 

This is also reflected in the decrease in 
the mean integral indices of PBP.

When analyzing the results obtained 
when dividing the children into 3 groups 
according to the centile distribution ac-
cording to the sum of CIAS scores, simi-
lar results were obtained (Table 2). 

In addition, now for group 3 there is 
a tendency to increase the variability of 
SBP. Also markedly increased DNR of 
SBP and MeBP, but only in group 2, in 
group 3 it does not differ from the con-
trol group. At the same time, lower hy-
pertension indices (HMI_SBP, HTI_SBP, 
HAI_SBP) are registered for group 2, 
especially at night. However, in the morn-
ing, they show a faster recovery (rise) of 
SBP, as reflected by an increase in SI_

Table 1

Parameters of ABPM in children with Internet addiction / Median (25%-27%)

ABPM parameters AIU, n=30 NIU, n=39 р (М-W)
Min SBP 81 (75-88) 78 (74-85) 0.074
Variability DBP_ 12.7 (10.8-14.5) 14 (12-15.4) 0.056
DNR DBP 12.8 (7.8-18.9) 16.5 (11.7-22.1) 0.078
Min_MeBP 64 (61-69) 61 (57-66) 0.061
Min_MeBP night 70 (64-74) 66 (60-70) 0.041
Variability MeBP 10.4 (9.1-11.8) 11.9 (10.1-13.3) 0.074
Variability MeBP night 8.5 (7.3-9.5) 10.1 (7.2-12.3) 0.022
Variability MeBP morning 9.5 (8.2-12.4) 12.2 (10.5-14.0) 0.071
Me PBP 46.9 (41.5-48.8) 43.4 (39.9-46.4) 0.072
Min_PBP morning 28 (23-32) 25 (20-28) 0.089
Me PS 76.4 (70.6-84.7) 83.1 (75.7-88) 0.055
Me PS day 82.1 (76.2-89.5) 88.5 (79.8-93.3) 0.042
HMI SBP morning 8.6 (0-24) 0 (0-10) 0.084
HypoMI SBP 5.3 (2.7-14.5) 10.5 (5.9-20) 0.022
HypoMI SBP day 7.1 (3.6-16.3) 12.3 (6.3-22.9) 0.031
HypoMI SBP_morning 0 (0-6.0) 7.7 (5.6-16.7) 0.009
HypoTI SBP 3.9 (1.5-10.4) 7.6 (4.1-20.1) 0.029
HypoTI SBP day 5.7 (2.8-13.8) 10.8 (6.1-23.4) 0.058
HypoTI SBP morning 0 (0-4.9) 4.6 (1.1-21.3) 0.023
HypoAI SBP 4.3 (1.2-15.8) 10.4 (4.7-34.3) 0.030
HypoAI SBP day 4.3 (1.2-14.2) 9.6 (4.6-33.7) 0.058
HypoAI SBP morning 0 (0-1.7) 1.1 (0-5.7) 0.033
NHypoAI SBP 0.2 (0.1-0.7) 0.4 (0.2-1.5) 0.038
NHypoAI SBP day 0.3 (0.1-1.0) 0.6 (0.3-2.1) 0.072
NHypoAI SBP morning 0 (0-0.3) 0.2 (0-0.9) 0.031
HAI DBP _day 2.4 (0.8-9.5) 6.1 (1.4-24.1) 0.082

Note: The table shows only data with a significance level of differences between the groups 
under study p<0.1. SBP - systolic blood pressure, mmHg, DBP - diastolic blood pressure, 
mmHg, MeBP - mean BP, mmHg, PBP - pulse BP, mmHg, PS - pulse rate, ppm, Me - mean-
integral, Max - highest, Min - lowest, DNR - degree of nocturnal reduction, %, HMI - 
hypertension measurement index, %, HypoMI - hypotension measurement index, %, HypoTI 
- hypotension time index, %, HypoAI - hypotension area index mm Hg*hour, NHypoAI 
- normalized hypotension area index, mm Hg,
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Table 2

ABPM parameters in children depending on centile distribution of the sum of CIAS scores / Mean - M (+/- standard deviation); 
Median - Ме (25%-27%)

ABPM parameters * AIU, n=18 NIU, n=34 PIU, n=16 p (К-W, МТ)**
Me SBP_day , Me 116.2 (112-120.7) 114.1 (109.3-120.8) 113.2 (110-118.6) 0.088
Min_SBP , Me 82 (78-88) 78 (74-87) 77.5 (72.5-82.5) 0.088
Min_SBP_day, M 86.4 (76.9-95.9) 83.1 (73.3-92.8) 78 (71.8-84.2) 0.038
Variability SBP, M 12.1 (9.0-15.2) 13.2 (9.9-16.4) 14.1 (11.3-17.0) 0.089
Variability_SBP day, M 11.9 (8.5-15.3) 12.6 (9.7-15.5) 14.2 (11.5-17.0) 0.057
Variability SBP night, Me 9.8 (8.1-11.6) 9.6 (7.2-11.3) 11.1 (7.5-15.1) 0.083
DNR SBP, M 5.0 (-0.9-10.9) 9.0 (3.5-14.5) 4.6 (-2.0-11.3) 0.017
Min DBP night, Me 47.5 (44-50) 43 (40-47) 43.5 (38.5-49.5) 0.030
Variability DBP, M 12.8 (9.7-15.8) 13.6 (10.9-16.3) 14.6 (11.6-17.6) 0.081
Variability_DBP day, M 11.2 (8.9-12.9) 12.3 (10.2-14.7) 14.3 (11.6-16.0) 0.062
Min_MeBP, Me 64 (62-69) 61 (57-65) 62 (58-66.5) 0.040
Min_MeBP morning, Me 73 (69-76) 68 (63-75) 68 (63-74.5) 0.060
Variability MeBP, Me 10.1 (8.4-11.5) 11.3 (9.9-13.2) 12.3 (10.6-13.5) 0.052
Variability MeBP morning, M 9.5 (5.8-13.1) 12.1 (7.4-16.8) 13.1 (8.8-17.5) 0.090
DNR MeBP, M 6.9 (1.4-12.3) 10.4 (4.9-15.8) 7.4 (1.4-13.5) 0.072
Me PBP, Me 47.5 (43.0-48.8) 43.8 (40.2-48.1) 43.3 (40.2-44.4) 0.023
Min_PBP, M 20.8 (17.1-24.6) 21.0 (17.7-24.3) 18.3 (15.3-21.3) 0.029
Min_PBP day, M 21.6 (17.2-26.1) 22.4 (17.9-26.8) 18.6 (15.6-21.6) 0.008
DNR PBP, M -6.1 (-16.1-4.0) -2.5 (-9.4-4.5) -11.8 (-23.1-0.5) 0.015
Me_PS, Me 74.5 (68.2-87.3) 80.3 (74.3-65.3) 83.3 (79-88.5) 0.047
Me_PS_morning, Me 68.9 (64.6-87.4) 76.7 (67.8-84.0) 82.3 (78.3-90.8) 0.032
Min PS, Me 53 (50-61) 57 (50-63) 60 (55.5-64.5) 0.022
Min PS night, Me 53 (50-61) 57 (50-63) 60 (55.5-65.5) 0.022
Min PS morning, Me 54 (52-61) 58 (51-66) 63.5 (59-68.5) 0.047
MMR PS, Me 48 (34-69) 53.5 (40-73) 42 (34.5-51.5) 0.083
HTI_SBP_night, Me 11 (1.5-22.9) 3.3 (0-10.4) 13.5 (0.5-35.9) 0.059
HAI SBP night, Me 4.8 (0.1-16.0) 1.2 (0-3.8) 4.3 (0-17.7) 0.020
NHAI SBP night, Me 0.4 (0.0-1.7) 0.1 (0.0-0.4) 0.7 (0.0-3.7) 0.020
HypoMI SBP, M 9.8 (-2.2-21.7) 15.2 (-1.7-32.1) 16.3 (4.6-27.9) 0.029
HypoMI SBP day, M 12.1 (-3.1-27.3) 18.0 (-2.5-38.5) 19.7 (5.6-33.9) 0.037
HypoMI SBP morning, Me 0 (0-5.3) 5.6 (0-16.7) 9.7 (5.9-16.7) 0.009
HypoTI SBP, M 7.9 (-3.5-19.3) 13.2 (-2.5-28.8) 12.9 (1.4-24.3) 0.061
HypoTI SBP day, M 11.6 (-5.6-28.8) 17.0 (-3.3-37.2) 17.7 (3.2-32.2) 0.064
HypoTI SBP morning, M 4.2 (-6.8-15.1) 12.3 (-5.2-29.8) 8.4 (-1.3-18.1) 0.060
HypoAI SBP, M 10.7 (-6.8-28.2) 19.9 (-6.6-46.4) 21.1 (-0.3-42.5) 0.029
HypoAI SBP day, M 10.3 (-7.1-27.7) 18.2 (-6.8-43.3) 20.6 (-0.3-41.6) 0.035
HypoAI SBP morning, M 1.8 (-3.2-6.8) 3.7 (-1.3-8.6) 2.8 (-1.4-6.9) 0.060
NHypoAI SBP, M 0.5 (-0.3-1.2) 0.8 (-0.3-1.9) 0.9 (-0.0-1.8) 0.038
NHypoAI SBP day, M 0.7 (-0.4-1.9) 1.2 (-0.4-2.7) 1.3 (0.0-2.6) 0.044
NHypoAI SBP morning, M 0.3 (-0.6-1.1) 0.6 (-0.2-1.4) 0.5 (-0.2-1.2) 0.061
HTI DBP, Me 8.0 (5.7-13.2) 10.4 (4.1-22) 13.4 (6.4-21.8) 0.057
HypoMI DBP morning, Me 5.3 (0-8.3) 22.2 (0-30.8) 12.2 (0-17.6) 0.088

Note: * - for each parameter the mean (M) or median (Me) is presented; ** - for the mean value the p for the Kraskell-Wallis criterion (K-W) is 
presented, for the median - p for the median test (MT). SBP - systolic blood pressure, mm Hg, DBP - diastolic BP, mm Hg, MeBP - mean BP, 
mmHg, PBP - pulse BP, mmHg, PS - pulse rate, ppm, Me - mean-integral, Max - highest, Min - lowest, DNR - degree of nocturnal reduction, 
%,, MMR - the magnitude of the morning rise, mm Hg, HTI - hypertension time index, %, HAI - hypertension area index, mm Hg*h, NHAI 
- normalized hypertension area index, mm Hg, HypoMI - hypotension measurement index, %, HypoTI - hypotension time index, %, HypoAI 
- hypotension area index mm Hg*hour, NHypoAI - normalized hypotension area index, mm Hg,
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SBP, compared to the other groups. In 
this respect, group 2 appears to be more 
adaptive. This may be due to the fact that 
they do not have IA yet, and they use the 
Internet as a way to relieve stress and 
solve psychological problems, which may 
be deprived of children from the control 
group, who use the Internet to a lesser 
extent and experience or suppress stress 
in themselves more, which is manifested 
in sleep disturbance and various vegeta-
tive symptoms.

As for hypotension indices, they were 
significantly higher (mainly in the after-
noon and morning) in both group 2 and 
group 3, compared to the control group. 

When analyzing the frequency of oc-
currence of deviations from normal val-
ues of ABPM in children with NIU (Table 
3), compared to the control group, insta-
bility of BP is noted. They have more fre-
quent deviations of SBP, a tendency to 
increased variability of DBP during the 
daytime with an increase in HTI of DBP, 
and an increased reduction of DBP at 
night (Over-Dipper). 

When analyzing the frequency of de-
viations from normal values of ABPM 
parameters in children in the groups 
distributed by centile intervals (Table 4), 
children in Groups 2 and 3 also showed 
a marked tendency for a more frequent 
increase in daytime DBP variability. In 
addition, they also showed an increase 
in nighttime SBP variability. And as not-
ed above, group 2 has a significantly less 
frequent increase in nighttime HTI SBP 
and DBP.

Thus, children with NIU and PIU are 
prone to increased variability of BP pa-
rameters with an increase in hypotension 
during the day and hypertension at night. 
Increased BP variability is considered as 
a risk factor for the development of arte-
rial hypertension (AH) [3, 10]. The find-
ings are in line with the expected results, 
since literature sources and our previous 
studies suggest that sleep disturbance 
in children with Internet addiction (due 
to decreased melatonin production un-
der the influence of blue radiation from 
gadget screens) is accompanied by in-
sufficient BP reduction at night and thus 
contributes to an increased risk of hyper-
tension [11, 12]. However, although in 
our study in children in group 3 (with high 
CIAS scores) there is a predominance of 
elevated HTI of SBP and DBP at night, 
but the same trend is noted in the control 
group. This is probably due to the fact, 
that nowadays almost all children spend 
time before bedtime at gadget screens, 
which is confirmed by the same frequen-
cy (60-70%) of insufficient nocturnal 
reduction of SBP values in all children 

(Table 3). This may also be due to the 
fact, that they tend to be hypotensive 
during the day. In our study, this can also 
be explained by the fact that the children 
were hospitalized and spent most of the 
day in a state of hypodynamia. In addi-
tion, the control group itself consisted 
of children suffering from somatic pa-
thology (bronchial asthma, obstructive 
bronchitis, allergic rhinitis, headaches). 
Nevertheless, the prevalence of children 
with lowered DNR SBP revealed by us 
has an unfavorable value, as according 
to the results of many researchers it is a 
serious risk factor for the development of 
cardiovascular pathology. Thus, children 
in the group of "non-dippers", compared 
to "dippers", were found to have a high-
er concentration of total cholesterol in 

blood, significantly lower mean values of 
left ventricular end-diastolic dimension, 
and more frequent detection of protein in 
urine [4].

Also unfavorable prognostic signifi-
cance in terms of AH development is the 
increase in HTI BP at night, even with 
normal values of other BP parameters 
[3]. According to O.V. Kozhevnikova et al. 
in 21% of cases in such children hypoten-
sion was even noted during the daytime 
[7], which is also observed in our study 
(Tables 1-2). This situation was observed 
by the authors in children with chronic 
otolaryngological pathology [7], which is 
also characteristic of our sample of chil-
dren.

On the other hand, there are stud-
ies that confirm a disorder of autonomic 

Frequency of occurrence of deviations from the normal values of ABPM 
in children with Internet addiction, % (95%-CI)

ABPM parameters AIU, n=30 NIU, n=39 Р 
Me SBP
normal 100 (88.8-100) 87.2 (73.2-94.3) 0.042
low 0 5.1 (1.6-16.9) 0.209
elevated 0 7.7 (2.8-20.4) 0.120
Variability SBP 
normal 83.3 (66.3-92.5) 71.8 (56.1-83.4) 0.262
elevated 16.7 (7.5-33.7) 28.2 (16.6-43.9) 0.262
DNR SBP
Dipper 13.3 (5.5-29.8) 25.6 (14.6-41.2) 0.208
Non-dipper 73.3 (55.4-85.8) 64.1 (48.3-77.3) 0.416
Over-Dipper 0 2.6 (0.6-13.2) 0.374
Night-Peaker 13.3 (5.5-29.8) 7.7 (2.8-20.4) 0.445
Variability DBP 
normal 43.3 (27.3-60.9) 30.8 (18.6-46.5) 0.284
elevated 56.7 (39.1-72.7) 69.2 (53.5-81.4) 0.284
Variability DBP day
normal 70.0 (52.0-83.3) 48.7 (33.8-63.8) 0.076
elevated 30.0 (16.7-48.0) 51.3 (36.1-66.2) 0.076
Variability DBP night
normal 56.7 (39.1-72.7) 41.0 (27.0-56.7) 0.196
elevated 43.3 (27.3-60.9) 59.0 (43.3-73) 0.196
DNR DBP
Dipper 60.0 (42.2-75.5) 53.8 (38.5-68.5) 0.607
Non-dipper 23.3 (11.9-41.1) 17.9 (9.1-32.8) 0.580
Over-Dipper 6.7 (2.0-21.4) 25.6 (14.6-41.2) 0.040
Night-Peaker 10.0 (3.6-25.8) 2.6 (0.6-13.2) 0.193
HTI_DBP_day
normal 93.3 (78.6-98) 76.9 (61.5-87.3) 0.065
elevated 6.7 (2.0-21.4) 23.1 (12.7-38.5) 0.065

Table 3



3’ 2024 43

regulation of the cardiovascular system 
in children with Internet addiction [2, 13, 
14], which may also be associated with 
increased BP variability and a tendency 
to hypotension in our study. In children 
with lability of the autonomic nervous 
system, as a rule, there is also lability 
of the emotional sphere, which is also 
characteristic of children with Internet ad-
diction [6, 8] and through dysregulation 
of the autonomic nervous system (ANS) 
can contribute to the development of in-
creased BP variability.

Also of interest is the fact that chil-
dren at risk of Internet addiction (group 
2), compared to other children, are more 
likely to have normal BP values, in partic-
ular, they do not tend to be hypertensive 
at night. Perhaps, as mentioned above, 
they adapt more easily to stress and ex-
perience problems using the Internet as a 
way of psychotherapy, unlike the control 
group (with low CIAS scores), who may 
be more reserved and suppress emo-
tions in themselves, or the group with ob-
vious Internet addiction, who may have 
more psychological problems.

Some explanation for this situation 
can be found in the study of heart rate 
variability (HRV) in adolescents with dif-
ferent degrees of Internet addiction [2], 
according to which in children with severe 
withdrawal symptoms during withdrawal 
from the Internet, sympathicotonia and 
a decrease in vagus regulation of heart 

Table 4

Frequency of occurrence of deviations from the normal values of ABPM
in children with Internet addiction, %

ABPM parameters AIU, n=18 NIU, n=34 PIU, n=16 р (PCS)
Variability SBP
normal 83.3 79.4 62.5 0.306elevated 16.7 20.6 37.5
Variability SBP day
normal 88.9 85.3 75 0.519elevated 11.1 14.7 25
Variability SBP night
normal 88.9 97.1 68.8 0.015elevated 11.1 2.9 31.3
Variability DBP day
normal 77.8 55.9 37.5 0.058elevated 22.2 44.1 62.5
Variability DBP night
normal 55.6 47.1 37.5 0.575elevated 44.4 52.9 62.5
DNR DBP
Dipper 61.1 55.9 50

0.224Non-dipper 16.7 23.5 18.8
Over-Dipper 5.6 20.6 25
Night-Peaker 16.7 0 6.3
HTI_SBP_night
normal 47.4 73.5 37.5 0.030elevated 52.6 26.5 62.5
HTI_DBP_night
normal 26.3 47.1 25 0.182elevated 73.7 52.9 75

Table 5

Frequency of psychological problems in children with ABPM abnormalities characteristic of Internet addiction, % (95%-CI)

Problems Variability DBP HTI SBP night HTI DBP night
normal elevated normal elevated normal elevated

Goodman Scale: N=22 N=32 N=31 N=23 N=20 N=34

Total score, deviance 9.1
(2.8-28)

21.9
(11.1-38.9)

16.1
(7.2-32.8)

17.4
(7.1-37.4)

20
(8.2-41.9)

14.7
(6.6-30.3)

Prosocial scale, deviance 9.1
(2.8-28)

0
(0-10.6)*

6.5
(2.0-20.8)

0
(0.1-14.2)

5
(1.2-23.8)

2.9
(0.7-14.9)

Behavior problems 0
(0.1-14.8)

12.5
(5.1-28.2)*

6.5
(2.0-20.8)

6.7
(2.7-27)

10
(3-30.4)

5.9
(1.8-19.2)

Emotional scale, deviation 9.1
(2.8-28)

12.5
(5.1-28.2)

12.9
(5.3-29.0)

6.7
(2.7-27)

15
(5.4-36.3)

8.8
(3.2-23.1)

Hyperactivity 4.5
(1.1-21.9)

25.0
(13.3-42.3)**

19.4
(9.3-36.4)

13.0
(4.7-32.4)

25.0
(11.3-47.2)

11.8
(4.8-26.7)

Problems communicating with peers 4.5
(1.1-21.9)

12.5
(5.1-28.2)

3.2
(0.8-16.2)

17.4
(7.1-37.4)*

5
(1.2-23.8)

11.8
(4.8-26.7)

Alexithymia 54.5 (34.5-
73.2)

46.3
(32.0-61.3)

48.6
(32.9-64.5)

50.0
(32.5-67.5)

52.4
(32.2-71.8)

47.6
(33.3-62.3)

Situational anxiety 40.9 
(23.2-61.5)

31.4
(18.6-48.1)

55.2 
(37.4-71.7)

14.3
(5.8-31.7)**

45.0
(25.7-66)

29.7
(17.5-45.9)

Personality anxiety 77.3
(56.3-89.8)

88.6
(73.9-95.3)

82.8
(65.3-92.3)

85.7
(68.3-94.2)

75
(52.8-88.7)

89.2
(75.2-95.6)

Asthenic syndrome 13.6
(5.0-33.6)

16.7
(8-32)

15.6
(7-31.9)

15.4
(6.3-33.7)

19.0
(7.8-40.3)

13.2
(5.9-27.4)

Daytime sleepiness 9.0
(2.8-28)

20.0
(10.1-36)

18.8
(9-35.5)

12.0
(4.4-30.2)

14.3
(5.2-34.9)

16.7
(8-32)

Insomnia 5.0
(1.2-23.8)

24.2
(12.9-41.2)*

17.2
(7.7-34.7)

16.7
(6.8-36.1)

31.6
(15.4-54.3)

8.8
(3.2-23.1)

* р<0.1; ** р<0.05.



YAKUT MEDICAL JOURNAL
44

rhythm were established, while in indi-
viduals with minimal withdrawal symp-
toms, total HRV and vagus nerve activ-
ity remained higher and their temporal 
assessment effective. Other researchers 
also testify to the predominance of sym-
pathicotonia in Internet addiction  [13].

Thus, the propensity to develop AH 
in children with Internet addiction can be 
explained by the presence of common 
psychological risk factors, such as stress 
exposure and anxiety-depressive disor-
ders [5, 8, 9].

Thus, when analyzing psychological 
deviations in children with insufficient 
nocturnal BP reduction, no reliable dif-
ferences (possibly due to small group 
sizes) were revealed. However, some 
tendency to more frequent problems in 
communication with peers and less pro-
nounced situational anxiety against the 
background of high personality anxiety 
and frequent alexithymia was also noted.

Conclusions:
1) Children with Internet addiction 

have increased variability of SBP and 
DBP with predominance of hypotension 
(HypoMI and HypoTI) during the day and 
hypertension at night (HTI), which is a 
risk factor for AH development 

2) More than half of children in both 
the group with Internet addiction and the 
control group have insufficient degree 
of nocturnal reduction of SBP "non-dip-
pers", which is also a risk factor for the 
development of AH.

3) Children at risk of developing Inter-
net addiction, but without obvious Inter-
net addiction, do not show an increase 
in nighttime HTI, which is characteristic 
of the control group and the group with 
Internet addiction, possibly due to fewer 
psychological problems, as well as the 
ability to relieve tension on the Internet, 

while children without Internet addiction 
may be more restrained, responsible and 
disciplined, which affects their psycholog-
ical state

4) In children with deviations of ABPM 
indicators there are more frequent be-
havioral problems, hyperactivity and 
problems of communication with peers, 
as well as lower indicators of situational 
anxiety with high indicators of personality 
anxiety, which, according to our previous 
studies, as well as studies by other au-
thors, is also characteristic of individuals 
with Internet addiction  [6].

5) Thus, we can conclude that the 
psychological features and deviations 
present in children with Internet addiction 
through the ANS regulation disorder af-
fect systemic hemodynamics and lead to 
the development of AH. In addition, sleep 
disorders in children with Internet addic-
tion  due to insufficient melatonin produc-
tion under the influence of blue radiation 
from gadget monitors contribute to this. 
This is confirmed by the decrease in the 
degree of nocturnal decrease in SBP. 

6) Thus, it is necessary to recommend 
children not to use gadgets before bed-
time with obligatory control by parents; 
all children with obvious Internet addic-
tion should be recommended to perform 
ABPM for early detection of established 
risk factors for the development of AH 
and its prevention with an obligatory psy-
chotherapeutic component.
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Table 6

Frequency of psychological problems in children with inadequate nocturnal lowering
of SBP, % (95%-CI)

Goodman Scale Dipper
N=12

Non-dipper
N=37 р

Total score, deviation 25.0 (9.1-53.8) 13.5 (6.0-28.1) 0.349
Prosocial scale, deviance 0 (0.2-24.7) 5.4 (1.7-17.7) 0.411
Behavior problems 8.3 (1.9-36) 8.1 (2.9-21.4) 0.983
Emotional scale, deviance 16.7 (5.0-45.4) 10.8 (4.4-24.8) 0.588
Hyperactivity 16.7 (5.0-45.4) 16.2 (7.7-31.3) 0.968
Problems communicating with peers 0 (0.2-24.7) 10.8 (4.4-24.8) 0.235
Alexithymia 41.7 (19.2-68.4) 54.5 (40.0-68.3) 0.441
Situational anxiety 50.0 (25.1-74.9) 33.3 (20.6-49.1) 0.299
Personality anxiety 83.3 (54.6-95) 86.8 (72.6-94.1) 0.762
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L.I. Konstantinova, E.D. Okhlopkova, L.D. Olesova

ASSESSMENT OF THE BODY RESISTANCE 
OF ATHLETES FROM YAKUTIA
TO HYPOXIA

The article reflects the assessment of the body resistance of students of the «North-Eastern Federal University named after M.K. Ammosov», 
living in the Far North, to hypoxic conditions. 146 people took part in the study – 119 boys and 27 girls. Of these, the study group consisted of 74 
student – athletes (59 boys, 15 girls), the control group consisted of 72 students engaged in physical education according to the general program 
of the University (60 boys, 12 girls). The average age of the surveyed was 21± 2,5 years. To identify the assessment of the body's resistance to 
hypoxia in Yakutia athletes, the following functional tests were conducted: the Stange test (breath holding on inhalation) and the Genchi test (breath 
holding on exhalation). The obtained results of the study allowed us to see the prevailing excellent criterion (assessment "excellent") in athletes 
and the average criterion (assessment "good") in the control group, the results with an unsatisfactory criterion (assessment "unsatisfactory") were 
less. The conducted assessment shows a positive level of non-specific adaptive capabilities of the respiratory system in the studied students. The 
functional resistance of the respiratory system to hypoxia in young men was significantly higher than in girls.

Keywords: athletes of Yakutia, students, hypoxia, Stange's test, Genchi test

Introduction: The physiological state 
of the human body is determined by ox-
ygen consumption. Oxygen is necessary 
for breathing, saturation of cells and tis-
sues of the body with oxygen, oxidation 
of proteins, fats, carbohydrates, amino 
acids, as well as for many other bio-
chemical processes. Oxygen enters the 
tissues and cells of the body through the 
respiratory and cardiovascular systems. 
If these body systems fail to function, 
hypoxia may develop. During diagnos-
tics of the human respiratory system, 
the volume of the lungs, the rhythm of 
breathing, its depth are determined, 
and standard methods of functional 

tests are used to determine resistance 
and adaptation to hypoxia. Functional 
breath-holding tests, such as the Stange 
test (breath-holding on inhalation) and 
the Genchi test (breath-holding on ex-
halation), can reveal hidden disorders 
in the body's functioning that cannot al-
ways be determined by standard meth-
ods. These tests help assess the body's 
resistance to hypoxia and endurance. 
Such tests are easy to perform, so you 
can test yourself and assess whether 
there are any problems with the respira-
tory system.

In the works of a number of authors 
it has been noted that the longer the 
breath-holding time, the higher the adap-
tive capacity of the respiratory and car-
diovascular systems to hypoxia and high 
functional capabilities of the body [1, 
3, 7]. In case of dysfunction of the oxy-
gen-transport system of the body, for ex-
ample, in case of iron deficiency anemia, 
the duration of breath-holding is reduced 
[8, 9].

The aim of the study. To assess the 
resistance of the body of students of Ya-
kutia to hypoxia depending on physical 
activity on the possibility of holding the 
breath on inhalation and exhalation.

Materials and methods of the study: 
146 students of NEFU named after M.K. 
Ammosov were examined. Of these, the 

study group consisted of 74 athletes (59 
boys, 15 girls), the control group consist-
ed of 72 students involved in physical ed-
ucation according to the general program 
of the university (60 boys, 12 girls). The 
average age of the examined was 21±2.5 
years.

The athletes were involved in the fol-
lowing sports: track and field - 20 people, 
mas-wrestling - 34 people, national jump-
ing - 8 people, shooting - 5 people, free-
style wrestling - 7 people. 

The following functional tests were 
used in the study to determine the body's 
sensitivity to oxygen deficiency:

Stange test. Method of performance: 
the subject inhales, then exhales, and 
again takes a deep breath and holds his 
breath for the maximum possible time. 
The time of breath holding is recorded. 
The norm for men = 50–60 sec; the norm 
for athletes = 65–75 sec and more; the 
norm for women = 35–45 sec; the norm 
for female athletes = 45–55 sec. Evalua-
tion of results: “excellent” – for men from 
60 sec, for women from 50 sec; “good” 
– for men from 50 to 59 sec, for women 
from 40 to 49 sec; “satisfactory” – for men 
from 35 to 49 sec, for women from 30 to 
39 sec; “unsatisfactory” – for men less 
than 35 sec, for women less than 30 sec.

Genchi test. Method of execution: it is 
carried out similarly to the Stange test, 
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the only difference being that the breath 
is held after a deep exhalation. The aver-
age result is a breath-holding time of 30 
seconds or longer. The norm for healthy 
people = 20–40 sec; the norm for athletes 
= 40–60 sec. Evaluation of results: “ex-
cellent” – for men from 50 sec, for women 
from 40 sec; “good” – for men from 40 
to 49 sec, for women from 32 to 39 sec; 
“satisfactory” – for men from 30 to 39 sec, 
for women from 25 to 31 sec; “unsatis-
factory” – for men less than 29 sec, for 
women less than 24 sec.

The obtained data were processed us-
ing the IBM SPSS Statistics 23 applica-
tion package. Standard methods of vari-
ation statistics were used: calculation of 
the median and the 25th and 75th quar-
tiles (Me [Q25; Q75]). To compare two 
independent groups, statistical analysis 
was performed using the nonparametric 
Mann-Whitney U-test. The relationship 
between variables was assessed us-
ing the Spearman method (for variables 
measured on a rank scale), where p is 
the significance of the result.

Results and discussion: The data 
we obtained on the Stange test (Table 
1) showed that the functional capabili-
ties of the athletes' body in terms of the 
ability to hold their breath on inhalation 
in young men and women corresponded 
to the grade "excellent". In the control 
group, when holding their breath on in-
halation in young men and women, the 
indicators were significantly lower than in 
trained athletes, which corresponded to 
the grade "good".

The breath holding time according to 
the Genchi test (Table 2) in male and 
female athletes was equal to that of un-
trained individuals and corresponded to 
the assessment of "satisfactory". In the 
control group, the indicators of male and 
female athletes differed significantly from 
those of athletes and corresponded to 
the assessment of "unsatisfactory".

The functional state according to the 
Stange test (Fig. 1) in 77.7% of young 
athletes confirms “excellent” and “good” 
results in the ability to hold breath on 
inhalation for trained people, only 3,4% 
had hypoxia. In 80% of female athletes, 
an “excellent” assessment is confirmed in 
the ability to hold breath on inhalation for 
trained people, hypoxia was not noted. In 
the studied comparison groups, no statis-
tically significant differences were found.

In the control group, the functional 
state of the body according to the Stange 
test is insignificantly lower than that of 
student athletes. In 63,3% of young men, 
the "excellent" and "good" assessment 
of the results is confirmed in the ability 
to hold the breath on inhalation, hypoxia 

Indicators of the functional state of the body according to the Stange test, sec

Groups N Me (Q1; Q3) P
1 Athletes young men 59 62.72 (51.33; 76.00)* P1-3=0.029
2 Athletes girls 15 57.89 (40.94; 62.27)** P2-4=0.013
3 Young men control 60 56.64 (43.43; 62.89)*
4 Girl control 12 39.94 (28.81; 47.65)**

Table 1

Table 2

 Indicators of the functional state of the body according to the Genchi test, sec

Groups N Me (Q1; Q3) P
1 Athletes young men 59 30.72 (25.55; 40.59)* P1-3=0.0
2 Athletes girls 15 29.60 (22.59; 35.47)** P2-4=0.046
3 Young men control 60 28.43 (23.10; 38.29)*
4 Girl control 12 23.37 (18.40; 29.72)**

Рис. 1. Evaluation of functional state indicators according to the Stange test, %

Рис. 2. Evaluation of functional state indicators according to the Genchi test, %
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was recorded in 6,7% of the subjects. In 
16,7% of girls from the control group, the 
result is assessed as "excellent", and in 
33.3%, the indicators are determined to 
be "good". Hypoxia was detected among 
25% of girls in the control group.

The functional state according to the 
Genchi test (Fig. 2) in 55,9% of young 
male athletes confirms the assessment 
of “excellent” and “good” in terms of the 
ability to hold one’s breath on exhalation 
for trained people, hypoxia was detected 
in 23,7% of the athletes studied. In 6,7% 
of female athletes, the results of the study 
according to the Genchi test confirm the 
assessment of “excellent”, and in 33,3% 
the assessment of “good” in terms of the 
ability to hold one’s breath on exhalation 
for trained people, hypoxia was recorded 
in 46,7%.

In the control group, the functional 
state indicators according to the Genchi 
test are insignificantly lower than those 
of student athletes. 15% of young men 
showed excellent indicators and 26,7% 
showed good results in the ability to hold 
their breath on exhalation, hypoxia was 
observed in 36,7%. Among the girls in 
the control group, an excellent indicator 
was not recorded, an indicator with a 
"good" rating was noted in 16,7%. Hy-
poxia was noted among 50% of the girls 
in the control group.

Table 3 presents the functional state 

data according to the Stange test by 
sports. All athletes have average val-
ues   within the range of “excellent” and 
“good”. The best value is noted among 
track and field athletes. This is probably 
due to the fact that this is the most pop-
ular sport, which includes various disci-
plines: race walking, running, running 
and cross-country, all-around, jumping, 
throwing, shot put. All these sports ac-
tivities are characterized by high aerobic 
load. It is believed that physical activity 
consisting of aerobic exercises is the 
most beneficial for health [2, 4].

Table 4 presents the functional state 
data for the Genchi test by sports. All ath-
letes have average breath-holding rates 
on exhalation that are below the norm, 
within the “satisfactory” rating. Of these, 
the best rate was observed in athletes 
involved in target shooting. The worst 
result was observed in track and field 
athletes, which reflects weak adaptation 
to hypoxia. This may be specific to these 
athletes, who are characterized by high 
aerobic loads, since overcoming a dis-
tance is accompanied by an increased 
frequency and depth of breathing [5].

During the work, significant differenc-
es in the main functional indicators of 
external respiration were identified in ath-
letes and students who do not regularly 
engage in sports. In the work of a number 
of authors, it was noted that the external 

respiration system of freestyle wrestlers 
and boxers is 50,14% weaker than that of 
mas-wrestlers [6].

Conclusion. Comparative assess-
ment of the functional state of breath-
ing using the Stange and Genchi test in 
young men and women involved in sports 
revealed gender differences: young men 
had higher rates of breath holding on in-
halation and exhalation than young wom-
en. The rates indicate oxygen supply and 
the general level of fitness of athletes.

A comparative assessment of the 
functional state of respiration using the 
Stange and Genchi test in athletes and 
the control group revealed that in ath-
letes, breath holding on inhalation and 
exhalation is significantly higher than 
in the control group, which confirms 
that physical activity improves health, 
increases the body's resistance to hy-
poxia and demonstrates a high rate of 
non-specific adaptive capabilities of 
the respiratory system in athletes from 
Yakutia.

Although the results obtained clearly 
show differences in physiological param-
eters, it is necessary to analyze a larger 
sample to obtain more reliable data and 
confirm the results of the study.
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Table 4

Indicators of the functional state of the body according to the Stange test
depending on the type of sport, sec

Sport N Me (Q1; Q3)
Athletics 20 68.47 (54.24; 84.34)
Mas wrestling 34 58.98 (48.87; 68.04)
National jumps 8 61.74 (44.67; 78.06)
Bullet shooting 5 55.06 (44.95; 69.09)
Freestyle wrestling 7 62.03 (42.76; 76.49)
Young men control 60 56.64 (43.43; 62.89)
Girl control 12 39.94 (28.81; 47.65)

Indicators of the functional state of the body according to the Genchi test
depending on the type of sport, sec

Sport N Me (Q1; Q3)
Athletics 20 28.32 (22.99; 37.64)
Mas wrestling 34 30.41 (25.34; 37.64)
National jumps 8 31.41 (21.02; 36.52)
Bullet shooting 5 37.12 (26.64; 44.91)
Freestyle wrestling 7 31.81 (29.00; 51.06)
Young men control 60 28.43 (23.10; 38.29)
Girl control 12 23.37 (18.40; 29.72)
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Relevance of the problem. In the Re-
public of Sakha (Yakutia) (further RS  (Y)) 
one of the main medical and social prob-
lems is cognitive disorder (CI), including 
Alzheimer's disease (AD). Despite the 
obvious deficit in AD diagnostics, the sit-
uation, as in the world, is becoming ex-
tremely important [2]. AD is a disease of 
old age and increasing age is becoming 
one of the main reasons for the increase 
in the incidence and prevalence of AD in 
the world. In Russia, according to 2019 
data, the mortality rate from AD was 
0.13%, while out of 188,132 patient visits 
to a doctor with a diagnosis of dementia, 
6,381 cases were due to AD [11].

In the United States, according to 
the AD Association, in 2021, 6.2 million 

Americans aged 65 and older suffer from 
dementia associated with Alzheimer's 
disease. This number may grow to 13.8 
million by 2060. In the United States in 
2019, mortality from AD was in 6th place, 
and among the elderly aged 65 and old-
er in 5th place. Official death certificates 
recorded 121,499 deaths from AD, or 
an increase in deaths from AD by more 
than 145%. In 2020, mortality from AD 
increased against the backdrop of the 
COVID-19 pandemic. At the same time, 
mortality from acute cerebrovascular 
accidents, heart diseases and HIV de-
creased between 2000 and 2019 [5,9]

A study of mortality from AD and other 
dementias in China showed that the over-
all mortality rate from AD and other de-
mentias increased from 3.7 per 100,000 
to 6.2 per 100,000 population in 2011-
2020. Studies have shown that there is 
an increasing trend in the overall mortali-
ty rate from AD and other dementias with 
a decreasing age-standardized mortality 
rate, indicating the further development 
of population aging and dementia mortal-
ity in the past and future decades [7].

In Brazil, from 2000-2019, 211,658 
deaths from Alzheimer's disease were 
recorded among the elderly, with an in-

creasing trend in mortality at the age of 
60 to 80 years and older, which is also 
consistent with the global trend [8].

According to a retrospective multi-
center study in Spain, BA is the cause 
of an increase in the proportion of hos-
pitalizations and an increase in in-hos-
pital mortality from BA, which leads to 
an increase in the cost of medical care 
and emphasizes the importance of early 
detection and optimization of care for pa-
tients with BA [3].

Given the increase in mortality rates 
and the number of patients with dementia 
in Russia, taking into account the global 
situation, there is currently a need to con-
duct epidemiological studies and develop 
methods for the early diagnosis and pre-
vention of CI in the Russian Federation. 
The goal of these activities should be to 
improve diagnostics, extend the period of 
a person's full working life and active lon-
gevity among the elderly population.

According to Rosstat for the Republic 
of Sakha (Yakutia), from 2021 to 2023, 
the number of elderly people aged 60 
years and above increased from 148.4 
thousand people. up to 154.6 thousand 
people, respectively, and the average life 
expectancy was 72.7 in 2022, in 2023 al-
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ready 73.02 years, in the Russian Feder-
ation this figure is 73.4 years.

The creation of methods for early diag-
nosis and prevention of cognitive disor-
der requires an integrated approach from 
the federal and regional governments in 
consolidation with scientific and educa-
tional organizations. The solution to this 
important medical and social problem will 
also lead to a reduction in the economic 
and financial burden on public health.

Materials and methods. The follow-
ing materials were used in the study:

1. reporting data of the YARMIAC 
(federal form No. 12 of statistical obser-
vation);

2. hospital registry for cognitive disor-
der No. 2021622297 registered in Ros-
reestr on October 27, 2021. Copyright 
holder FGBNU YNC KMP;

3. regulatory documents of the Min-
istry of Health of the Republic of Sakha 
(Yakutia) and the Republic of

4. reporting data of the Main Bureau 
of the Medical and Social Expertise in the 
Republic of Sakha (Yakutia) on disability;

5. data of the Territorial Statistical 
Fund for the Republic of Sakha (Yakutia).

The descriptive statistics method was 
used based on the research materials.

The article presents the results of data 
collection of information and analytical 
materials using health indicators for the 
period from 2019-2023. These data come 
from 34 uluses (districts) of the Repub-
lic of Sakha (Yakutia) and the city of Ya-
kutsk.

Results and discussion. The area of 
the territory of the Republic of Sakha (Ya-
kutia) is 3083.5 thousand km2. There are 
34 uluses (districts) on the territory of the 
Republic of Sakha (Yakutia), the capital 
Yakutsk is a city of republican significance 
and the remaining cities in the republic 
are cities of republican subordination. 
Population as of 01.01.2024: 1,001,664 
people, of which 677,004 people are ur-
ban and 324,660 people are rural. [12]

In order to provide specialized medi-
cal care (SMC) for dementia and non-de-
mentia CI in the Republic of Sakha (Ya-
kutia), since 2018, joint activities have 
been implemented with the Federal 
State Budgetary Scientific Institution 
"Yakutsk Scientific Center for Complex 
Medical Problems" (YSC CMP) and the 
Ministry of Health (RS (Yakutia) to orga-
nize SMC for patients with neurodegen-
erative diseases (NDZ). Thus, in 2018, 
a memory room was opened in the YSC 
CMP outpatient clinic on a reimbursable 
basis, since the specialty of a neuropsy-
chologist is not included in the compul-
sory medical insurance program. The 
collective work of the YSC CMP with the 

Ministry of Health of the RS (Yakutia) 
made it possible to approve the order of 
14.02.2019 No. 01-07/184 "On the pro-
cedure for routing patients with a neuro-
logical profile suffering from neurodegen-
erative diseases at the outpatient and 
hospital stages." In 2019, a neurological 
department for patients with neurode-
generative diseases was opened at the 
YSC KMP By the Order of the Ministry 
of Health of the Republic of Sakha (Ya-
kutia) dated 17.12.2020 No. 01-07/1945, 
the republican action plan ("road map") 
was approved for the implementation of 
a set of measures to identify and early 
diagnose cognitive disorder in elderly 
and senile citizens within the framework 
of the regional project "Development 
and implementation of a program of sys-
temic support and improving the quality 
of life of elderly citizens "Older Genera-
tion" (hereinafter referred to as the Set 
of Measures) in the Republic of Sakha 
(Yakutia) for 2021. In 2021, the Scientific 
and Technical Council of the Ministry of 

Health of the Republic of Sakha (Yakutia) 
developed and approved methodologi-
cal recommendations "Early diagnosis 
of cognitive disorder in older citizens in 
social and medical organizations." By 
the order of the Ministry of Health of the 
Republic of Sakha (Yakutia) dated Sep-
tember 22, 2020 No. 01-07/1326 "On the 
opening of a memory disorder cabinet at 
the State Autonomous Institution of the 
Republic of Sakha (Yakutia) "Republi-
can Clinical Hospital No. 3" a memory 
cabinet was opened. In 2021, a hospi-
tal registry of dementias "Clinical and 
demographic study of dementias in the 
Republic of Sakha (Yakutia)" was creat-
ed. Copyright holder: FGBNU YSC CMP. 
Certificate of state registration of the da-
tabase No. 20211622297. Four diseas-
es are included in the hospital registry: 
Alzheimer's disease, frontotemporal de-
mentia, dementia with Lewy bodies, and 
progressive supranuclear palsy (Fig. 1). 
As of 01.01.2023, there are 61 patients 
in the registry 

Fig. 1. The number of patients with dementia in the hospital registry of the NDD Center of the 
YNC KMP

Fig. 2. The number of patients with cognitive impairment referred for clarification of NDD, cere-
brovascular encephalopathy (CE), Parkinson's disease (PD) and other unspecified dementia
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Fig. 1. Number of patients with de-
mentia in the hospital registry of the NDS 
Center of the Yaroslavl Scientific Center 
of Cardiology and Medicine.

Fig. 2. Number of patients with cog-
nitive disorder referred for clarification 
of neurodegenerative disease (NDD), 
cerebrovascular insufficiency (CVI), Par-
kinson's disease (PD) and other unspec-
ified dementia and Fig. 2 shows that the 
largest number of referred patients are 
those with CVI (n=37) and unspecified 
dementia (n=22).

Fig. 3. The number of patients referred 
from the districts of the Republic of Sakha 
(Yakutia) and the city of Yakutsk with de-
mentia and their division by ethnicity.

At the same time, patients were re-
ferred more often from the city of Yakutsk 
than from the uluses of the republic, 
which can be explained by the opening 
of memory rooms and specialized neuro-
logical departments of the Yakut Scien-
tific Center for Clinical Medicine and the 
M.E. Nikolaev Republican Clinical Hospi-
tal No. 1 in Yakutsk. By ethnicity, repre-
sentatives of the indigenous population 
are mainly registered with dementia in 
the hospital registry, rather than repre-
sentatives of the Caucasian race. This is 
due to the fact that the indigenous popu-
lation (Yakuts and others) predominates 
in the territory of the Republic of Sakha 
(Yakutia) [12].

Routing of patients with cognitive dis-
orders for the provision of psychiatric and 
medical-psychological care.

Elderly and senile patients with cog-
nitive disorders who have applied to a 
medical organization providing primary 
health care, if there are indications, are 
examined by a psychiatrist at the central 
district hospital, and residents of the city 
of Yakutsk and suburban villages at the 
State Budgetary Institution of the Repub-
lic of Sakha (Yakutia) "Yakutsk Repub-
lican Psychoneurological Dispensary" 

(hereinafter YARPND). In the absence of 
a psychiatrist in the MO, patients are sent 
to the outpatient department of the YARP-
ND located in the city of Yakutsk. At the 
same time, if an elderly and senile patient 
with cognitive disorders who has applied 
to the MO poses a danger to himself or 
others due to his mental state, then any 
doctor of the medical organization makes 
an emergency call to the ambulance team 
for hospitalization in the 24-hour hospital 
of the YARPND. Thus, specialized medi-
cal care for patients with cognitive disor-
der in the Republic of Sakha (Yakutia) is 
currently provided at the outpatient stage 
in the memory room of the Active Lon-
gevity Center of the State Autonomous 
Institution of the Republic of Sakha (Ya-
kutia) "Regional Clinical Hospital No. 3" 
and in the cognitive disorders room of the 
YNC KMP Clinic. The inpatient stage of 
specialized medical care for patients with 
cognitive disorder includes treatment in 
the neurological department for patients 
with neurodegenerative diseases in the 
YNC KMP Clinic and in the geriatric neu-
rology department of the Geriatric Center 
of RCH No. 3. Patients with cognitive dis-
order and dementia who pose a danger 
to themselves and others are referred to 
the YRCND. According to a study by em-
ployees of the Department of Neurology 
and Psychiatry of the Medical Institute of 
NEFU and the YNC KMP, the minimum 
predicted number of patients with AD in 
the Republic of Sakha (Yakutia) is 4166 
people, and the maximum is 8429 peo-
ple. At the same time, in the industrial 
uluses of the republic, which are located 
in the southern part of the Republic of 
Sakha (Yakutia) and are engaged in the 
extraction of minerals (Neryungri, Mirn-
insky, Aldansky), the largest number of 
patients with bronchial asthma is predict-
ed - with a minimum of 671 people and a 
maximum of 1467 people. In the central 
(Khangalassky, Namsky, Gorny), eastern 

(Ust-Aldansky, Churapchinsky, Tattinsky, 
Amginsky, Ust-Maisky) and western (Vi-
lyuysky, Verkhnevilyuysky, Nyurbinsky, 
Suntarsky) uluses, the predicted number 
of patients suffering from bronchial asth-
ma is significantly lower and is a mini-
mum of 121 people, a maximum of 418 
people. The Arctic and northern uluses 
are expected to have the smallest num-
ber of patients with bronchial asthma, es-
pecially in Eveno-Bytantaysky (6.9-11.1 
people) and Anabarsky (4.8-10.5 peo-
ple). According to official data from the 
YARMIAC for 2022, 45 patients with a 
diagnosis of bronchial asthma have been 
registered in the Republic of Sakha (Ya-
kutia), of which 36 (80%) people live in 
the city of Yakutsk, the rest in the central 
regions and in the Vilyuy group of dis-
tricts. Of the Arctic uluses, 1 patient has 
been registered in the Abyysky District. 
When comparing the predicted number 
of patients with bronchial asthma with of-
ficial statistics, an excessively low level of 
bronchial asthma diagnosis was found in 
the Sakha Republic (Yakutia). Currently, 
bronchial asthma diagnosis in the RS (Y) 
is only 1% of the predicted number [2].

It should be noted that in the Interna-
tional Classification of the 10th Revision 
(ICD-10), the diagnosis of dementia is 
coded only by psychiatrists in the class 
"Mental and behavioral disorders":

Neurologists code cerebrovascular 
diseases in ICD-10 as "I67-I69" without 
specifying dementia, since this classifi-
cation does not allow this. In the "Com-
prehensive interdisciplinary and interde-
partmental program for the prevention, 
early detection, diagnosis and treatment 
of cognitive disorders in the elderly and 
senile individuals until 2025" Appendix 2 
specifies the codes to encode vascular 
dementia, dementia with Lewy bodies, 
dementia in Parkinson's disease and 
frontotemporal degeneration (Table 1). Al-
though these dementia diseases are not 

Fig. 3. The number of patients referred from the regions of the RS (Yakutia) and the city of Yakutsk with dementia and their division by ethnicity to 
the neurological department of the Clinic of YNC KMP
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Dementia codes in ICD-10

Dementia in ICD-10
Diseases Class "Diseases of the nervous 
system" (G) section "Cerebrovascular 
diseases" (I)

Class "Mental and behavioral disorders" (F)

Alzheimer's disease

G30 Alzheimer's disease

G30.0 Early-onset Alzheimer's disease

G30.8 Other forms of Alzheimer's disease

G30.9 Unspecified Alzheimer's disease F00 
Dementia in Alzheimer's disease

F00.0 Early-onset dementia in Alzheimer's 
G30.1 Late-onset Alzheimer's disease
disease

F00.1 Late-onset dementia in Alzheimer's 
disease

F00.8 Atypical or mixed dementia in 
Alzheimer's disease

F00.9 Unspecified dementia in Alzheimer's 
disease

Dementia in cerebrovascular diseases
Post-stroke dementia
Dementia in cerebrovascular encephalopathy 

I69 Sequelae of cerebrovascular diseases
I67.3 Progressive vascular 
leukoencephalopathy
I67.8 Other specified cerebrovascular 
diseases F01 Vascular dementia

F01.0 Vascular dementia with acute onset
F01.1 Multi-infarct dementia
F01.2 Subcortical vascular dementia.
F01.3 Mixed cortical and subcortical vascular 
dementia.
F01.8 Other vascular dementia
F01.9 Vascular dementia, unspecified

Dementia with Lewy bodies G31.8 Other specified degenerative diseases 
of the nervous system

F02.8 Dementia in other specified diseases 
classified elsewhere

Dementia in Parkinson's disease G20 Parkinson's disease F02.3 Dementia in Parkinson's disease 

Frontotemporal dementia G31.0 Localized cerebral atrophy F02.0 Dementia in Pick's disease

Infectious diseases 

G05.0 Encephalitis, myelitis and 
encephalomyelitis in bacterial diseases 
classified elsewhere
Encephalitis, myelitis or encephalomyelitis 
(in): syphilis:
congenital (A50.4+)late (A52.1+)
G05.1 Encephalitis, myelitis and 
encephalomyelitis in viral diseases classified 
elsewhere
B22.0 HIV disease with manifestations of 
encephalopathy

F02.4 Dementia in diseases caused by human 
immunodeficiency virus (HIV)
F07.1 Postencephalitic syndrome
Posttraumatic encephalopathy

Posttraumatic encephalopathy T90.5 Sequelae of intracranial injury F04 Organic amnestic syndrome not caused 
by alcohol or other psychoactive substances

Fig. 4. Number of patients with mental illnesses and dementia in the group over 60 years old according to the Yakutsk Psychoneurological Dis-
pensary



YAKUT MEDICAL JOURNAL
52

specified in the ICD-10 coding. Thus, the 
diagnosis of dementia cannot be taken 
into account in statistics by neurologists.

The number of patients with CI, vascu-
lar and mixed dementias in cerebrovas-
cular diseases is unknown, since their 
number in these groups remains out-
side the state statistics. According to the 
YARMIAC, in 2023, 23,745 patients with 
the code "I67" were registered, of which 
1,897 were newly diagnosed. Therefore, 
in the current situation, we can judge the 
number of patients with vascular demen-
tia only by the YARPI data (Fig. 4).

Fig. 4. The number of patients diag-
nosed with DE (I67) and vascular demen-
tia (F 01-F01.3) in the group of people 
aged 60 years and older.

According to the data provided by 
the Main Bureau of Medical and Social 
Expertise (MBMSE) for the Republic of 
Sakha (Yakutia) of the Ministry of La-
bor of Russia, the number of newly es-
tablished disabilities due to dementia 
(G30.0-G31.0) from 2019-2023 averages 
4 people per year, which is also associat-
ed with underdiagnosis of dementia.

In the Russian Federation, in gener-
al medical practice, the diagnosis of AD 
is also established in only 1% of cases 
[1]. Worldwide, 1.6 million people died 
from dementia in 2019, which makes it 
the seventh leading cause of death [6]. 
According to researchers in the USA, 
North and South America, Japan and 
China, the study of cognitive health prob-
lems and the impact on public health are 
currently of paramount importance. Par-
ticular attention is paid to areas related 
to early diagnosis and methods of pre-
venting the development of dementia, as 
well as symptomatic and pathogenetic 
therapy of Alzheimer's disease and other 
diseases accompanied by cognitive dis-
order [3,4,6,7,8,10]. Since 2021, interde-
partmental cooperation has been carried 
out in the Republic of Sakha (Yakutia) to 
train social workers. Republican Clinical 
Hospital No. 3, together with ANO "Long 
Life", implemented the social project 
"School of Home Care for Elderly Citi-
zens and Disabled People Who Have 
Lost the Ability to Self-Care." The project 
team, consisting of doctors and nurses 
of palliative care, trains social workers in 
addition to relatives. For several years, a 
joint project "Medical and social patron-
age" has been implemented with the aim 
of developing a model of interaction be-
tween social services and primary health 
care in the interests of elderly and senile 
people, as well as people with limited 
mobility, for the implementation of tech-
nologies for organizing a long-term care 
system.

In the Republic of Sakha (Yakutia), 
research is being conducted aimed at 
studying the characteristics of the course 
of dementia and non-dementia cognitive 
disorders, and hospital morbidity and 
mortality are being analyzed. For ex-
ample, the Yakutia Scientific Center for 
Clinical and Medical Care is conducting 
research work "Epidemiological, medical 
and genetic aspects and development 
of methods of translational and person-
alized medicine for neurodegenerative 
diseases in the Republic of Sakha (Ya-
kutia)".

It is important to note that in the or-
ganization of anti-dementia measures, 
the key factors are the prevention and 
detection of dementia and non-dementia 
cognitive disorder at an early stage of the 
development of these conditions. Given 
the global trend towards an increase in 
AD, mixed dementias, which is a press-
ing medical and social problem both in 
the world and in individual countries and 
their regions, in 2018 the Russian Fed-
eration adopted the "Comprehensive 
interdisciplinary and interdepartmental 
program for the prevention, early detec-
tion, diagnosis and treatment of cognitive 
disorders in the elderly and senile until 
2025". The development of this program 
was led by the Ministry of Health of the 
Russian Federation, the First Moscow 
State Medical University named after 
I.M. Sechenov of the Ministry of Health of 
Russia, the "Russian National Research 
Medical University named after N.I. Pi-
rogov", as well as the Russian Associa-
tion of Gerontologists and Geriatricians, 
the Russian Society of Psychiatrists, the 
All-Russian Society of Neurologists, the 
Russian Scientific Medical Society of 
Therapists, and the Union for the Pro-
tection of Mental Health. In July 2024, 
the regional project "Development and 
implementation of a program of systemic 
support and improvement of the quality 
of life of senior citizens" was developed 
in the Republic of Sakha (Yakutia) with-
in the framework of the national project 
"Demography", in which the departments 
involved in this problem took part: the 
Ministry of Health of the Republic of 
Sakha (Yakutia), the Ministry of Labor of 
the Republic of Sakha (Yakutia), the Fed-
eral State Budgetary Scientific Institution 
Yakut Scientific Center for Comprehen-
sive Medical Research, the Federal State 
Autonomous Educational Institution of 
Higher Education "North-Eastern Federal 
University named after M.K. Ammosov", 
the North-Eastern Federal University, the 
Academy of Sciences of the Republic 
of Sakha (Yakutia). Since 2006, the De-
partment of Neurology and Psychiatry of 

the Medical Institute of the North-East-
ern Federal University named after M.K. 
Ammosov has included the discipline 
"Neurodegenerative Diseases" in the op-
tional part of the curriculum for 6th-year 
students majoring in "General Medicine". 
The plan includes lectures and practical 
classes on dementia, Alzheimer's dis-
ease and other neurodegenerative dis-
eases in which cognitive disorder and 
dementia develop are studied.

Conclusion. The conducted analysis 
of the obtained statistical data from offi-
cial sources of state statistics, YARPINC 
reports, the hospital registry of the YRC 
CMP and regulatory documents of the 
Ministry of Health of the Republic of 
Sakha (Yakutia) showed that there is:

- discrepancy between the detect-
ed cases of dementia in the YARPINC, 
YARPINC and in the hospital registry 
of the YRC CMP, which indicates insuf-
ficient medical examination of patients 
with CI and the absence of a single regis-
try of dementias;

- underdiagnosis of dementias in NDD 
and AD;

- overdiagnosis of CVD with CI as the 
main cause of dementia;

- lack of routing of patients with CI;
- lack of a palliative care department 

for patients with dementias;
- lack of epidemiological studies, 

which does not allow a reliable assess-
ment of the situation with dementias in 
the Republic of Sakha (Yakutia);

- the existing classification of demen-
tias in the international classification of 
diseases ICD-10 does not allow neu-
rologists to code cognitive disorder and 
dementia in cerebrovascular diseases, 
which leads to an inadequate assessment 
of the current situation with dementias.

Organization of consolidated efforts of 
health authorities, scientific institutions 
of the medical profile and state bod-
ies of social protection to eliminate the 
above-mentioned shortcomings will help 
to identify early and moderate cognitive 
disorders for the timely initiation of patho-
genetic therapy, including AD, which will 
lead to an extension of active longevity 
and an improvement in the quality of life.
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Introduction. In accordance with the 
Decree of the President of the Russian 
Federation the national interest of Russia 
is: saving the people of Russia, develop-
ment of human potential, improvement 
of the quality of life and well-being of citi-
zens. The possibility of saving the people 
directly depends on the development of 
human resources potential of health care 
system employees as a key component 
affecting the quality of medical determi-
nant of public health. Comprehensive 
analysis of the attitude of doctors to their 
activities is significant from the position of 
preserving and increasing public health. 
Medical determinant of public health 
takes into account the state, resource 

provision and management processes 
of public health care, which as a result 
of synergy ultimately affect the quality 
of public health. Its components are the 
state of resource endowment of the in-
dustry, including staffing, level of profes-
sional potential, quality of professional 
development institutions, processes of 
medical care and the results associated 
with their use in the field of prevention, di-
agnosis, treatment, rehabilitation, which 
ultimately improve the quality of public 
health [5]. Low quality of rendered medi-
cal services and, as a consequence, low 
medical efficiency, negatively affect the 
state of public health, which is why it is 
necessary to take into account the state 
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METHODOLOGY FOR DETERMINING
THE MEDICAL DETERMINANT
OF PUBLIC HEALTH WITH
THE IDENTIFICATION OF MEDICAL RISK 
FACTORS FOR HEALTH DISORDERS IN 
OTORHINOLARYNGOLOGY (ON THE EXAM-
PLE OF ANALYZING THE TREATMENT
OF POLYPOSIS RHINOSINUSITIS)

An algorithm for assessing the professional potential of an otorhinolaryngologic based on 
the identification of medical risk factors in the provision of medical care to patients with rhinosi-
nusitis has been developed. A total of 627 otorhinolaryngologic from 32 subjects of the Russian 
Federation were screened and the treatment of patients with polyposis rhinosinusitis was ana-
lyzed. The proposed methodological approach was successfully used to assess the knowledge 
and skills of physicians of other specialties and formed the basis for the methodology of study-
ing the professional potential of physicians, for which the author's invention certificates were 
also obtained. 
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of medical determinants in order to devel-
op a productive system of public health 
management. [5]. 

The state of staffing and the level of 
professional potential, as components of 
the medical determinant of public health, 
are one of the main components of the 
health care system in addressing the 
degree of achievement of medical out-
comes. The methodological peculiarity 
of the work was the use of the following 
definitions as working concepts, which 
were proposed by researchers at differ-
ent stages of human resources study: 
human potential, professional potential 
and human resources potential of health 
care workers [4,6,9]. One Nobel laureate 
Armantia Sen defined the key goal of 
society development as the increase of 
human potential, and as the main char-
acteristic of human potential he indicated 
the possibility of free choice of value-ori-
ented activities by an individual, and an-
other Nobel laureate James Heckman 
further developed the concept of human 
potential, linking it to the development of 
internal abilities of an individual, to the 
activation of his creativity. However, there 
is still no unified interpretation of this con-
cept. Human potential can be considered 
as a certain "resource" that is used both 
in the employment market and outside it. 
Its main components will be education 
and level of expertise, but the content 
of this term is expanding by adding such 
personal characteristics as, for example, 
the structure of interests and values. 

Health status as one of the forms of 
human capital is included in the "core" of 
human potential and makes it possible to 
analyze the level of economic return in 
the form of added value at the macro lev-
el, and in the form of income from labor 
activity or increased consumer demand 
at the micro level [14]. Comprehensive 
studies of the current state of human po-
tential of health care are insufficient, and 
the existing methodological approaches 
to its assessment are characterized by 
fragmentation, lack of an integral ap-
proach and determine the need for fur-
ther improvement of expert assessment 
methodology not only at the individual but 
also at the societal level [4].

The characteristic of a medical work-
er is included in the criteria for assessing 
his/her human potential when proving the 
reliably more effective preservation of life, 
health, success of professional and labor 
activity of a medical worker and higher 
quality of medical care provided by him/
her [9]. Human potential is defined as a 
set of properties and qualities that deter-
mine the ability of an individual to achieve 
the highest success in individual profes-

sional activity through self-expression 
and self-development. The risk-oriented 
approach can be used as a methodolog-
ical basis for methodological approaches 
to measuring human potential.

In accordance with the Rules for the 
development and approval of profes-
sional standards approved by the Gov-
ernment of the Russian Federation of 
22.01.2013 № 23, the introduction of pro-
fessional standards in medical organiza-
tions in Russia was accompanied by re-
search in the field of professional compe-
tencies of medical workers, which can be 
considered as a methodological basis for 
the introduction of the term "profession-
al potential of health care workers". This 
term can be used not only in terms of as-
sessing the professional competencies 
of medical workers, but also as a char-
acteristic of the readiness of medical per-
sonnel to form and maintain their profes-
sional identity, increase their professional 
expertise, and improve their knowledge, 
skills and abilities within the medical spe-
cialty. Based on the expert assessment, 
the authors propose a unified concept of 
human resource potential of the health 
care sector, which corresponds to the 
purpose and objectives of our study.

Human resource potential of the health 
care sector is the ability of a profession-
ally trained and organized workforce 
- health workers - to achieve the goals 
of improving the quality of public health 
to the fullest extent possible. It includes 
such components as the structure of la-
bor resources and their even distribution; 
expected duration of labor activity in the 
sphere of health care; continuous im-
provement by medical personnel of pro-
fessional knowledge, skills and abilities in 
the field of medical prevention, treatment 
and rehabilitation, medical deontology 
and ethics; high external assessment of 
professional competencies of labor re-
sources; inclusion of work in the priority 
of life values; satisfaction with both the 
chosen specialty and the present work. 
Physicians' job satisfaction, motivation 
to work and medical workers' confidence 
in their work are also important integral 
indicators of the professional potential of 
medical personnel, taking into account 
the state's personnel policy in the field 
of health care and public health. The 
relevance of the development of a new 
tool for studying and assessing the pro-
fessional potential of medical personnel 
is associated with the increased need to 
provide the health care system with quali-
fied medical personnel as a component of 
the medical determinant of public health. 

Diseases of the ENT organs occupy a 
significant place in the general structure 

of morbidity and do not show a downward 
trend Knowledge of the state and causes 
of the decline in physicians' competence, 
human potential and factors determining 
them would be the basis for making ade-
quate management decisions to improve 
the quality of medical otorhinolaryngolog-
ic care [10]. The estimated incidence of 
acute rhinosinusitis (ARS) ranges from 
1.39% to 9% per year, and chronic rhi-
nosinusitis (CRS), affects about 14 in 
every 100 people, and about 2-4 out of 
100 have polyposis rhinosinusitis (PRS) 
[10]. Previously, defects in the provision 
of medical care to patients with rhinosi-
nusitis have been identified in our country 
[8]. In ORS there is a risk of inflammation 
transition to a chronic form and develop-
ment of CRS, Improper treatment of CRS 
leads to frequent relapses, repeated 
courses of antibiotic therapy, risk of anti-
biotic resistance development, increased 
need for surgical treatment, which in-
creases the material costs of the state 
on the one hand, and further reduces the 
quality of life of these patients on the oth-
er hand. In ORS, improper treatment of 
patients, in addition to the recurrence of 
polyp growth, may worsen the drug con-
trol of comorbid pathology in the form of 
bronchial asthma (BA) and allergic rhinitis 
due to the common mechanism of devel-
opment of these pathological conditions.

The aim of this study was to assess 
the professional competence of otorhino-
laryngologic in the subjects of the Rus-
sian Federation, as a component of the 
medical determinant of public health, by 
means of a quantitative social survey 
using a questionnaire developed by the 
authors to assess the knowledge and 
skills of a doctor [11], using automated 
systems for collecting and processing in-
formation [8]. 

Materials and methods of research. 
On the basis of the obtained data of the 
quantitative sociological survey we ana-
lyzed the provision of medical care to pa-
tients with rhinosinusitis with the identifi-
cation of medical risk factors associated 
with the professional training of otorhino-
laryngologic as a component of medical 
determinants affecting public health. 

The assessment of the correctness of 
the answers of the interviewed doctors 
was based on comparison with the refer-
ence value (standards of medical care). 
The proposed algorithm (Fig. 1) allows us 
to assess the level of professional com-
petence of otorhinolaryngologic, the level 
of their knowledge and skills as a compo-
nent of the medical determinant of public 
health with the possibility of identifying 
medical risk factors in otorhinolaryngol-
ogy and to identify the main problems, 
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the solution of which through the devel-
opment of a set of measures can improve 
the training of medical personnel and en-
sure the quality of medical care [11].

A pilot approbation of the methodol-
ogy was carried out by questioning 627 
otorhinolaryngologic working in state 
hospitals or polyclinics from 39 subjects 
of the Russian Federation. Among the 
respondents there were 46.25% men 
and 53.75% women, age up to 44 years 
was in 49.44% of cases, 45-59 years - in 
46.09% of cases and over 60 years - in 
4.47% of cases. Work experience up to 
10 years was 197 (31.42%), 10-15 years 
was 119 (18.98%), 16-20 years was 108 
(17.22%), 21-25 years was 94 (14.99%), 
26-30 years was 68 (10.85%) and more 
than 30 years was 41 (6.54%). The link 
to the online form was sent to respon-
dents by e-mail or using the messengers 
"WhatsApp" and "Telegram". The data of 

the sociological survey were automati-
cally accumulated on Google Drive in 
the form of an Excel table for automatic 
summary, processing and analysis of the 
data of respondents' answers to the scale 
of predicting the quality of otorhinolaryn-
gological care, taking into account the 
characteristics of an otorhinolaryngologic 
and his competencies, which are a set of 
interrelated basic qualities of personality 
and include the application of knowledge, 
skills and abilities. The survey data were 
fed into the automated system of informa-
tion collection and processing "System of 
automatic data processing and question-
naire administration (SODA version 1)". 
Computer program registration certificate 
№ 2024613395 [8].

Results. The electronic form of the 
questionnaire included 229 questions di-
vided into two sections (outpatient, inpa-
tient) with answer choices and open-end-

ed question options with the possibility 
to give and reflect suggestions from the 
interviewed otorhinolaryngologic. QR 
Code to the electronic form of the online 
questionnaire. (Figure).

The questions for the sociological sur-
vey are formulated taking into account 
clinical recommendations, standards 
and orders of medical care in the profile 
of "Otorhinolaryngology", as well as the 
results of the analysis of theoretical and 
empirical concepts. The online question-
naire is designed to survey primary care 
otorhinolaryngologic, as well as otorhi-
nolaryngologic working in a specialized 
hospital, and consists of three parts: 

The proposed algorithm allows us to 
analyze the average and individual char-
acteristics of the sample, to investigate 
the consistency of the questionnaire 
items. The questionnaire includes three 
blocks of questions: 

Scheme "Algorithm for assessing the professional potential of otorhinolaryngologic in preventing medical risks in providing medical care to patients 
with inflammatory diseases of the maxillary sinus". Industrial design patent No. 139327. [11] 

Algorithm of evaluation of answers to the questionnaire questions

Indicator Scales
Question 
numbers 
(number)

Mini-
maximum score

Maxi-
maximum score

Survey of doctors working in the polyclinic indicative corridor scale 10-135 (125) 125 375
Survey of physicians working in the hospital indicative corridor scale 167-229 (62) 62 186
Manipulations/operations performed indicative corridor scale 136-162 (26) 26 78
Criteria for assessing the quality of medical 
care. Quality of work of a doctor importance rating scale in points 163-166 (3) 3 9
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-1st block of questions is a survey of 
doctors working in the polyclinic; 

-The -2nd block of questions is a sur-
vey of physicians working in the hospital; 

-3rd block of questions - a survey of 
doctors working in both polyclinic and 
hospital. 

The questionnaire also includes two 
scales: the indicative corridors scale (the 
ratio of the actual integral assessment 
to the optimal one), when analyzing and 
automated processing of respondents' 
answers using integral assessment of 
indicators, they are divided into three as-
sessment levels or three indicative cor-
ridors: 

Corridor I - high physician potential 
(number of points: 161-240); 

Corridor II - average physician capaci-
ty (number of points: 81-160); 

Corridor III - low physician potential 
(number of points: up to 80). 

The indicators of the scales were de-
veloped on the basis of analyzing the ex-
isting body of research on this issue. The 
scales provide an opportunity to diagnose 
the causes and define indicative corridors 
of the level of professional potential of a 
doctor (high, average, low) and makes 
it possible to take timely management 
measures, both general and individual. in 
cases of marking questionnaires or filling 
them out in the personal cabinet of the 
automated workplace of a doctor. 

Thus, if the physician's potential is 
high (Figure), take measures to prevent 
the transition to II and III (medium and 
low) indicative corridor (level) by stabiliz-
ing the process. 

At medium potential, developmental 
measures should be taken to prevent the 
transition to low potential - Level III.

At low potential (Level III), measures 
for physician support and professional 
development should be applied.

The methodology questionnaire in-
cludes 229 questions, of which direct 220 
questions and 9 -socio-demographic in-
dicators

For each question of the methodolo-
gy, only one answer can be selected and 
assigned a score. Each indicator is a val-
ue calculated for a specific respondent, 
expressed in points. Scoring is carried 
out in manual or automatic mode with de-
termination of the correspondence coeffi-
cient: from 70 to 100% and above - high; 
from 30 to 69% - average; below 30% - 
low (Table).

The information obtained from the re-
sults of the survey of the applied method-
ology allows to assess the level of profes-
sional competence of medical personnel 
(doctors), to identify the main problems, 
the solution of which through the devel-

opment of a set of measures can improve 
the training of medical personnel and en-
sure the quality of medical care. 

The use of the proposed methodology 
of the algorithm for assessing the pro-
fessional potential of a doctor allows to 
identify medical risk factors in otorhino-
laryngology. The questionnaire revealed 
inconsistencies in the treatment of polyp-
osis rhinosinusitis in the form of irrational 
prescription of systemic antibiotic thera-
py in 89.31% of cases, local application 
of solutions with antibiotics in 52.8% of 
cases and antiseptics in 36.7% of cases, 
prescription of vasoconstrictors in 64.8% 
of cases [2]. Also, 17.5% of otorhinolar-
yngologic do not recommend intranasal 
glucocorticosteroids as a basic therapy 
for MRS, which is the main means of pre-
venting the recurrence of polyp growth, 
and 48.5% of physicians recommend 
drugs that have no indications for use in 
MRS in their instructions.

Discussion. Thus, the initial analysis 
of the data obtained during the question-
naire revealed inconsistency in the provi-
sion of medical care by otorhinolaryngo-
logic in the treatment of ORS in the form 
of unjustified prescription of systemic and 
local antibacterial drugs, recommenda-
tion of topical GCS "off label" or absence 
of GCS in the recommendations, which 
are the basic therapy of ORS, as well 
as frequent use of decongestants. In-
appropriate treatment of ORS leads to 
uncontrolled growth of polyposis tissue 
and formation of more severe forms of 
ORS, and concomitant pathologic con-
ditions in the form of AD and respiratory 
allergy [2,7]. Given the multifactorial na-
ture of the mechanisms involved in the 
development of polyposis rhinosinusitis, 
the identification of inconsistencies in the 
management of these patients will allow 
the development of interventions to ad-
dress them.

Conclusion. The level of professional 
competence as part of the professional 
potential of medical personnel in otorhi-
nolaryngology is extremely important as 
one of the components of the medical 
determinant of public health, to improve 
medical efficiency in the prevention, diag-
nosis, treatment and rehabilitation of ENT 
diseases of the Russian population.

The proposed algorithm for assessing 
the professional potential of otorhinolar-
yngologic in the prevention of medical 
risks in the provision of medical care to 
patients with rhinosinusitis [11] was suc-
cessfully transported to other profiles of 
medical care is the basis of the meth-
odology for studying the professional 
potential for physicians of specialists of 
different profiles of care, influencing med-

ical efficiency in the field of prevention, 
diagnosis, treatment and rehabilitation, 
which ultimately improves the quality of 
public health [12, 13].  The Ministry of 
Health of the Russian Federation can use 
the proposed methodology and the ob-
tained results of scientific research in the 
development of approaches to assess 
and improve the professional potential of 
physicians in order to increase the public 
health of the country.
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Introduction. More than 30 years 
ago, the World Health Organization rec-

ognized abortion as a serious problem in 
the field of women's reproductive health. 
Despite a significant decrease in abor-
tions in Russia over the past decades, 
abortion remains one of the main meth-
ods of birth control. At the same time, 
the list of social indications for termina-
tion of pregnancy has been significantly 
reduced, since 2012, the only reason is 

pregnancy resulting from rape, a special 
time time has been introduced between 
the woman's treatment and the abortion 
procedure itself – "week of silence". In 
addition, since 2016, mandatory demon-
stration of the fetus and its heartbeat 
during ultrasound examination has been 
introduced for women planning to resort 
to abortion [4]. Thus, abortion preven-
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tion in modern Russia is mainly aimed at 
preserving unplanned pregnancy, rather 
than measures for the prevention and 
planning of pregnancy, which include 
increasing contraceptive literacy of the 
population and the formation of responsi-
ble reproductive behavior [2, 3].

Results and discussion. The anal-
ysis revealed a significant decrease in 
the absolute number of abortions over 
the past 10 years, more than twofold [1]. 
(Figure. 1).

However, the fact of a decrease in the 
number of women of fertile age over the 
same period should also be taken into 
account, thereby the indicator calculat-
ed for 1000 women of fertile age will be 
more reliable (Figure. 2).

Despite the fact that this indicator has 
significantly decreased over 10 years, it 
remains consistently higher than the av-
erage for the Russian Federation. In addi-
tion, the rate of decline has slowed down 
since 2018 and a stable value has been 
observed over the past 2 years, as well 
as in Russia as a whole. In the structure 
of the terms of termination of pregnancy, 
the main part during the study period is 
abortions up to 12 weeks, but there is a 
tendency to increase the proportion of 
abortions at later periods of 12-21 weeks 
by 44.8%. (Table 1).

The reduction in the total number of 
abortions was mainly due to a decrease 
in medical (legal) abortions, the share of 
which in the structure of abortions de-
creased by 24.9%, but they still make up 
the bulk of the structure of abortions, the 
share of medical (legal) abortion in 2022 
was 58.3%. However, there is an in-
crease in the share of spontaneous abor-
tions, which can to testify about prob-
lems in the field of women's reproductive 
health and a decrease in reproductive 
potential. In 2022, the share of spon-
taneous abortions amounted to 20.9% 
among abortions of pregnancy up to 12 
weeks, compared to 2013, this figure was 
10.2% in the structure of all abortions up 
to 12 weeks. There is also a significant 
decrease in the proportion of abortions 
for medical reasons up to 12 weeks, in 
2022 this figure was 0.5% in the structure 
of abortions up to 12 weeks, however, 
this decrease is due to changes in filling 
out the statistical form since 2016. Also 
in 2016, abortions associated with other 
abnormal products of conception were 
allocated to a separate group. Unfortu-
nately, this indicator has a negative trend 
both in the structure of abortions before 
12 weeks and from 12-21 weeks. In turn, 
not a single case of abortion for social 
reasons was noted during the study pe-
riod, but the share of criminal abortion Fig. 3. The structure of terminations of pregnancy up to 12 weeks for the period 2013-2022,%

Fig. 2. Dynamics of the number of abortions per 1,000 women aged 15-49 years. 2013-2022

Fig. 1. The absolute number of abortions
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increased, so in 2021 there were 7 cases 
of illegal termination of pregnancy up to 
12 weeks and 5 cases in 2022. (Figure 3, 
Figure 4). This once again confirms the 
inadmissibility of banning abortions at the 
legislative level, as well as restrictions re-
lated to the availability of medical (legal) 
abortions.

The share of abortions in non-govern-
mental medical organizations out of the 
total number of abortions in the Sakha-
lin Region increased by 116.5% over 10 
years [1]. The years 2021 and 2022 be-
came record-breaking in the number of 
abortions in non-governmental medical 
organizations and accounted for 22.1% 
and 18.4%, respectively, of the total num-
ber of abortions (Figure.5). The sharp de-
crease in abortions in 2018 may be due 
to the Decree of the Ministry of Health of 
the Russian Federation, which defined 
new requirements for non-governmental 
medical organizations providing abortion 
services.

Also in 2021, according to the data "In-
formation on pregnancy with an abortive 
outcome (absolute data by subjects and 
groups of organizations)", there was a 
paradoxical increase in abortions in non–
governmental medical organizations 
among girls aged 15-17 years - 238 cas-
es, which is 36% of the total number of 
abortions performed in non-governmen-
tal institutions. It should be noted that 
in 2022 there was not a single case of 
abortion among girls aged 15-17 years, 
and in 2020 this figure was 3 cases (Fig-
ure. 6). Based on this, it can be assumed 
that the information about abortions in 
non-governmental medical organizations 
for 2021 is incorrect. For 10 years, there 
has been a decrease in the number of 
abortions among girls aged 15-17 in the 
Sakhalin Region, 37 cases were regis-
tered in 2022 (Figure. 6). In general, the 
structure of age groups among women 
who terminated pregnancy is dominated 
by women aged 18-44 years, until 2016, 
statistical forms included more age rang-
es in increments of 5 years, which made 
it possible to study in more detail the 
features of abortions by age group. So 
for the period from 2013-2015, it can be 
concluded that the majority of girls who 
terminated pregnancy were between the 
ages of 25-29 years [1].

Another negative trend is a steady in-
crease in the share of abortions among 
first-time pregnancies in the structure of 
all abortions, including in the share of 
medical (legal) abortions by 31.9% over 
the period from 2016-2022. It is incorrect 
to compare the data up to 2016 due to 
the change in the accounting of statistical 
data on abortions in pre-pregnant women 

in the structure of abortions. In addition, 
there is no data on abortions among first-
time pregnancies in non-governmental 
medical organizations, which leads to an 
underestimation of this indicator in the 
overall structure of abortions (Figure. 7, 
Figure. 8).

Conclusion. Thus, despite the de-
crease in the absolute number of abor-
tions over the past 10 years, a fairly high 
level of abortions per 1,000 women of 
fertile age remains, almost 2 times higher 
than the average in the Russian Feder-
ation. In addition, over the past 2 years, 
the indicator has stabilized, with a slight 

downward trend. In the structure of abor-
tions, a large part is occupied by medical 
(legal) abortions, despite a decrease in 
their share in state-owned medical or-
ganizations, their number is increasing 
in non-governmental institutions. Unfor-
tunately, there is no interaction between 
medical organizations of different forms 
of ownership, which leads to a lack of 
understanding about the real dynamics 
of medical (legal) abortions among repre-
sentatives of government organizations 
that deal with preventive measures. Also, 
the casuistic statistical data of non-state-
owned medical organizations for 2021 

Fig. 5. The share of abortions in non-governmental medical organizations of the total number of 
abortions in the Sakhalin region 2013-2022, %

The structure of the terms of termination of pregnancy, %

The timing of termination
of pregnancy 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Up to 12 weeks 97.1 96.2 96.3 96.3 96.5 96.3 95.8 95.5 93.9 95.8
12-21 weeks 2.9 3.8 3.7 3.7 3.5 3.7 4.2 4.5 6.1 4.2

Fig. 4. The structure of terminations of pregnancy up to 12-21 weeks (2013-2022), %
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confirm the need for control by higher 
health authorities. Unfortunately, the pro-
portion of spontaneous abortions has in-
creased, as well as abortions associated 
with other abnormal products of concep-
tion, which may indicate a decrease in 
women's reproductive potential and dete-
rioration of their health. The increase in 
the share of abortions among pre-preg-
nant women in the structure of medical 
(legal) abortions indicates a change in 
psychological values, low contraceptive 
culture and irresponsible reproductive 
behavior among young people. Howev-
er, it is unacceptable to ban abortion or 
restrict its availability, due to the report-
ed caskes of criminal abortion, the pro-
portion of which has been increasing in 
recent years. All of the above indicates 
the need to develop preventive mea-
sures aimed at increasing the availability 
of contraception and medical literacy in 
the field of reproductive health and the 
formation of responsible reproductive 
behavior among the population of the 
Sakhalin region.
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MENINGOCOCCAL INFECTION
IN THE REPUBLIC OF BURYATIA:
FEATURES OF EPIDEMIOLOGY
AND SPECIFIC PROPHYLAXIS

The article presents manifestations of the epidemic process of MI in the Republic of Buryatia: the dynamics of morbidity in different age groups 
of the population, mortality, serogroup characteristics of meningococcal strains. An assessment of the state of the level of collective immunity is 
given based on serological monitoring data and an analysis of immunoprophylaxis against infectious diseases. Period 2021-2023 characterized 
by a worsening of the epidemiological situation (increasing morbidity and mortality; involvement of different age groups of the population; increase 
in the number of seronegative individuals). Conducting serological and bacteriological monitoring, increasing the volume of immunization against 
MI and strengthening awareness-raising work among the population about the possibilities of vaccine prevention of MI will help improve epidemi-
ological surveillance of this infection.

Keywords: epidemiology, meningococcal infection, morbidity, serological monitoring, vaccine prevention.

Introduction. In modern conditions, 
the problem of meningococcal infection 
(MI) remains relevant due to its high 
medical and social significance, due to 
the high level of mortality and disability 
[2, 6, 14]. Approximately half a million 
cases of invasive forms of myocardial 
infarction are registered annually world-
wide, and the incidence varies signifi-
cantly depending on geographic regions 
[14]. The relevance of the problem of the 
spread of MI throughout the world is due 
to the diversity of sources of infection, 
serological heterogeneity and variability 
of the pathogen, and the difficulties of 
epidemiological surveillance [12]. For a 
number of years, the Russian Federation 
(RF) has been characterized by epidemi-
ological well-being in terms of MI. At the 
same time, in recent years there have 
been clear signs of a worsening epidemi-
ological situation, including: an increase 
in the incidence rate, registration of out-
breaks with multiple cases of disease, 
and an increase in the mortality rate [1, 
10]. In this regard, the existing systems of 
epidemiological surveillance and preven-

tion require improvement, primarily at the 
level of constituent entities of the Russian 
Federation [1, 3]. In the Republic of Bury-
atia (RB), the incidence of MI remains a 
pressing problem [11]. There remain risks 
of complicating the epidemiological situa-
tion, since throughout the country there 
are signs of the beginning of another rise 
in morbidity [1,6,8,10]. At the same time, 
the Republic of Belarus is characterized 
by a heterogeneous demographic com-
position, vast territories, and cross-bor-
der migration creates the preconditions 
for the spread of infectious diseases, in-
cluding such dangerous ones as MI.

Purpose of the study: to study the 
regional epidemiological features of MI in 
the context of a selective population vac-
cination strategy.

Materials and methods of research. 
A descriptive epidemiological study was 
conducted for the period 2014-2023. ac-
cording to reporting form No. 2 “Informa-
tion on infectious and parasitic diseases” 
in the Republic of Belarus; state reports 
“On the state of sanitary and epidemi-
ological well-being of the population in 
the Russian Federation”, “On the state 
of sanitary and epidemiological well-be-
ing of the population in the Republic of 
Buryatia”. The dynamics of the incidence 
of MI, including HFMI, by age groups was 
studied. The structure of morbidity was 
assessed by the proportion of each age 
group: the total population, adults, chil-
dren 0-14 years old. An assessment of 
the state of the level of collective immuni-
ty is given based on serological monitor-
ing data. An analysis of the state of im-
munoprophylaxis against MI is presented 
according to the data of reporting form 
No. 5 “Information on preventive vacci-

nations.” Statistical processing of data 
was carried out using standard methods 
for calculating intensive and extensive 
indicators and 95% confidence intervals. 
Graphic data processing was performed 
using Microsoft Excel 2016.

Results and discussion. The ob-
servation period was characterized by 
a trend towards a decrease in the inci-
dence of MI and HFMI among the total 
population of the Republic of Belarus, as 
well as in the Russian Federation as a 
whole [10]. For 2014-2019 The average 
long-term indicator (AMI) of MI of the to-
tal population was 0.9 per 100 thousand. 
The average incidence rate of HFMI of 
the total population was at the level of 
0.6 per 100 thousand. In 2020, no cases 
of MI were registered. In 2023, the rate 
increased 2.5 times compared to last 
year, reaching 0.53 per 100 thousand 
(Table 1).

Among children, the SMP was 1.7 per 
100 thousand of the population, among 
adults - 0.35 per 100 thousand. The inci-
dence of the child population of the Re-
public of Bashkortostan during the ana-
lyzed period steadily decreased (Fig. 1, 
Table 1). The average incidence rate of 
HFMI in children exceeded that among 
the general population by 3 times, and 
in adults by 4.6 times. In 2023, the inci-
dence rate in children exceeded the in-
cidence rate in adults by 4 times. Among 
the child population, the age group at risk 
for the incidence of HFMI was children 
under one year old (13.5 per 100 thou-
sand). The incidence of children in other 
age groups was significantly lower. Thus, 
the incidence of children 3-6 years old, 
1-2 years old, 15-17 years old was 1.4; 
2.6; 0.6 per 100 thousand, respectively. 
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The lowest incidence rate was recorded 
in children 7-14 years old - 0.4 per 100 
thousand population.

The share of children under 14 years 
of age in the structure of MI cases pre-
vailed and amounted to 67.0%, the share 
of adolescents and adults was 4.0% and 
29.0%, respectively. Children of all age 
groups were involved in the epidemic 
process of MI [8, 13]. At the same time, 
the largest proportion of cases of MI and 
HFMI fell on children under one year 
of age (45.0 and 46.0%, respectively). 
Among adults, the largest share was 
among persons 30-49 years old – 38.0% 
and 18-29 years old – 31.0%.

Registration of HFMI for the analyzed 
long-term period occurred throughout the 
year with the largest number of cases in 
the autumn-spring period, the maximum 
number of cases was registered in March 
and October (8 cases each). Perhaps this 
distribution of morbidity is associated with 
closer contacts of the population in en-
closed spaces, a decrease in the body’s 
resistance, as well as an increase in the 
circulation of meningococcus during the 
formation of organized groups.

From 2020, only SFMI are subject to 
statistical accounting and registration in 
reporting form No. 2. For 2014-2019 the 
share of HFMI was 89.0% of the total 
number of MI diseases. In all foci, one 
case of HFMI was recorded. Considering 
the airborne transmission route, which 
occurs during close contact (within a radi-
us of up to 1 meter from an infected per-
son), it can be assumed that the source 
of infection was bacteria carriers and pa-
tients with meningococcal nasopharyngi-
tis in the patient’s environment. Thus, the 
source of infection in foci of generalized 
forms was established in 12.3%.

 The instability of meningococcus to 
various environmental factors, the influ-
ence of the quality of selection, sample 
delivery, and sensitivity to chemotherapy 
do not allow the source of infection to 
be established in all cases. In addition, 
according to the provisions of SanPiN 
3.3686-21 (section XXXIX Prevention of 
meningococcal infection), identification 
of patients with acute nasopharyngitis 
of meningococcal etiology is carried out 
in the outbreak for the purpose of treat-
ment. Patients with acute nasopharyngi-
tis in the focus of SFMI are not subject to 
registration and recording.

It is known that MI has various clinical 
forms [7]. In the structure of clinical forms 
of patients with HFMI during the analyzed 
period, meningitis (53.0%) and menin-
gococcemia (28.0%) predominated; the 
proportion of mixed forms did not exceed 
19.0%.

Table 1

Table 2

Fig. 1. Dynamics of incidence of HFMI among adults and children in the Republic of Buryatia, 
2014-2023.

Fig. 2. Dynamics of mortality due to HFMI in the Republic of Buryatia, 2024-2023.

Dynamics of the incidence of  MI and HFMI in the total population of the Republic
of Buryatia in comparison with the Russian Federation

(per 100 thousand population)

Years
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Morbidity of the total population
MI RB 0.92 1.53 0.71 1.02 1.02 0.31 - - - -
MI RF 0.68 0.67 0.5 0.58 0.7 0.75 - - - -

HFMI RB 0.82 1.23 0.61 0.92 1.02 0.31 0 0.21 0.21 0.53
HFMI RF 0.6 0.59 0.43 0.48 0.52 0.59 0.26 0.22 0.43 0.41

Morbidity in children under 14 years of age
MI RB 2.84 4.14 1.79 3.16 3.57 0.89 - - - -

HFMI RB 2.84 2.76 1.34 3.16 3.57 0.89 0 0.91 0.9 1.38

Dynamics of immunization volumes against infectious diseases in the Republic
of Buryatia and the Russian Federation (absolute values)

Years 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
RF total 35371 55899 62967 119479 175715 299856 374786 435343 476681 841459
RB total: 206 22 8 19 16 53 2168 10468 5020 6690
of which 
children 
under 14 

years of age
198 21 8 18 16 48 2091 10337 4213 4825
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The course of MI is characterized by 
various forms of the infectious process, 
which determines the importance of time-
ly diagnosis of the disease [1, 3]. “Me-
ningococcal infection. Meningitis" as the 
primary diagnosis was made in 68.4% of 
cases, "ARVI", "Rash of unknown etiol-
ogy" and other diagnoses - in 17.5; 7.0 
and 7.0% of cases, respectively. More 
than 90.0% of patients were hospitalized 
on the first day of presentation.

Mortality during this period varied from 
12.5 to 40.0% (Fig. 2). Fatal cases were 
recorded mainly among children: 5 cas-
es – among children under one year old 
(50.0%), 1 case – in a child 3-6 years old 
(10.0%), 4 cases – in adults (40.0%) . 
Please note that 50.0% of all deaths oc-
curred among residents of the republic’s 
districts, which amounted to 22.0% of 
all registered cases, i.e. every 5th case 
in the district resulted in death. Half of 
the deaths occurred among residents of 
Ulan-Ude.

Studying the serogroup landscape of 
meningococcal strains is a priority for 
monitoring MI [8, 12, 13]. During the an-
alyzed period, in 49 cases (86.0%) the 
pathogen N. meningitidis was detected 
in the cerebrospinal fluid of patients; in 
8 cases (14.0%) the diagnosis was not 
confirmed by laboratory tests. In the sero-
group characteristics of invasive strains, 
N. meningitidis serogroups A (13 cases; 
23.0%), B (12 cases; 21.0%), C (7 cas-
es; 12.0%), Y/W (4 cases; 12.0%) were 
identified. 7.0%), W (2 cases; 4.0%). In 
33.0% of cases, the serogroup charac-
teristics were not determined (19 strains).

Long-term monitoring of the land-
scape of meningococci isolated from 
sick people indicates its heterogeneity. 
Thus, in 2015, meningococcus B domi-
nated predominantly (50.0% of the isolat-
ed strains), in 2016 - serogroup W135/Y 
(80.0% of the isolated strains); in 2017 
and 2018, serogroup A was in the lead 
(71.4 and 50.0% of isolated strains, re-
spectively).

Registration of HFMI for the analyzed 
long-term period occurred throughout the 
year with the largest number of cases in 
the autumn-spring period, the maximum 
number of cases was registered in March 
and October (8 cases each). Perhaps this 
distribution of morbidity is associated with 
closer contacts of the population in en-
closed spaces, a decrease in the body's 
resistance, as well as an increase in the 
circulation of meningococcus during the 
formation of organized groups.

To characterize the immunological 
structure of the population, annually in 
the Republic of Belarus, within the frame-
work of the decree “On the organization 

and implementation of serological moni-
toring of the state of collective immunity,” 
monitoring of risk groups is carried out, 
which makes it possible to track the prev-
alence of carriage and the landscape of 
circulating strains on the territory of the 
republic. Since bacteria carriers are im-
portant in the spread of the disease [3, 
6], it is important to maintain monitoring 
among “indicator groups”. These studies 
are carried out on the basis of the bacte-
riological laboratory of the Federal Bud-
getary Institution of Health "Center for 
Hygiene and Epidemiology in the Repub-
lic of Belarus" twice a year (September, 
December) among "indicator" risk groups 
(students of grades 9-11 of secondary 
schools, lyceums; persons who have 
been in contact with a patient with MI ; 
persons living in dormitories, as well as 
patients with nasopharyngitis). The crite-
rion for selecting a survey area is, first of 
all, the registration of cases of HFMI in 
the previous year. To characterize the im-
munological structure of the population, 
at least 150 sera are examined annual-
ly in the autumn-winter period using the 
RPGA method with meningococcal eryth-
rocyte diagnostics. Transmission of the 
MI pathogen, Neisseria meningitides, is 
carried out by airborne droplets, and the 
development of healthy carriage is possi-
ble, the prevalence of which varies wide-
ly [8]. Over a ten-year period from 2014-
2023. 2802 biosamples of nasopharyn-
geal mucus were examined, 13 positive 
results were identified, which amounted 
to 0.5%. The years with a high number 
of positive results are 2014-2016, the 
share was 76.9%. The highest proportion 
of positive seedings was observed in the 
city of Ulan-Ude - 92.3%.

The results of the study demonstrate 
an extremely low number of seroposi-
tive individuals in the population. Thus, 
the proportion of seronegative/seroposi-
tive to N. meningitidis serogroups A and 
C was 90.2/99.3 and 9.8 and 0.7%, re-
spectively. Over the past 2 years (2022-
2023), 100.0% of those examined were 
seronegative. The predominance of sero-
negative sera indicates a large number of 
susceptible ones. 

The priority method of combating MI 
is proactive vaccine prevention [4, 9]. At 
the same time, the relevance of vaccine 
prevention of meningococcal infection 
with multicomponent vaccines is increas-
ing [5].

Before 2020, vaccination coverage 
against MI was low. Over the past 5 
years, there has been a significant in-
crease in vaccination volumes: among 
the total population by more than 120 
times, among children by 100 times. In 

2023, the share of children accounted for 
more than 70.0% of the total number of 
vaccinated people (Table 2).

Immunization was carried out with the 
Mencevax and Menactra vaccines, pri-
marily among children, contacts in out-
breaks of infectious diseases, and per-
sons subject to conscription for military 
service.

In order to implement the powers of 
the Republic of Belarus for immuniza-
tion of the population within the frame-
work of the Calendar of Preventive Vac-
cinations for Epidemic Indications and 
in accordance with the Federal Law of 
04/05/2013 No. 44-FZ “On the contract 
system in the field of procurement of 
goods, works, services to meet state and 
municipal needs”, in accordance with the 
Decree of the Government of the Repub-
lic of Belarus dated November 19, 2018 
No. 644 “On approval of the Procedure 
for financial provision of immunoprophy-
laxis according to epidemic indications of 
the population of the Republic of Buryat-
ia,” the Order of the Ministry of Health of 
the Republic of Buryatia No. 108-r dat-
ed February 25, 2021 was initiated on 
the purchase of immunobiological drugs 
against MI for immunization of children 
population from 2 years of age living in an 
area with a high incidence of MI and per-
sons subject to conscription for military 
service, as well as vaccination against 
chickenpox, viral tick-borne encephalitis, 
rotavirus infection, viral hepatitis A, etc., 
which led to an increase in vaccination 
volumes in 2021

The selection of persons for vaccina-
tion was carried out in medical and ed-
ucational organizations. Vaccination was 
carried out with the quadrivalent conju-
gate vaccine "Menactra". Despite the in-
crease in vaccination volumes, a statisti-
cally insignificant strong inverse relation-
ship (ρ = –0.670, p>0.05) between the 
number of vaccinated individuals and the 
incidence of MI was noted over the years. 
This may be due to insufficient vaccina-
tion volumes and does not have a signifi-
cant impact on the epidemic process.

Conclusion. Despite the downward 
trend in the incidence of MI, including 
HFMI, in long-term dynamics, the peri-
od 2021-2023. characterized by rising 
morbidity and mortality rates; involving 
different age groups of the population; 
an increase in the number of seronega-
tive individuals. Taking into account the 
epidemiological features of MI in the 
Republic of Belarus, in order to improve 
epidemiological surveillance, it is advis-
able to continue carrying out serological 
and bacteriological monitoring to be able 
to take prompt preventive and anti-epi-
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demic measures against MI; increase the 
volume of immunization against MI [4, 
8]; Strengthen awareness-raising work 
among the population about vaccine pre-
vention of MI.
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Introduction. Epidemiological safety 
of drinking water depends on compliance 
with all requirements at the stage of wa-
ter treatment and the absence of re-con-
tamination during transportation to the 
consumer [3]. Acute intestinal infections 
are a serious public health problem with 
unfavorable risk factors for the popula-
tion, such as - unfavorable sanitary living 
conditions, poor personal hygiene and 
low public awareness [20, 36]. 

The World Health Organization (WHO) 
estimates that unsafe water supply condi-
tions are the cause of non-compliance of 
drinking water with sanitary and hygienic 
standards [24, 37, 41]. Contamination of 
water supplies with pathogenic microor-
ganisms leads to outbreaks of acute in-
testinal infections of bacterial and viral 
etiology [4, 12, 13]. State reports indicate 
that in 9 regions of the Russian Federa-
tion (RF) water supplies do not meet san-
itary and epidemiological requirements, 
17 subjects do not have the necessary 
complex of treatment facilities, 6 subjects 
do not have a sufficient number of dis-
infection plants, also in 14 territories of 
the RF bacteria of the genus Legionella 
were detected in tap water, in 10 subjects 
an increase in the degree of influence of 
microbiological contamination of drinking 
water on public health was registered [17].

To control epidemiological safety of 
drinking water by sanitary-microbiolog-
ical indicators are used indicators: total 
microbial count (TMC), thermotolerant 

coliform bacteria (TCB), total coliform 
bacteria (TCB), enterococci, coliphages, 
spores of sulfide-reducing clostridia. TSS 
characterizes the total content of micro-
organisms in water without qualitative 
characterization. TSS are detected in 
surface, stormwater, or domestic waste-
water contamination. When TCB are 
detected in drinking water samples, coli-
phages (bacterial viruses) are identified, 
followed by an emergency reanalysis of 
the sample and testing for enteroviruses. 
The Legionella pneumophila indicator 
was introduced to control the quality of 
drinking water of hot centralized water 
supply. Esherechia coli indicator was in-
troduced instead of TCB indicator as an 
indicator of recent fecal contamination of 
water [4, 9, 11, 15, 23, 32]. 

Bacteria of the genus Salmonella 
and Shigella can be transmitted through 
drinking water [13, 22-30, 33, 40, 35]. 
Among the causative agents of acute 
intestinal infections of viral etiology, rota-
viruses and noroviruses can be transmit-
ted via the waterborne route of infection. 
The causative agent of rotavirus infection 
belongs to the family Reoviridae, very re-
sistant to low temperatures, stable in the 
environment [18, 13, 19-26, 31-40]. Ac-
cording to the study of Kosova A.A. [18] 
it is known that norovirus infection can be 
contracted not only through drinking wa-
ter, but also through the water of recre-
ational water sources. The aquatic route 
of transmission of acute intestinal patho-
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gens is not sufficiently studied. Drinking 
water is not the main source of acute in-
testinal infections [1, 5].

The aim of the study was to assess 
the epidemiologic safety of drinking wa-
ter for the population based on the cor-
relation-regression relationship between 
the incidence of intestinal infections and 
drinking water samples non-compliant 
with sanitary and microbiological indica-
tors.

Material and methods of the study. 
Data of socio-hygienic monitoring from 
the state reports on the Russian Feder-
ation and the Republic of Bashkortostan 
for the period 2013-2022 were used as 
materials. For statistical processing in 
the correlation-regression analysis were 
used annual data on morbidity per 100 
thousand population and the proportion 
of drinking water samples that do not 
correspond to microbiological indicators. 
The calculations were performed using a 
statistical package of data analysis in Mi-
crosoft Excel, which is manually config-
urable (Data analysis tools - correlation, 
regression). As a variable y is the propor-
tion of water samples (water supply, cen-

tralized and non-centralized water sup-
ply), and as variables x is the incidence of 
diseases by individual nosologies (hepa-
titis A, norovirus, rotavirus, salmonella, 
shigella) [16, 17]. Since x variables are 
correlated with each other (multicollinear-
ity), regression analysis was performed 
separately for each variable (y1-x1, y1-
x2, etc.). The results of regression anal-
ysis are statistically significant (p<0.05), 
reject the null hypothesis and confirm the 
alternative hypothesis. When the correla-
tion coefficient < 0.30 - the relationship 
was evaluated as weak, r = 0.30-0.69 - 
medium, r ≥ 0.70 - strong.

Results. Research results (Table) 
showed statistically significant correlation 
between water samples that do not com-
ply with microbiological indicators and 
morbidity rates per 100 thousand popula-
tion (salmonellosis, shigellosis, hepatitis 
A, norovirus, rotavirus). 

For RF, the results of correlation and 
regression analysis (Table) show the re-
lationship:

- between drinking water samples 
from water pipelines non-compliant by 
microbiological indicators and incidence 

of (а) hepatitis A (r=0.50, R2=0.86), (b) 
salmonellosis (r=0.89, R2=0.96), and (c) 
shigellosis (r=0.93, R2=0.98);

- between drinking water samples from 
the distribution network, non-compliant by 
microbiological indicators and incidence 
of (d) hepatitis A (r=0.73, R2=0.91), (e) 
salmonellosis (r=0.95, R2=0.99), (f) shig-
ellosis (r=0.96, R2=0.94);

- between drinking water samples 
from non-centralized water supply that do 
not correspond to microbiological indica-
tors and norovirus (g) infection morbidity 
(r=0.60, R2=0.82);

For RB, the correlation and regression 
analysis (Table) shows an average rela-
tionship:

- between water samples from the 
distribution network, non-compliant by 
microbiological indicators and (h) AKI 
(r=0.38, R2=0.89);

- between samples of water from 
non-centralized water supply that do not 
correspond to microbiological parame-
ters and (i) OKI (r=0.35, R2=0.89);

Discussion. The analysis shows that 
the situation is better in Belarus than in 
the Russian Federation as a whole. In 

Results of correlation-regression analysis of the relationship between the proportion of non-compliant samples and morbidity per 
100,000 population in the Russian Federation and RB

n=10 (number of observations 2013-2022)
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For the Russian Federation

Y1 From the water pipes

X1 Hepatitis A 0,50 0,86 67 0,00001 0,0000054
X2 Norovirus -0,75 - - - -
X3 Rotavirus 0,23 - - - -
X4 Shigellosis 0,89 0,96 249 0,00000002 0,000000007
X5 Salmonellosis 0,93 0,98 563 0,0000000004 0,00000000009

Y2
From the distribution 

network of centralized water 
supply systems

X1 Hepatitis A 0,73 0,91 118 0,0000007 0,0000003
X2 Norovirus -0,87 - - - -
X3 Rotavirus 0,37 - - - -
X4 Shigellosis 0,96 0,94 178 0,0000001 0,00000004
X5 Salmonellosis 0,95 0,99 964 0,00000000003 0,000000000005

Y3 From non-centralized water 
supply

X1 Hepatitis A -0,29 - - - -
X2 Norovirus 0,60 0,82 52 0,00003 0,00002
X3 Rotavirus 0,05 - - - -
X4 Shigellosis -0,66 - - - -
X5 Salmonellosis -0,73 - - - -

Republic of Bashkortostan

Y1
From the distribution 

network of centralized water 
supply systems

X1 Hepatitis A 0,44 0,75 27 0,0008 0,0006
X2 Acute intestinal infections (AIE) 0,38 0,89 75 0,00002 0,00001
X3 Enterovirus infections -0,28 - - - -

Y2 From non-centralized water 
supply

X1 Hepatitis A 0,41 - - - -
X2 Acute intestinal infections (AIE) 0,35 0,89 76 0,00002 0,00001
X3 Enterovirus infections 0,32 0,32 0,69 20 0,002
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Belarus, acute intestinal infections of 
bacterial etiology are more often reg-
istered in the pediatric population, and 
the connection between the water route 
of transmission is doubtful. Literature 
data show that food poisoning, causative 
agents of which are bacteria of the ge-
nus Salmonella, is registered in RB. The 
total incidence of acute intestinal infec-
tions (AII) for each year includes the inci-
dence of salmonellosis, dysentery, AII of 
established and unestablished etiology. 
Norovirus and rotavirus infections also 
affect children more frequently. Disease 
incidence among children is registered in 
kindergartens and has a group charac-
ter. Such infections as typhoid fever and 
polyemelitis have not been registered for 
many years [2, 14, 17, 18].

For the Russian Federation, general 
summary data are given for all regions, 
including those with unfavorable sanitary 
conditions. For example, the state re-
ports of the Russian Federation state that 
the Republic of Dagestan recorded cases 
of outbreaks of acute intestinal infections 
of waterborne character. This tells us that 
for correct calculations it is necessary to 
take several regions and conduct sepa-
rate correlation and regression calcula-
tions with a large sample (for 20 years 
n=20). According to the latest literature 
data, the regions that twice exceed the 
average Russian level of AKI morbidi-
ty are the Sakhalin and Tomsk Oblast, 
Yamalo-Nenets Autonomous Okrug and 
Khanty-Mansiysk Okrug [16, 17]. Also in 
RB it is not possible to establish a cor-
relation between drinking water samples 
and the incidence of rotavirus and entero-
virus, as the annual sample contains zero 
values, and outbreaks of these diseases 
are rarely registered.

Pathogenic microorganisms are diffi-
cult to detect in drinking water because 
their content is lower than saprophytic mi-
croorganisms and they are less stable in 
the environment. According to the studies 
of some authors, the compliance of drink-
ing water by microbiological indicators 
does not give us a guarantee of safety 
for public health [3, 4, 29, 33, 34]. The 
disadvantages of virological methods of 
research are: costliness, low sensitivity, 
duration, which makes it difficult to detect 
viral infections of aquatic nature [1, 37].

In our study we used annual data, 
but it is also worth considering the factor 
that outbreaks of some infectious diseas-
es have their seasonality. For example, 
according to Rospotrebnadzor, annual 
monitoring is conducted during the flood 
period, as there is a possibility of acute 
intestinal infections through drinking wa-
ter [16].

Conclusion. Conclusion. When plot-
ting the normality of distribution of vari-
ables, a positive curvilinear dependence 
was found. The results of correlation and 
regression analysis do not prove a direct 
cause-and-effect relationship between 

the variables, for proof we need an ex-
perimental approach, for example, under 
unfavorable conditions - flood period, 
floods, as well as a large sample, the 
study of a separate area and the use of 
other statistical methods.

Literature analysis has shown that in 
some territories of the Russian Federa-
tion drinking water does not comply with 
microbiological indicators, and the rea-
sons are the lack of sanitary protection 
zones, treatment facilities and disinfec-
tion plants. The majority of water pipe-
lines and water supply sources do not 
meet the requirements [16]. To improve 
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Fig.1. Graphs of the normality of the distribu-
tion of variables in the Russian Federation. 
The relationship between water samples: A 
– from water supplies and the incidence of: 
a – hepatitis A, b – salmonellosis, c – shig-
ellosis; B – from the distribution network and 
incidence of: d – hepatitis A, e – salmonello-
sis, f – shigellosis; B – from non-centralized 
water supply and incidence of: g – norovirus 
infection

Fig. 2. Graphs of the normality of the distri-
bution of variables in the Republic of Belarus. 
Dependence between water samples: a – from 
the distribution network and the incidence of 
acute intestinal infections, b – from non-cen-
tralized water supply and the incidence of 
acute intestinal infections
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the quality of drinking water and its com-
pliance with microbiological indicators, it 
is recommended to: bring centralized wa-
ter supply sources to compliance with the 
requirements of sanitary legislation, pro-
vide the water treatment system with the 
necessary number of disinfection plants 
and complexes of treatment facilities, 
provide non-centralized water supply 
sources with sanitary protection zones.
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Introduction. The COVID-19 pan-
demic turned out to be a serious chal-
lenge with respect to the pregnant wom-
en management against the background 

of SARS-CoV-2 infection manifestation. 
The available experience of the previous 
occurrences of the seasonal respirato-
ry infections was insufficient due to the 
specificity of COVID-19 course and its 
effect on the body of pregnant women. 
Research data indicate that during ges-
tation period the severity of COVID-19 
course could vary from mild to extremely 
severe one [ 3]. Moreover, COVID-19 of 
any degree of severity could lead to ad-
verse pregnancy outcomes.

Besides, during the gestation period 
risks of sudden deterioration of a preg-
nant woman’s health condition against 
the background of primarily stable dis-
ease course were noted [1, 8, 9, 11]. 
During the 1st-4th waves of the pandem-
ic intensive treatment with respiratory 
support in the intensive care units was 
required for every 4th pregnant wom-
an with pneumonia [12, 13]. The risk of 
the adverse maternal and fetal outcome 
is increasing with the increase in the 
COVID-19 severity [4, 5, 11]. At the same 
time the amount of available information 
about the extremely severe COVID-19 
course in the gestation period is limited.

In the meta-analysis by E. R. Smith et 
al. (2023) that included 12 studies from 
12 countries with the participation of 
13,136 pregnant women (1,942 women 
with the confirmed/suspected COVID-19 
and 11,194 women without COVID-19 
during gestation and at labor) high risk of 
serious diseases for mothers and new-
borns, mother lethality against the man-
ifestation of the COVID-19 at any time 
of the gestation, but more often in the 3rd 
trimester was determined [10].

On 5th May, 2023 World Health Orga-
nization officially announced that Novel 
Coronavirus Infection (NCI) COVID-19 
pandemic no longer constitutes a public 
health emergency of international con-

cern. However, the mutation and wide 
circulation of various variants of SARS-
CoV-2 virus which retains its high con-
tagiousness persist [2]. The effect of 
COVID-19 on the gestation course and 
perinatal outcomes are being actively 
studied at present time. The data of some 
studies are contradictory, and the amount 
of available data is still insufficient for 
complete understanding of the risks of 
COVID-19 manifestation during gesta-
tion. The data on the specific features of 
the health and social profile of pregnant 
women who had SARS-CoV-2-infection 
of various degree of severity during ges-
tation are limited.

The objective of the study is to an-
alyze the specific features of the health 
and social profile of pregnant women 
with COVID-19 of various degrees of se-
verity.

Materials and research methods. A 
prospective cohort study of 1,476 preg-
nant women has been performed on 
the basis of the maternity hospitals of 
the GBUZ Regional clinical hospital #2, 
Chelyabinsk, and GAUZ Regional clinical 
hospital #3, Chelyabinsk, which are the 
obstetric hospitals of the 2nd level and in 
general are comparable in terms of the 
level of equipment and  medical care 
provision to the pregnant, parturient, and 
puerperant women based on the order 
of the Ministry of Health of the Russian 
Federation No. 1130n dated October 20, 
2020 "On the procedure for providing as-
sistance in obstetrics and gynecology" 
and current clinical guidelines in obstet-
rics and gynecology, approved by the 
Ministry of Health of the Russian Federa-
tion (https://cr.minzdrav.gov.ru/).

The study has been approved by 
the Ethics Committee of the South Ural 
State Medical University of the Minis-
try of Health of the Russian Federation. 

L.S. Ishchenko, E.E. Voropaeva, E.A. Kazachkova,
E.L. Kazachkov, T.N. Shamaeva T.N., Y.S. Ishchenko

MEDICAL AND SOCIAL PORTRAIT
OF PREGNANT WOMEN WITH COVID-19
IN VARYING SEVERITY

As a result of a comparative analysis, a number of statistically significant features of the medical and social portrait of pregnant women with 
COVID-19 of varying severity were identified. An increase in the median age, an increase in the frequency of somatic pathology (chronic arterial 
hypertension, varicose veins of the lower extremities, overweight, obesity, systemic lupus erythematosus) and polypathies are characteristic as 
the severity of COVID-19 in pregnant women increases. Mild infection is more common in primigravid women, moderate and severe in pregnant 
women with a history of childbirth and medical abortion, and extremely severe in multiparous women.

Keywords: new coronavirus infection, COVID-19, pregnancy, social portrait, somatic pathology, gynecological and obstetric history.

UDC 618.3-06:616.98:578.834.1-036.86

DOI 10.25789/YMJ.2024.87.15

TOPICAL ISSUE

ISHCHENKO Lyudmila Stanislavovna – 
PhD in Medical Sciences, Associate Profes-
sor, Associate Professor of the Department of 
obstetrics and gynecology of South Ural State 
Medical University of the Ministry of Health of 
the Russian Federation, obstetrician-gynecol-
ogist Regional Clinical Hospital No. 2, e-mail: 
lyudalyn@mail.ru, ORCID: 0000-0002-9405-
0134; VOROPAEVA Ekaterina Evgenievna 
– Grand PhD in Medical Sciences, Professor, 
Professor of the Department of pathologi-
cal anatomy and forensic medicine of South 
Ural State Medical University of the Ministry 
of Health RF, Deputy Chief Physician for Ob-
stetrics and Gynecology, Regional Clinical 
Hospital No. 2, e-mail: katya_voropaeva@
mail.ru, ORCID: 0000-0002-9055-102X; KA-
ZACHKOVA Ella Alekseevna – Grand PhD 
in Medical Sciences, Professor, Professor of 
the Department of Obstetrics and Gynecology 
of the South Ural State Medical University of 
the Ministry of Health RF, e-mail: doctorkel@
narod.ru, ORCID: 0000-0002-1672-7058; KA-
ZACHKOV Evgeny Leonidovich – Grand 
PhD in Medical Sciences, Professor, Head 
of the Department of Pathological Anatomy 
and Forensic Medicine of the Federal State 
Budgetary Educational Institution of the South 
Ural State Medical University of the Ministry 
of Health RF, e-mail: doctorkel@narod.ru, 
ORCID: 0000-0002-4512-3421; SHAMAE-
VA Tatiana Nikolaevna – PhD in Pedagogi-
cal Sciences, Associate Professor, Associate 
Professor of the Department of Mathematics, 
Medical Informatics, Computer Science and 
Statistics, Physics of South Ural State Medical 
University of the Ministry of Health RF, e-mail: 
shamtan@rambler.ru, ORCID: 0000-0001-
6327-2685; ISHCHENKO Yulia Sergeevna – 
4rd year student, Faculty of Pediatrics, South 
Ural State Medical University of the Ministry of 
Health RF, e-mail: ischenkous0407@mail.ru, 
ORCID: 0000-0003-1642-6607



YAKUT MEDICAL JOURNAL
70

The evaluation of the medical and social 
characteristics of the studied individuals 
has been performed based on the labor 
and delivery records, medical histories of 
pregnant and puerperant women. 

The main group consisted of 1,386 
patients with COVID-19 hospitalized over 
the period from April 2020 to September 
2021 (1st-4th wave of COVID-19 pandem-
ic) to the maternity hospital of the GBUZ 
Regional Clinical Hospital № 2, Chely-
abinsk which has been repurposed to 
a COVID hospital for providing medical 
assistance to pregnant, parturient, and 
puerperant women with COVID-19, as 
well as to the newborns in the territory 
of the Chelyabinsk City and Chelyabinsk 
Region. The 1st study group (n=482) 
included pregnant women with mild 
COVID-19, the 2nd group (n=718) – those 
with COVID-19 of moderate severity, the 
3rd group – pregnant women with severe 
COVID-19, and the 4th group (n=21) – pa-
tients with extremely severe course of the 
infection. The comparison group (the 5th 
group) consisted of 90 pregnant women.

COVID-19 severity was determined 
in accordance with the existing guide-
lines (Version 5 (28.12.2021) https://
static-0.minzdrav.gov.ru/system/attach-
ments/attaches/000/059/052/original/
BMP_preg_5.pdf). The following main 
group inclusion/exclusion criteria were 
developed. Inclusion criteria: confirmed 
COVID-19 case (U07.1), availability and 
accessibility of medical records to collect 
the data for the research, written informed 
consent of the patients to participation in 
the study and publication of its findings 
in the open media, follow-up in women's 
health clinic, reproductive age.

Exclusion criteria: probable/suspected 
COVID-19, non-accessibility/lack of med-
ical records, lack of written informed con-
sent to participation in the study and/or 
publication of its findings in open media, 
multiple pregnancy, decompensation of 
somatic diseases, malignant neoplasms, 
psychiatric illnesses, HIV.

The comparison group (study group 
5) comprised 90 pregnant women ad-
mitted to the maternity hospital of the 
GAUZ Regional clinical hospital #3, Che-
lyabinsk over the period from July 2020 
to February 2021 in the 3rd trimester for 
the pre-delivery preparation and deliv-
ery. The comparison group was formed 
using the nested randomization method. 
A month was selected randomly. Those 
pregnant women who were admitted to 
the maternity hospital during this month 
were included in the study. The inclu-
sion criteria for this group were: negative 
SARS-CoV-2 test from the oral cavity and 
nasopharyngeal cavity at hospital admis-

sion, no clinical signs of COVID-19/ acute 
respiratory viral infection over the course 
of the current gestation, 3rd trimester of 
gestation.

Statistical processing of the obtained 
results was carried out using standard 
methods using the IBM SPSS Statistics 
19 program. As indicators of descriptive 
statistics, the median (Me) and quartiles 
(Q1; Q3) were calculated for quantitative 
characteristics, and the absolute and rel-
ative frequencies (in %) were calculated 
for qualitative characteristics. Differences 
in quantitative and ordinal parameters 
between three or more groups were as-
sessed using the Kruskal-Wallis test, 
and subsequent comparisons between 
two groups were performed using the 
Mann-Whitney test. To identify differenc-
es between groups in terms of qualitative 
characteristics, the x2 test or Fisher's 
exact test was used (if the conditions for 
applying the x2 criterion were violated). 
Statistical hypotheses were tested at a 
critical significance level of 0.05.

Results and Discussion. Medi-
an age of the pregnant women was 
29 (24;33), 31 (27;35), 32 (28;35), 33 
(29;36,5), 29 (25;33) years in groups 
1-5, respectively (p1-5<0.001; р1,2<0.001; 
р1,3<0.001; р1,4=0.003; р1,5=0.352; 
р2,3=0.310; р2,4=0.204; р2,5=0.011; 
р3,4=0.392; р3,5=0.003; р4,5=0.008; рmain/

comparison(mc)=0.132), which is illustrative of 
the statistically significant increase in the 
median age of the patients from the 2nd, 
3rd, 4th group relative to groups 1 and 5 
without statistically significant differences 
between pregnant women from groups 1 
and 5. The data we have acquired are in 
agreement with the findings of other stud-
ies [4, 11, 12]. Patients belonged mainly 
to East Slavic ethnicity with no statistical-
ly significant difference between the stud-
ied groups (р1-5=0.325; рmc=0.769).

Patients from the 1st and 2nd group sta-
tistically significantly more often were not 
legally married as compared to pregnant 
women from the 5th group – 351 (72.8%), 
545 (75.9%), 116 (78.9%), 19 (90.5%), 
79 (87.8%) cases in the 1st-5th group, 
respectively (р1-5=0.013; р1-5=0.013; 
р1,2=0.250; р1,3=0.161; р1,4=0.080; 
р1,5=0.003; р2,3=0.458; р2,4=0.190; 
р2,5=0.016; р3,4=0.376; р3,5=0.114; 
р4,5=0.999; рmc=0.007). 

There were no statistically significant 
differences between the groups in terms 
of the employment pattern (р1-5=0.206; 
рос=0.408). As for the substance abuse, 
then smoking was noted among wom-
en with COVID-19 with statistically sig-
nificant predominance in the 1st and 2nd 
group – 48 (10.0%), 53 (7.4%), 4 (2.7%), 
1 (4.8%), 3 (3.3%) cases in groups 1-5, 

respectively (р1-5=0.023; р1,2=0.137; 
р1,3=0.005; р1,4=0.710; р1,5=0.044; 
р2,3=0.043; р2,4=0.999; р2,5=0.189; 
р3,4=0.492; р3,5=0.999; р4,5=0.573; 
рmc=0.123). Thus, we did not obtain the 
risk of COVID-19 severity increase due 
to smoking in women, although a number 
of studies point at the increased risk of 
SARS-CoV-2-infection progressions for 
smokers relative to those who have never 
smoked [14, 15].

In general, the prevalence of various 
kinds of somatic diseases differed statis-
tically significantly only in pregnant wom-
en of the 1st, 2nd, and 5th studied group 
– 311 (64.5%), 504 (70.2%), 119 (81.0%), 
19 (90.5%), 78 (86,7%) in 1st -5th group 
respectively (р1-5<0.001; р1,2=0.039; 
р1,3<0.001; р1,4=0.014 р1,5<0.001; 
р2,3=0.008; р2,4=0.044 р2,5=0.001; 
р3,4=0.374 р3,5=0.254 р4,5=0.999; 
рmc=0.001). This could imply that the very 
fact of having a somatic disease could 
have no contribution to the risk of severe 
COVID-19 development. What is more 
important is what kind of the somatic dis-
ease a pregnant woman has. 

In our study the combined somatic pa-
thology (polypathia) was statistically sig-
nificantly more frequent in group 4 –138 
(28.6%), 246 (34.3%), 74 (50.3%), 17 
(81.0%), 40 (44.4%) in group 1-5, respec-
tively (р1-5<0.001; р1,2=0.039; р1,3<0.001; 
р1,4<0.001; р1,5=0.004; р2,3<0.001; 
р2,4<0.001 р2,5=0.058; р3,4=0.010 
р3,5=0.378 р4,5=0.003; рmc=0.062). There-
fore, polypathia in pregnant women is as-
sociated with the risk of extremely severe 
COVID-19 which has also been demon-
strated in other studies [3, 7]. In case of 
polypathia chronic arterial hypertension 
(CAH), varicose veins of the lower ex-
tremities (VVLE), hypothyroidism were 
most often registered.

Circulatory system diseases (CAH, 
VVLE, congenital heart disease, cusp pro-
lapse, thrombophlebitis in past medical 
history) were observed in 79.0 (16.4%), 
166 (23.1%), 45 (30.6%), 10 (47.6%) and 
17 (18.9%) cases in the 1st-5th group, re-
spectively. They were registered statisti-
cally significantly more often in groups 3 
and 4 (р1-5<0.001; р1,2=0.005; р1,3<0.001; 
р1,4=0.001; р1,5=0.560; р2,3=0.054; 
р2,4=0.009 р2,5=0.366; р3,4=0.120 
р3,5=0.046 р4,5=0.006; рmc=0.498). Similar 
results were obtained by the authors in 
other studies [3, 4, 12]. Chronic anemia 
was observed statistically significantly 
more often in patients with COVID-19 
from group 3 and 4 – 11 (2.3%), 8 
(1.1%), 14 (19.5%), 3 (14.3%), 5 (5.6%) 
cases in the 1st -5th groups, respective-
ly (р1-5<0.001; р1,2=0.112; р1,3<0.001; 
р1,4=0.017; р1,5=0.152; р2,3<0.001; 
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р2,4=0.003; р2,5=0.010; р3,4=0.450; 
р3,5=0.275; р4,5=0.173; рmc=0.104). 

The obtained data are in agreement 
with the findings of other studies demon-
strating a higher risk of incidence and 
development of severe COVID-19 in 
pregnant women with anemia [3, 4, 6]. 
Endocrine system diseases, nutrition and 
metabolic disorders were registered sta-
tistically significantly more often in group 
3 and 4 relative to group 1 and 2, and the 
comparison group (р1-5<0.001; р1,2=0.604; 
р1,3=0.001; р1,4=0.003 р1,5=0.051; 
р2,3=0.002; р2,4=0.005; р2,5=0.025; 
р3,4=0.196; р3,5<0.001; р4,5<0.001; 
рmc=0.011). As for the thyroid diseases 
(hypothyroidism, hyperthyroidism, auto-
immune thyroiditis, nontoxic diffuse-nod-
ular goiter) there were no statistically sig-
nificant differences between the groups 
(р1-5=0.174; рmc=0.891). Diabetes mel-
litus (DM) was registered in 1 (0.2%), 2 
(0.3%), 4 (2.7%), 1 (4.8%), 0 (0.0%) cas-
es in the 1st -5th groups, respectively, with 
higher frequency of occurrence in the 3rd 
group (р1-5=0.004; р1,2=0.999; р1,3=0.012; 
р1,4=0.082; р1,5=0.999; р2,3=0.009; 
р2,4=0.083; р2,5=0.999; р3,4=0.492; 
р3,5=0.300; р4,5=0.189; рmc=0.999).

Most of the studies show high fre-
quency of occurrence of DM in pregnant 
women with COVID-19, high risk of se-
vere course of the NCI if a patient has 
this disease [3, 4, 11, 12].  The median of 
the body mass index differed statistical-
ly significantly between the 1st -5th group 
–  23 (20;27), 24 (21;28), 27 (24;31), 26 
(22;32), 21 (19;23.3), respectively (р1-

5<0.001; р1,2<0.001; р1,3<0.001; р1,4=0.003 
р1,5<0.001; р2,3<0.001; р2,4=0.055; 
р2,5<0.001; р3,4=0.966; р3,5<0.001; 
р4,5<0.001; рmc<0.001). Obesity of various 
degrees was noted in 80 (16.6%), 140 
(19.5%), 49 (33.3%), 9 (42.9%), 6 (6.7%) 
patients from 1st -5th group, respective-
ly (р1-5<0.001; р1,2=0.203; р1,3<0.001; 
р1,4=0.005; р1,5=0.016; р2,3<0.001; 
р2,4=0.022; р2,5=0.003; р3,4=0.391; 
р3,5<0.001 р4,5<0.001; рmc=0.002).

Thus, patients with COVID-19 had 
metabolic disorders (excess body weight 
(BMI=25.0-29.9) and obesity) statisti-
cally significantly more often. Women 
from the 3rd and 4th study group had the 
highest frequency of these disorders 
relative to the members of the other 
groups – 186 (38.6%), 356 (49.6%), 97 
(66.0%), 14 (66.7%), 18 (20.0%) cases 
in 1st -5th group, respectively (р1-5<0.001; 
р1,2<0.001; р1,3<0.001; р1,4=0.010; 
р1,5=0.001; р2,3<0.001; р2,4=0.123; 
р2,5<0.001; р3,4=0.951; р3,5<0.001 
р4,5<0.001; рmc<0.001). Association be-
tween obesity and risk of COVID-19 
development, as well as with the risk of 

severe course of the disease and ad-
verse obstetric outcomes has also been 
shown in large-scale studies by J. Allotey 
et al. (2020), M. Jafari et al. (2021), M. La 
Verde and al. (2021), E. R. Smith and all. 
(2023) [10, 11, 12, 13].

Compensated systemic lupus erythe-
matosus (SLE) was registered statisti-
cally significantly more frequently in the 
4th group of patients with COVID-19 – 1 
(0.2%), 1 (0.1%), 1 (0.7%), 2 (9.5%), 0 
(0.0%) cases in 1-5th group, respective-
ly (р1-5=0.002; р1,2=0.999; р1,3=0.413; 
р1,4=0.005 р1,5=0.999; р2,3=0.311; 
р2,4=0.002; р2,5=0.999; р3,4=0.041 
р3,5=0.999; р4,5=0.034; рmc=0.999). There 
were no statistically significant differenc-
es between the 1st -5th studied groups in 
terms of the frequency of occurrence of 
the diseases of the respiratory system 
(р1-5=0.949; рmc=0.463), digestive (р1-

5=0.090; рmc=0.019) and urogenital (р1-

5=0.393; рmc=0.527) systems, diseases of 
the ear and mastoid process (р1-5=0.360; 
рmc=0.999), infectious and parasitic dis-
eases (р1-5=0.250; рmc=0.412).

A number of specific features of the 
obstetric-gynecologic anamnesis has 
been revealed in the studied patients. 
Among pregnant women with COVID-19 
of the 1st group current pregnancy was 
the first one statistically significantly more 
often – 162 (33.6%), 163 (22.7%), 24 
(16.3%), 0 (0.0%), 31 (34.4%) patients 
in group 1-5, respectively (р1-5<0.001; 
р1,2<0.001; р1,3<0.001; р1,4=0.001; 
р1,5=0.904; р2,3=0.099; р2,4=0.007; 
р2,5=0.018; р3,4=0.046; р3,5=0.002; 
р4,5=0.002; рmc=0.064). The number of 
multiparous women increased statistical-
ly significantly with increasing severity of 
COVID-19 – 267 (55.4%), 504 (70.2%), 
112 (76.2%), 19 (90.5%), 51 (56.7%) 
cases in the 1st -5th group, respective-
ly (р1-5<0.001; р1,2<0.001; р1,3<0.001; 
р1,4=0.001; р1,5=0.864; р2,3=0.144; 
р2,4=0.044; р2,5=0.009; р3,4=0.169; 
р3,5=0.002; р4,5=0.004; рmc=0.073).

In the groups of patients with moder-
ate and severe COVID-19 the number 
of women with 3 and more deliveries in 
the past history increased statistically 
significantly – 23 (4.8%), 71 (9.9%), 18 
(12.2%), 3 (14.3%), 5 (5.6%) patients 
in group 1-5, respectively (р1-5=0.004; 
р1,2=0.001; р1,3=0.001; р1,4=0.088; 
р1,5=0.789; р2,3=0.392; р2,4=0.458; 
р2,5=0.184; р3,4=0.730; р3,5=0.091; 
р4,5=0.173; рmc=0.340). 

On the whole, patients with COVID-19, 
and in particular pregnant women from 
the group with extremely severe course 
of the infection, had Cesarean delivery 
in the past medical history statistically 
significantly more often – 81 (16.8%), 

153 (21.3%), 35 (23.8%), 10 (47.6%), 4 
(4.4%) cases in group 1-5, respective-
ly (р1-5<0.001; р1,2=0.054; р1,3=0.055; 
р1,4=0.001; р1,5=0.002; р2,3=0.503; 
р2,4=0.013; р2,5<0.001; р3,4=0.021; 
р3,5<0.001; р4,5<0.001; рmc<0.001).

Patients with COVID-19, in particular 
those from group 2 and 3 of the study, 
had therapeutic abortions in the past 
medical history statistically significantly 
more often – 119 (24.7%), 226 (31.5%), 
50 (34.0%), 6 (28.6%), 16 (17.8%) preg-
nant women in group 1-5, respective-
ly (р1-5=0.008; р1,2=0.011; р1,3=0.026; 
р1,4=0.687; р1,5=0.156; р2,3=0.548; 
р2,4=0.777; р2,5=0.007; р3,4=0.621; 
р3,5=0.007; р4,5=0.360; рmc=0.019). As 
for the frequency of various gynecolog-
ical pathologies, then, in general, there 
were no statistically significant differ-
ences in the studied groups (р1-5=0.799; 
рmc=0.604).

Conclusion. Thus, increase in the 
median age with increasing infection se-
verity is typical of the pregnant women 
with COVID-19 in comparison to preg-
nant women without COVID-19. Pregnant 
women with severe and extremely sever 
course of COVID-19 are statistically sig-
nificantly more often have legal marriage 
and reside in big industrial cities. Smok-
ing is statistically significantly more often 
registered among pregnant women with 
mild and moderate COVID-19. As for the 
somatic diseases, then pregnant women 
with COVID-19 in general, and pregnant 
women with severe and extremely sev-
ers course of the infection more often 
have circulatory system diseases (CAH, 
VVLE), endocrine system diseases, nutri-
tion and metabolic disorders (DM, obesi-
ty, excess body weight), chronic anemia.

The increase in the frequency of obe-
sity correlated statistically significant-
ly with the increase in the severity of 
COVID-19. SLE is observed statistically 
significantly more often in pregnant wom-
en with extremely severe COVID-19.  
High frequency of the polypathia is a 
specific feature of the extremely severe 
course of the infection in pregnant wom-
en. The number of multigravida, multip-
arous women increases statistically sig-
nificantly with the severity of COVID-19. 
On the whole, patients with COVID-19 
statistically significantly more often have 
Cesarean delivery in the past medical 
history. Women with moderate and se-
vere COVID-19 statistically significantly 
more often have therapeutic abortions in 
past medical history.

Increase in the median age, frequen-
cy of somatic pathology (CAH, VVLE, 
excess body weight, obesity, hypothy-
roidism, SLE) and polypathia is charac-
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teristic of the increase in the COVID-19 
severity in pregnant women. Mild course 
of the infection occurs more frequently 
in primigravidas, moderate and severe 
ones – in pregnant women with deliver-
ies and abortions in the past medical his-
tory, extremely severe – in multiparous 
women.

1. Voropaeva EE, et al. Blagopriyatnyj isk-
hod krajne tyazhelogo techeniya novoj korona-
virusnoj infekcii COVID-19 pri beremennosti s 
total'nym porazheniem legkih, ostrym miokar-
ditom i infarktom miokarda [ Favorable outcome 
of the extremely severe course of the new coro-
navirus infection COVID-19 during pregnancy 
in the presence of overall lung damage, acute 
myocarditis, and myocardial infarction]. Akusher-
stvo i ginekologiya [Obstetrics and Gynecology. 
2021; 10:179-186 (In Russ.).] DOI: 10.18565/
aig.2021.10.179-186.

2. Itogovoe zayavlenie o rabote pyatnad-
catogo soveshchaniya Komiteta Mezhdun-
arodnyh mediko-sanitarnyh pravil (2005 g.) 
po chrezvychajnoj situacii v svyazi s pande-
miej [Internet]. URL: https://www.who.int/ru/
news/item/05-05-2023-statement-on-the-fif-
teenth-meeting-of-the-international-health-reg-
ulations-(2005)-emergency-committee-regard-
ing-the-coronavirus-disease-(covid-19)-pan-
demic [Final statement on the work of the 
fifteenth meeting of the International Health 
Regulations Committee (2005) on the pandemic 
emergency [Internet]. URL: https://www.who.int/
ru/news/item/05-05-2023-statement-on-the-fif-
teenth-meeting-of-the-international-health-reg-
ulations-(2005)-emergency-committee-regard-
ing-the-coronavirus-disease-(covid-19)-pan-
demic]

3. Voropaeva EE, et al. Kliniko-laboratornye 
osobennosti i materinskie iskhody u beremennyh 
s kriticheskim porazheniem legkih pri COVID-19 
[Clinical and laboratory features and maternal 
outcomes in pregnant women with critical lung 
damage in the COVID-19]. Ural'skij medicinskij 
zhurnal [Ural Medical Journal. 2024; 1: 90-103 
(In Russ.).] DOI: 10.52420/2071-5943-2024-23-
1-90-103.

4. Belokrinitskaya TE, et al. Materinskaya 
smertnost' i near miss pri novoj koronavirusnoj in-
fekcii (COVID-19) u beremennyh Sibiri i Dal'nego 
Vostoka [Maternal mortality and critical conditions 
(near miss) in COVID-19 in pregnant women of 
Siberia and the Far East]. Problemy reproduk-
cii [Russian Journal of Human Reproduction. 
2021; 5: 114-120 (In Russ.).] DOI: 10.17116/re-
pro202127051114.

5. Morozov SP, et al.  Prognozirovanie letal'nyh 
iskhodov pri COVID-19 po dannym komp'yuternoj 
tomografii organov grudnoj kletki [Prediction of le-
thal outcomes in COVID-19 cases based on the 
results chest computed tomography]. Tuberkulez 
i bolezni legkih [Tuberculosis and Lung Diseases. 
2020; 6: 7-14 (In Russ.).] DOI: 10.21292/2075-
1230-2020-98-6-7-14.

6. Sinchikhin SP, et al. Svyaz' mezhdu 
COVID-19 i zhelezodeficitnoj anemiej u bere-
mennyh [Relationship between COVID-19 and 
iron deficiency anemia in pregnant women]. 
Ginekologiya [Gynecology. 2021; 6: 592-596 (In 
Russ.).] DOI: 10.26442/20795696.2021.6.20134
0.

7. Fus A.V., Podolinny G.I. Polipatii: v poiske 
faktorov etiopatogeneticheskih riskov [Polyp-
athy: searching for etiopathogenetic risks fac-
tors]. Vestnik Rossijskogo universiteta druzhby 
narodov. Seriya: Medicina [RUDN Journal of 
Medicine. 2020; 2: 135-144 (In Russ.).] DOI: 
10.22363/2313-0245-2020-24-2-135-144.

8. Ishchenko LS, et al. Chastota i iskhody 
ekstremal'no rannih prezhdevremennyh rodov u 
beremennyh zhenshchin s novoj koronavirusnoj 

infekciej COVID-19 [Frequency and outcomes of 
extremely early preterm birth in pregnant women 
with new coronavirus infection COVID-19]. Yakut 
Medical Journal. 2023; 1: 80-83 (In Russ.).] DOI: 
10.25789/YMJ.2023.81.20.

9. Belokrinitskaya TE, et al. COVID-19 u bere-
mennyh Sibiri i Dal'nego Vostoka: itogi 2 let pan-
demii [COVID-19 in pregnant women of Siberia 
and the Russian Far East: 2-year results of the 
pandemic]. Akusherstvo i ginekologiya [Obstet-
rics and Gynecology. 2022; 4: 47-54 (In Russ.).]  
DOI: 10.18565/aig.2022.4.47-54.

10. Smith ER, et al. Adverse maternal, fe-
tal, and newborn outcomes among pregnant 
women with SARS-CoV-2 infection: an individ-
ual participant data meta-analysis. BMJ Glob 
Health. 2023; 8(1): e009495. DOI: 10.1136/bm-
jgh-2022-009495.

11. Jafari M, et al. Clinical characteristics and-
outcomes of pregnant women with COVID-19 and 
comparison with control patients: A systematic 
review and meta-analysis.  Rev Med Virol. 2021; 
31(5): 1-16. DOI: 10.1002/rmv.2208.

12. Allotey J, et al. Clinical manifestations, 
risk factors, and maternal and perinatal outcomes 
of coronavirus disease 2019 in pregnancy: liv-
ing systematic review and meta-analysis.  BMJ. 
2020; 370: m3320. DOI: 10.1136/bmj.m3320.

13. La Verde M, et al. Maternal death related 
to COVID-19: A systematic review and meta-anal-
ysis focused on maternal co-morbidities and clin-
ical characteristics. Int J Gynaecol Obstet. 2021; 
154(2): 212-219. DOI: 10.1002/ijgo.13726.

14. Simons D, et al. The association of smok-
ing status with SARS-CoV-2 infection, hospital-
ization and mortality from COVID-19: a living rap-
id evidence review with Bayesian meta-analyses 
(version 7). Addiction. 2021; 116(6): 1319-1368. 
DOI: 10.1111/add.15276.  

15. Gallus S, et al. The role of smoking in 
COVID-19 progression: a comprehensive me-
ta-analysis. Eur Respir Rev. 2023; 32 (167): 
220191. DOI: 10.1183/16000617.0191-2022.

References



3’ 2024 73

Introduction. SARS-CoV2, the well-
known coronavirus responsible for the 
COVID-19 pandemic, continues to be 
relevant worldwide. Along with the impact 
of the disease on the respiratory system, 
there are also known cardiac manifesta-
tions of COVID-19. In addition to other 
cardiovascular diseases, including myo-
carditis, heart failure, tachyarrhythmias, 

and myocardial infarction (MI) [3,13], 
arrhythmias are widespread among 
hospitalized patients with COVID-19 [8]. 
Tachyarrhythmias are the most common 
rhythm disorders. Scientific publications 
about bradyarrhythmia, including sinus 
and atrioventricular node dysfunctions 
are much less common, despite the fact 
that they are associated with a worser 
prognosis. Several observational studies 
and clinical cases have been published 
that do not provide data on the long-
term prognosis of bradyarrhythmia and 
sinus node dysfunction in COVID-19 [3]. 
Recently published reports indicate the 
involvement of COVID-19 in heart's con-
duction system damage, especially in the 
sinoatrial node and atrioventricular node. 
Although the exact mechanism remains 
unclear, it is thought to be the result of 
hypoxemia, inflammation, or direct viral 
infiltration leading to impaired myocar-
dial function [1-11]. Methods for treating 
bradyarrhythmia in patients with COVID, 
especially with regard to the reversibility 
of the process and the need for constant 
pacing, are not properly investigated. De-
spite implantation of pacemaker, mortality 
in patients with SSS remains high [6]. The 
clinical consequences of first-time brady-
arrhythmia in patients with COVID-19 are 
unknown, and the treatment approach is 
controversial without understanding the 
short-and long-term outcomes [3]. 

Sinus sick syndrome syndrome (also 

known as sinus node dysfunction) is a 
medical condition characterized by a 
malfunction of the sinus node. This dys-
function can lead to heart failure and 
bradycardia. Sinus node weakness syn-
drome most often affects the elderly, but 
can affect all age groups. Causal factors 
can be divided into internal and exter-
nal. Internal factors include idiopathic 
degenerative fibrosis, cardiomyopathy, 
and ischemia. External factors include 
medications, hypothyroidism, autonomic 
dysfunction, and electrolyte disturbanc-
es. Patients usually experience fainting 
or pre-fainting states, palpitations, dizzi-
ness, and fatigue. Treatment consists of 
eliminating the underlying causes and in-
stalling a pacemaker [1].

The aim of the study was to identify 
the impact COVID of COVID-19 morbidi-
ty on long-term cardiovascular endpoints 
in patients with sick sinus syndrome and 
an implanted pacemaker.

Materials and methods. In a retro-
spective longterm controlled study, a 
comparison of longterm cardiovascular 
endpoints was performed in patients with 
SSS and implanted pacemaker in the 
period from April 2020 по to December 
2020. Implantation of the pacemaker 
was performed in the Department of Ar-
rythmology in the Republic Cardiological 
Center (Ufa).

Inclusion criteria: established diagno-
sis of SSS, no indications for permanent 
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pacemaker implantation, according to 
the Clinical Recommendations of Bradi-
arrhythmias and Conduction Disorders 
(2020) [2], voluntary informed consent, 
age 40-85 years old, absence of decom-
pensation. Non-inclusion criteria: unsta-
ble coronary heart disease (CHD), MI 
for 3 months, and stroke for 3 months, 
chronic heart failure of the IV degree ac-
cording to the NYHA classification, ejec-
tion fraction <35%, severe chronic con-
comitant diseases, and the presence of a 
malignant tumor for 5 years. The criterion 
for exclusion from the study was the pa-
tient's refusal to participate in the study.

A total of 607 patients were selected 
who were admitted during the COVID-19 
pandemic and developed severe bra-
diarrhythmias requiring pacemaker im-
plantation. For the analysis, two groups 
of patients with SSS were identified: 
the "COVID-19" group (n=205) and the 
"Control" group (n=242), which included 
patients who did not tolerate COVID-19 
during the follow-up period. 160 patients 
were later completely excluded from the 
study with a diagnosis of acute respira-
tory viral infections, without confirmed 
COVID-19. 

The diagnosis of COVID-19 was es-
tablished based on the presence of de-
tected SARS-CoV-2 RNA using nucleic 
acid amplification methods and / or de-
tected SARS-CoV-2 class M and G im-
munoglobulins, in accordance with the 
current recommendations on COVID-19 
of the Ministry of Health of the Russian 
Federation at the time of the study. 

The following unfavorable events 
were selected as endpoints: MI, stroke, 
pulmonary embolism (PE), death, and 
cardiovascular hospitalization. Adverse 
cardiovascular events were monitored 
using the “Promed” electronic medical re-
cord system, as well as during follow-up 
examinations in the consultative and di-
agnostic polyclinic of the Republic Cardi-
ologic Center for the period of 30 months 
from April 2020 to June 2024.

To analyze the main clinical and de-
mographic characteristics of SSS pa-
tients, continuous numerical features 
were presented in the form of median Me 
and interquartile range (Q1-Q3), for nom-
inal features in the form of absolute and 
relative frequency (%). Frequency differ-
ences were evaluated using nonpara-
metric criteria: for continuous numerical 
features – the Mann-Whitney criterion, for 
categorical features – the "Chi-square" 
criterion with the Yates correction for the 
rarity of events (if necessary). Differenc-
es were considered statistically signifi-
cant if the significance level of rejecting 
the null hypothesis of no differences in 

Clinical and instrumental characteristics of patients with SSS

Sign of COVID-19 (n=205) Control (n=242) p-level of differences
Representation of continuous features: median and interquartile range interquartile

range of LV EF 62 (58. 64) 62 (58. 64) 0.637
LA 39 (37. 42) 39 (37. 42) 0.879
RV 23 (22. 25) 24 (22. 25) 0.878

BMI 28.2 (25.1 – 32.1) 27.7 (24.7 -30.6) 0.176
Representation of categorical features: absolute frequency and relative frequency (%)

AH 193 (94.2) 230 (95) 0.988
AF 87 (42.4) 93 (38.4) 0.390
DM 37 (18.1) 38 (15.7) 0.509
CKD 32 (15.6) 35 (14.5) 0.735
IHD 199 (96.6) 238 (98.3) 0.558⸷

PMIC 40 (19.5) 47 (19.4) 0.981
CHF 198 (96.6) 234 (96.7) 0.842⸷

stroke in history 19 (9.3) 25 (10.3) 0.708
COPD+ Bronchial Asthma 10 (4.9) 7 (2.9) 0.275

stenting 53 (25.8) 47 (19.4) 0.104

Note: AH – arterial hypertension, CHD – coronary heart disease, BMI – body mass index, 
LA – anterior-posterior size of the left atrium, - acute cerebrovascular мозгового accident, 
RV-basal diameter of the right ventricle, PMIC - postmyocardial infarction cardiosclerosis, 
DM - diabetes mellitus, LV EF-left ventricular ejection fraction, AF – atrial fibrillation, CKD 
- chronic kidney disease, COPD-chronic obstructive pulmonary disease, CHF-chronic heart 
failure; ⸷ - the "chi-square" test was performed with the Yates correction.

Table 1

Comparison of end point frequencies in patients in the study groups

End point COVID-19 endpoint (n=205), % Control (n=242), % p
Death All-cause death 26 (12.7) 27 (11.2) 0.620

CV death 15 (7.3) 19 (7.9) 0.832
CV hospitalization 71 (34.6) 94 (38.8) 0.359

MI 24 (11.7) 15 (6.2) 0.040*
Stroke 14 (6.8) 18 (7.4) 0.804

AF 34 (16.6) 38 (15.7) 0.801
PE 0 (0) 1 (0.4) 0.934⸷

Note: MI – myocardial infarction, PE – pulmonary embolism, AF- new-onset atrial 
fibrillation, CV hospitalization – cardiovascular hospitalization, CV death – cardiovascular 
death;⸷ - the chi-square test was performed with the Yates correction. * - differences are 
statistically significant at p<0.05

Table 2

Table 3

Results of the Gehan-Wilcoxon test comparing the duration of the period before
the end point in patients in the study groups

Endpoint
Number of censored observations

p-level
of COVID-19 differences (n=205) Control (n=242)

СV death 11 8 0.431
CV hospitalization 17 20 0.968

MI 9 10 0.031*
Stroke 11 11 0.890

AF 6 8 0.627

Note: MI – myocardial infarction, AF-new-onset atrial fibrillation, CV hospitalization 
– cardiovascular hospitalization, CV death – cardiovascular death; * - differences are 
statistically significant at p<0.05.
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the study groups was p<0.05. The study 
of differences in the duration of the pe-
riod before the onset of adverse cardio-
vascular endpoints in patients with SSS, 
depending on the presence of a history 
of COVID-19, was carried out using a 
survival analysis. In particular, we used 
Kaplan-Meier multiplication scores with 
an estimate of the confidence interval for 
them using the Greenwood formula, and 
also performed the Gehan-Wilcoxon test 
for differences in survival. When finding 
Kaplan-Meier estimates for the endpoints 
of cardiovascular hospitalization, MI, 

stroke, atrial fibrillation, censored events 
were the patient's death before the fol-
low-up period (30 months), for cardio-
vascular mortality, censored events were 
deaths from other causes before the end 
of the follow-up period. 

The study was conducted in accor-
dance with the standards of Good Clini-
cal Practice and the principles of the Hel-
sinki Declaration. The study protocol was 
approved by the Local Ethics Committee 
of the Bashkir State Medical University 
of the Ministry of Health of the Russian 
Federation, Meeting No. 9 of 17.12.2021. 

Prior to inclusion in the study, all partici-
pants received written voluntary informed 
consent.

Results. Table 1 shows the results of 
the analysis of clinical and demograph-
ic characteristics of patients with SSS 
in the "COVID-19" (n=205) and "Con-
trol" (n=242) groups. As can be seen, 
the groups did not differ in gender and 
age composition, the age of patients in 
the COVID-19 group was 73 (66, 80) 
years, and in the Control group - 73 (67, 
81), according to the main indicators of 
the structure and functions of the heart 

а

d

e

Kaplan-Meier curves with confidence intervals according to the Greenwood form for end points: a - cardiovascular hospitalization; b - death due to 
cardiovascular causes; c - myocardial infarction; g - stroke; e - newly diagnosed atrial fibrillation for patients with CVS in the COVID-19 group and 
the control group during an observation period of 30 months

b
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chambers, and the frequency of concom-
itant diseases (p>0.1).

Comparison of the frequency of oc-
currence of unfavorable cardiovascular 
endpoints in the COVID-19 and control 
groups in patients with SSS over the 
30-month follow-up period showed no dif-
ferences in all endpoints according to the 
"Chi – square" criterion (p>0.1), with the 
exception of MI in the "COVID-19" group, 
it occurred more often (p=0.040), Table 2.

Table 3 shows the results of the Ge-
han-Wilcoxon test comparing the dura-
tion of the period before the onset of var-
ious adverse cardiovascular endpoints 
in the COVID-19 and control groups in 
patients with SSS over a 30-month fol-
low-up period.  The table shows how 
many observations were censored in 
each group during the survival analysis 
for different endpoints. That is, for ex-
ample, in the group of patients with SSS 
who experienced COVID-19, 9 persons 
died before the end of the 30-month fol-
low-up period, while they did not have MI 
during the follow-up period before death. 
As can be seen from the test results, sig-
nificant differences in the duration of the 
period before the onset of unfavorable 
endpoints were observed only for MI 
(p=0.031). For the pulmonary embolism 
(PE), the Gehan-Wilkoskon test was not 
performed, as COVID was not observed 
in the COVID-19 group of patients.

Figures 1-5 show Kaplan-Meier curves 
with confidence intervals for the end-
points of cardiovascular hospitalization, 
cardiovascular death, MI, stroke, and 
new-onset atrial fibrillation, respectively, 
for patients with SSS in the «COVID-19» 
and «Control» groups during the 
30-month follow-up period. Censored 
observations were marked with a " + " 
sign on the graphs, and the confidence 
intervals of Greenwood-shaped survival 
curves at 95% confidence are highlighted 
with a blurred shadow of the correspond-
ing color curve.

Discussion.  More than 6 billion pa-
tients were infected during the COVID-19 
pandemic, including those with atrial ar-
rhythmias, the presence of SSS with an 
implanted pacemaker [12]. A number of 
studies have shown clinical cases of a 
combination of SSS and COVID-19 [3, 
8, 11].

Comparison of the frequency of oc-
currence of adverse cardiovascular 
endpoints in the COVID-19 and control 

groups in patients with SSS 30 months 
of follow-up showed no differences in all 
endpoints according to the "chi-square" 
criterion (p>0.1), with the exception of 
MI – in the "COVID-19" group-it oc-
curred significantly more often (p<0.05). 
Patients with SSS and COVID-19, the 
frequency of MI was higher than in the 
group without COVID-19, despite the cor-
rection of bradycardia by pacing. This is 
consistent with the results of a large study 
by Yan Xie et al. (2022), which included 
153153,760 persons with COVID-19 and 
showed that patients with COVID-19 in 
12 months long-term follow-up had an 
increased risk of cardiovascular diseas-
es, including CHD and MI [10]. Cardio-
vascular symptoms such as tachycardia, 
arterial hypertension, and cardialgia are 
important component of post-COVID-19 
syndrome and can affect up to a third 
of patients with COVID-19 [4]. Current-
ly, post-COVID syndrome, which is ob-
served in 20% of the population, is largely 
associated with symptoms of cardiovas-
cular autonomic dysfunction (CVAD) [5]. 
The consequences of CVAD are usually 
manifested in the form of microvascular 
dysfunction, which can lead to type 2 
MI. CVAD can also manifest with arte-
rial hypotension, such as orthostatic or 
postprandial hypotension, and recurrent 
reflex syncope [5]. Asarcikli L. D. et al. 
[9] when examining COVID-19 convales-
cents, showed significantly higher values 
of RMSSD, pNN50 and HF indicators of 
heart rate variability in regard to CVAD in 
the group with COVID-19 compared to 
the control in the period up to 3 months 
after viral infection [7]. 

Conclusion. Early-onset of COVID-19 
in patients with SSS increases the risk of 
MI during long-term follow-up, which is 
probably associated with cardiovascular 
autonomic dysfunction. Given the close 
relationship between CVAD, microvas-
cular dysfunction, and CHD [5], and at 
the same time, the inability to modulate 
the heart rate in the presence of SSS 
and an established pacemaker, it can 
be assumed that autonomic dysfunction 
in post-COVID patients with SSS and 
implanted pacemaker causes myocardi-
al ischemia and, as a consequence, an 
increase in the probability of MI.  There 
is currently no available literature data on 
the long-term impact of COVID-19 on ad-
verse cardiovascular events in patients 
with SSS. 
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Introduction. Lung cancer is one of 
the most common types of malignant 
neoplasms (MN) in the world [10]. In the 
structure of mortality from MN in Russia, 
it is 16.8%, in the Republic of Sakha (Ya-
kutia) it reaches 18.5% [3]. Lung cancer 
is characterized by late detection, rapid 
and aggressive course and high mortality 
[16, 18]. A regional feature of the nosol-
ogy is that among the female population 

of Yakutia, the primary incidence rates of 
MN of the trachea, bronchi, lung (C33, 
34) are 1.9 times higher than the Rus-
sian average [1]. The most common form 
(80-85%) is non-small cell lung cancer 
(NSCLC) [16]. Molecular genetic stud-
ies have shown that in 60-70% of cases 
(30-45% of which are adenocarcinomas), 
EGFR gene hyperexpression is detected 
in tumor cells due to the presence of acti-
vating mutations [13, 15]. This discovery 
was a key moment in the development 
of an effective strategy for the treatment 
of NSCLC and led to the emergence of 
a new molecular indicator of lung tumor 
sensitivity to low-molecular-weight EGFR 
tyrosine kinase inhibitors (TKIs).

Currently, the study of EGFR gene 
mutations in tumors is standard in the di-
agnosis of patients with NSCLC and is in-
cluded in Clinical Guidelines for determin-
ing indications for targeted therapy. For 
patients with locally advanced or meta-
static NSCLC with EGFR gene mutations 
in exons 19 or 21, EGFR tyrosine kinase 
inhibitors are recommended as first-line 
therapy: gefitinib, erlotinib, afatinib, or 
osimertinib [5]. Since TKIs have become 
common in the treatment of NSCLC in 
Russia, information on the incidence of 
EGFR mutations is important. It is known 
that the incidence of EGFR mutations in 
patients with lung adenocarcinoma may 
depend on race, smoking status, and 
gender of the patient [9, 11, 14]. Thus, 
EGFR mutations are found in 35-62% of 
NSCLC cases in East Asians and only in 
10% of NSCLC cases in Europeans and 
North Americans [12]. In Russia, EGFR 
gene mutations are found in 13-29% of 
patients with NSCLC adenocarcinoma [4, 
7]. There are no data on the frequency 

of EGFR oncogene mutations in patients 
with NSCLC in the Republic of Sakha 
(Yakutia), where the majority of the pop-
ulation are indigenous people - "Sakha 
(Yakuts)", who have Turkic-Mongolian 
(Asian) origin with high genetic homoge-
neity [17, 19]. However, these data are 
important in determining indications for 
targeted therapy, prognosis of treatment 
and planning, as well as in obtaining new 
information in oncological studies of the 
frequency of driver mutations in Russia. 
The aim of this work is to study the fre-
quency of Del 19 and L858R mutations of 
the EGFR gene and to assess the prog-
nostic significance of its diagnosis in pa-
tients of the Yakut Republican Oncology 
Dispensary with lung adenocarcinoma.

Materials and research methods.
The study included patients whose tumor 
material was tested for mutations in the 
EGFR gene (Del 19 and L858R) and who 
received treatment at the Yakutsk Repub-
lican Oncology Dispensary (YROD) from 
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The frequency of Del 19 and L858R mutations of the EGFR gene was studied among patients of the Yakut Republican Oncology Dispensary 
with lung adenocarcinoma (n=177). Mutations were found 3.8 times more commonly in female population than in male. Mutations were detected 
2.8 times more regularly among patients with stages I and II of the disease in compare with stages III and IV. The mutation frequency was 3.4 
times over in the Sakha (Yakut) ethnic group patients as opposed to Russian ethnic group. In addition the mutation frequency was 9.6 times 
higher in the Sakha (Yakut) ethnic group male patients as opposed to Russian ethnic group. It was shown that the overall 36-month survival of 
patients with a positive status of EGFR mutations increases by 2.5 times (from 29.3% to 74.1%). Moreover in patients with stages I and II of the 
disease, survival rate increases by 1.4 times, in patients over 65 years old in 2.9 times, in female patients in 2.4 times.
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Fig. 1. Average age of examined patients 
(years)
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2018 to 2020. Data for a longer period of 
time were not available due to the start 
of using research data in the dispensa-
ry, with appropriate therapy, since 2018. 
The study included 177 patients with a 
verified diagnosis of non-small cell lung 
cancer, with a histological tumor type of 
adenocarcinoma. The clinical part of the 
study was carried out at the Department 
of Antitumor Drug Therapy, and studies 
for the presence of mutations were car-
ried out in the molecular biology labo-
ratory of the dispensary. Patients with a 
positive status of EGFR gene mutations 
received therapeutic targeted therapy 
using first- and third-generation tyro-
sine kinase inhibitors (TKIs) (erlotinib, 
gefitinib, osimertinib). Patients in whom 
EGFR mutations were not detected re-
ceived other types of therapy prescribed 
individually according to treatment regi-
mens, according to Clinical Guidelines 
[5]. DNA was isolated from tumor cells of 
paraffin block sections containing forma-
lin-fixed postoperative or biopsy material. 
DNA isolation was performed after dep-
araffinization, using QIAmp DNA FFPE 
Tissue Kit reagent kits (Qiagen, Ger-
many) in accordance with the protocol, 
according to the principle of proteinase 
treatment with rehydration and sorption 
on a membrane, followed by elution. To 
determine mutations in exons 19 and 21 
of the EGFR gene (Del 19 and L858R), 
DNA amplification with Real-Time detec-
tion was performed on BioRad CFX 96 
devices (BioRad, USA).

Information on smoking status was not 
available for most patients, and therefore 
was not taken into account in the study.

The study included 177 patients aged 
42 to 83 years. The average age of pa-
tients was 62.8 ± 9.1 years (Fig. 1).

Considering the influence of age on 
the development of clinical changes, pa-
tients were divided into two age groups: 
under 65 years and 65 years and older. 
The age category "65 years and older" 
is distinguished in clinical studies due 
to the progressive increase in biological 
changes in the body [2, 6, 8]. Splitting 
into smaller age groups did not form a 
representative sample. For the same 
reason, when dividing patients by dis-
ease stages, 2 combined groups were 
identified: stages I, II and stages III, IV. 
The majority of the examined patients 
(68.9%) were men, women - 31.1% (Ta-
ble 1). The proportion of patients under 
65 years of age was 57.1%, 65 years 
and older - 42.9%. By disease stage, the 
predominant part (71.8%) were patients 
with stages III, IV, and 28.2% - with stag-
es I, II of the disease. When analyzing by 
ethnicity, 2 main groups were identified: 

Distribution of the identified mutations in groups by gender, age, 
stage of the disease, ethnicity of patients 

Group Observed,
abs., (%)

EGFR mutations detected, abs., (%)

Deletions
(del 19)

Spot Replacement
(L858R) Total

Total
patients 177 (100.0) 13 (7.3) 14 (7.9) 27 (15.2)

Sex

male 122 (68.9) 3 (2.5) 7 (5.7) 10 (8.2)

female 55 (31.1) 10 (18.2) 7 (12.7) 17 (30.9)

Age

up to 65 years 9 (8.9) 6 (5.9) 15 (14.8)

over 65 years old 4 (5.3) 8 (10.5) 12 (15.8)

Stage of the disease

I, II 50 (28.2) 8 (16.0) 6 (12.0) 14 (28.0)

III, IV 127 (71.8) 5 (3.9) 8 (6.3) 13 (10.2)

Ethnic group

Russians 74 (41.8) 4 (5.4) 1 (1.4) 5 (6.8)

Sakha (Yakuts) 92 (52.0) 9 (10.9) 11 (11.9) 21 (22.8)

other 11 (6.2) 0 1 (9.1) 1 (9.1)

Male

Russians 59 (48.4) 1 (1.7) 0 1 (1.7)

Sakha (Yakuts) 55 (45.1) 2 (3.6) 7 (12.7) 9 (16.3)

Female

Russians 15 (27.3) 3 (20.0) 1 (6.7) 4 (26.7)

Sakha (Yakuts) 37 (67.3) 7 (18.9) 5 (13.5) 12 (32.4)

Fig. 2. Overall survival of patients (Kaplan-Meier curve) depending on the EGFR mutation status: 
1 – yes; 2 – no
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Fig. 3. Subgroup analysis of overall survival of patients depending on the EGFR mutation status: 1 – yes; 2 – no

up to 65 years

men 

I-II stages

Russians

65 years and older

women

III-IV stages

Sakha (Yakuts)

1

2

2

2
2

2

2

2

2

1

1

1

1

1

1

1



YAKUT MEDICAL JOURNAL
80

"Sakha (Yakuts)" 92 examined - 52.0% of 
patients and "Russians" (41.8%) - 74 pa-
tients. The results of analyses of patients 
of other nationalities (n=11): Armenians 
(1), Georgians (1), Kyrgyz (1), Tatars (4), 
Ukrainians (1), Evenks (2) and Evens (1), 
the total share of which was 6.2% of all 
examined, were not used in the analysis 
by ethnicity due to the non-representa-
tiveness of the sample. Combining na-
tionalities into groups by racial classifi-
cation was not carried out for the same 
reason, as well as to exclude controver-
sial issues of ethnogenesis. The data ob-
tained during the study were subjected 
to statistical analysis using the free soft-
ware development environment RStudio 
and the statistical package Jamovi (χ2 
criterion, Fisher's exact criterion, survival 
according to the Kaplan-Meier method, 
median survival, overall survival, log-rank 
criterion).

Results and discussion. Mutation fre-
quency. Data on the presence and types 
of mutations were analyzed according to 
the patients’ gender, age, nationality, and 
stage of the disease (Table 1). The total 
frequency of mutations in exons 19 and 
21 of the EGFR gene in NSCLC (adeno-
carcinoma) in the total sample of patients 
was 15.2% (27/177). The obtained value 
corresponds to the frequency range of 
these mutations in the Russian popula-
tion (13–29%) [4, 7]. Moreover, the stud-
ied mutations were distributed evenly: 
deletions in exon 19 were detected in 13 
patients (7.3%), and L858R substitution 
in exon 21 was detected in 14 patients 
(7.9%). Mutations were significantly more 
common in women (30.9%, 17/55) than 
in men (8.2%, 10/122), (p <0.001). An as-
sessment of the distribution of mutation 
rates by age group of patients did not 
reveal any significant differences: in the 
“under 65” group, mutations were detect-
ed in 14.8% of patients (15/101), in the 
“65 years and older” group – in 15.8% 
of patients (12/76), (p = 0.864). The dif-
ferences in the frequency of Del 19 and 
L858R mutations did not reveal any sig-
nificant differences.

In patients with stages I and II of the 
disease, mutations were detected 2.8 
times more often (28.0%, 14/50) than in 
patients with stages III and IV (10.2%, 
13/127), (p = 0.003). The differences in 
the frequency of Del 19 and L858R muta-
tions did not reveal any significant differ-
ences. In patients of the "Sakha (Yakut)" 
group, the incidence of mutations was 
22.8% (21/92), which is 3.4 times higher 
than in the "Russian" group (6.8%, 5/74), 
(p = 0.005). It should be noted that the ob-
tained frequency for the "Sakha (Yakut)" 
group is significantly lower than for resi-

dents of East Asian countries (35-62%), 
and is comparable with the average val-
ue in the Russian population (13-29%). In 
the "Russian" group, the value obtained 
was also twice lower than expected 
(6.8%). Here it can be noted that in the 
"Russian" group, deletions (del 19) were 
more common - 5.4% and point substitu-
tions (L858R) were less common - 1.4%, 
while in the "Sakha (Yakut)" group they 
were distributed approximately equal-
ly (10.9/11.9%). For men of the "Sakha 
(Yakut)" ethnic group, the incidence of 
EGFR gene mutations was 16.3% (9/55), 
which is 9.6 times higher than in men of 
the "Russian" group (1.7%, 1/59), (p = 
0.006). In women of the "Sakha (Yakut)" 
and "Russian" ethnic groups, mutations 
were detected in 32.4% (12/37) and 
26.7% (4/15), respectively, the differenc-
es are not significant (p = 0.683). Thus, 
in contrast to men, in women, no reliable 
significant differences in the frequency of 
the studied EGFR mutations were found 
in the "Sakha (Yakut)" and "Russian" 
groups.

Survival assessment. Overall surviv-
al in the entire patient sample after 36 
months of follow-up was 36.2% (64/177), 
with a median survival of 16 months. 
In patients with NSCLC with a positive 
EGFR mutation status, 36-month survival 
is 2.5 times higher (Fig. 2). Thus, in treat-
ed patients with the wild type EGFR (wt), 
overall survival was 29.3% (44/150), with 
the mutant type (mt) of the gene - 74.1% 
(20/27), respectively. Differences in sur-
vival between patients with EGFR-wt 
and patients with mt-EGFR NSCLC are 
statistically significant (p = 0.0003). The 
median survival for patients without mu-
tations was 13 months, in patients with 
the EGFR-mutant type, the median was 

more than 36 months, the event corre-
sponding to the median value did not 
occur. The obtained data confirm the fact 
that the presence of EGFR gene muta-
tion is a reliably significant positive prog-
nostic factor for increased survival.

Gender. In the patient groups by gen-
der, survival in men and women differed 
(Figs. 3 and 4). Thus, in men with the wild 
type of EGFR, the overall survival was 
26.8% (30/112), with the mutant type of 
the gene 50.0% (5/10), the differences 
were insignificant (p = 0.31). The medi-
an survival, in this case, was 11 and 19 
months, respectively. In women, in the 
presence of mutations, the overall sur-
vival significantly increased by 2.4 times. 
Thus, with a negative status of the EGFR 
gene, survival was 36.8% (14/38), with a 
positive one - 88.2% (15/17), (p = 0.001). 
The median survival in the absence of 
mutations is 11 months. In patients with 
the mutant type of the EGFR gene, the 
event corresponding to the median val-
ue of three-year overall survival did not 
occur.

Age. In the cohort of patients divided 
by age, survival also differed. In the group 
of patients under 65 years old, three-year 
overall survival, in the presence of mu-
tations, was significantly 3 times higher. 
Thus, in the group of patients without mu-
tations, it was 31.4% (27/86), in patients 
with mutation - 93.3% (14/15), the differ-
ences are significant (p = 0.0002). The 
median survival in the absence of muta-
tions is 13 months. In patients under 65 
years old with a mutant type of the EGFR 
gene, the event corresponding to the me-
dian value of three-year overall survival 
did not occur. In the group of patients 65 
years and older, EGFR-wt status corre-
sponded to survival of 26.6% (17/64), EG-

Fig. 4. 3-year survival, subgroup analysis (observation time – 36 months)
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FR-mt - 50.0% (6/12), the differences are 
insignificant (p = 0.24). The median sur-
vival is 12 and 19 months, respectively.

Disease stages. Patient survival also 
differed depending on the disease stage. 
Thus, in the group with stages I and II, 
in the absence of mutations, the survival 
rate was 69.4% (25/36), with the mutant 
type, all 14 patients were alive at the time 
of observation (p = 0.025). In patients 
with stages I and II of the disease with 
both types of the EGFR gene, the event 
corresponding to the median value of 
three-year overall survival did not occur. 
In the group of patients with stages III 
and IV of the disease, survival is lower. 
In patients without mutations, survival is 
16.7% (19/114), with a mutation it is 2.8 
times higher - 46.2% (6/13), the differ-
ences are insignificant (p = 0.09). The 
median survival was 10 and 19 months, 
respectively.

Nationality. Patient survival did not 
show significant differences depending 
on ethnicity; the presence of the mutation 
increased survival in both national groups. 
Thus, in the "Russian" group, survival in-
creased by 3.2 times from 24.6% (17/69) 
to 80% (4/5), (p=0.055) and by 2.1 times 
in the "Sakha (Yakut)" group, from 33.8% 
(24/84) to 71.4% (15/21), (p=0.009). The 
median survival in the absence of muta-
tions was 11 and 15 months, respective-
ly. With the mutant type of the gene, the 
event corresponding to the median value 
of three-year overall survival did not oc-
cur in both national groups. 

As a result of the subgroup analy-
sis of overall survival data, a number 
of prognostic factors for the survival of 
patients with NSCLC adenocarcinoma 
were constructed (Fig. 4). In all studied 
patient groups, the presence of EGFR 
mutations resulted in increased overall 
survival. Taking into account statistical 
significance, the following can be distin-
guished, arranged in descending order of 
significance: early stage of the disease (I 
and II), patient age under 65, female gen-
der. In patients without EGFR mutations, 
the early stage of the disease (stages I 
and II) is reliably significant as a positive 
prognostic factor.

Conclusion. The total frequency of 
Del 19 and L858R mutations of the EGFR 
gene in the total sample of examined pa-
tients (15.2%) generally corresponds to 
the frequency range of these mutations 
in the Russian population (13-29%). In 
women, mutations were significantly 3.8 
times more common (30.9%) than in men 
(8.2%). In patients with stages I and II of 
the disease, mutations were detected 2.8 
times more often (28.0%) than in patients 
with stages III and IV (10.2%). In patients 

in the "Sakha (Yakut)" group, the frequen-
cy of mutations is 3.4 times higher than in 
the "Russians" group (22.8/6.8%). In the 
"Russian" group, deletions (del 19) were 
more common - 5.4% and point substitu-
tions (L858R) were less common - 1.4%, 
while in the "Sakha (Yakut)" group they 
were distributed approximately equally. 
In "Sakha (Yakut)" men, the incidence 
of EGFR gene mutations was 9.6 times 
higher than in men in the "Russian" group 
(16.3/1.7%). In women in the "Sakha 
(Yakut)" and "Russian" ethnic groups, 
the frequency of mutations did not differ 
significantly. Evaluation by age groups 
of patients did not show significant dif-
ferences in the frequency of EGFR gene 
mutations.

With a positive status of EGFR mu-
tations in patients with NSCLC adeno-
carcinoma, 36-month survival increases 
by 2.5 times from 29.3% to 74.1%. Sub-
group analysis allowed us to additionally 
identify stages I and II of the disease, age 
up to 65 years and female gender as pos-
itive prognostic factors, in which patient 
survival is higher by 1.4/2.9/2.4 times, 
respectively.

Data on the frequency of EGFR gene 
mutations in patients with NSCLC adeno-
carcinoma in the Yakutsk Republican On-
cology Dispensary were obtained for the 
first time and may be important for filling 
the "blank spots" of the frequency map of 
driver oncomutations in Russia and the 
world. Analysis of the results of the work 
showed that the presence of EGFR gene 
mutation is a significant positive prognos-
tic factor for diagnosis, and the data ob-
tained are important in determining treat-
ment tactics and planning medical care 
in oncology.
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The correlation of dopamine concen-
tration in peripheral blood with the level 
of immune protection in Northerners was 
studied. 70 practically healthy people 
and 172 patients (including 67 people 
with oncological pathology of the large 
intestine) were examined to study the 
level of dopamine in peripheral venous 
blood and the state of immune protection 

in residents of the northern territories of 
the Russian Federation, depending on 
the state of health. Thus, it was estab-
lished for the first time that the level of 
registration of the frequency of elevated 
concentrations of dopamine in periph-
eral venous blood in practically healthy 
residents of the northern territories of the 
Russian Federation is high and amounts 
to 7.14±0.38%, the level of registration of 
the frequency of elevated concentrations 
of dopamine in peripheral venous blood 
in sick people was recorded much more 
often (59.21±1.7%). A high level of regis-
tration of elevated concentrations of IL-10 
and TNF-α was also established, both in 
practically healthy people and in people 
with oncological diseases. There was an 
increase in the frequency of registration 
of deficiency of phagocytic activity, cir-
culating mature, activated lymphocytes, 
natural killers and phenotypes of lympho-
cytes with transferrin and IL-2 receptors. 
In oncological pathology, there was a 
high incidence of deficiency of neutro-
phils, phagocytic activity, NK, mature, 
activated T cells, lymphocyte phenotypes 
with transferrin and IL-2 receptors. 

Introduction. The mechanisms of the 

effects of norepinephrine and epinephrine 
are well known, but the available data on 
the effects of dopamine are contradictory 
[5]. Dopamine, an intermediate precursor 
of norepinephrine and epinephrine, is se-
creted by the chromaffin cells of the ad-
renal medulla. Regulation of the activity 
of the adrenal medulla is carried out by 
sympathetic impulses. Each chromaffin 
cell at one end is in contact with the ar-
terial capillary, and the other is turned to 
the venous sinusoid, where synthesized 
catecholamines are released. Sinusoids 
form the central vein of the adrenal gland, 
which flows into the inferior vena cava. 
This ensures simultaneous entry of both 
glucocorticoids and catecholamines into 
the circulation, which makes it possible 
for them to act together on effector or-
gans.

It is known that dopamine can inhibit 
the secretion of thyroid-stimulating hor-
mone and prolactin in hyperthyroidism. 
There is evidence that dopamine is in-
volved in the regulation of arousal and 
inhibition in the central nervous system. 
The effect of dopamine on the state of the 
immune system can vary, from stimula-
tion to a sharp suppression of activity. In 

Federal State Budgetary Institution of Science 
Federal Research Center for Integrated Arctic 
Studies named after Academician N.P. La-
verov, Ural Branch of the Russian Academy of 
Sciences, Institute of Physiology of Natural Ad-
aptations Arkhangelsk: STREKALOVSKAYA 
Marina Yuryevna – junior researcher, mary.
nesterowa2010@yandex.ru, DOBRODEE-
VA Lilia Konstantinovna – MD, Professor, 
Honored Scientist of the Russian Federation, 
Director Institute of Physiology of Natural Ad-
aptations, Chief Researcher dobrodeevalk@
mail.ru, dobrodeevalk@mail.ru, PATRAKE-
EVA Veronika Pavlovna – Candidate of Bi-
ological Sciences, Head of the Laboratory, 
Leading Researcher, patrakeewa.veronika@
yandex.ru, SHTABOROV Vyacheslav Ana-
tolyevich – Candidate of Biological Sciences, 
Senior Researcher, schtaborov@mail.ru@
mail.ru.

The correlation between the dopamine concentration in the peripheralblood and the level of immune protection in Northerners was studied. 70 
practically healthy people and 172 patients (including 67 people with cancer of the large intestine) were examined to study the level of dopamine 
in peripheral venous blood and the state of immune protection in residents of the northern territories of the Russian Federation, depending on 
their state of health. Thus, for the first time, it was established that the level of registration of the frequency of elevated dopamine concentrations 
in peripheral venous blood in practically healthy residents of the northern territories of the Russian Federation is high and amounts to 7.14±0.38%, 
the level of registration of the frequency of elevated dopamine concentrations in peripheral venous blood in sick people was recorded much more 
often (59.21±1.7%). A high level of registration of elevated concentrations of IL-10 and TNF-α was also established, both in practically healthy 
people and in people with oncologicaldiseases. There was an increase in the frequency of registration of phagocytic activity deficiency, circulating 
mature, activated lymphocytes, natural killers, and lymphocyte phenotypeswithцепторами к transferrin and IL-2 receptors. In cancer pathology, 
there was a high frequency of neutrophil deficiency, phagocytic activity, NK, mature, activated T cells, and lymphocyte phenotypes with transferrin 
and IL-2 receptors.

Keywords: dopamine, cortisol, thyroxine, T-lymphocytes, natural killers, T-helpers, cytokines, IL-10, TNF-α, phagocytes.

ARCTIC MEDICINE

cancer: a global view.  BMC Proceedings. 2008; 
2 (Suppl 2):S3: S3.

18. Tikhonov D.G., Gurkan C., Demirdov K. 

D., et al. On the origins of the Sakhas’ paternal 
lineages: Reconciliation of population genetic / 
ancient DNA data, archaeological findings and 

historical narratives. Siberian Research. 2019; 
1(1): 91 -111. http://doi.org/10.33384/26587270.
2019.01.004e



3’ 2024 83

oncological diseases, there is a violation 
of the immune defense [2]. It was inter-
esting to compare the results of studying 
elevated dopamine concentrations and 
associated changes in immune status 
in practically healthy people in compari-
son with sick people with malignant neo-
plasms of the intestinal tract in residents 
of the northern territories of the Russian 
Federation [1, 9].Current data on dopa-
mine levels indicate that a lack of dopa-
mine plays an important role in stress, 
aging of the body, and also restricts the 
growth and development of tumors [4]. 
From the literature sources of foreign au-
thors, it is knownthat studies of the level 
of dopamine in various diseases пwere 
conducted in Scandinavian residents and 
the level of its content changed, relative 
to one or another pathology, but not in-
all cases. At what level and whatcauses 
changes in dopamine levels, is of some 
interest [11].

Objective: to identify the level of do-
pamine in peripheral venous blood and 
the state of immune defense in residents 
of the northern territories of the Russian 
Federation, depending on their health 
status.

Materials and methods. The article 
analyzes the material carried out over 
the past ten years by employees of the 
laboratories of the Institute of Physiolo-
gy of Natural Adaptations of the Russian 
Academy of Sciences named after Ac-
ademician N. P. Laverov, including the 
examination of 70 practically healthy 
people who did not have a history of 
acute and chronic pathology at the time 
of examination for dopamine, cortisol, 
thyroxine, neutrophil granulocytes, % of 
active phagocytes, natural killer cells, 
T-lymphocytes, cytokines in peripheral 

venous blood. As a comparison group, 
172 people with malignant neoplasms 
of the intestinal tract were taken. The 
examination was conducted in the med-
ical company "Biokor", Arkhangelsk. 
The age of the subjects ranged from 21 
to 75 years. The survey was conducted 
with the written consent of respondents 
in compliance with the basic norms of 
biomedical ethics in accordance with the 
document "Ethical principles for conduct-
ing medical research involving people as 
research subjects" (World Medical Asso-
ciation Declaration of Helsinki 1964 (as 
amended in 2008)). Blood sampling for 
the study was performed from the ulnar 
vein at 8-10 o'clock in the morning, on 
an empty stomach. The serum was sep-
arated from the formed blood elements 
(erythrocytes) by the method of centrifu-
gation-separation of the liquid part of the 
blood from the cells in order to prepare 
the biomaterial for subsequent analysis. 
The complex of immunological research 
included the study of hemograms in blood 
smears stained according to the Roma-
novsky-Giemse method, the preparation 
of lymph suspension, and the phagocyt-
ic activity of neutrophil granulocytes. To 
detect the phagocytic activity of neutro-
phils, the following method was used: a 
mixture of 100 µl of latex was taken (the 
latex suspension was prepared by inject-
ing 2 ml of buffer solution into a Latex 
bottle, shaking intensively for 2 minutes) 
and 100 µl of blood with heparin, mixed 
and put in a thermostat for 30 minutes, 
the temperature of the device was set to 
37°C. Then the supernatant was sucked 
out of the test tube, mixed and a blood 
smear was made from it. Slides with 
smears were dried at room temperature. 
Then it was fixed in the Nikiforov mixture 

for 20 minut, stained according to Roma-
novsky-Giemsa for 40 minutes. Washed 
and dried slides were examined under a 
microscope at magnification of the x90 
lens and the x7 eyepiece. The results ob-
tained were evaluated using the phago-
cytic index, i.e., the percentage of phago-
cytic cells from the number of counted 
neutrophils, and the phagocytic number, 
i.e., the number of particles absorbed by 
one active neutrophil. 

The level of T-cells (CD3+), T-help-
er cells (CD3+ CD4+), natural killer 
cells (CD3-CD16+CD56+), activated 
lymphocytes with transferrinrecep-
tors трансферрину(CD71+) and IL-2 
(CD25+) was evaluated using the indi-
rect immunoperoxidase reaction method 
using monoclonal cells. antibodies (Sor-
bent, Moscow) and flow cytometry on 
цитометре «an Epics XL flow cytometer 
(Beckman Coulter, USA). HamburgThe 
content of dopamine (IBL Hamburg, 
Germany)пг, cortisol (DBC, Canada), 
thyroxine (Human GmbH, Germany), 
интерлейкиновand interleukins (IL) 1b, 4, 
and 6 was studied by enzyme - linked im-
munosorbent assay in peripheral venous 
blood serum., 10, 13 ("BIOSOURSE", 
USA). Statistical analysis of the research 
results was carried out using the appli-
cation software package "Microsoft Ex-
cel 2010" and "Statistica 7.0" (StatSoft, 
USA). The boundaries of the normal dis-
tribution of indicators were determined. 
Сравнение рас The data distribution was 
compared with the normaldistribution and 
выполня was performed using the Shap-
iro–Wilk criterionУилка. The distributions 
of the results turned out to be similar to 
the normal one, so the arithmetic mean 
(M) and standard error of the mean (m) 
were calculated to describe the data. 

Frequency of registration of elevated concentrations of dopamine, cortisol, thyroxine and cytokines in peripheral venous blood
in normal and oncological pathology of the large intestine in residents of the northern territories of the Russian Federation, 

depending on the state of health, %

Parameters studied
Frequency of registration

of elevated concentrations in 
practically healthy people,

n=70, %

Frequency of registration
of elevated concentrations in patients

with colon cancer, n=172, %
Physiological limits

Dopamine 7.14±0.38 59.21±1.7 *** >30 pg/ ml
Cortisol 7.82±0.41 17.65±0.55 ***  >600 nmol/ L

Thyroxine (T4) 7.36±2.11 9.2±0.35* 10-25 pmol/ l
IL-1β 22.92±0.99 24.56±0.87* >5 pg/ ml
IL-4 7.55±0.52 9.38±0.48* >5 pg/ ml
IL-6 1.92±0.27 3.33±0.38* >20 pg/ ml

of IL-10 8.93±0.53 17.86±0.75*** >10 pg/ ml
of IL-13 2.44±0.38 4.08±0.41* >20 pg/ ml
TNF-α 1.89±0.08 42.11±0.38 *** >20 pg/ml

Note: n is the number of people surveyed, ***p<0.001, **p<0.01, *p<0.05. 

Table 1
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Quantitative values between groups were 
compared using tthe Student's t-test. The 
differences were considered statistically 
significant at the significance level of the 
t-test p< 0.05-0.001. 

Results and discussion. A high level 
of registration of elevated concentrations 
of dopamine, IL-10, and TNF-α in periph-
eral venous blood has been established 
both in practically healthy people and in 
individuals with colon cancer (Table 1). 
High levels of cortisol can negatively af-
fect the stateof the human immune sys-
tem.  Cortisol controls cell proliferation 
and antiproliferative activity against can-
cer cells, which is of interest. Thyroxine 
is the most influential thyroid hormone of 
the thyroid gland, regulating metabolism 
and energy. Increasing its concentration 
in the blood affects many functions in 
the body. Elevated levels of IL-1b may 
reflect the activity of the tumor microen-
vironment and the development of immu-
nosuppression. IL-4 affects the growth 
and development of the tumor, and an 
increase in its production accelerates the 
development of pathological processes. 
High levels of IL-6 are associated with 
many diseases, including cancer, which 
are associated with disorders of the im-
mune system. IL-6 can be produced by 
malignant cells of tumor formations, and 
when the production of this cytokine is 
activated, transcriptional mechanisms 
are triggered and active division of can-
cer cells occurs. IL-10 is a natural im-
munosuppressant, the main anti-inflam-
matory cytokine. Its special function is to 

prevent an excessive inflammatory reac-
tion, because even with this reaction, not 
a physiological, but a pathological effect 
is observed. And, as a result, excessive 
inflammation damages healthy cells and 
tissues of the body.  IL-13 plays an im-
portant role in cancer pathology, because 
its receptors are overexpressed and af-
fect cell proliferation. It is also an auto-
crine cytokine growth factor of malignant 
cells. The tumor necrosis factor activates 
the receptors that recognize the malig-
nant cell and prevents its further devel-
opment. TNF-α, along with cytokines, 
enhances the inflammatory process in 
order to protect against foreign antigens 
[8]. Dysregulation of TNF-α is associated 
with many diseases, including сcancer.

As can be seen from the data in Table 
1, patients with malignant neoplasms of 
the large intestine, compared with prac-
tically healthy individuals, as well as with 
physiological limits, are significantly more 
likely to detect elevated levels of dopa-
mine, cortisol and cytokines (IL-10 and 
TNF-α). It is known that 75-90% of blood 
dopamine is mainlysecreted in the intes-
tine [10, 12]. The development of a ma-
lignant neoplasm in the gastrointestinal 
tract is accompanied by an increase in 
the blood concentration of TNF-α with a 
parallel decrease in the migration of im-
munocompetent cells to the affected area 
[3]. In the gastrointestinal tract, dopamine 
provides vasodilation, increased blood 
flow in the mesenteric vessels against 
the background of reduced peristalsis [6].

Since dopamine is produced by cells 

of the diffuse endocrine system, it can be 
assumed that an increase in dopamine 
concentrations in the blood occurs by in-
creasing its secretion by APUD cells, al-
though no one excludes the possibility of 
dopamine secretion by endotheliocytes. 
The relationship between elevated levels 
of dopamine and TNF-α in the blood may 
be mediated by the effect of the source of 
distress on cortisol secretion.   

An increase in the concentration of 
dopamine in peripheral venous blood 
occurs due to dopamine sulfate. Once in 
the peripheral blood, dopamine in high 
concentrations naturally affects hemo-
dynamics. There is reason to believe 
that dopamine inhibits the development 
and activity of a wide variety of reactions 
through direct effects on the membrane 
and mainly through the regulation of the 
autonomous system. It was of interest 
to study the content of dopamine in the 
blood of patients with diseases of the in-
testinal tract, since it is known that blood 
dopamine is mainly represented by an 
amine synthesized in the intestinal tract. 
After a meal, the content of dopamine in 
the blood of mesenteric vessels increas-
es by 50 times, and even prolonged fast-
ing reduces its concentration very slight-
ly. In addition, significant concentrations 
of dopamine secrete APUD cells of the 
kidneys and adrenal glands, reduce the 
resistance of renin and aldosterone.

Установлены Elevated dopamine 
concentrations were found, концентра-
ции , and blood concentrations of corti-
sol and thyroxine в крови were also sig-

Frequency of registration of low concentrations of neutrophilic granulocytes, % of active phagocytes, natural killers
and T-lymphocytes in peripheral venous blood with normal and elevated dopamine levels in residents of the northern 

territories of the Russian Federation, depending on the state of health, %

Studied parameters
and physiological limits

Frequency of registration
of low concentrations in practically healthy people, 

n=70

Frequency of registration
of low concentrations in patients
with small bowel cancer, n=172

With normal dopamine 
content, n=70

With increased
dopamine content,

n=70

With normal 
dopamine content,

n=172

With increased 
dopamine content,

n=172

Neutrophil granulocytes,<2×109 cells/l 2.86±0.24 5.71±0.34** 6.9±0.32 8.2±0.47*
% active phagocytes, <50 20.86±0.65 24.29±0.7* 72.41±0.97 84.62±1.66**

Natural killers 
CD3-CD16+CD56+,<0.4×109 cells/l 1.43±0.17 2.86±0.24*** 63.95±1.45 76.92±1.34**

T-helper cells, CD3+ CD4+, <0.4×109 

cells/l 4.29±0.29 5.71±0.34** 13.79±0.42 17.44±1.39**

CD3+, <1×109 cells/l 13.19±1.97 14.29±0.54* 40.23±0.73 45.92±0.95*
CD25+, <0.5×109 cells/l 15.27±2.83 17.14±0.59* 50.02±17.59 55.56±1.65*
CD71+, <0.4×109 cells/l 11.97±2.32 12.99±0.51* 42.86±3.13 54.88±0.90**

Note: n is the number of people surveyed, ***p<0.001, **p<0.01, *p<0.05.

Table 2
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nificantly increased. Thus, the obtained 
data confirm the revealed regularity of 
dopamine involvement in interoceptive 
visceral signaling about the presence of 
elevated cortisol and thyroxine concen-
trations. Given that dopamine secreted 
in the central nervous system does not 
enter the blood, it can be assumed that 
an increase in dopamine content is one 
of the stages in the implementation of 
interoceptive signaling to the brain about 
these changes. 

The frequency of registration of re-
duced concentrations of neutrophilic 
granulocytes, active phagocytes, natural 
killercells, T-lymphocytes, and lympho-
cyte phenotypes with transferrin and IL-2 
receptors in the blood was determined 
depending on the level of dopamine in 
practically healthy people and cancer 
patients. The studied parameters were 
compared with physiological limits (Table 
2). Отмечалось There was an increase 
in the frequency of registration of phago-
cytic activity deficiency, circulating ma-
tureых T-lymphocytes, T-helpers, natural 
killers, and lymphocyte phenotypes with 
transferrin and IL-2 receptors, and an in-
creased level of dopamine in the blood 
in practically healthy people. Inacute pa-
thology, there was a high frequency of 
neutrophil deficiency, phagocytic activi-
ty, NK, T helper cells, mature forms of T 
cells, lymphocyte phenotypes with trans-
ferrin and IL-2 receptors, as well as an 
increased level of dopamine.

The decrease in the concentration of 
circulating immunocompetent cells at ele-
vated levels of dopamine in the blood can 
be explained by the peculiarities of the ef-
fect of dopamine on hemodynamics. The 
action of dopamine injected into the vein 
occurs quickly and ends in 5-10 minutes. 
Administration of dopamine by intrave-
nous drip in low concentrations leads to 
an improvement in coronary blood supply 
by dilating the coronary vessels, increas-
ing the volume of systolic blood output of 
the heart, reducing the resistance of pe-
ripheral vessels, and sharply dilating the 
vessels of the mesentery [7].

It is possible that the decrease in the 
concentration of immunocompetent cells 
in the venous blood from the ulnar vein is 
caused by the redistribution of cells in the 
vessels of the gastrointestinal tract from 
the circulating to the marginal pool.

Thus, an increase in the concentra-
tion of dopamine in peripheral venous 
blood in patientswith intestinal diseases 
was found. A very high level of deficien-
cy in the activity of effector cells, namely 
phagocytes, natural killers, mature forms 
of T-lymphocytes and activated lympho-

cytes with transferrin and IL-2 receptors, 
was revealed. It is of interest for further 
scientific research to study changes in 
the level of dopamine depending on gen-
der and age in residents of the northern 
territories of the Russian Federation, 
since the probability of its change from 
age and gender characteristics of blood 
parameters depending on the state of 
health is not excluded.

Conclusion. So, when examin-
ing practically healthy residents of the 
northern territories of the Russian Fed-
eration, the frequency of elevated do-
pamine concentrations is 7.14±0.38%, 
in patients with elevated dopamine con-
centrations in the blood are recorded 7 
times more often (59.21±1.7%). Elevat-
ed concentrations of cortisol, thyroxine, 
IL-10, and TNF-α were found in healthy 
subjects. There was a slight increase in 
other pro-inflammatory and anti-inflam-
matory cytokines. This pattern is more 
pronounced when examining patients. 
Elevated dopamine concentrations in-
the peripheral blood cause a decrease 
in the level of activated, differentiated 
T-lymphocytes and natural killers, which 
is most pronounced in cancer pathology. 
A decrease in the concentration of immu-
nocompetent cells at elevated dopamine 
concentrations is possible as a result of 
their redistribution from the circulating to 
the marginal pool.

The work was carried out within the 
framework of the program of basic scien-
tific research on the topic of the Laborato-
ry of Ecological Immunology of the Insti-
tute of Physiology of Natural Adaptations 
of the Federal State Budgetary Institution 
of the Ural Branch of the Russian Acad-
emy of Sciences, State registration No. 
122011300377-5.
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S.S. Sleptsov, S.S. Sleptsova, T.E. Burtseva, N.M. Gogolev, 
L.N. Afanasyeva

Introduction. The Arctic zone of the 
Republic of Sakha (Yakutia) (AZ RS(Ya))  
occupies more than 40% of the Arctic 
zone of Russia and more than half of the 
region's area. This vast area, divided into 
3 time zones, is not only a strategically 
important territory of the Russian Feder-
ation, but also a settlement area for the 

indigenous peoples of the North, where 
their language and original culture are 
preserved due to their traditional way of 
life and economic activities. AZ RS(Ya) is 
also rich in mineral resources and has an 
impressive recreational potential due to 
its diverse natural conditions. However, 
remoteness from the center, dispersed 
settlement of residents, a significant 
number of small and medium-sized ru-
ral settlements, focal character of in-
dustrial and economic development and 
poorly developed social and transport 
infrastructure against the background 
of extreme climate cause its significant 
dependence on the "big earth", high 
resource intensity, dependence on sup-
plies from other regions and low living 
standards of the local population. As a 
result of the above, the population of AZ 
RS(Ya) has decreased by more than a 
quarter in the last two decades alone. 
The loss of people has increased the 
costs of social and medical services, ed-
ucation, created a shortage of personnel 
(especially highly qualified) and a threat 
to traditional economic activities, as well 
as created a noticeable imbalance in the 
capital of the region, where the econom-
ically active part of the Far North resi-
dents mainly resettle.

Objective. To analyze the problems of 
modern public health care in AZ RS(Ya) 

as a territory with extremely specific so-
cio-ecological conditions.

Materials and methods. To analyze 
the long-term population dynamics in 
the Yakut Arctic, the authors used data 
from the Federal State Statistics Ser-
vice of the Republic of Sakha (Yakutia), 
including materials from the 2002 and 
2020 All-Russian Population Censuses 
(ARPC). Information on the number and 
technical condition of buildings of medi-
cal institutions, staffing with doctors and 
nurses, the most common problems en-
countered in the course of work of the 
Arctic medical institutions of Yakutia 
was obtained from the heads of central 
district hospitals of AZ RS(Ya). Data on 
applicants enrolled in the NEFU Medical 
Institute and their academic performance 
were provided by the educational and 
methodological department of the men-
tioned educational institution. The results 
of the work of mobile medical teams and 
sanaviation are presented by the Ya-
kutsk Republican Oncological Dispensa-
ry (YAROD), the Regional Center of the 
RS(Ya) (YAROD), the Regional Center 
for Mobile Brigades and the Republican 
Center for Disaster Medicine of the Min-
istry of Health of the RS(Ya).

Results and discussion. As can be 
seen from Table 1, from 2002 to 2020, 
the number of children in AZ RS(Ya) de-
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Introduction. Despite the important strategic importance of the Arctic zone of the Republic of Sakha (Yakutia), it has been experiencing neg-
ative population dynamics for more than a quarter of a century. This fact has increased the costs of social and medical services, education, and 
has threatened the traditional economic activities of indigenous peoples. Moreover, there is a widespread shortage of highly qualified personnel, 
including medical personnel, in the Arctic, which is an additional trigger for population outflow.

Objective. To analyze the problems of modern health care in the Arctic zone of RS(Ya) as a territory with extremely specific socio-ecological 
conditions.

Methods. The research methodology was based on the data of the State Statistics Committee, reporting materials of district and seconded 
medical workers, as well as the educational and methodological department of the Medical Institute of the North-Eastern Federal University.

Results. A comprehensive analysis of the problems of modern healthcare in the region with specific socio-ecological conditions is presented, 
and practical recommendations for their resolution to improve medical services for the population of the Arctic zone of Yakutia are proposed. Much 
attention is paid to the problem of shortage of qualified personnel, material and technical provision of health care. The work of the Ministry of Health 
of the Republic of Sakha (Yakutia) to resolve some of the most pressing issues is shown.

Conclusion. One of the main unsolved problems of the Arctic health care is the low staffing of doctors, including graduates of the NEFU Medical 
Institute. It is a complex problem and to solve it it is necessary to strengthen the work on improving working and living conditions for medical workers 
and material and technical base of medical institutions, introduction of new technologies. It is important to pay attention to vocational guidance of 
graduates of schools of AZ RS(Ya). Taking into account the temporary effect of the programs "Zemsky Doctor" and "Zemsky Feldsher", we consider 
it necessary to provide preferential conditions for assignment of labor pension for medical workers working in the Arctic zone. Integration of new 
technologies, improvement of infrastructure and creation of programs to retain and attract medical workers are important steps not only to improve 
the health care system in the Arctic zone of the RS(Ya), but should also contribute to reducing the outflow of population.
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creased by 31.4% (from 24407 to 16748 
people), while the number of citizens over 
60 years old increased by 57.7% (from 
6271 to 9888 people). In the region as a 
whole, the number of children decreased 
insignificantly (-5.0%), while the number 
of the elderly increased by 88.4%. addi-
tional evidence of the outflow of young 
people from AZ RS(Ya) is evidenced by 
a direct correlation (r = +0.7) between the 
population outflow indicator by ulus (%) 
and the share of Arctic residents over 60 
years old in 2020. 

When analyzing the national composi-
tion of the population, it is clearly seen 
that the loss of Arctic residents (in some 
areas up to 1/3 and higher, for example, 
Verkhnekolymsky or Ust-Yansky uluses) 
is due to the departure of the non-indig-
enous population. Thus, if in 2002 their 
share in the total structure of AZ resi-
dents was 32.3%, by 2020 this figure is 
20.9% (tab. 2). 

Due to remoteness and lack of year-
round land communication with the cen-
tral part of the region, one of the pressing 
problems of the residents of AZ RS(Ya) is 
high prices for all goods and air tickets, 
so not all residents have the opportuni-
ty to travel to Yakutsk every year. In ad-
dition, due to climatic conditions almost 
throughout the territory of AZ RS(Ya), the 
population has no opportunity to fully en-
gage in crop production. Undoubtedly, the 
extremely specific conditions of the Arctic 
have a significant impact on the human 
body - the lack of biologically active ul-
traviolet radiation, increased electromag-
netic activity, winds, low air temperatures 

and other features of the North can lead 
to exacerbation of chronic diseases, the 
appearance of the so-called polar stress 
syndrome and other serious health disor-
ders, as well as an increase in mortality 
from external causes [3, 7, 13-15]. More-
over, according to a number of research-
ers, due to the small indigenous popula-
tion and the peculiarities of their settle-
ment, Yakutia has a high incidence of 
hereditary diseases [2, 11, 16]. It should 
be emphasized that the climatic changes 
observed in recent decades lead to the 
destruction of permafrost, which in turn 
increases methane emissions, which is 
a catalyst of global warming [1]. This is 
not only a direct threat to the entire infra-
structure of the Arctic, but also new envi-
ronmental problems, including prerequi-
sites for expanding the range of vectors 
and pathogens of various diseases and 
carrying dangerous infections of the past 
from permafrost soils [8]. 

Analysis of literature data shows that 
a significant part of the population of 
the Arctic zone of Russia is dissatisfied 
with the quality of medical care received. 
Thus, in the research conducted in 2017 
in the Murmansk Oblast, the activity of 
the regional health care system was 
rated "unsatisfactory" by 34.9% [10]. In 
2019 in the Yamalo-Nenets Autonomous 
District, only 16.9% of respondents were 
satisfied with the quality of medical ser-
vices provided [9]. This is despite the fact 
that a significant proportion of respon-
dents in these regions were residents 
of cities. Unfortunately, no such surveys 
have been conducted in remote areas of 

Yakutia in recent years, except for Oy-
myakonsky ulus, the question of includ-
ing it in the AS of RS(Ya) is still open [4-
6]. Thus, in the course of the medical and 
social survey conducted in the spring of 
2023, it was found that 9.3% of the dis-
trict residents were fully satisfied with the 
work of doctors, 22.4% with the work of 
nursing staff, and 4.1% with the quality of 
medical care In general, more than 40% 
of the surveyed Oymyakon residents 
planned to change their place of resi-
dence. And it was dissatisfaction with the 
quality of medical services that was the 
most significant reason for the proposed 
departure, while harsh climatic conditions 
and unemployment were only secondary 
predictors [12]. 

It can be confidently stated that a 
similar situation is observed in all Arctic 
uluses, because out of 84 settlements of 
AZ RS(Ya) about half of them are located 
at a distance of more than 100 km (by 
air) from their ulunar centers, and more 
than 80% have no land communication 
with them for six months and more. For 
example, the village of. Kharyyalakh vil-
lage of Olenek ulus, located only 2 kilo-
meters from the ulus center in the spring 
and autumn period remains cut off from 
the Central Regional Hospital. That is, 
given the sparsely populated AZ RS(Ya), 
it is obvious that the generally accepted 
indicators of provision of the population 
with medical workers or beds (people/10 
thousand people) should not be used as 
an indicator of the state of health care in 
this area. For the same reason, due to 
the law of small numbers, even insignif-

Age structure of residents of AZ RS(Ya) according to the 2002 and 2020 National Population Census

District/Ulus Total. 
people.

up to 15 years 60 + Old age 
index

Total. 
people.

up to 15 years 60 + Old age 
indexpeople. % people. % people. % people. %

2002 2020
Abyisky 4750 1400 29.5 456 9.6 32.6 3838 900 23.4 654 17.0 72.7
Allanhovsky 3421 1013 29.6 263 7.7 26.0 2379 612 25.7 432 18.2 70.6
Anabarsky 4024 1386 34.4 193 4.8 13.9 3479 1095 31.5 321 9.2 29.3
Bulunsky 9775 2657 27.2 565 5.8 21.3 7706 1892 24.6 888 11.5 46.9
Verhnecolymsky. 5653 1366 24.2 542 9.6 39.7 3803 846 22.2 797 21.0 94.2
Verkhoyansky. 13666 4332 31.7 1108 8.1 25.6 10037 2408 24.0 1614 16.1 67.0
Zhigansky 4312 1352 31.4 359 8.3 26.6 4177 1246 29.8 599 14.3 48.1
Momsky 4699 1592 33.9 385 8.2 24.2 3733 1098 29.4 588 15.8 53.6
Nizhnekolymsky 5932 1581 26.7 490 8.3 31.0 4214 1059 25.1 705 16.7 66.6
Olenek 4091 1465 35.8 295 7.2 20.1 4313 1386 32.1 482 11.2 34.8
Srednekolymsky. 8353 2637 31.6 811 9.7 30.8 6805 1770 26.0 1310 19.3 74.0
Ust-Yansky 10009 2724 27.2 583 5.8 21.4 6810 1595 23.4 1108 16.3 69.5
En. -Bytantai 2761 902 32.7 221 8.0 24.5 2913 841 28.9 390 13.4 46.4
Total/average* 81446 24407 30.0* 6271 7.7* 25.7 64 207 16748 26.1* 9888 15.4* 59.0
for RS(Ya) 949280 251880 26.5 79109 8.3 31.4 995686 239300 24.0 149046 15.0 62.3

Table 1
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icant annual changes in the number of 
sick or dead people per 100 thousand 
population show significant fluctuations 
in the context of districts. By the way, the 
data on the number of population pre-
sented in official sources actually differ 
greatly from the real figures to a lesser 
extent. For example, in rural settlements 
of Nizhnekolymsky ulus there are cur-
rently 844 people (including 254 chil-
dren), while in the data of the ERP-2020 
there are 1591 people. In Utaya village of 
Verkhnekolymsky ulus, no more than 25 
people actually live in the winter period, 
i.e. 4 times less than indicated in the WHI 
data.

Thus, for the average Arctic resident 
living outside the district center, which is 
about half of the population, the first pri-
ority issue is to overcome the road to the 
Central Regional Hospital. Similar difficul-
ties arise for health care workers travel-
ing to the districts. In addition, many local 
medical institutions have problems due to 
the lack or malfunction of transportation, 
diagnostic and treatment equipment nec-
essary for the area. As a rule, high tariffs 
for public utilities are noted everywhere. 
Often there are difficulties with delivery of 
medicines. Low speed and instability of 
Internet connection, as well as high pric-
es for communication services, create 
significant interference in the activities of 
medical institutions, do not allow to fully 
use modern technologies.

Particular attention should be paid to 
the high level of deterioration of buildings 
at the CRBs. For example, as of 2024, 
4 out of 10 buildings at the Abyisk CRH 
are in emergency condition, in Verkh-
nekolymskiy ulus - 7 out of 15, and in 
Srednekolymskiy ulus 8 out of 12 build-
ings were built more than 30 years ago 
(Table 3). In total, as of the first half of 
2024, 65% of all buildings in the CDBs ei-
ther require major repairs or are in emer-
gency condition. However, it should be 
noted that over the last 2-3 years there 
have been significant positive changes 
in improving the material and technical 
base of district medical institutions. Thus, 
within the framework of the national proj-
ect "Health Care", which envisages mea-
sures to improve the material and tech-
nical base of district medical institutions, 
new FAPs appeared in Bykovsky village 
of Bulunsky ulus (2022), in Chkalov vil-
lage of Allaihovsky ulus (2023) and in 
Khayyr village of Ust-Yansky ulus (2023). 
In 2021, medical outpatient clinics will be 
commissioned in Aleko-Kyuel village of 
Srednekolymsky ulus and Kuberganya 
village of Abyisky ulus, and in 2022, in 
Nalimsk village of Srednekolymsky ulus. 
- in Nalimsk village of Srednekolymsky 

ulus, Nelemnoye village of Verkhne-
kolymsky ulus, Saidy village of Verkhoy-
ansk ulus, Kustur village of Eveno-By-
tantai ulus and Ust-Kuiga village of Ust-
Ya ulus; in 2023 - in Kyusyur village of 
Bulunsky ulus and Andryushkino village 
of Nizhnekolymsky ulus. Andryushkino 
village of Nizhnekolymsky ulus, and in 
2024 - in Sasyr village of Momsky ulus. 
Also in Moma ulus (Khonuu village), a 
three-storey hospital complex with adult 

and children's polyclinics was inaugurat-
ed on March 12, 2024.

Although a number of uluses active-
ly practice social support measures for 
newly arrived medical workers, living 
conditions do not always meet the needs 
of specialists, especially in the cold sea-
son. Moreover, with the exception of par-
ticipants of the "Zemsky Doctor/"Zemsky 
Feldsher" program, newly arrived medi-
cal workers do not have permanent res-

Number and technical condition of medical buildings in AZ RS(Ya)
as of the first half of 2024

Hospital facilities

Район/улус

To
ta

l

A
by

is
ky

A
lla

nh
ov

sk
y

A
na

ba
rs

ky

B
ul

un
sk

y

Ve
rh

ne
co

ly
m

sk
y.

Ve
rk

ho
ya

ns
ky

Zh
ig

an
sk

y

M
om

sk
y

N
iz

hn
ek

ol
ym

sk
y.

O
le

ny
ok

sk
y

Sr
ed

ne
ko

ly
m

sk
y.

U
st

-Y
an

sk
y

Ev
en

o-
B

yt
an

ta
i

CDP 1 1 1 1 1 1 1 1 1 1 1 1 1 13
Community hospitals - - - - - - - - 1 - - - - 1
City hospitals - - - - - 1 - - - - - - - 1
Doctor's clinics 5 - 1 5 3 7 1 1 1 3 9 4 1 41
Antitussive dispensaries - - - - 1 1 - 1 - - - - 3
FAP 1 4 - 2 2 11 2 4 - - - 5 1 32
FP - - - - - - - - 1 - - - - 1
Total 7 5 2 8 6 21 5 6 5 4 10 10 3 92
Number of CRB buildings 10 7 3 10 15 40 5 6 8 6 12 14 6 142
including emergency 4 2 1 4 7 17 1 3 4 2 5 4 2 56
overhaul 4 2 0 2 2 16 1 - 2 0 2 4 1 36
Number of CRB buildings 
commissioned in 2014-2024 1 1 0 1 1 5 1 2 2 0 3 4 1 22

Data on the number and composition of the population in AZ RS(Ya)

District/Ulus
Population, 

thousand people

National composition, % (according to National 
Population Census data)

2002 2020
2000 2023 КМНС саха другие КМНС саха другие

Abyisky 5.1 3.8 5.9 80.9 13.2 10.3 80.2 9.5
Allanhovsky 3.7 2.3 20.7 39.9 39.4 26.4 38.2 35.4
Anabarsky 3.9 3.5 45.4 27.3 27.3 76.3 19.2 4.5
Bulunsky 9.9 8.0 30.3 23.2 46.5 40.8 24.4 34.8
Verhnecolymsky. 6.1 3.7 10.3 25.9 63.8 16.7 28.3 55.0
Verkhoyansky 15.2 10.0 3.2 70.2 26.6 5.2 78.7 16.1
Zhigansky 4.5 4.1 49.1 33.5 17.4 63.5 25.0 11.5
Momsky 4.7 3.8 17.9 70.0 12.1 31.0 62.1 6.9
Nizhnekolymsky. 6.7 4.2 22.9 18.7 58.4 37.2 17.5 45.3
Olenyoksky 4.1 4.4 64.0 30.5 5.5 83.4 13.9 2.7
Srednekolymsky. 8.4 6.7 5.6 80.8 13.6 8.8 79.8 11.4
Ust-Yansky 11.9 6.8 11.6 37.7 50.7 22.2 46.7 31.1
En. -Bytantai 2.7 2.9 43.6 53.4 3.0 59.4 39.0 1.6
Total/average* 86.9 64.2 20.3* 47.5* 32.2* 32.4* 46.7* 20.9*
Average for RS(Ya) … … 3.5 45.5 51.0 4.2 47.1 48.7

Table 2

Table 3
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idence registration, which deprives them 
of the benefits provided for residents of 
AZ RS(Ya), for example, the purchase 
of air tickets at subsidized prices. All the 
described problems cause a high turn-
over of migrant staff. This was observed 
during the COVID-19 pandemic - there 
were cases when specialists left uluses 
in pursuit of "covid payments". The short-
age of highly specialized doctors, includ-
ing infectious disease specialists, psychi-
atrists-drug specialists, ophthalmologists, 
neurologists, etc. should be considered a 
separate problem. Unfortunately, due to 
the small number of the Arctic population 
it is not possible to organize a full-fledged 
geriatric service, although over the last 
two decades the number of people in the 
AS of RS(Ya) over 60 years of age has 
increased significantly.

In general, the staffing levels of doc-
tors (59.7%) and EMTs (69.7%) are low 
throughout the Arctic, which means that 
in some areas specialists are forced to 
combine 2-3 positions. It should also be 
recognized that the effect of the "Zemsky 
Doctor" and "Zemsky Feldsher" pro-
grams implemented since 2012 is only 
temporary - in the vast majority of cases, 
specialists are initially set up for a short 
period of work. 

It is important to emphasize that 
among newly arrived medical workers, 
the share of graduates of the NEFU 
Medical Institute remains low (54.8%), 
while it is this educational institution that 
should be the main forge of the medical 
elite of the republic (tab. 4). By the way, 
in the period from 2018 to 2023, from 
the total number of those admitted to 
the MI NEFU (n = 2451), only 3.8% are 
natives of AZ RS(Ya). At the same time, 
even after passing the competitive selec-
tion, graduates of northern schools are 
much more likely to drop out than other 
students. Thus, according to the data of 
the educational and methodological de-
partment of MI NEFU, out of 269 natives 
of AZ RS(Ya), enrolled in the specialties 
"Medicine", "Dentistry" and "Pediatrics" 
in the period from 2010 to 2023, 33.8% 
(91 people) received a diploma of grad-
uation, 29.7% (80 people) are studying 
or are on leave of absence, 36.4% (98 
people) were expelled. Most of the total 
number of students on leave of absence 
and expelled dropped out due to the low 
level of basic secondary education, pri-
marily in the subjects "chemistry" and 
"biology". This is another clear evidence 
that the problem of shortage of medical 
personnel in the North is complex and 
should not be placed solely on the shoul-
ders of higher education or the Ministry 
of Health.

Taking into account all the above-men-
tioned, in order to retain doctors in rural 
areas it is necessary not only to improve 
working and living conditions of doctors, 
to strengthen the work on target distribu-
tion of young specialists, but also to pay 
special attention to vocational guidance 

of entrants starting from school, as well 
as to strengthen the subject training of 
graduates in specialized subjects. In ad-
dition, in our opinion, an effective lever 
for attracting new personnel to remote 
uluses would be the introduction of ad-
ditions to the RF Government Decree of 

Table 4

Information on the number of medical workers and staffing of medical institutions 
in AZ RS(Ya) as of the first half of 2024
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Absolute number of doctors/including NEFU graduates, people
15/9 12/3 9/6 33/20 19/5 38/18 19/14 12/9 15/4 16/12 24/19 28/9 10/9
Absolute number of nursing staff/including graduates of Yakutia's educational institutions, 

people
54/52 27/27 30/29 72/68 39/28 128/114 48/48 50/48 35/14 39/27 79/75 71/31 30/30

Physician staffing, %
51,7 55,8 58,7 63,5 69,1 58,5 71,6 55,8 42,5 54,0 63,5 54,9 76,9

Staffing of nursing staff, %
78,8 60,0 71,8 58,8 73,5 61,1 84,2 78,1 47,2 69,0 72,5 57,7 93,9

Performance indicators of IMBs in the Arctic uluses of the RS(Ya) for 2023
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Abyisky 3 42 7 2440 870 64,4 365 60 117
Allanhovsky 3 30 5 1396 453 59,4 282 76 203
Anabarsky 3 30 2 1938 673 56,1 442 289 286
Bulunsky 4 52 8 2983 1006 37,3 873 29 201
Verhnecolymsky. 3 39 6 1749 410 46,7 342 73 285
Verkhoyansky 4 80 19 5522 2407 55,2 1158 191 681
Zhigansky 4 31 4 2327 1090 57,0 713 88 370
Momsky 3 33 7 2371 817 62,7 641 249 342
Nizhnekolymsky. 4 46 4 2132 882 50,6 405 27 151
Olenek 3 29 4 1683 434 38,6 440 125 241
Srednekolymsky. 5 66 10 4172 1632 61,9 861 148 507
Ust-Yansky 4 60 10 3157 787 46,4 812 318 324
En. -Bytantai 3 26 3 1356 423 46,0 279 113 188
Total 46 564 89 33226 11884 51,7 7613 1786 3896

Table 5
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September 22, 1999 N 1066 on the provi-
sion of preferential conditions for the ap-
pointment of labor pensions for medical 
workers working in the Arctic zone.

Nevertheless, despite the numerous 
difficulties in work, the republic contin-
ues active activities on medical exam-
ination of the population of remote areas 
of the republic. For example, one of the 
achievements of regional healthcare is 
the creation of a mobile multidisciplinary 
brigade "Oncodesant", consisting of on-
cologists from YaRD. In the period from 
2020 to 2023, working in close connec-
tion with ulu medical institutions, the spe-
cialists visited almost all Arctic uluses, 
except Bulunsky, where they examined 
3,841 people. In the course of research, 
33 cases of cancer were identified, and 
169 people were sent to Yakutsk for fur-
ther examination.

It was possible to significantly improve 
the provision of comprehensive medi-
cal care to the residents of AZ RS(Ya) 
thanks to the implementation of a large-
scale project of the Ministry of Health of 
the RS(Ya), developed and implement-
ed with the active support of a number 
of other regional bodies - the Ministry of 
Arctic Development of the RS(Ya), the 
Ministry of Transport of the RS(Ya) and 
the Ministry of Innovation of the RS(Ya). 
Thus, on January 30, 20231 a Regional 
Center of Mobile Brigades was estab-
lished on the basis of the Republican 
Center of Public Health and Medical 
Prevention. At present, the center unites 
7 multidisciplinary teams (including one 
pediatric team), staffed with specialists 
of narrow focus and all necessary equip-
ment. During the first year of operation, 
the mobile multidisciplinary teams visited 
each of the Arctic uluses at least 3 times. 
The total time spent in each district av-
eraged 1.5 months (Table 5). During this 
period, the doctors traveled to all settle-
ments of the Yakut Arctic and examined 
33226 people, including 11884 children. 
In addition to scheduled examinations, 
359 patients received home care and 159 
received emergency care. Also 72 small 
surgical interventions were performed. 
Unfortunately, a psychiatrist-narcologist 
and a clinical psychologist were present 
only during the visit to Ust-Yansky ulus. 
In general, the results of the IMB's activi-
ties have shown the best side, and there-
fore, from 2024, the area of their activities 
began to cover 5 more industrial uluses 
- Mirny, Neryungri, Lensk, Aldan and Oy-
myakonsk. 

Introduction of such projects into prac-

1 Order of the Ministry of Health of the RS(Ya) 
No. 01-07/163 dated January 30, 2023.

tical healthcare not only increases the 
quality of medical care, promotes timely 
diagnosis of diseases, forms a culture 
of public health, but also obviously sig-
nificantly reduces financial costs for res-
idents of remote uluses. As for prompt 
medical assistance in AZ RS(Ya), the 
activities of sanaviation undoubtedly play 
an invaluable role here. According to the 
data of the Republican Center for Disas-
ter Medicine, in 2020-2023, 2510 sanav-
iation missions were carried out in the Ya-
kut Arctic, 3,833 patients were assisted, 
including 742 with COVID-192 . 

All the above-mentioned expeditions 
provide invaluable assistance to uluses 
medical institutions. Therefore, it is obvi-
ous that all this work will continue. In this 
regard, we consider it expedient to find 
funds for the construction of additional 
residential modular comfortable premis-
es at the Arctic CRBs both for medical 
workers arriving for permanent work and 
for the rest of seconded specialists.

Conclusion. The study of the current 
state of health care in AZ RS(Ya) reveals 
serious challenges and problems arising 
in the unique socio-ecological conditions 
of this region. The mass outflow of peo-
ple from this territory is associated with a 
number of factors, among which dissat-
isfaction of the population with medical 
care takes one of the leading places. To 
address this problem, under the auspices 
of the Ministry of Health of the RS(Ya), 
mobile teams of doctors have been cre-
ated since 2020 to serve residents of 
hard-to-reach settlements in the Arctic 
and industrial areas. It is important to em-
phasize that a significant contribution to 
strengthening the material and technical 
base of the Arctic CDCs was made by 
the implementation of the national project 
"Health Care", thanks to which 14 health 
care facilities were built in AZ RS(Ya) in 
2021-2024.

However, the problem of low staffing 
of physicians in RS(Ya) AH, including 
graduates of the Medical Institute of the 
North-Eastern Federal University (NEFU) 
currently requires close attention. It is 
a complex problem and its solution re-
quires consolidation of various regional 
agencies. It is necessary to strengthen 
work on improving working and living 
conditions for medical workers and the 
material and technical base of medical 
institutions, to introduce new technol-
ogies, to focus on career guidance for 
schoolchildren, to strengthen scientific 
research and medical and social proj-

2 Reference from the Republican Center for 
Disaster Medicine of the Ministry of Health of 
the RS(Ya) dated 26.03.2024 No. 0118/180.

ects in the field of Arctic medicine. Taking 
into account the temporary effect of the 
programs "Zemsky Doctor" and "Zemsky 
Feldsher", we consider it necessary to 
provide preferential conditions for the ap-
pointment of labor pensions for medical 
workers working in the Arctic zone.
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I.V. Averyanova, O.O. Alyoshina

ANALYSIS OF CORTISOL AND 
DEHYDROEPIANDROSTERONE-SULFATE 
LEVELS IN MALE NORTHERNERS:
THE INFLUENCE OF GENERATION LIVING 
IN THE NORTHUDC: 612.45; 57.017.3

DOI 10.25789/YMJ.2024.87.20

Relevance. The body’s ability to resist the effects of harsh climatic and geographical conditions is determined by characteristics of adaptive 
mechanisms and the process of their change based on the hypothalamic-pituitary-adrenal axis and depending on the length of residence in the 
North.

Purpose. This study examined male Northerners to assess fluctuations in their cortisol and dehydroepiandrosterone-sulfate mean levels in 
the increasing reliance on the generation of residence in the North.

Methods. Seventy male residents of the Magadan Region (mean age 40.0±0.8 yrs) participated in the survey and made up subgroups varying 
with the length (generation) of residence in the North: the 0th generation (n=15), the 1st generation (n=35), and the 2nd-3rd generation (n=20). 
Immunochromatographic and immune enzyme analyses were applied in the research.

Results. Subjective mean levels of serum cortisol and dehydroepiandrosterone-sulfate and their ratio tended to significantly fluctuate based 
on the generation of residence in the North: the highest values were observed in examinees with the longest period of residence (2nd-3rd 
generation), and the lowest – in representatives with a shorter period of adaptation to the North extremes (0th generation). In addition, the cortisol 
concentrations in the evening saliva test were optimized according as we traced them in representatives of 0th to 2nd-3rd generations.

Conclusion. The study has resulted in referring serum cortisol and dehydroepiandrosterone-sulfate concentrations, their ratio, as well as 
cortisol concentrations in the evening saliva tests to significant markers that reflect readjustments in the endocrine picture with increasing length 
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of residence in the North, thus confirming the generally recognized role of glucocorticoids in 
hormonal support of the body adaptation to extreme factors including climatic environments.

Keywords: North, middle-aged men, cortisol, DHEA-S, the generation of residence

Introduction. The issue of the mech-
anisms of newcomers’ long-term adapta-
tion to the harsh conditions of the north 
remains relevant and requires further 
study. Currently, in addition to the indig-
enous peoples in the Magadan Region, 
the permanent residents are made up of 
quite numerous ethnic groups of Cauca-
sians: migrants and those born to them 
in the north in different generations [1]. 
In the course of our long physiological 

research, we found that migrants and 
north-born Caucasians have their own 
specific characteristics and also much in 
common in their body functional adaptive 
readjustments. As we were examining 
young male adults from Caucasian mi-
grants and those born to migrants in the 
1st-3rd generations, all being residents 
of the Magadan Region, we identified 
the main components of the adaptation 
strategy according as the examinees be-
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longed to a particular generation. Those 
components showed optimization in the 
studied body functional performance as 
effectiveness of adaptive changes to the 
harsh impact of natural and climatic envi-
ronments and were characteristic of gen-
eration-related subjects in the range from 
0th generation to 2nd and 3rd generations: 
increased contribution of the parasympa-
thetic component with a fall in the hyper-
tensive focus in the cardiovascular sys-
tem, reduced total energy costs, and low-
ered atherogenicity of the lipid picture [1].

It is known that successful adaptation 
of a human body to extreme climatic and 
geographical conditions varies with the 
state of adaptive mechanisms which are 
based on the hypothalamic-pituitary-ad-
renal axis (HPA). The structure of adap-
tive neurohormonal and endocrine re-
actions is quite plastic and is subject to 
changes depending on the duration of 
residence in the northern regions [7, 26]. 
Cortisol and dehydroepiandrosterone 
(DHEA) are considered valuable mark-
ers of the hypothalamus-pituitary-ad-
renal axis [19] with cortisol as the main 
biomarker of its activity [14] and the hor-
mone that performs to ensure physiologi-
cal homeostasis and adaptation to stress-
ful situations. However, maintaining high 
levels of these hormones is energetically 
inefficient and prevents other physiolog-
ical processes [32, 29]. Measuring the 
cortisol level provides important informa-
tion on a person’s capability to adapt to 
various environmental requirements [17] 
since its concentration is influenced by 
psychological and physiological stress 
factors [28]. To keep the energy balanced 
when exposed to hormones of the HPA 
axis, various mechanisms of adaptation 
of their levels to environmental conditions 
work at different time scales, i.e. through 
generations, between parents and their 
descendants, and during the life of an 
individual [21]. Dehydroepiandrosterone 
(DHEA) is mainly present as sulfated 
ether (DHEA-S); it shows an anti-gluco-
corticoid effect in vitro and can protect 
against the side effects of elevated circu-
lating cortisol [19].

We have considered the wide range 
of physiological effects of the above 
hormones, as well as the concept of op-
timization that occurs in the main physi-
ological systems with the increasing du-
ration of residence in the north. Based 
on this, we defined the aim of the pres-
ent research as the analysis of saliva 
and serum cortisol, assessment of the 
DHEA-S level in the blood as well as the f 
DHEA-S/cortisol ratio in the population of 
male northerners in reliance on belong-
ing to a particular generation.

Materials and Methods. During the 
scientific monitoring program for north-
erners entitled “The Arctic. Man. Adapta-
tion” which is being implemented with the 
“Arktika” Scientific Research Center, the 
Far Eastern Branch of the Russian Acad-
emy of Sciences (the city of Magadan), 
we have studied the main hypothalam-
ic-pituitary-adrenal system’s indicators 
in northern men, all being permanent 
residents of the Magadan Region, and 
assessed the variables based on dif-
ferent periods of subjective living under 
the north conditions. The total sample 
involved 70 men (mean age 40.0±0.8 
years) with the following anthropometric 
indicators: body height – 180.7±0.9 cm, 
body mass 87.5±2.1 kg, body mass index 
– 26.8±0.6 kg/m2. The examined subjects 
made up two subgroups based on their 
generation of living in the north (0 genera-
tion (n=15), 1st generation (n=35), 2nd and 
3rd generations (n=20). Subjects’ venous 
blood was taken with a vacuum system 
in the laboratory of Unilab-Khabarovsk 
LLC. Saliva cortisol (ng/ml) was evaluat-
ed twice (morning and evening) using the 
IFA method on the Muitiscan FS immune 
enzyme analyzer (reader). Dehydroe-
piandrosterone sulfate (DHEA-S) (ng/
ml) and cortisol (nmol/L) in serum were 
determined by the IHA method using an 
automatic immunochemiluminescence 
analyzer of Mindray CL 6000i. The index 
for DHEA-S (mmol/l) / cortisol (nmol/l) 
was calculated from the obtained data 
[6]. The numerical values of the ratio re-
flect various stages of adaptation (< 1.1 – 
adaptive reserves are depleted; from 1.1 
to 2.1 – adaptive reserves are consumed; 
> 2.1 – adaptive reserves are preserved). 
The research protocol was approved by 
the Local Ethics Committee of the Fed-
eral State Budgetary Institution of Sci-
ence of the Scientific Research Center 
“Arktika” of the Far Eastern Branch of 
the Russian Academy of Sciences (con-
clusion No. 002/021 dated 11/26/2021). 
The study was performed in accordance 
with the principles of the Helsinki Dec-
laration (2013). Prior to inclusion in the 
study, all participants provided their writ-
ten informed consent. The criterion for 
inclusion in the study was absence of 
chronic diseases in the acute stage and 
complaints about the state of health. All 
subjects were permanent residents of 
the Magadan Region living in compa-
rable conditions and having the same 
mode of physical activity. The following 
subjective items were monitored: morn-
ing activity, caffeine intake, and smoking 
– factors that can affect morning cortisol 
and DHEA-S levels. Blood sampling was 
performed on an empty stomach before 

10 a.m. The subjects were instructed to 
avoid unusual physical activity or stress 
for 24 hours before the blood tests. Sam-
ples of the morning saliva cortisol were 
taken by the subjects immediately after 
awakening, the evening saliva cortisol 
– before going to bed, independently, 
according to the instructions. Hormone 
levels in all samples were measured si-
multaneously to avoid variability among 
tests.

Statistical data processing was car-
ried out using the standard statistical 
software package StatSoft Statistica 7.0. 
Checking for the normality of the distri-
bution of measured variables was carried 
out based on the Shapiro-Wilk test. The 
results of parametric processing methods 
are presented in the form of an average 
value (M) and an arithmetic mean error 
(±m). In multiple comparisons, parametric 
one-factor analysis of variance (ANOVA) 
was used. To identify statistically signifi-
cant differences between specific groups, 
a posteriori analysis using the Scheffe 
test for multiple comparisons was ap-
plied. The critical significance level (p) in 
the work was assumed to be 0.05.

Results. Table 1 presents blood serum 
cortisol and DHEA-S levels, as well as 
their ratio depending on the generation of 
residence in the north. The data obtained 
show raised levels of serum cortisol with 
the increasing period of residence, from 
representatives of the 0th to the 2nd-3rd 
generations. We can see the average 
value of the indicators in each group sig-
nificantly exceeded the upper reference 
limit typical for residents of the north who 
had no pathologies (314 nmol/l) [10]. The 
DHEA-S level assessment revealed opti-
mal concentration of this indicator with its 
significant growth in the next generations 
of residence in the north. A similar picture 
could be seen in the ratio of DHEA-S/
cortisol. Based on the classification cri-
teria, men of the 0th generation demon-
strated the stage of depletion of adaptive 
reserves whereas subjects of the 1st, 2nd, 
and 3rd generations tended to preserve 
the adaptive reserves.

We also analyzed the saliva cortisol 
levels shown in Table. 2 and found the 
multidirectional trends in its concentra-
tion at different times during the day. We 
noticed that the content of the morning 
saliva cortisol remained unchanged with 
the increasing length of residence in the 
north, with its average values significant-
ly exceeding the upper reference typical 
for this indicator, whereas the evening 
saliva cortisol significantly reduced in the 
row from representatives of the 0th to the 
2nd and 3rd generations with the approach 
to the normal range. It is worth mention-
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ing that daily fluctuations in saliva corti-
sol levels that vary with the generation of 
residence in the north conditions show 
the preservation of daily biorhythmology.

Discussion. In our study, we ob-
served high blood cortisol levels in north-
ern residents with an increase in mean 
values from representatives of the 0th to 
the 2nd-3rd generations, which indicate 
the signs of hypercortisolism reported in 
earlier studies performed in the northern 
territories [8, 9, 5, 2.]. It is believed that 
such increased activation of hormones of 
the hypothalamic-pituitary-adrenal axis is 
part of adaptive adjustments to adverse 
northern conditions aimed at maintaining 
basal metabolic parameters to compen-
sate for the cold factor [9]. In previous 
(the 90s of the twentieth century) assess-
ment studies on hormonal status of those 
living in the north (the Magadan Region) 
[5], the authors also observed increased 
blood cortisol concentrations characteris-
tic of new coming people with its signifi-
cant fluctuations during the first 15 years 
of living in harsh conditions. Interestingly, 
no significant differences between mi-
grants and the north born were revealed.

This research has presented cortisol 
levels that are significantly lower than 
those obtained earlier [5]: for example, 
the mean values of serum cortisol in new 
coming Magadan residents ranged from 
489.9±18.8 to 604.8±25.0 nmol/l vary-
ing with periods of residence in the north 
(under 3 years, from 3 to 10 years and 
more than 10 years), which was signifi-
cantly higher than in modern residents 
who migrated to the territory as the 0th 
generation. Similar differences were ex-
hibited by the north born population of 
the last century in comparison with mod-
ern representatives of the 1st generation. 
As we studied modern residents of the 
Magadan Region, only representatives of 
the 2nd and 3rd generations demonstrated 
significantly high values of blood cortisol 
levels. Some authors consider cortisol as 
the hormone that preserves energy re-
sources and ensures long-term reactions 
to stimuli of various etiologies [32]. Fol-
lowing on from that, we can see raised 
cortisol concentration with longer resi-

dence in the north as a normal reaction 
to acute stressors to maintain survival 
functions. [23, 32].

For the first time in the Magadan Re-
gion, the saliva cortisol level in men was 
suggested a predictor of the intensed 
functional reserves, and its daily bio-
rhythmology was assessed as an infor-
mative factor on the imbalance which oc-
curs in chronobiological rhythms owing to 
the specific light periodicity of our region. 
Saliva cortisol level has long been used 
as a marker of stress system activity and 
often assumed to quantify the effects of 
“biological stress” [20]. However, track-
ing cortisol daily curves – peak values 30 
minutes after awakening and decreasing 
values to a nighttime minimum – is ob-
viously more valuable than single-point 
levels, which is necessary to identify 
characteristics of the HPA function [15].

Currently, the fact that a daily corti-
sol level comes down by the evening 
time is considered as a fairly informative 
biomarker of inhibition of feedback in 
the HPA axis caused by cortisol, where-
as its level upon awakening shows the 
sensitivity of adrenal receptors and their 
reactivity to the effects of adrenocortico-
tropic hormone (ACTH) [20]. The data in 
Table 2 confirm rather high mean values 
of the subjective morning saliva cortisol 
concentration through all the examined 
groups, which prove to not change in any 
reliance on a generation of residence in 
the north, thereby demonstrating the link 
to the increasing sensitivity of adrenal re-
ceptors.

Circadian fluctuations in cortisol, usu-
ally measured as the difference between 
the cortisol level at awakening and before 
bedtime, as well as cortisol reactivity to 

stress factors, are associated with the 
body health condition [11]. The smaller 
the difference between morning-evening 
cortisol levels, the worse the physical and 
mental health indicators [18]. The lowest 
variables of the difference were exhibited 
by the 0th generation men.

On the whole, the comparison study 
on the morning and evening saliva cor-
tisol indicated that each examined group 
(0th, 1st, 2nd and 3rd generations) kept the 
circadian rhythm staying unchanged, de-
spite the cortisol hypersecretion in the 
morning saliva test. The smallest cortisol 
levels in the evening sample were typi-
cal for men of the 2nd and 3rd generations, 
thereby showing an optimization of sen-
sitivity to inhibition of the feedback of the 
HPA axis in men characterized by the 
longest residing experience in the north-
ern conditions. The HPA axis performing 
activity is known to aim at relieving the 
adaptation of behavior over time, using 
past experience to prepare for expected 
challenges by changing system control 
points, shifting regulatory control and 
programming behavioral tendencies [25], 
as well as keeping hormonal levels within 
the safe limits by suppressing feedback 
[31, 24], which conforms with the evening 
cortisol test results in the examined men 
of the 2nd and 3rd generations.

It is believed that the universal mech-
anism of adaptation is the switching of 
steroidogenesis in the adrenal glands 
from the production of glucocorticoids to 
the secretion of androgens, in particular, 
DHEA-S [4] in order to provide a func-
tional balance of catabolic and anabolic 
vectors of exchange; they are the stages 
of adaptive response [3]. The anti-stress 
mechanisms of DHEA-S include changes 

Concentration of serum cortisol, DHEA-S and DHEA-S/cortisol ratio depending on the generation of residence in the north

Indicator Generation Level of significance of differences
0 1 2-3 0-1 1-(2-3) 0-(2-3)

Cortisol, nmol/l 383.6±28.0 397.7±15.3 450.8±23.9 p=0.47 p=0.04 p<0.001
DHEA-S, mcg/dl 275.2±21.9 370±20.4 419.0±23.3 p<0.001 p=0.06 p<0.001
DHEA-S mmol/l 7.47±0.59 10.04±0.55 11.37±0.63 p<0.001 p=0.06 p<0.001

DHEA-S, mmol/l / Cortisol, nmol/l 1.80±0.11 2.37±0.14 2.59±0.18 p<0.001 p=0.17 p<0.001

Table 1

Concentration of saliva cortisol depending on the generation of residence in the north

Generation Level of significance of differences
0 1 2-3 0-1 1-2 0-(2-3)

Morning 42.9±3.1 44.0±2.6 41.0±4.1 p=0.39 p=0.27 p=0.57
Evening 11.8±1.2 10.4±1.3 8.3±0.9 p=0.21 p=0.09 p<0.01

Table 2
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in the metabolism of cortisol to its inactive 
metabolite cortisone, the resulting ratio of 
which redistributes energy and restores 
homeostasis [22]. In this research, the 
DHEA-S secretion tended to grow up in 
the increasing reliance on the period of 
the north residence, from the 0th to the 2nd 
and 3rd generations, which was probably 
a response to the raised blood cortisol 
concentration depending on the genera-
tion.

DHEA-S and cortisol have different 
and often antagonistic effects on each 
other [13] since these two hormones 
jointly regulate each other and their joint 
increase or imbalance determine the total 
effect on tissues; therefore the DHEA-S/
cortisol ratio must be given emphasis in 
addition to absolute concentrations of 
both steroids [27]. The emphasis neces-
sity is also backed up by the concept of 
anabolic balance which takes into ac-
count the ratio of anabolic and catabolic 
hormones and may indicate a suscepti-
bility to diseases associated with stress 
and aging [13]. Nowadays, the ratio of 
the sulfated metabolite of DHEA and cor-
tisol is used as an indicator of catabolic/
anabolic balance [33]. High values of the 
ratio suggest an optimal anabolic bal-
ance, whereas low values are associated 
with chronic stress and declining health 
[33], with mortality [16, dementia [12], 
metabolic syndrome [16], and decrease 
in immunity after physical stress [30].

It is worth emphasizing the ratio of 
cortisol-DHEA as a key marker of human 
resistance to stress, because for ade-
quate protection against stress, DHEA 
that works as a protector for the central 
nervous system must always prevail over 
cortisol which has a destructive effect on 
the hippocampus [22]. Calculation and 
interpretation of the DHEA-S/cortisol in-
dex based on the levels of the two antag-
onist hormones in the blood serum vary-
ing with the length of of residence in the 
north, have revealed that the 0th genera-
tion experience tension in the hypothal-
amus-pituitary-adrenal glands system, 
and the value of this index shows the ex-
penditure of adaptive reserves whereas 
the 1st and 2nd-3rd generations exhibit the 
optimization of this system and keep their 
adaptive reserves.

Conclusion. Serum cortisol and de-
hydroepiandrosterone sulfate, their ratio, 
as well as evening saliva cortisol test 
have proved to be significant markers that 
reflect readjustments in a person’s endo-
crine profile with the increasing length of 
residence in the north, which confirms 
the generally approved role of glucocor-
ticoids in human adaptation to severe 
factors including climate extremes. This 

study has found pronounced tendency 
of activation of the hypothalamic-pitu-
itary-adrenal axis in northern men who 
develop excessive cortisol production, 
report high mean values of DHEA-S and 
the ratio of DHEA-S/cortisol growing 
with the next generations of residence 
in the north. The numerical values of the 
DHEA-S/cortisol ratio indicate the stage 
of depletion of adaptive reserves expe-
rienced by male subjects of the 0th gen-
eration whereas representatives of the 
1st, 2nd and 3rd generations tend to keep 
their adaptive reserves. In the process of 
adaptation to continuously unfavourable 
factors of the north, the cortisol hyper 
production promotes increased cata-
bolic reactions that grow more intense 
with longer periods of adaptation. At the 
same time, powerful restorative anabol-
ic processes are activated owing to the 
driving effect of DHEA-S in the popu-
lation of northern men. This phenome-
non requires further research for better 
understanding. It is worthy of note that 
the values of the DHEA-S/cortisol ratio 
growing from the representatives of the 
0th generation to residents with longer re-
siding experience in the north agree with 
the early identified optimization in phys-
iological performance showing a strong 
link to the next generations, which allows 
us to consider the DHEA-S/cortisol indi-
cator as a new criterion for the degree of 
adaptability.

For the first time, the assessment 
study on morning and evening saliva 
cortisol levels has been conducted in 
northern residents. Despite the morn-
ing cortisol hypersecretion, the subjec-
tive circadian rhythm in each examined 
group remained unchanged, which was 
observed along with a significant fall in 
the evening cortisol level in men of the 
2nd and 3rd generations. That was caused 
by the pronounced sensitivity of adrenal 
receptors in the entire population and the 
changes for optimization of sensitivity to 
inhibiting the feedback of the HPA axis in 
men who experienced the longest resid-
ing in the north conditions.

Thus, adaptive adjustments to the liv-
ing conditions of the north develop with 
the activation of the pituitary-adrenal cor-
tex system and vary with the generation 
depending on the duration of residence 
in harsh climate conditions and weather 
extremes.

We have considered all other equal 
things and concluded that analysis of the 
DHEA-S/cortisol ratio indicator can be 
valuable since its variables identify spe-
cific adaptation readjustments that north-
erners report in the increasing reliance 
on their duration of residence in severe 

climatic and natural conditions. In gen-
eral, this ratio serves as a marker of the 
degree of adaptation, as well as a highly 
informative criterion when selecting vol-
unteers to work in extreme living condi-
tions in the Arctic regions.
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ACUTE ENDOTHELIAL CELL INJURY
IN CARDIAC SURGERY PATIENTS UNDER 
ARTIFICIAL BLOOD CIRCULATION:
THE CURRENT STATE OF THE PROBLEM

This study summarizes the existing literature data on endothelial damage and its etiology, 
pathophysiology, and diagnosis in patients undergoing cardiac surgery with cardiopulmonary by-
pass (CPB). Data on endothelial dysfunction and the history of its study were obtained from var-
ious medical databases, including PubMed, Cochrane, Elibrary, and Cyberleninka. We suggest 
that endothelial injury that occurs during and after the surgery predicts poor clinical outcomes, 
and should therefore be considered by anesthesiologists, intensivists, cardiac surgeons, and 
transfusion medicine specialists.
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Introduction. Numerous studies con-
ducted in recent decades have demon-
strated the crucial role of endothelium in 
physiological and pathological processes 
in the body. The endothelium constant-

ly counteracts the effects of damaging 
factors and produces multiple biologi-
cally active substances thus preventing 
negative impacts of these factors on the 
vascular wall and regulating its functions. 
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However, in patients undergoing cardiac 
surgery with cardiopulmonary bypass 
(CPB), acute endothelial cell injury oc-
curs, which significantly impairs vascu-
lar function and serves as a predictor of 
postoperative complications.

Over the past seven decades, there 
have been significant changes in the 
CPB technologies. CPB is a crucial 
component of open-heart surgery. New 
equipment and circuits made from bio-
compatible materials with minimal prim-
ing volumes have been developed, and 
techniques such as hemodilution, hypo-
thermia, and myocardial protection have 
been implemented [1]. However, despite 
undeniable advances, CPB remains a 
non-physiological procedure that disrupts 
the homeostasis. This increases the risk 
of postoperative complications associat-
ed not only with blood coagulation disor-
ders but also with damage to the func-
tional vascular layer, i.e. the endothelium. 
Numerous experiments aimed at improv-
ing and enhancing the quality of perfu-
sion involve modifications to available 
devices as well as the timely diagnosis 
of disorders that develop during and after 
perfusion.

General functions of endothelial cells, 
such as the regulation of vascular tone, 
hemostasis, adhesion, and angiogene-
sis, depend on the location of the blood 
vessels and the specific characteristics 
of their cells [3]. The morphological and 
physiological diversity of endothelial cells 
throughout the vascular tree is driven by 
their heterogeneity. Another factor con-
tributing to the variation in structure and 
function of the endothelium is the endo-
thelial glycocalyx (eGCX).

Our current understanding of the 
pathophysiology of certain disorders 
(including cardiovascular diseases, ath-
erosclerosis, systemic autoimmune dis-
eases, chronic kidney disease, diabetes 
mellitus, and multiple other conditions) 
recognizes endothelial dysfunction as a 
critical factor in the pathological process 
[4,5]. 

Patients undergoing heart surgery 
usually have pre-existing chronic vascu-
lar damage as a result of cardiovascular 
diseases, putting them at particularly high 
risk. Moreover, cardiovascular surgery 
itself results in acute endothelial injury, 
which contributes to the development of 
perioperative or postoperative multiple 
organ dysfunction syndrome (MODS). 
Mortality rates in patients with MODS ex-
ceed 50-80%, and this parameter does 
not tend to decrease over time [9].

The effects of acute endothelial 
cell injury associated with the use of 
cardiopulmonary bypass on the func-

tions of organs and systems. Many re-
searchers believe that markers of endo-
thelial dysfunction in patients undergoing 
heart surgery are predictors of postop-
erative complications and poor clinical 
outcomes as a result of damage to vari-
ous systems and organs [8, 12]. The en-
dothelium has been shown to affect the 
vascular tone directly via the release of 
vasodilators and vasoconstrictors such 
as endothelin-1, which is the most po-
tent vasoconstrictor. Ilker Mercan et al. 
(2020) showed that endothelin-1 levels 
were elevated in all patients who had un-
dergone cardiac surgery with the use of 
CPB, which, in the authors’ opinion, was 
a factor contributing to the development 
of endothelial cell injury [17]. Similar 
results were obtained in another study 
(Dorman et al., 2004) that demonstrated 
significantly elevated endothelin levels in 
a comparable patient cohort. Thus, plas-
ma endothelin levels in patients recover-
ing after coronary artery bypass grafting 
(CABG) with CPB increased to 200%. 
Meanwhile, in patients who underwent 
surgery without the use of CPB, the con-
centration of endothelin increased by 
no more than 50%. The authors believe 
that the significant elevation of endothe-
lin as one of the markers of endothelial 
injury occurs for a number of reasons, 
such as platelet activation, myocardial 
reperfusion injury, endothelial injury as-
sociated with pulsatile flow during CPB, 
as well as atrial and aortic cannulation. 
Moreover, a multiple-fold increase in the 
endothelin concentrations results in va-
soconstriction of the pulmonary and graft 
vessels and is associated with a higher 
risk of complications during the postop-
erative period [15]. These conclusions 
are supported by the study conducted 
by Mikheev et al. (2017) evaluating the 
endothelin-1 levels in patients who un-
derwent CABG with CPB before and 
after surgical procedures. The authors 
revealed a direct correlation between 
plasma endothelin-1 levels and the se-
verity of postoperative complications. It 
should be noted that patients who de-
veloped MODS after the surgery had a 
high level of endothelin before the sur-
gery and maintained this high level in the 
postoperative period. According to the 
researchers, this correlation could indi-
cate that high concentrations of endo-
thelin-1 was a predictor for postoperative 
complications [7,8]. 

Another technique used to assess 
acute endothelial injury is the evaluation 
of endothelial vasomotor function after 
exposure to various vasoactive substanc-
es, most commonly acetylcholine and ad-
enosine that cause NO-mediated vasodi-

lation. Reduced vasodilation indicates the 
presence of endothelial dysfunction. Sim-
ilar findings were observed in a study by 
Krispinsky et al. (2019), which included 
infants who had undergone surgical pro-
cedures with the use of CPB for their con-
genital heart defects. The authors applied 
acetylcholine and sodium nitroprusside 
delivered via iontophoresis. Immediately 
after surgery with CPB, vasodilation in 
response to acetylcholine administration 
was significantly decreased. Interestingly, 
no changes were observed in response 
to sodium nitroprusside administration 
in the postoperative period. The authors 
suggested that acetylcholine affected the 
endothelium, while nitric oxide (NO) act-
ed on the vascular smooth muscle cells, 
whose function remained unchanged 
after the surgery. The researchers also 
measured blood creatinine levels in the 
postoperative period: they were elevated 
in all patients indicating the development 
of acute kidney injury (AKI), which was 
thought to be related to impaired renal 
vascular endothelial barrier [20]. 

Fouquet et al. (2020) obtained con-
trasting results, finding that endotheli-
um-dependent vasodilation in response 
to intra-arterial administration of ace-
tylcholine was maintained. Vasodila-
tion was assessed using myography: a 
tungstyen introducer was placed intra-
operatively inside the internal thoracic 
artery. The authors also investigated 
whether the pump type (roller or centrif-
ugal) affected the acetylcholine-depen-
dent vasodilation; however, the analy-
sis showed no differences between two 
groups. The researchers also suggested 
that these results are related to the ab-
sence of a local inflammatory response 
despite the development of systemic in-
flammatory response during surgery with 
CPB [16].

Scientific literature described differ-
ent methods for studying endothelial 
dysfunction by examining histological 
specimens and cell cultures. For exam-
ple, a study by Marc Ruel et al. (2005) 
investigated patients who underwent 
CABG with or without CPB. For this pur-
pose, endothelial progenitor cells were 
isolated and cultured from peripheral 
blood before and 24 hours after the sur-
gery. The cells were then identified using 
double fluorescent lectin and lipoprotein 
staining and examined under a micro-
scope. The researchers concluded that 
CABG with or without CBP resulted in 
an increased number of endothelial pro-
genitor cells with equivalent proliferative 
activity. However, both the migratory ac-
tivity of endothelial progenitor cells and 
the postoperative viability of endothelial 
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progenitor cells (adjusted for the base-
line preoperative level) were higher in 
patients who underwent CABG without 
CPB compared to those who underwent 
CABG with CPB. Endothelial progenitor 
cells in patients who underwent CABG 
with CPB were less viable after the sur-
gery compared to baseline, whereas the 
patients who underwent CABG without 
CPB demonstrated the opposite results. 
The authors concluded that CABG with-
out CPB resulted in fewer cardiovascular 
complications compared to CABG with 
CPB [19]. N. Dekker et al. also conduct-
ed a cell culture study. Renal and pulmo-
nary microvascular cells were incubated 
with patient plasma, and the endothelial 
barrier function was assessed in vitro 
using electric cell-substrate impedance 
sensing. The researchers demonstrated 
that the decrease in the renal and pulmo-
nary endothelial barrier function (i.e. hy-
perpermeability) was significantly more 
pronounced in patients who underwent 
surgical procedures with CPB and was 
maintained for at least 72 hours after the 
surgery. According to the authors, this 
abnormal endothelial hyperpermeability 
was associated with increased levels of 
circulating angiopoietin-2 in this patient 
cohort. The study proved that the an-
giopoietin/tyrosine kinase-2 system was 
involved in the development of endothe-
lial dysfunction in patients who had un-
dergone surgical procedures with CBP, 
which represents a new step of scientific 
research in this field [22,23].

The function and state and endo-
thelial glycocalyx in patients undergo-
ing surgery with CPB. On the surface 
of the endothelium, there is a complex 
multicomponent system called the glyco-
calyx. In healthy subjects, the blood con-
tains low concentrations of endothelial 
glycocalyx (eGCX) molecules; however, 
under pathological conditions, this struc-
ture can be partially or completely lost, 
causing its components to be released 
into the bloodstream in large quantities. 
Such molecules include syndecan-1, hy-
aluronan, heparan sulfate, VE-cadher-
in, and endocan [13]. Wu Qiaolin et al. 
(2019) assessed plasma concentrations 
of syndecan-1, heparan sulfate, and hy-
aluronan as markers of glycocalyx dam-
age before and after surgery using CPB. 
The researchers came to an unambigu-
ous conclusion regarding a significant 
increase in these biochemical markers 
as a sign of endothelial glycocalyx deg-
radation [18]. A study conducted by Flo-
rian Brettnera (2017) also evaluated the 
markers of eGCX damage in patients un-
dergoing surgery with and without CPB. 
The results showed that in both groups, 

the concentration of these markers in-
creased regardless of the type of surgical 
procedures and the use of CPB. How-
ever, the patients in the CPB group had 
higher plasma levels of these markers. 
The researchers attributed this increase 
not only to the negative impact of CPB on 
eGCX but also to the presence of chronic 
comorbidities in this cohort, which is an 
important factor influencing the postoper-
ative recovery [28]. Robich M. et al. ob-
tained similar data when investigating the 
impact of CPB time on the endothelial gly-
cocalyx degradation. The study revealed 
a significant correlation between the du-
ration of CPB exposure and blood levels 
of syndecan-1 using correlation analysis. 
The scientists also pointed out that pa-
tients undergoing surgical procedures 
with CPB could benefit from the develop-
ment of therapy aimed at removing endo-
thelial glycocalyx degradation products 
from the blood [25]. Moreover, the mea-
surement of blood levels of syndecan-1 
will help predict the development of early 
postoperative complications, which was 
demonstrated by Hye-Bin Kim et al. who 
investigated the connection between 
blood syndecan-1 concentrations and the 
development of acute kidney injury (AKI) 
during the early postoperative period in 
patients undergoing valve replacement 
surgery using CPB. The study showed 
that the syndecan-1 levels over 90 ng/mL 
could reliably predict the development of 
AKI in this patient cohort [21].

There have been studies of eGCX us-
ing dark-field microscopy, is one of the 
main non-invasive techniques used for 
in vivo studies of glycocalyx in humans. 
In a study by Claudia Nussbaum et al., 
2015, this method was used in children 
who underwent heart surgery with and 
without CPB. The glycocalyx thickness 
was assessed by measuring the per-
fused boundary region of the sublingual 
microvessels before and after the sur-
gery. Additionally, the microcirculatory 
flow index and the vessel density were 
assessed. After the surgery using CPB, 
the thickness of the glycocalyx signifi-
cantly decreased, gradually returning 
to baseline values in the postoperative 
period. The authors also reported a tran-
sient decrease in microcirculatory pa-
rameters [24]. Similarly, Dekker [29] used 
this method to assess eGCX in a study 
of adult patients who underwent CABG 
with CPB. Perfusion of the sublingual 
micro-vessels was measured before, 
during, and after CPB, followed by an 
analysis of the perfused vessel density 
and the perfused boundary region (the 
parameter inversely related to the glyco-
calyx thickness). This study revealed that 

the use of phosphorylcholine coating of 
extracorporeal circuits was associated 
with better preservation of the endothelial 
glycocalyx compared to heparin-coated 
circuits, while the microcirculatory perfu-
sion was impaired to an equal extent in 
both groups. Therefore, microcirculatory 
perfusion disorders caused by CPB do 
not seem to depend on the coating type.

Our literature review suggests that 
endothelial dysfunction, as well as eGCX 
degradation, may predispose patients 
undergoing cardiac surgery to postoper-
ative complications, and also serve as 
markers of progressive organ damage 
associated with the use of CPB. 

Conclusion: The analysis of scientific 
publications indicate that endothelial in-
jury is a primary abnormality associated 
with the use of CPB is endothelial injury. 
Factors affecting the endothelial function 
include hemodynamic factors (such as 
blood pressure and shear rate), along 
with blood gas composition, hormones, 
and mediators (such as catecholamines, 
vasopressin, acetylcholine, endothelin, 
bradykinin, angiotensin II, thrombin, cyto-
kines, lipoproteins, endotoxins, and other 
molecules).

Thus, despite the essential role of 
CPB in heart surgery practice, this meth-
od produces certain negative effects on 
the body. These effects include contact 
activation of white blood cells and the 
blood coagulation system, blood cell 
damage, hyperoxia, hypothermia, and 
hemodilution. The non-pulsatile blood 
flow is also one of the additional damag-
ing factors associated with CPB. Pulsatile 
blood flow is of constant interest in clini-
cal perfusion science because, according 
to current concepts, it contributes to the 
normalization of total peripheral vascular 
resistance, improves tissue perfusion, in-
creases oxygen extraction, and reduces 
the level of stress hormones, and produc-
es a beneficial effect on renal and cere-
bral blood flow [10,26]. However, it is not 
always possible to choose a blood flow 
mode in surgical practice or to rule out 
the influence of other adverse factors on 
the patient’s body. Therefore, research-
ers are evaluating possible ways to im-
prove clinical outcomes by studying im-
portant pathophysiological patterns and 
methods to influence them. This explains 
the numerous studies of endothelial dys-
function in patients undergoing heart sur-
gery with or without CPB [6; 11].

Despite the growing number of clinical 
studies evaluating the number of circulat-
ing markers of endothelial cell injury, ev-
idence of a causal relationship between 
endothelial barrier dysfunction and the 
development of postoperative compli-
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cations is scarce and mainly limited to 
experimental models [27,23]. However, 
patients with evident endothelial injury 
must receive pharmaceutical therapy in 
the postoperative period. Thus, a study 
by Yakubtsevich et al. [14] demonstrated 
the positive effects of therapy with angio-
tensin-converting enzyme inhibitors, cal-
cium sensitizers, phosphodiesterase-3 
inhibitors, and beta-blockers on the en-
dothelial function in patients underdoing 
heart surgery.

Patients undergoing off-pump CABG 
are also prone to the development of 
endothelial dysfunction, as was shown 
in a study by Shlyk I.F. However, CABG 
with CPB is a risk factor for more severe 
intra- and postoperative complications 
compared to off-pump CABG [2, 11]. En-
dothelial dysfunction developing during 
heart surgery requires more thorough 
evaluation and treatment. Thus, Kornev et 
al. reported that minimally invasive CPB 
was associated with less pronounced 
endothelial dysfunction compared to that 
occurring when using the conventional 
extracorporeal circuit. Therefore, the use 
of minimally invasive CPB systems or the 
choice of off-pump surgical techniques 
significantly reduces the risk of develop-
ing ED in the postoperative period.

Endothelial dysfunction is closely 
linked to the development of compli-
cations during and after heart surgery. 
Such diagnostic methods as assessment 
of endothelial vasomotor function using 
Doppler color flow imaging, evaluation 
of endothelial glycocalyx using dark-field 
imaging, laboratory tests and histological 
examination can be used since they help 
reliably evaluate the condition of the vas-
cular wall. These tests expand our under-
standing of microcirculatory dysfunction 
that occurs in patients receiving surgical 
care with and without CPB. Early diag-
nosis of this disorder can contribute to a 
more thorough approach to choosing the 
surgical technique. Raising awareness 
among healthcare providers (especially 
anesthesiologists and critical care spe-
cialists) about the importance and the di-
agnostic methods to evaluate endothelial 
dysfunction is necessary since even mild 
endothelial injury may have serious con-
sequences (i.e. multiple organ failure). 
The implementation of methods for eval-
uation of the endothelial structure and 
function (including those of the eGCX) 
will aid in the search for markers and 
predictors of poor clinical outcomes in 
patients undergoing cardiac surgery with 
CPB. This will help assess the patient’s 
condition during the perioperative period 
and predict the development of postoper-
ative complications. 
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Introduction. Percutaneous injection 
of Penrose drainage into the abdominal 
cavity of newborns with intestinal perfo-
ration was first described by Ein SH et al. 
[7].

Initially, this procedure was recom-
mended as a temporary measure for 
premature infants (PI) in critical condi-
tion with perforation of the intestinal wall 
caused by necrotizing enterocolitis. It 
was hoped that the drainage of air and 
feces collected in the abdominal cavity as 
a result of perforation would alleviate the 
symptoms of abdominal syndrome and 
sepsis and allow the child to better toler-
ate subsequent laparotomy [5]. Back in 
2000, Cass DL and co-authors reported 
the use of peritoneal drainage (PD) for 15 
years in PI with very light weight as an 
initial treatment measure for isolated or 
complicated intestinal perforation caused 

by necrotic enterocolitis (NEC) [6]. The 
results of NEC treatment using PD turned 
out to be unexpected - they were the 
same, and possibly more effective than 
when treated with immediate laparotomy 
[3.19]. Some researchers recommend 
PD primarily at the stages of NEC, when 
perforation is noted with extremely low 
weight of PI. In general, clinicians attach 
great importance to PD in severe forms 
of NEC. PD, even in the severe stage of 
NEC at an early stage, can help in the 
resuscitation and recovery of a seriously 
ill child, and in some cases can become a 
decisive surgical intervention [8,9].

In the UK, surgeons use PD to stabi-
lize the general condition in 95% of pa-
tients and as a radical treatment in 58%. 
Most surgeons use PD in newborns of 
any weight, while others do not recom-
mend it in newborns with a body weight 
of less than 1000 g [14].

Other recent studies in the literature 
have not found significant benefits or 
harms of PD compared to laparotomy 
[16].

Thus, there is no consensus in the lit-
erature on whether laparotomy should be 
performed after PD or without it.

The aim of the study was to use a 
randomized clinical trial to determine how 
primary peritoneal drainage affects the 
dynamics of intra-abdominal pressure 
and the outcome of treatment of prema-
ture newborns with severe necrotizing 
enterocolitis with very low birth weight.

Materials and methods. The pro-
spective study included 87 premature 
newborns (PN) who were examined and 
treated with a diagnosis of necrotic en-
terocolitis in the intensive care unit of the 
Farajeva Research Institute of Pediatrics 
(Baku, Azerbaijan Republic) in the peri-
od from 2010 to 2021. Among them, 13 
(14.95%) had extremely low body weight, 
22 (25.29%) had very low body weight 
and 44 (50.57%) had low body weight 
(the minimum body weight averaged 650 
g). Only 8 (9.19%) PN had a maximum 
body weight of 4,200 g.

Of the total number of newborn boys, 
there were 68 (78.16%), girls – 19 
(21.84%). The criteria for inclusion in the 
study were pathology of the gastrointes-
tinal tract and clinical manifestations of 
necrotizing enterocolitis.

The presence of NEC was established 
by anamnestic, clinical, laboratory, mi-
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RESULTS OF PRIMARY DRAINAGE
OF THE ABDOMINAL CAVITY
IN PREMATURE INFANTS
WITH NECROTIZING ENTEROCOLITIS

For newborns with severe stages of necrotizing enterocolitis, peritoneal drainage should be used as initial treatment, as peritoneal drainage 
can provide initial stabilization; most of these infants will require subsequent laparotomy. In premature infants with necrotic enterocolitis, perito-
neal drainage, reducing intra-abdominal pressure, improves lung and liver function and stabilizes the position, performs a kind of detoxification 
by reducing the level of toxic fluid accumulated in the abdominal cavity; determines the nature of the effusion, that is, the presence of odorous, 
fibrous secretions indicating necrobiosis of the intestinal wall, thereby definitively diagnoses the perforation. The overall survival rate when using 
peritoneal drainage appears to be higher, and it should be assumed that it is preferable to use peritoneal drainage in severe stages of necrotizing 
enterocolitis before laparotomy to reduce intra-abdominal pressure and sanitize the abdominal cavity, thus avoiding complications associated with 
direct laparotomies.
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crobiological, instrumental and radiation 
(X-ray, sonography) research methods. 
Data on the number of platelets and 
leukocytes per day of perforation and 
X-ray data on intestinal bloating, intesti-
nal pneumatosis, gas in the portal vein, 
"gasless abdomen" and pneumoperito-
neum were also collected. The outcome 
variables studied included: physiological 
improvement during the first 24 hours, 
30-day period, survival and long-term 
survival. Based on the results of the stud-
ies, infants were divided into 2 groups: 
group 1 – with suspected NEC perfora-
tion – 57 (65.52%) patients and group 2 – 
with an established diagnosis of intestinal 
perforation – 30 (34.48%) patients; PD 
was performed in group 1, laparotomy 
in group 2. According to the prevalence 
of the disease during intraoperative ex-
amination, we determined focal damage 
in 43 patients, multifocal damage in 27 
patients, damage to all loops (pancreatic) 
in 17 patients. Some preoperative indica-
tors of patients with NEC are shown in 
Table 1.

Intraperitoneal pressure was mea-
sured using a catheter inserted into the 
bladder using the ND 500/75 device (Tri-
ton, Russia) RM304.00.000RE (invasive 
low pressure device "Meter").In the case 
of pneumoperitoneum, if the patient was 
in a serious physiological condition and 
was not suitable for laparotomy, we per-
formed emergency laparocentesis (peri-
toneal drainage) with peritoneal dialysis 
and performed laparotomy after stabiliza-
tion.

We determined the day of life on which 
abdominal pathology was suspected and 
on which the PD procedure was per-
formed, the duration of the installation of 
peritoneal drains and the time from PD 
to the beginning and achievement of full 
feeding. To perform laparocentesis, a 5 
mm long skin incision was made after 
treatment of the surgical field at a point 
0.5-1.0 cm above the iliac wing in the 
right or left inguinal region under local an-
esthesia with 0.25% novocaine solution. 
All patients underwent peritoneal drain-
age in the neonatal intensive care unit. 
In all patients, air and intestinal contents 
were evacuated through the wound and 
Penrose drainage with a diameter of 6 
mm was inserted into the abdominal cav-
ity and fixed on the skin of the abdomen. 
During the next 24-48 hours, the patients 
were closely monitored. Laparotomy was 
performed with any signs of clinical dete-
rioration.

The study was performed in accor-
dance with the standards of Good Clinical 
Practice and the principles of the Helsinki 
Declaration. The study was approved by 

the Regional Ethics Committee of the K. 
Faradzhova Research Institute of Pediat-
rics. All parents of sick children received 
full information about the study and 
signed an informed consent for voluntary 
participation in it.

Statistical comparisons between the 
groups were carried out using the Stu-
dent's two-way t-test and Fisher's exact 
test, where necessary, and a p value of 
less than 0.05 was considered significant.

The results of the study and their 
discussion. Among 87 infants with NEC 
2B, 3A and 3B, peritoneal drainage with 
peritoneal dialysis was performed in 57 
cases; 30 premature infants with severe 
NEC were operated without PD.

Table 2 shows the effect of PD on the 

dynamics of intra-abdominal pressure 
(IAP) among premature infants at various 
stages of NEC severity.

As can be seen from Table 2, as the 
severity of NEC increased, the level of 
IAP continued to rise: 22 cmWC at NEC 
2B, 37 cmWC at NEC 3A and 50 cmWC 
at NEC 3B.

Peritoneal drainage and constant di-
rect monitoring of intra-abdominal pres-
sure were performed in 20 cases among 
premature infants at the NEC 2B stage, 
in patients with NEC 3A - in 25 cases and 
in patients with NEC 3B – in 18 cases.

Among 87 PN diagnosed with NEC 
in 30 (34.48%) cases, infants underwent 
laparotomy without performing a prelimi-
nary PD. Table 3 shows the nature of the 

Some preoperative indicators of patients with NEC (n=87)

 Preoperative indicators
Premature infants with 
NEC with suspected 

perforation

Premature infants 
with NEC with a 

confirmed diagnosis of 
perforation

р

Baby's body weight (g) 949 ± 330 (550-1.465) 708 ± 187 (320-910) < 0. 05
Gestational age (weeks) 27.8 ± 2.2 (24-30) 25.6 ± 1.6 (24-27) < 0.05

Cumulative Apgar scores 15.2 ± 2.1 12.9 ± 2.6 < 0.05

Table 1

The influence of PD on the dynamics of IAP among premature infants at various stages 
of NEC severity

NEC stages (n=87) The number of PD, 
57 (%)

Intra-abdominal pressure (cmWC)
Before PD After PD

2B n=40 20( 50) 22.3±5.1 16.2±4.1
3A n=29 25(86.2) 37.0± 3.2 22.0± 2.2
3B n=1 8 12(66.67) 50.0±4.5 37.0± 3.3

Table 2

The nature of the surgical methods used and mortality in premature infants with NEC

Methods of operations (n=87)
PD+laparotomy

n=57
Laparotomy without prior PD

n= 30
NEC 3A

n=25
NEC 2B

n=20
NEC 3B

n=12
NEC 3A

n=4
NEC 2B

n=20
NEC 3B

n=6
Intestinal 
resection+anastomosis (т=9) 1 5 1 2

Intestinal resection + 
enterostomy (п=14) 2 5 2 1 2 2

Intestinal resection+ 
colostomy (п=8) 1 - 1 1 3 2

Intestinal resection + 
T.anastomosis + ileostomy
(п=6)

3 2 1

ileostomy (п=43) 17 8 6 1 9 2
Jejunostomy (п=7) 1 - 1 1 4
Lethality n=19(21,84%) 3(12%) 3(15%) 4(33.3%) 4(100%) 5(25%) 3(50%)

Table 3
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operations performed and the mortality 
rate.

As can be seen from Table 3, among 
29 patients with NEC 3A, IAP was at 
the level of 37.0± 3.2 cm; of these, 25 
(86.2%) premature infants had PD before 
laparotomy, after which it was possible to 
reduce IAP to 22.0± 2.2 cm followed by 
laparotomy; in the postoperative period, 
25 of these infants died 3 (12%) patients. 
4 (13.8%) newborns with NEC 3A were 
operated without prior PD, and all of them 
died.

PD was applied in 40 patients with 
NEC 2B in 20 (50%) cases due to high 
IAP (22.3±5.1 cm), after which IAP de-
creased to 16.2±4.1 cm, which allowed 
laparotomy to be performed in more fa-
vorable conditions; postoperative mor-
tality among these 20 infants with NEC 
2B was 15% (3 babies). Of this group, 
in 20 cases, premature infants with NEC 
2B were taken for surgery without prior 
PD; 5 of them died after surgery ((25%) 
children

In patients with NEC 3B, IAP reached 
50.0± 4.5 cm before surgery. In 6 cases, 
they were taken for surgery for a perfo-
rated NEC without prior PD and 3 (50%) 
of the patients died after the operation. 
In the remaining 12 cases with NEC 3B, 
PD was used, which contributed to a de-
crease in IAP to 37.0± 3.3 cm; 4 (33.3%) 
of these 12 patients died after laparoto-
my. 

Thus, the mortality rate among 57 pre-
mature infants with NEC who received 
primary peritoneal drainage followed by 
laparotomy was 21.05% (12 patients), 
whereas in those operated without pri-
or peritoneal drainage, the mortality 
rate was 23.33% (7 patients). Necrotic 
enterocolitis (NEC) is a life—threaten-
ing disease of the digestive system that 
occurs in the neonatal period. NEC is 
difficult to diagnose at an early stage, 
and the prognosis is unfavorable [20].In 
premature infants with low body weight, 
when symptoms related to necrotic en-
terocolitis appear, the primary task is to 
determine the severity of the pathologi-
cal process and the tactics of the treat-
ment method. Since such children, due 
to prematurity, along with the underlying 
disease, have impaired lung function, cir-
culatory and adrenal insufficiency, as well 
as other immaturity diseases, the risks of 
laparotomy are significant. When decid-
ing on the need for a surgical treatment 
method, in addition to anesthesiological 
problems in such newborns, it is neces-
sary to maintain body temperature, fluid 
balance and gas exchange; In addition, 
these patients have surgical problems in 
solving the elimination of the source of 

peritonitis, creating intestinal anastomo-
ses or stomas and avoiding damage to 
the abdominal organs. [11,21]. Surgical 
stages of NEC occur on average in 50% 
of sick children. The mortality rate varies 
from 20 to 30%; in the group of children 
who underwent surgery, it is up to 50% 
[1,11]. The progressive course of the dis-
ease is considered to be the clinical and 
laboratory deterioration of the condition of 
a child with a previously diagnosed NEC 
(stage I and II), as well as the lack of clin-
ical and laboratory effect of the therapy 
and the appearance of signs of transmu-
ral infarction / perforation of the intestinal 
wall. In these cases, such signs of trans-
mural infarction of the intestinal wall as 
edema, hyperemia and (or) cyanosis of 
the anterior abdominal wall; pronounced/
increasing bloating; increasing and (or) 
refractory to intensive care metabolic 
acidosis; severe thrombocytopenia and 
repeated positive blood cultures; static 
bowel loop on a series of radiographs; 
an increase in ascites should be carefully 
weighed, gas along the course of the por-
tal vessels of the liver according to the re-
sults of ultrasound. When detecting free 
gas in the abdominal cavity against the 
background of these symptoms, perfora-
tion of the intestinal wall should be rec-
ognized. It is for the adequate treatment 
of premature infants with the presence of 
the above-mentioned symptom complex-
es that Ein SH, et al. proposed peritone-
al drainage as an alternative method to 
therapeutic ones. After the use of PD in 
some patients with moderate NEC sever-
ity against the background of conserva-
tive therapy, the condition progressively 
improved and in patients with severe 
NEC it was possible to achieve adequate 
indicators of the cardiovascular system 
for surgical interventions. [7]

In most institutions, the procedure 
was selectively applied to the youngest 
premature infants (from 750 to 1000 g) 
who cannot undergo laparotomy immedi-
ately[4].

Roy A. and the co-authors note that 
pneumoperitoneum, although it is the only 
absolute proof of intestinal perforation, 
cannot predict the degree of the disease. 
PD is a useful stabilizing procedure, but 
the presence of any of the NEC criteria 
associated with severe disease requires 
a quick decision in favor of laparotomy. 
However, the absence of these signs 
cannot exclude extensive or progressive 
NEC, and the lack of improvement after 
peritoneal drainage also requires emer-
gency laparotomy, regardless of birth 
weight or gestational age [18].

According to Ein SH, et al., of 77 
premature infants diagnosed with NEC, 

thirty-seven patients were treated with 
peritoneal drainage, and 40 with primary 
laparotomy. Among patients treated with 
PD, almost one third recovered com-
pletely without the need for laparotomy, 
and the overall survival rate was 56%. 
Ein SH, et al. concluded that PD should 
only be used in premature infants weigh-
ing less than 1,500 g and with radiolog-
ically confirmed NEC; they also warned 
that PD may be useless in phlegmon and 
that laparatomy should be performed in 
the absence of improvement within 24 
hours after PD.[7]

Subsequently, other clinicians showed 
similar results. However, intestinal per-
foration in newborns may occur without 
signs of NEC [12, 20].

Compared with NEC-related perfo-
ration, isolated intestinal perforation is 
more common in most premature infants 
with the lowest index on the Apgar scale.

Cass DL,et al. report that in newborns 
who have undergone PD, the course of 
isolated perforation usually improves and 
subsequent laparotomy is required only 
in rare cases for resection of stricture or 
persistent fistula. However, for another 
group of patients who underwent PD for 
NEC perforation, the results were much 
worse. Although PD allowed many of 
these infants to survive for a month, most 
of them eventually died due to complica-
tions from the lungs, liver, and ongoing 
sepsis. Although some may object that 
it might have been better to help these 
newborns at an early age, to have lapa-
rotomy and sanitation of necrotic tissues, 
but most of these patients had pancreatic 
necrosis, and the survival rate does not 
differ much from that reported by others 
with similar pancreatic diseases[6].

For newborns with perforation caused 
by necrotizing enterocolitis, peritoneal 
drainage can provide initial stabilization. 
However, most of these infants will re-
quire subsequent laparotomy, and their 
long-term survival remains low. We con-
clude that peritoneal drainage should be 
used as an initial treatment for all new-
borns with low birth weight and isolated 
intestinal perforation.

According to Li W et al (2022), there is 
no significant difference in mortality be-
tween peritoneal drainage and laparoto-
my as an initial surgical intervention[10].

Rao SC, et al. believe that the stan-
dard surgical treatment for young chil-
dren with perforative necrotic enterocoli-
tis (NEC) or spontaneous intestinal perfo-
ration (SIP) is laparotomy with resection 
of a necrotic or perforated segment of the 
intestine[17]. Peritoneal drainage is an 
alternative approach to the management 
of such children.



YAKUT MEDICAL JOURNAL
102

Other clinicians used peritoneal drain-
age more often as an initial surgical pro-
cedure for the treatment of spontaneous 
intestinal perforation compared with sur-
gical NEC; mortality was higher in infants 
who initially underwent peritoneal drain-
age compared with those who underwent 
primary laparotomy[15].

According to Mishra P, co-authors 
(2015), primary PD is still useful for pa-
tients without signs of necrotizing entero-
colitis [13].

Argumosa Salazar Y, et al. performed 
primary laparotomy on two patients, 10 
patients underwent peritoneal drainage 
followed by laparotomy, and 3 patients 
underwent peritoneal drainage. They 
found that survival was higher in the 
group that underwent the first laparotomy 
with an overall mortality rate of 32% [2].

We analyzed the results of the exam-
ination and treatment of 87 premature 
infants with severe forms of NEC 2B, 3A 
and 3B (according to the classification of 
J.M. Bell and co-authors in the modifica-
tion of M. S. Walsh and R.M. Kliegman).

In the diagnosis and selection of treat-
ment methods for premature infants with 
suspected NEC, we followed the gener-
ally accepted protocol for this pathology, 
paying special attention to intra-abdomi-
nal pressure indicators, which are one of 
the etiopathological factors of the devel-
opment of a severe stage of NEC.

During PD, we tried not only to reduce 
intra-abdominal pressure and stabilize 
the condition, but also to determine the 
nature of the effusion, that is, the pres-
ence of a smelling fibrous secretion, 
which indicates necrobiosis of the intes-
tinal wall. The air and pathological con-
tents were evacuated through a drainage 
tube placed in the abdominal cavity. The 
resulting liquid made it possible to as-
sess the nature of the exudate, reduce 
intra-abdominal pressure, to some extent 
reduce the development of pathologi-
cal pressure and prepare the patient for 
surgery. Laparocentesis and drainage of 
the peritoneum during perforation of the 
gastrointestinal tract are pathogenetically 
justified treatment methods that increase 
clinical efficacy. The appearance of at 
least 1 ml of a yellow-brown or green 
cloudy solution from the abdominal cavity 
during aspiration, as well as the release 
of gas, indicated intestinal necrosis, per-
foration of the intestinal wall and peritoni-
tis, depending on which we chose further 
treatment tactics.

In our opinion, it is necessary to drain 
the peritoneum and flush the abdominal 
cavity (through a double-light tube insert-
ed by laparocentesis) with aspiration of 
pathological fluid from the laparocentesis 

tube. Using this method allows you to 
remove free air, inflammatory fluid and 
endotoxin from the abdominal cavity, im-
prove heart function and lung ventilation 
by reducing intra-abdominal pressure. 
The clinical effect of laparocentesis and 
drainage of the abdominal cavity is as-
sociated with the elimination of high in-
tra-abdominal pressure, the pathophysio-
logical manifestations of which are acute 
respiratory failure, acute liver failure, im-
paired ventilation of the lungs up to the 
development of acute liver failure.

In some cases, PD contributes to the 
regression of the pathological process 
even in patients who have not had lap-
arotomy.

Conclusions.
1. For newborns with severe stages of 

necrotizing enterocolitis, peritoneal drain-
age should be used as initial treatment, 
as PD can provide initial stabilization; 
most of these infants will require subse-
quent laparotomy.

2. In premature infants with necrotic 
enterocolitis, peritoneal drainage, reduc-
ing intra-abdominal pressure, improves 
lung and liver function and stabilizes the 
condition, performs a kind of detoxifica-
tion by reducing the level of toxic fluid 
accumulated in the abdominal cavity; 
determines the nature of effusion, that is, 
the presence of odorous, fibrous secre-
tions indicating necrobiosis of the intes-
tinal wall, thereby definitively diagnoses 
perforation.

3. Peritoneal drainage allows laparoto-
my for intestinal necrosis against a back-
ground of more favorable indications, 
saving time for correction of vital func-
tions. In some cases, peritoneal drainage 
confirms the absence of indications for 
laparotomy and confidently justifies the 
continuation of conservative therapy.

4. The overall survival rate when using 
PD appears to be higher, and it should be 
assumed that it is preferable to use PD in 
severe stages of NEC before laparotomy 
in order to reduce IAP and sanitize the 
abdominal cavity, thus avoiding compli-
cations associated with direct laparoto-
mies.

5. However, despite the success that 
we and others have achieved with PD 
in the management of premature infants 
with severe forms of NEC, it is difficult to 
say how much more effective primary PD 
is than laparotomy without prior PD.
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Introduction. Bioethical research in 
Yakutia. The use of genomic technolo-
gies in the clinical practice of medical and 
genetic consultation of the Republican 
Hospital No. 1 - National Center of Med-
icine (MGC RB No. 1-NCM) was several 
years ahead of scientific molecular ge-
netic research, in particular, the genetic 
study of the populations of the Repub-
lic of Sakha (Yakutia) and the genomic 
analysis of certain hereditary diseases 
common among indigenous people. The 
introduction of molecular methods to the 
MGC was associated with methodologi-
cal and ethical issues of DNA diagnostics 
as a routine analysis to detect gene mu-
tations in patients seeking medical and 
genetic care. The first were patients with 
neurodegenerative hereditary diseases 
(NDD), in particular with spinocerebellar 
ataxia type 1 (SCA1), which occurs in 
Yakutia with a frequency of 46 : 100000 
[3] and with myotonic dystrophy (MD) - 
21.3:100000 [1]. Until the year 2000, the 
MGC of Yakutia did not have its own mo-
lecular genetic laboratory, so it had no ex-
perience of conducting genetic analyses 
and no knowledge of principles of med-
ical genetic counseling related to DNA 
testing of hereditary diseases. 

Moral issues related to the autono-
my of the individual, confidentiality, ac-
cessibility of genetic information to the 
patient were discussed by us collegially, 
decisions were made in accordance with 
international standards of bioethical reg-
ulation of medical genetic counseling and 
genetic research involving humans. 

We needed to establish algorithms for 
the relationship between the doctor and 
the patient when referring for DNA test-
ing, taking into account the ethnospecif-
ic and psychological aspects of genetic 
counseling; provide the patient with a 
voluntary informed consent (VIC) form 
for presymptomatic DNA testing, develop 
a procedure for medical personnel when 
referring a patient for prenatal diagnosis 
of monogenic diseases diagnosed at the 
MGC RB No.1-NCM.

Bioethical research in Yakutia was 
conducted in parallel with the introduc-
tion of molecular genetic methods for di-
agnosing hereditary diseases into clinical 
practice, as a result of which ethical rules 
and principles were adopted, in accor-
dance with our local working conditions 
[2,4].

Prerequisites for the development of 
neuroethics based on bioethical research 
in Yakutia. In recent decades, a new in-
terdisciplinary direction of research in the 
field of neurobiology has been formed – 
neuroethics [20,23,32]. The most inten-
sively innovative neurotechnologies are 

developed at the National Institutes of 
Health (USA), also its own professional 
community was founded there (Interna-
tional Neuroethics Society), which deals 
with ethical and social contradictions and 
professional problems of specialists in 
the field of neurology, including neurosci-
ence [11, 13, 16, 32].

It is important for neurologists to de-
velop familiarity with the analysis of the 
ethical problems of neurobiological re-
search and the regulatory challenges 
arising from experience with patients with 
neurological diseases and caregivers to 
ensure quality medical practice [11,32]. 

This article discusses the main issues 
of neuroethics and the possibility of intro-
ducing neuroethics into the clinical prac-
tice of Yakutia.

The activity of the Center for Neuro-
degenerative Diseases in the clinic of the 
Yakut Science Center of Complex Med-
ical Problems (CNDD YSC CMP) has 
prerequisites for the development of neu-
roethics, since:

- neuroscience is one of the main pri-
orities of the YSC CMP;

- a feature of the scientific activity of 
the clinic is the study of a certain con-
tingent of patients with neuropathology, 
including those with rare and unexplored 
forms of the disease;

- neurodegenerative diseases com-
mon in Yakutia are the most important 
medical and social problem of our time;
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- for the examination, treatment, reha-
bilitation and prevention of neuropatholo-
gy, complex methods are used that differ 
from traditional ones;

- at the stages of treatment, rehabilita-
tion and prevention of neurodegenerative 
diseases, ethical questions and dilem-
mas arise that force health professionals 
to make decisions, reflecting on the mor-
al problems that arise in the process.

Problems of neuroethics in clini-
cal practice. Joint decision-making. In 
patient-centered care, collaborative de-
cision-making is seen as the preferred 
form of medical decision-making [24,25]. 
It is a partnership that allows clinicians 
and patients to make decisions related to 
health and care, treatment, management 
or support, based on the best available 
clinical data and the patient's own values 
and preferences [31]. 

The most important category of this 
issue is the communication process, 
which consists of five stages: separa-
tion of goals, exchange of information, 
discussion, mutual agreement and fol-
low-up actions. Depending on the condi-
tions, treatment, care planning or reha-
bilitation options are available. Individual 
desires and expectations for treatment 
/ care are taken into account, includ-
ing information needs, own opinions, 
preferences / values containing what 
is most important for the patient. Clini-
cians supplement the recommendations 
by sharing their clinical experience with 
examples from previous experience re-
lated to the disease and its treatment [5]. 
For a deeper understanding, healthcare 
professionals give patients and their rel-
atives enough time to dwell on this in 
more detail and even collect additional 
information at home without any stress 
or pressure [26]. 

The patient's representatives, the pa-
tient himself, and the physician discuss 

and ultimately reach a consensus on di-
agnostic decisions and further treatment 
plans [27]. They make decisions together 
and jointly agree on them [6,7]. 

In clinics related to research activities, 
there is a need to include persons with 
cognitive impairments in the research 
project, for which VIC registration is re-
quired. In this regard, prerequisites may 
arise for various kinds of violations of 
the patient's rights. The patient belongs 
to a vulnerable group of research partic-
ipants, these persons are often incapac-
itated and unable to understand a large 
amount of complex information and are 
unable to express their consent. In cases 
of senile dementia, cognitive impairment, 
Alzheimer's disease, etc., it is possible 
to involve close relatives or caregivers 
to collect VIC [17]. Ethical commissions 
and committees of various levels play an 
important role in the ethical examination 
of scientific projects and the protection of 
patients' rights.

Patients with NDD can have cognitive 
and mental impairments of varying de-
grees, so the problem of VIC will be as 
important for them. Physicians, neurosci-
entists will need to learn to disclose suf-
ficient information in an accessible form 
and receive confirmation from patients of 
the ability to voluntarily choose between 
consent or other options [31,22,30].

Difficulties in disclosing family history.
Discussing family history is a vulnerable 
experience for some patients with heredi-
tary, neurological, mental illnesses. There 
may be scenarios of limited awareness of 
their family members' health history or 
a patient's lack of interest in discussing 
family history [19,21]. 

But this should not be an obstacle to 
patients' participation in the studies. It 
is possible to interest the patient in the 
joint recreation of their family tree, as an 
opportunity to talk unpretentiously about 

family history and help to recognize the 
generations affected by the disease.

Respectful and inclusive attitude to the 
patient expands his/her decision-making 
opportunities and builds a relationship in 
the field of health care, in which the pa-
tient and the neurologist work together as 
a team to ensure maximum efficiency of 
medical care [33].

In addition, for example, genetic test-
ing in clinical neurology may accidentally 
reveal unforeseen genetic information 
completely unrelated to the study, which 
has potential adverse consequences for 
both the patient and the family [9].

Genetic testing can also affect fami-
ly members by inadvertently identifying 
mutations in asymptomatic at-risk indi-
viduals who previously chose to avoid 
this knowledge (or did not consent to 
testing) and who may be subject to psy-
chological harm or discrimination. Sim-
ilarly, genetic testing can affect family 
relationships by accidentally revealing 
incorrectly established paternity. The 
risk of accidental genetic findings may 
be particularly important for paediatric 
research participants and others with 
disabilities. Such participants may find 
that their future lives have changed sig-
nificantly or are limited as a result of de-
cisions by parents or guardians to direct 
them to genetic testing [9].

Use of pharmaceuticals that affect 
cognitive and behavioral functions. The 
prospect of developing pharmaceuticals 
designed specifically to improve cogni-
tive, affective and motivational process-
es has raised a number of ethical ques-
tions. They raise serious concerns, since 
it is possible that these pharmaceuticals 
can be used to improve human health in 
unacceptable ways, and they can also 
contradict the very nature of man, be-
cause they can have serious side effects 
(Table). 

Drugs used for treatment and their side effects [18]

Drug Usage Possible effect

Glucocorticoid Relief of asthma symptoms, reduction of adrenal 
insufficiency, autoimmune conditions

Improved concentration, psychosis, memory decline, mood 
changes, memory improvement, especially for emotionally 

stimulating events
L-dopa Treatment of PD Excitement, confusion, psychosis, agitation and anxiety

Lithium Treatment of mental illness, bipolar disorder
Possible increase in motivation due to prevention of signs

of depression, reduction of paranoia,
pomposity and risk appetite 

Methylphenidate Treatment of ADHD, hyperactivity, narcolepsy Irritability, psychosis, signs of increased attention, confusion, 
improvement of working memory

Modafinil Treatment of sleep disorders, improvement
of cognitive functions in narcolepsy

Signs of aggression or anxiety, increased vigilance
and attention, improved working memory

Pramipexole Treatment of PD
Pathological gambling, hypersexuality, paraphilias

(e.g., pedophilia), compulsive behaviors (e.g., compulsive 
shopping and dressing up)



3’ 2024 105

Millions of doses of pharmaceuticals 
affecting cognitive abilities and affects 
are consumed annually, an empirical and 
philosophical analysis of their effects is 
the objective of neuroethics [18].

Pharmaceuticals influence important 
elements of moral decision-making and 
human behavior. Some dopamine ago-
nists (pramipexole, etc.) used to treat Par-
kinson's disease (PD) may be examples 
of drugs with possible morally important 
behavioral effects (consequences). Pub-
lications discuss cases that these drugs 
caused gambling addiction and hyper-
sexuality in some people [28,12].

Anxiolytics – drugs used to treat dis-
orders associated with excessive anxi-
ety can also have a morally significant 
effect, given that anxiety can cloud deci-
sion-making, including moral [10].

Thus, the assessment of the effect of 
pharmaceuticals on cognitive and behav-
ioral functions requires not only further 
scientific research, but also important 
moral conclusions.

Application of advanced neurotechnol-
ogies. Several generations ago, it was im-
possible to imagine such technologies as  
neuroimaging, brain stimulation, neu-
ral implants, brain structures and 
areas, mobile technologies, im-
provement of cognitive functions, 
brain-computer interfaces, robotics, 
exoskeletons, artificial intelligence, etc. 
 For example, studies of functional MRI 
gradually raise new ethical problems, 
as studies of neural models related to 
decision-making, memory recovery, per-
sonality traits, behavior, perception of 
surrounding stimuli multiply [29]. Various 
mental states and processes with neuro-
nal activity in certain areas of the brain, 
once used to decipher mental activity, 
may find applications unrelated to med-
icine or biology, a potential abuse aimed 
at gathering information that is normally 
prohibited by law [32]. Significant prog-
ress has been made in the field of neu-
robiological research, for example, it has 
become clear that the results of studying 
the cells and mechanisms of brain activ-
ity in experimental animals and humans 
differ significantly [8]. A recent publication 
by Gidon,et al., 2020 in Science investi-
gated the dendrites of pyramidal neurons 
of layers 2 and 3 (L2/3) of the human ce-
rebral cortex ex vivo in slices of surgically 
removed human neocortical brain tissue 
in patients with epilepsy and tumors. For 
the first time, the subtle mechanisms of 
dendritic Ca2+ axonal action potentials in 
human neurons, as well as previously un-
known dendrites that are not characteris-
tic of animal neurons, which may be re-
sponsible for human mental activity, have 

been described [14,15]. In "J Clin Invest", 
Fernández, et al.,2021, published a suc-
cessful case in implanting an intracortical 
matrix (consisting of 96 electrodes) into 
the visual cortex of a 57-year-old wom-
an with complete blindness for a 6-month 
period. The results allowed the partici-
pant to identify some letters and recog-
nize the boundaries of objects [14,15].

Society should be prepared to exam-
ine the ethical considerations surround-
ing neural modifiers on a case-by-case 
basis and consider the intervention, its 
purpose, who chooses it, who may ben-
efit from it and who may be harmed.  
 For example, DBS (deep brain stimula-
tion) to improve symptoms of a mental 
disorder such as depression can be eth-
ical if it is proven to be safe and effec-
tive, and if it is freely chosen by a fully 
informed adult. However, DBS would be 
ethically problematic if an adult were co-
erced into taking it.

Guidelines developed by profession-
al organizations such as neurological 
associations could be of great help in 
informing the public and assisting health 
professionals and other stakeholders in 
understanding neural modifiers and their 
potential benefits and risks in different cir-
cumstances.

Conclusion. A growing awareness 
of the ethical implications of neurosci-
ence research in the world has shaped 
the field that has come to be known as 
neuroethics.

Neuroethics intersects with biomedical 
ethics in the sense that neuroethics also 
deals with the ethical, legal, and social 
implications of neuroscience findings, as 
well as the nature of the research itself.

The importance of the properties of 
the nervous system, the special rela-
tionship between the personality and the 
brain, the influence of human life itself 
on its neurological functions give rise to 
more and more novel ethical and philo-
sophical problems.

Neuroscientists can collaborate with 
neuroethics researchers to advance clin-
ical neuroethics. Neuroethics can also 
be successfully combined with other 
specializations in neurology, in particu-
lar, synergistic specializations such as 
neurocritical therapy, cognitive-behavior-
al neurology, stroke, neurorehabilitation, 
neurogenetics, global neurology, neuro-
physiology, and neuropalliative care.
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Introduction. Hypertrophic pachy-
meningitis (HPM) is a rare disease result-
ing from localized or diffuse thickening of 
the dura mater of the brain and/or spinal 
cord [9]. The most frequent manifesta-
tions of HPM are headaches, cranial 
neuropathies, and less frequently focal 
symptoms [5]. 

According to pathogenesis, HPM can 
be primary and secondary. Secondary 
forms of HPM develop in infectious and 
non-infectious diseases. Infectious caus-
es include tuberculosis, fungal infections, 
Lyme disease, syphilis; and noninfectious 
HPM can develop in systemic inflamma-
tory diseases such as granulomatosis, 
rheumatoid arthritis, systemic lupus ery-
thematosus, sarcoidosis, IgG4-associat-
ed diseases, and neoplastic processes. 
Primary (idiopathic) HPM is diagnosed in 
the absence of causative factors [9, 12].

The prevalence of HPM is unknown, 
and scientific data on the disease are 
based on single clinical observations. 

The aim of the study is to describe 
our own clinical case of a patient diag-
nosed with HPM on the basis of clinical 
and neuroimaging data and to discuss 

the difficulties of differential diagnosis of 
this disease.

Clinical part. A 62-year-old woman, 
accountant, living in a rural area, was 
hospitalized in the neurological depart-
ment with complaints of constant severe 

headaches in the occipital region, right 
temporal region of compressive, aching, 
pulsating character (VAS = 5-6 points), 
non-systemic dizziness, unsteadiness 
when walking, interrupted sleep and in-
creased fatigability. 
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Fig. 1. Brain MRI of the patient (2 months after the onset): A (sagittal), B (axial) – FLAIR images 
showing higher signal from the dura mater and the tentorium of cerebellum; C, D – post-contrast 
pachymeningeal enhancement. Arrows indicate the corresponding changes in FLAIR images an 
increase in the signal from the dura mater is determined, mainly in the fronto-parietal regions, 
and the tentorium of the cerebellum; C, D – contrast enhancement reveals a uniform accumu-
lation of contrast in the meninges and tentorium of the cerebellum. Arrows indicate the corre-
sponding changes.
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5 months ago, she first felt soreness 
and stiffness in her neck area, which she 
attributed to high blood pressure. A few 
days later she developed severe head-
aches of compressive character, mainly 
in the occipital region (VAS = 7-8 points). 
The woman had not practically suffered 
from headaches before; she rarely expe-
rienced pressing headaches, which were 
quickly relieved; she attributed them to in-
creased blood pressure, sleep disorders 
or stress. The real headaches were con-
stant, intensified by turning, head tilting, 
pushing, not accompanied by nausea, 
vomiting, but the patient noted photo- 
and phonophobia. The patient also had 
disturbed sleep and developed increased 
fatigue, and her work capacity decreased 
sharply.

The patient did not receive treatment. 
After 2 months, she underwent a con-
trast-enhanced magnetic resonance im-
aging (MRI) of the brain, which revealed 
pachymeningeal enhancement (Fig. 1).

Despite the MRI results, the patient 
consulted a neurologist only one month 
later, but the clinical manifestations and 
head MRI changes were associated with 
vascular encephalopathy. Neurometabol-
ic therapy was prescribed, which did not 
lead to improvement.

She also underwent an ultrasound 
examination of the carotid and vertebral 
arteries, which revealed stenosis of the 
left common carotid artery up to 32%. 
She also independently visited an oph-
thalmologist and was diagnosed with 
hypertensive retinal angiopathy, myopia, 
presbyopia.

Due to persisting headaches in the 5th 
month from the moment of the disease 
she was referred to the vascular center. 
After exclusion of stroke, the patient was 
transferred to the neurological depart-
ment.

Chronic diseases: hypertension; 
chronic heart failure; stenotic atheroscle-
rosis of carotid arteries.

Constant intake of medications: am-
lodipine 5 mg/day, azilsartan medoxomil 
20 mg/day.

On objective examination: condition 
of average severity. The skin is of nor-
mal color. Peripheral lymph nodes are 
not enlarged, painless. Respiration in the 
lungs is vesicular, no rales. Cardiac tones 
rhythmic, muffled. Blood pressure 130 / 
80 mm Hg, heart rate - 88 beats per min. 
The abdomen is soft, painless. Urination 
is regular.

In the neurological status at the time 
of admission to the department, no focal 
symptoms were detected, mild rigidity 
of occipital muscles, Kernig's symptom 
60. On the MoCA scale - 28 / 30 points 

(normal), HADS-D (depression) - 5 points 
(normal), HADS-A (anxiety) - 7 points 
(normal).

Laboratory blood tests without inflam-
matory changes, the biochemical blood 
test showed signs of dyslipidemia (in-
crease in total cholesterol to 6.66 mmol/L, 
triglycerides to 2.98 mmol/L, with normal 
values of LDL and HDL).

MRI of the brain with contrast-en-
hanced gadolinium revealed previously 
detected signs of dura mater thickening; 
it was recommended to differentiate intra-
cranial hypotension, hypertrophic pachy-
meningitis and neurosarcoidosis.

General and biochemical analyses 
of cerebrospinal fluid did not reveal pa-
thology.

After lumbar puncture, the patient sub-
jectively noted a short-term improvement, 
but headaches resumed the next day.

To exclude sarcoidosis and other 
systemic diseases, a computed tomog-
raphy (CT) scan of the chest organs 
was performed, which was normal, 
and a blood test for C-reactive protein, 
ASLO, and rheumatoid factor was per-
formed; all parameters were within ref-
erence values.

Based on the presence of general ce-
rebral, meningeal symptoms, absence 
of evidence of infectious and systemic 

lesions (e.g., fever, cough, lymph node 
enlargement, normal cerebrospinal fluid 
and inflammatory markers), taking into 
account pachymeningeal enhancement, 
the patient was diagnosed with idiopathic 
hypertrophic pachymeningitis.

Treatment with prednisolone 90 mg/
day for 5 days with subsequent dose re-
duction was carried out. 

Starting from the 2nd day of steroid 
therapy a significant improvement of the 
condition in the form of meningeal and 
general cerebral symptoms was noted.

The control MRI of the brain (20th 
day of hospitalization) showed a signif-
icant decrease in the previously detect-
ed pachymeningeal enhancement and 
reduction of paramagnetic accumulation 
(Fig. 2).

For oncologic search we analyzed 
specific markers (alpha-fetoprotein, CA 
15-3, CA-125, CA 19-9), ultrasound ex-
amination of abdominal and pelvic or-
gans. The results were negative. 

The patient was discharged in satis-
factory condition with recommendations 
to gradually reduce the dose of predniso-
lone until complete withdrawal. 

The patient was followed for one year, 
there was no recurrence of general cere-
bral and meningeal symptoms, she con-
tinues to work professionally.
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Fig. 2. MRI of the brain after steroid therapy: FLAIR images show a decrease in previously 
identified pachymeningeal enhancement in axial (A) and sagittal (B) sections; paramagnetic ac-
cumulation was reduced in coronal (C) and axial (D) sections
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Discussion. We present a clinical 
observation of a patient with a rare dis-
ease - idiopathic HPM. The patient had 
“red flags” from the moment of disease 
debut, which reduce the likelihood of pri-
mary headache (primarily migraine and 
tension headache) and require further 
evaluation, namely: 1) development of 
unusual headache after age 50; 2) ab-
sence of remissions; 3) meningeal signs; 
4) signs of intracranial hypertension 
(increased headache on pushing) [3]. 
Neuroimaging performed independently 
revealed specific signs that required spe-
cialized care, but the patient continued to 
work and turned to a specialist late. The 
initial examination by the neurologist also 
missed “red flags” and changes on MRI 
of the head. These circumstances were 
the reason for the patient's late hospital-
ization.

According to a study of HPM in India, 
52% of patient cases have primary (id-
iopathic) form and 48% have secondary 
form (immune mediated, infectious and 

neoplastic). The most common cause of 
secondary HPM was IgG4-associated 
forms (25%), with sarcoidosis, tubercu-
losis and fungal infection accounting for 
3 cases each (18.75%). Headache oc-
curred in all patients and cranial neurop-
athies were identified in 73% of cases. 
Focal symptoms indicated the secondary 
nature of HPM. MRI showed localized 
pachymeningeal enhancement in 97% of 
cases and diffuse enhancement in only 
one patient (with fungal osteomyelitis of 
the skull base). Treatment was with glu-
cocorticosteroids, except for cases of 
fungal etiology. In severe cases, intra-
venous immunoglobulins, rituximab, cy-
clophosphamide and azathiaprine were 
administered [12]

Of particular interest in recent years is 
IgG4-associated HPM, which, according 
to some researchers, was previously di-
agnosed as idiopathic (primary) HPM [6, 
10, 13]. Clinically, IgG4-associated HPM 
does not differ practically from idiopath-
ic HPM: headaches (67%) and signs 

of cranial nerve damage (33%) are the 
most common. However, approximate-
ly half of patients with IgG4-associated 
HPM may have systemic manifestations: 
weight loss, thyroid dysfunction, autoim-
mune pancreatitis, interstitial pneumonia, 
and salivary gland enlargement. MRI of 
the brain reveals pachymeningeal en-
hancement. Serum IgG4 antibody levels 
correlate with systemic manifestations 
of the disease. Antibodies to IgG4, mild 
protein and cell (lymphocyte) elevation 
are detected in the cerebrospinal fluid. 
“The gold standard” for diagnosis is a 
biopsy of the dura mater, which reveals 
whirling fibrotic inflammatory reactions. 
There is no consensus in treatment, but 
glucocorticosteroids are used, and if they 
are ineffective, cytostatics (methotrexate, 
azathioprine, mycophenolate mofetil, 
cyclophosphamide) may be used; the 
use of anti-B-cell therapy with rituximab 
is promising [11]. Unfortunately, in the 
Russian Federation, it is not possible to 
conduct research on IgG4, and probably 
IgG4-associated forms are hidden under 
cases of idiopathic HPM. At the same 
time, there is currently no convincing 
evidence that the treatment of these two 
forms is fundamentally different.

In the literature there are descriptions 
of HPM in combination with Tolosa-Hunt 
syndrome (HTS). Ivanov V.V. and col-
leagues reported a successful surgical 
intervention with decompression of the 
orbital structures and optic nerve in a 
39-year-old patient with HTS and sus-
pected volumetric process of the right or-
bit, who complained of acute decrease of 
vision in the right eye and burning pain in 
the right eye. Intraoperative biopsy made 
it possible to establish the diagnosis of 
HPM [2]. No cranial neuropathies were 
detected in the patient we presented.

There are also rare causes of HPM. 
For example, a 13-year-old girl who had 
been bothered by headaches, facial and 
withdrawal nerve neuropathies for 8 
months was found to have contrast en-
hancement of the dura mater on brain 
MRI. Subsequently, antibodies to GFAP 
were detected, characteristic of autoim-
mune glial fibrillary acidic protein astro-
cytopathy, a rare inflammatory disease of 
the nervous system that manifests with 
steroid-sensitive encephalitis, myelitis, 
and meningitis. Administration of steroid 
therapy improved the girl's condition [7]. 
Mendelevich E.G. and colleagues re-
ported on the development of HPM in a 
44-year-old patient in whom the disease 
debuted with narrowing of the eye slit 
and only 2 years after the development of 
ocular symptoms headaches developed, 
followed by optic atrophy with complete 

A

C

B

D

Fig. 3. Barin MRI in intracranial hypotension (own observation): A – caudal displacement of the 
cerebellum (dashed arrow), stem structures and midbrain, with narrowing of the basal cisterns of 
the brain, deformation of the pons and cerebral peduncles (solid arrow) on T1-weighted sagittal 
images; B – subdural hygromas (solid arrows), “flattening” of the midbrain on the lateral sides 
with an increase in its anteroposterior size (dashed arrows) on T2-weighted axial images; C (T2 
images), D (SWI mode) – subdural effusions with a slight accumulation of hemosiderin, which 
indicates previous subdural hemorrhages; significant narrowing (slit-like shape) of the lateral 
ventricles on axial images



YAKUT MEDICAL JOURNAL
110

blindness in the left eye, transient deaf-
ness in the left ear, and hypersomnia. Ac-
cording to MRI of the brain and laboratory 
tests (proteinuria, microhematuria), HPM 
was diagnosed, probably as part of We-
gener's granulomatosis. The patient was 
treated with corticosteroids (prednisolone 
40 mg/day) with positive effect [4].

In 2020, guidelines for idiopathic HPM 
were issued, the most frequent clinical 
manifestations are headaches and cra-
nial nerve dysfunction, the cerebrospi-
nal fluid may show increased protein 
levels and lymphocytic pleocytosis, and 
MRI with contrast-enhanced gadolinium 
is the priority method of diagnosis. The 
pain syndrome is mimicked by chronic 
daily headache or chronic migraine with 
typical features (nausea, vomiting), less 
commonly by SUNA [8].

A similar neuroimaging picture to HPM 
can be observed in intracranial hypoten-
sion. At the same time, intracranial hypo-
tension is also characterized by swelling 
of venous sinuses, prolapse of cerebellar 
tonsils into the greater occipital foramen, 
increased pituitary size, decreased mam-
millopontine distance, and pontomesen-
cephalic angle, as well as a number of 
other changes [1, 14]. No such changes 
were detected in our patient, which re-
duces the possibility of intracranial hypo-
tension. Figure 3 shows MRI of the brain 
of our other patient with intracranial hy-
potension.
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CLINICAL CASE OF MITOCHONDRIAL
COMPLEX I DEFICIENCY, NUCLEAR TYPE 5 
(LEY SYNDROME)

Relevance. Timely diagnosis of he-
reditary pathology remains an urgent 
problem in clinical medicine. Mitochon-

drial diseases are particularly difficult to 
diagnose. The genetic heterogeneity of 
mitochondrial diseases is extremely high, 
including due to mutations in genes regu-
lating the work of mitochondria, but locat-
ed in the nucleus. At the same time, there 
are no obvious correlations between gen-
otype and phenotype, and a conclusion 
about the etiology based on a clinical or 
biochemical picture is difficult, and some-
times impossible [7]. In this regard, the 
analysis of clinical variants of mitochon-
drial diseases is an important and urgent 
task.

Introduction. Leigh syndrome (syn-
onyms: Lee, Leigh) is a heterogeneous 
disease of hereditary genesis associat-
ed with mutation of energy metabolism 
genes (complexes I, II, III, IV, V of the 
mitochondrial respiratory chain) respon-
sible for oxidative phosphorylation, syn-
thesis of ATP and components of the 
pyruvate dehydrogenase complex [1]. As 
a result of a violation of energy metab-
olism, damage to the substance of the 
brain occurs [1], accompanied by pro-
gressive neurological symptoms (muscle 
hypotension, loss of previously acquired 
psychomotor skills, seizures in the form 
of myoclonus, cerebellar and extrapyra-
midal disorders) [12]. Along with neuro-
logical symptoms, cardiomyopathy and 
liver failure develop [13], lactic acidosis 
[8], and a specific X-ray picture of degen-
erative brain changes. The manifestation 
of the disease occurs at an early age [8], 
or preschool [4], even less often – in ad-
olescence [2] and can be provoked by 
intercurrent diseases [1]. 

The incidence of Ley syndrome is 1 in 
36,000 newborns [1]. The type of inheri-
tance is autosomal recessive [6], but may 

have mitochondrial or X-linked recessive 
inheritance (depending on the mutant 
gene responsible for the formation of the 
mitochondrial complex) [5].

A clinical case. The child (girl) is 4 
years old, urgently admitted to the City 
Ivano-Matrenenskaya Children's Clinical 
Hospital (GIMDKB) with complaints of 
convulsive contractions in the extremi-
ties, periodic vomiting, weakness, gait 
disorder (turns her right leg outwards 
when walking, bends her knee), lower 
back pain, soreness in the lower extrem-
ities.

Anamnesis. A child from the first preg-
nancy, the first birth. The pregnancy pro-
ceeded without any peculiarities. Deliv-
ery on time is 39 weeks, independent, the 
age of the parents at the time of delivery: 
mother is 24 years old, father is 61 years 
old. Birth weight 3200 g, body length at 
birth 51 cm. She grew and developed ac-
cording to her age. He is registered at a 
dispensary with a gastroenterologist with 
a diagnosis of gastroesophageal reflux 
disease (GERD) of the 3rd degree, a re-
active state of the pancreas. All vaccina-
tions are age-appropriate. There were no 
blood transfusions. It was not possible to 
identify the hereditary burden.

The disease began acutely 6 months 
ago with an increase in body temperature 
to 40 ° C, treatment did not help, the fever 
lasted for 3 days.

She was taken to the district hospital 
with a diagnosis of acute respiratory viral 
infections, neurotoxicosis. On the same 
day, she felt worse, lost consciousness, 
and was transferred to the intensive 
care unit. PCR (polymerase chain reac-
tion) for COVID-19 is positive. I received 
ceftriaxone and mannitol. Computed to-

Relevance. Diagnosis of mitochondrial pathology is a difficult practical task. The variability of clinical manifestations of mitochoric diseases is 
associated with high genetic heterogeneity of mitochondrial pathology. Therefore, the analysis of clinical cases of mitochondrial pathology is an 
urgent task for early diagnosis.

The aim of this study: to analyze a clinical case of mitochondrial complex deficiency complex I, nuclear type 5 (Ley syndrome).
The result of the study: a description of a clinical case of Ley syndrome was carried out. It is shown that the development of the disease man-

ifested in early preschool age against the background of intercurrent disease. The disease manifested itself by metabolic disorders, degenerative 
signs from the nervous system, immunological changes and within 9 months led to a fatal outcome.

Conclusion. The absence of specific signs at the initial stage significantly complicates the diagnosis of the disease and leads to difficulties in 
diagnosis.

Keywords: Ley syndrome; "mitochondrial complex I deficiency, type 5"; NDUFS1 gene. 
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mography (CT) of the brain revealed no 
focal changes. The condition is without 
positive dynamics. She was transferred 
to the regional clinical children's hospi-
tal, where she was diagnosed with grade 
3 GERD without esophagitis (vomiting 
syndrome). Metabolic disorders (hyper-
cholesterolemia), cardiac arrhythmia. A 
nuclear magnetic resonance imaging of 
the brain was performed, which revealed 
gliosis of the brain. She was discharged 
with improvement.

6 months after discharge, her condi-
tion deteriorated sharply, which is why 
she was hospitalized in the HIMDKB.

Objective status. The condition is se-
rious. The temperature is at normal and 
subfebrile levels. There is no vomiting 
upon admission. The child is conscious, 
answers questions late, correctly. Slug-
gish, hypodynamic. Visual response is 
preserved, friendly, horizontal nystag-
mus. Divergent squint, watching objects. 
You can't stand on your own. There are 
no seizures. Hyperesthesia. The skin is 
pale, the turgor is preserved. There is 
no swelling. There is hyperemia of the 
arches in the throat, hypertrophy of the 
palatine tonsils of the 1st degree, the 
tongue is overlaid with a yellow plaque 
along the middle line.

The biochemical blood test increased 
the level of C-reactive protein (CRP) to 
6.9 mg/l.

MSCT of the brain with contrast was 
performed. Conclusion: signs of partial 
concretion of C2-C3 vertebrae. Other-
wise, no pathological changes were de-
tected. 

During the examination by an oph-
thalmologist, the alleged diagnosis was 
made – pronounced hypoxic changes in 
the optic disc with its atrophy.

Tandem mass spectrometry (MS/MS) 
for the quantitative determination of ami-
no acids, succenylacetone, free carnitine, 
acylcarnitines revealed no significant de-
viations. Of the studied parameters, only 
proline 78.8 mmol/l was below the norm 
(at a norm of 89.8-305 mmol/l).

Based on anamnestic, clinical, labora-
tory, and instrumental data, the diagnosis 
was made: unspecified quadriparesis. 
Nystagmus. Differential diagnosis: en-
cephalic demyelinating process.

Further, during the next 3 months after 
hospitalization, there was a deterioration 
in the general condition and an aggrava-
tion of the MRI picture of the brain and 
spinal cord by the type of acute demy-
elinating encephalomyelitis. Foci of de-
myelination appeared in the basal nuclei 
(pale ball on the right, white matter of the 
legs of the brain, right cerebellar pedicle, 
hemispheres of the cerebellum, medulla 

oblongata, spinal cord to the level of C7, 
which may correspond to the course of 
acute demyelinating encephalomyelitis). 
The picture of the epiphysis cyst, moder-
ate expansion of the internal cerebrospi-
nal spaces (Fig. 1, 2, 3).

Immunological changes were not-
ed: the phagocytic activity of leukocytes 
was reduced, the level of JgG was re-
duced (0.611 g/l, norm 4.53 – 9.16 g/l; 
0.0526 g/l, norm 5.40-18.22 g/l), bilater-
al polysegmental pneumonia joined. A 
toxic allergic reaction developed during 
immunoglobulin treatment. There were 
signs of systemic inflammatory response 
syndrome, generalized edematous syn-
drome, hypoproteinemia, reactive peri-
cholecystitis, pancreatitis. 

Moderate respiratory distress syn-
drome (RDS), pulmonary hypertension, 
and increasing cardiovascular insufficien-
cy have joined. Pronounced quadripare-
sis remained in the neurological status. 
The level of erythrocytes decreased to 
2.92×109, the hemoglobin level was 80 
g/l. In the biochemical analysis of blood, 
hypoalbuminemia, hypoproteinemia were 
noted, a small-point rash appeared on the 
trunk, limbs, and the temperature rose to 
37.7 ° C. DIC syndrome has developed. 
A hemotransfusion of erythrocyte mass 
was performed with a positive effect.

However, the condition worsened 
further, the patient was immersed in a 
drug-induced sleep, while the signs of 
severe RDS persisted, effective breath-
ing could be maintained only on 90% ox-
ygen. By this point, the leading pathoge-
netic syndrome determining the severity 
of the condition was cerebral, respiratory 
and cardiovascular insufficiency.  

This was followed by a deterioration 
of the picture on MSCT: damage to the 
white matter of the brain (mainly the 
frontal-parietal lobes symmetrically on 
both sides, with hemorrhagic impregna-

tion in the right frontal lobe, damage to 
the knee of the corpus callosum). Signs 
of widespread lesions of the white mat-
ter of the frontal, temporal and occipital 
lobes on both sides, the white matter of 
the basal nuclei (outer capsule) on both 
sides, the corpus callosum with the for-
mation of leukomalacia sites in the fron-
tal lobes with negative MSCT dynamics. 
Signs of partial concretion of C2, C3 ver-
tebrae.

The main diagnosis was formulated 
as: Demyelinating CNS disease of un-
specified etiology. Multiphase dissemi-
nated encephalomyelitis, probably post-
infectious, severe progressive course. 
Bilateral pneumonia of mixed etiology, 
severe respiratory insufficiency of the 
3rd degree, disseminated intravascular 
coagulation syndrome (DIC syndrome), 
cardiovascular insufficiency, acute pan-
creatitis. The immunodeficiency condi-
tion is unspecified. Toxic-allergic reaction 
to immunoglobulin. Common urticaria. 
Dilation of the esophagus. Non-erosive 
reflux esophagitis. Insufficiency of the 
cardia. Superficial gastroduodenitis of 
the antrum of the stomach. GERD of the 
4th degree.

3 months after hospitalization, biolog-
ical death was diagnosed. Resuscitation 
measures in full were not effective. Death 
occurred as a result of cardiac arrest 
against the background of progressive 
cerebral insufficiency. 

Morphological signs of damage to the 
brain and spinal cord were posthumous-
ly recorded: foci of necrosis of the sub-
stance of the brain and spinal astroglio-
sis, numerous perivascular couplings in 
the substance of the brain, pronounced 
dystrophic changes in preserved neuro-
cytes, foci of linear discharge and cellular 
prolapse in the substance of the brain, 
foci of a decrease in the number of neu-
rons of the molecular and granular layers 

Fig.1. Initial brain changes. 6 months from the beginning of the manifestation of the disease 
(upon admission to the hospital. The arrows indicate the formation of a cyst
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of the cerebellum with focal inclusions of 
Purkinje cells, fields of gliofibrosis, foci 
of large-focal encephalomyelolysis, sec-
ondary foci of cerebral leukomalacia in 
the corpus callosum, tissues of the frontal 
lobe of the right hemisphere, the zone of 
the central nuclei of the right hemisphere. 
Postmortem signs of progressive cerebral 
insufficiency, multiple organ failure syn-
drome were noted: RDS in the lungs, foci 
of tubular necrosis in the kidneys, degly-
cogenesis of the heart, liver, and skeletal 
muscles. Swelling of the brain and spinal 
cord. Adrenal adenoma. Morphological 
signs of secondary immunodeficiency: 
emptying of follicles of the paratracheal 
lymph node, as well as lymph nodes of 
the mesentery and spleen.

Posthumously, full-exome DNA se-
quencing was performed, which revealed 
a pathogenic variant of the NDUFS1 
gene at position (GRCh37/hg19) 
chr2:207011681:A>G, position in cDNA 
c.683T>C with effect p.(Val228Ala). The 
patient's DNA was analyzed using the Il-
lumina NextSeq550DX genetic analyzer 
using the pair-terminal reading method 
(2x151 bp). For sample preparation, the 
technique of selective capture of DNA 
sites belonging to the coding regions of 
human genes (Agilent SureSelect Hu-
man All Exon V8 kit) was used, followed 
by sequencing by synthesis (SBS). The 
designation of the identified variants 
was carried out in accordance with the 
international standards of the HGVS no-
menclature (http://varnomen.hgvs.org ). 
Sequencing data processing was carried 
out using an automated algorithm devel-
oped in the Bioinformatics Department 
of the Federal State Budgetary Budget-
ary Institution “Medicogenetic Center 
named afteracademician N.P.Bochko-
va” (NGS-DATA reg. No. 2021614055, 
2021662119, since 2017).

Discussion of the results. Mutations 
of the NDUFS1 gene cause deficiency of 
mitochondrial complex I, nuclear type 5. 
[10]. The mitochondrial complex I (NADH) 
itself, a multisubunit forming ubiquinone 
oxidoreductase, is the first enzyme com-
plex in the electron transport chain of mi-
tochondria [10]. It can be fragmented into 
3 different fractions: flavoprotein fraction, 
iron-sulfur protein fraction (IP) and hydro-
phobic protein fraction (HP). The IP frac-
tion consists of products of the NDUFS, 
NDUFS2, NDUFS3, NDUFS4, NDUFS5, 
NDUFS6 and NDUFA5 genes [9]. Func-
tionally, this enzyme is considered to be 
the first protein to accept electrons from 
NADH-flavoprotein reductase inside the 
complex [10].

Other researchers [11] have identi-
fied the protein encoded by the NDUFS1 

gene as a critical substrate of caspase in 
mitochondria. When mutated, the protein 
becomes insoluble, but even with such a 
protein, the cell is able to maintain mito-
chondrial transmembrane potential and 
ATP levels during apoptosis. However, 
there is a decrease in the production of 

reactive oxygen species in response 
to apoptotic stimuli. This did not affect 
the release of cytochrome C and DNA 
fragmentation during apoptosis, but the 
morphology of the mitochondria of apopt-
ing cells and the integrity of the plasma 
membrane were preserved [11]. 

 
 

    

Fig. 2. Brain changes 8 months after the onset of the disease manifestation. Multiple cysts of 
the brain

Fig. 3. Brain changes 9 months after the onset of the disease (20 days before the fatal outcome. 
Multiple cysts of the brain
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In general, from the data presented, it 
can be concluded that the product of the 
NDUFS1 gene plays an important role in 
the synthesis of ATP (controlling energy 
processes), but most importantly regu-
lates the processes of apoptosis (prob-
ably triggering autoimmune processes).

Conclusion. At the moment, mito-
chondrial pathology is difficult to diag-
nose and has no effective treatment 
methods. The considered clinical case 
associated with a deficiency of mito-
chondrial complex I, nuclear type 5 has 
severe clinical manifestations and a pro-
gressive course. The absence of specific 
diagnostic markers at the initial stage of 
development and the rare prevalence of 
the disease significantly complicates di-
agnosis. In this regard, it is necessary to 
pay more attention to the awareness of 
doctors about hereditary pathology and 
the role of genetic factors in the structure 
of general pathology [3].
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According to the data of the Federal 
State Statistics Service of the Russian 
Federation (RF) for 2022, diseases of 
the circulatory system, established for 
the first time in life, amounted to 4928.7, 
which is 33.6 per 1000 people of the pop-
ulation and exceeds the figures for 2021 
(4455.7 and 30.3, respectively) [5]. Stan-
dardized mortality rates and their shares 
in the mortality structure are divided into 
groups: A (chronic coronary heart dis-
ease) (CHD) - 17.8±5.8%, B (cognitive 
impairment) - 13.9±5.9%, C (acute forms 
of coronary heart disease) - 4.6±2.8%, 
D (malformations, cardiopathies, endo- 
and myocarditis - 4.8±2.7%) and group 
E (acute cerebral circulatory disorders) 

- 6,1±1,7% [8]. Dilated cardiomyopathy 
(DCM) is the most common cardiomyop-
athy. The incidence of DCM is estimated 
by various authors to be 5 – 7.5 cases 
per 100,000 population. According to sta-
tistics, men are most often ill with DCM 
(about 2-5 times more often than wom-
en), regardless of age. It is known that 
DCM is the 3rd most common cause of 
chronic heart failure (CHF) (RF: DCM is 
the cause of CHF in 0.8% of cases, and 
CHF of functional class (FC) III-IV – in 
5.0%-5.4%), ranks 1st among all causes 
leading to heart transplantation [3]. Clin-
ical experience shows that determining 
the etiological factor leading to the devel-
opment of DCM is a rather difficult ques-
tion. What could this be related to? The 
answer lies on the surface. If you look at 
the etiological classification of DCM, you 
can understand that it has a huge num-
ber of etiological factors from genetic 
causes, exposure to toxic substances, 
the infectious process, to autoimmune, 
auto-inflammatory and endocrine and 
metabolic disorders-related diseases [4]. 

In our opinion, the clinical case of a 
young patient with a clinical manifesta-
tion of CHF decompensation deserves 
special attention in conducting differen-
tial diagnosis in real clinical practice and 
timely treatment.  

A clinical case. The patient, a 
40-year-old man, was admitted to the 
cardiology department in August 2023 
with complaints of shortness of breath 
that occurs with minimal physical exer-
tion, swelling of the lower extremities, 
abdominal enlargement and palpitations.

Anamnesis of the disease. The 
patient associates the onset of the dis-
ease with the development of acute re-
spiratory viral infection, accompanied 
by pronounced catarrhal phenomena. 

For the first time, complaints of short-
ness of breath, frequent and severe 
cough with sparsely separated sputum, 
periodic chest pains on inhalation and 
an increase in temperature to 38-39°C 
appeared in early November 2017. By 
the end of the month, against the back-
ground of ineffective self-treatment, the 
patient sought medical help. The chest 
X-ray revealed signs of right-sided lower 
lobe pneumonia. With the persistence of 
complaints of shortness of breath, peri-
odic discomfort in the chest when walk-
ing, fatigue, rapid heartbeat – the patient 
is referred for inpatient treatment. Against 
the background of therapy, he noted an 
improvement in his general condition. In 
early December 2017, the patient again 
sought medical help with complaints of 
chest discomfort when walking, short-
ness of breath and general weakness. 
An examination was conducted and, 
based on the data of anamnesis, clinic, 
instrumental and laboratory diagnostics, 
the following diagnosis was made: Basic: 
Coronary heart disease. Postinfarction 
cardiosclerosis (without date of establish-
ment). Complication: stage I CHF, FC 2 
according to NYHA. Concomitant: Com-
munity-acquired right-sided lower lobe 
pneumonia in the convalescence stage. 
In January 2018, he was hospitalized in 
the cardiology department, where cor-
onary angiography was performed – no 
hemodynamically significant coronary ar-
tery stenoses were detected. Differential 
diagnosis was performed and the follow-
ing diagnosis was made: DCM, treatment 
was prescribed. On a regular basis, the 
patient took medications: valsartan/sacu-
bitril, eplerenone, torasemide, clopido-
grel, amiodarone, meldonium dihydrate. 
Over the next 5 years, the patient was 
repeatedly hospitalized in various medi-
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cal institutions due to the progression of 
heart failure (HF). He was consulted by 
a cardiac surgeon, and the patient was 
offered a heart transplant, which he re-
fused. Due to the deterioration of his gen-
eral condition due to decompensation of 
HF, he was hospitalized in the cardiology 
department.

Anamnesis of life. No heredity. De-
nies bad habits. Is a disabled person of 
the 3rd group due to a general disease. 
Suffers from chronic gouty polyarthritis, 
intermittent course, activity 1-2 st. Life 
history. No heredity. Denies bad habits. 
Is a disabled person of the 3rd group due 
to a general disease. Suffers from chron-
ic gouty polyarthritis, intermittent course, 
activity 1-2 st..

Objective data. The patient's con-
dition is serious. Body temperature is 
36.7°C . Body weight 90.0 kg, height 175 
cm, body mass index 29.39 kg/m2. The 
level of consciousness on the Glasgow 
scale is 15 points. The skin and visible 
mucous membranes are pale in color, 
dry, warm, the hairline is without features, 
there are no rashes/ hemorrhages, the 
face is puffy. Peripheral edema of the feet 
and shins. The lymph nodes available for 
palpation are not enlarged, painless, and 
not soldered to the surrounding tissue 
and skin. Musculoskeletal system without 
pathological changes. During percussion, 
there is a dulling of the percussion sound 
in the lower parts. In the lungs: vesicu-
lar breathing is weakened, widespread 
wet wheezing from the basal parts to the 
middle of the shoulder blades, respirato-
ry rate (BPD) 23 per minute, SpO2 93%. 
Percutorially, the boundaries of relative 
cardiac dullness are expanded to the 
left by 1.5 cm, heart tones: arrhythmic, 
muted, heart rate (HR) = 110 per 1 min-
ute, blood pressure (BP) 90/40 mmHg.. 
The tongue is physiologically colored, 
the papillae are well expressed, soft and 
elastic on palpation, mobility is preserved 
in full.  Palpation of the abdominal organs 
is painless. The abdomen is enlarged in 
size, the liver protrudes from under the 
edge of the costal arch by 2 cm. 

Laboratory diagnostics: General 
blood test: Hemoglobin – 148 g/l, erythro-
cytes – 5.07 x 1012/L, platelets – 151 x 109 

/L, leukocytes – 11.9 x 109/L, erythrocyte 
sedimentation rate – 5 mm/h. Biochemi-
cal blood analysis: glucose – 5.3 mmol/L, 
alanine aminotransferase – 14.1 U/L, 
aspartate aminotransferase – 27 U/L, 
creatine phosphokinase – 21.7 U/L, cre-
atinine – 166 mg/L, urea – 22.89 mmol/L, 
total protein – 72.2 g/L, bilirubin – 51.7 
mmol/L, K+ – 5.3 mmol/l, Na+ – 133 
mmol/l, Ca – 0.98 mmol/l, pH – 7.320, 
LDH – 73.0, albumin – 36.4 g/l. General 
urine analysis: pH – 5.5, protein – 1.87 
g/l, specific gravity – 1013 g/l. The dy-
namics show thrombocytopenia, moder-
ate erythropenia, a progressive increase 
in the level of liver enzymes, creatinine 
and urea, as well as increasing protein-
uria, uric acid – 799 mmol /l. Coagulo-
gram: RT (sec) – 24.9, PT PT – 42.6, 
ARTT – 47.5, INR – 1.92. Lipidogram: 
total cholesterol - 1.95 mmol/L, low-den-
sity lipoprotein cholesterol - 0.8 mmol/L, 
Triglycerides - 0.99 mmol/L.

Instrumental diagnostics. Accord-
ing to the archive of electrocardiograms 
(ECG) since 2017, there are signs of 
focal changes in the anterior wall of the 
left ventricle (LV). In 2019, the following 
changes were registered for the first time: 
hypertrophy of the LV and left atrium (LA) 
with overload and impaired intraventric-
ular conduction. In 2020, incomplete 
blockade of the right leg of the Gis bun-
dle, atrioventricular blockade of the 1st 
degree. In May 2023, 3:1 atrial flutter was 
first recorded with an atrial contraction 
rate (AR) of 210 beats/min and a ven-
tricular contraction rate (HR) of 70 beats/
min. An ECG in August 2023, at the time 
of hospitalization, recorded atrial flutter 
2:1, heart rate 180 beats/min, heart rate 
90 beats/min, overload of the right heart, 
low voltage (Figure No. 1).

Chest X-ray: On the chest X-ray in 
direct projection, the patient is rotated. 
Visible pulmonary fields – diffuse areas 
of heterogeneous infiltration of low inten-
sity are determined in the right pulmonary 
field in the lower sections. There were 
no focal infiltrative changes in the left 
pulmonary field. The pulmonary pattern 
in the right lung is unevenly reinforced, 
low-structured, low intensity, deformed. 
In the left lung, it is not reinforced, low 

intensity, not deformed. The shadow of 
the heart is expanded. The shadow of the 
roots of the lungs: the right root is slight-
ly structured, not expanded, of medium 
intensity. The left root is not visualized. 
Sinuses: signs of free fluid in the right 
pleural cavity up to the level of the middle 
segment of the 4th rib, the left sinus is 
not visualized. The contours of the dia-
phragm on the left are clear and even, on 
the right they are not visualized. Signs of 
a paracostal closed hydrothorax on the 
right in the projection of a small interlob-
ular gap. No bone – traumatic patholo-
gy was revealed. Conclusion: infiltrative 
changes in the right lung are probably of 
inflammatory etiology. X-ray signs of a 
right-sided hydrothorax with a liquid vol-
ume of 800 ml. X-ray signs of a paracos-
tal obfuscated hydrothorax on the right. 
Signs of cardiomegaly (Figure No. 2).

Ultrasound examination of abdominal 
organs: ultrasound signs of moderate 
changes in the liver, pancreas, kidneys. 
Hepatosplenomegaly. Ascites. Fluid in 
the pleural cavity. Instrumental diagnos-
tics.

According to the echocardiography 
archive (ECHOCG) (2017). Enlargement 
of the LA. Zones of a-/hypokinesis of the 
anteroseptal region of the LV. Regur-
gitation on the mitral valve (MV) 0-1 st. 
Ejection fraction (EF) of the LV 50%. In 
mid-2019 - Hypo-, akinesis of the LV in 
the area of   the interatrial septum (IVS), 
anterolateral wall (ALW) of the LV, ante-
rior wall of the LV, tricuspid valve insuf-
ficiency (TVI), mitral valve insufficiency 
(MVI), dilation of the chambers. LV EF 
38%. A year later - dilation of all cavities 
of the heart. Global contractility of the 
LV is reduced. Left ventricular diastolic 
dysfunction (LVD) st. 1 st. LV EF 35%. In 
2022 - dilation of all cavities of the heart. 
Global LV contractility is reduced. LV dia-
stolic dysfunction, diffuse hypo-, akinesis 
of the anterior septal wall and apex. LVD 
stage 3. EF 33%. By May 2023 - dilation 
of all heart cavities. Global LV contrac-
tility is reduced. Left ventricular diastolic 
dysfunction, diffuse hypo-, akinesis of the 
anterior septal wall and apex. LVD stage 
3. EF 33%.

At the time of hospitalization in the 

Fig. 1. ECG at the time of hospitalization (August 2023)
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cardiology department in August 2023 
– LP – 45 mm, end-diastolic size (CDR) 
LV – 60 mm, end-diastolic volume (CDR) 
LV – 180 ml, EF (according to Teichgolz) 
– 30%, interventricular septum (LV) – 11 
mm, posterior the wall of the left ventricle 
(LV) is 10 mm, the right ventricle (RV) is 
38 mm, the pulmonary artery (LA) is 22 
mm. Dilation of all cavities of the heart. 
The LV myocardium is not thickened. 
Diffuse hypokinesis, hypo-, akinesis 
of the anterior septum wall and apex. 
Global LV systolic function is drastically 
reduced. The thoracic aorta is not dilat-
ed in all sections. The aortic half-moons 
are compacted, the opening is sufficient. 
The wings of the MV are not elongated, 
not compacted, their opening is sufficient 
IMV 1.5 st. ITV 3 st. Tricuspid regurgi-
tation. Regurgitation on the pulmonary 
artery valve. The pressure in the LA is 
increased (pulmonary hypertension of 1 
ct). The inferior vena cava is not dilated, 
it collapses more than 50% when breath-
ing. At the time of the study, a moderate 
amount of fluid in the pericardium (up to 
500 ml) is determined. Diastolic diver-
gence of pericardial leaflets: behind the 
posterior wall of the LV up to 16 mm, be-
hind the lateral wall of the LV up to 15 
mm, behind the free wall of the pancreas 
up to 8 mm (Figures No. 3 and No. 4).

The conclusion of the nephrolo-
gist. Prerenal acute renal failure (ARF), 
against the background of chronic renal 
failure (CRF) stage C3b. The glomerular 
filtration rate according to CKD-EPI is 
37.16 ml/min/1.73 m2.

Based on complaints, anamnesis 
data, laboratory and instrumental diag-
nostic methods, a clinical diagnosis was 
made: The main one: Dilated cardiomy-
opathy. Rhythm disturbance according to 
the type of constant form of atrial flutter 
2:1. Complications: stage II B CHF, with 
reduced systolic function (EF 30%). FC 4 
by NYHA. Ascites.   Hepatosplenomega-
ly. MVI 1-2 st. TVI 3 st. Regurgitation on 
the pulmonary artery valve. Pulmonary 
hypertension 1 art. Right-hand hydrotho-
rax. Hydropericardium. Prerenal acute 
renal failure on the background of CRF, 
CKD C3B, glomerular filtration rate ac-
cording to CKD-EPI 37.16 ml/min/1.73 
m2. Concomitant: Gout.

Treatment was prescribed: diet No. 
10, designed for diseases of the cardio-
vascular system in order to create fa-
vorable conditions for blood circulation, 
reduce the load on the heart, blood ves-
sels and kidneys, normalize water-salt, 
ion metabolism, simplify the elimination 
of toxic products of metabolic processes. 
Medications: infusion therapy, metabolic 
therapy, valsartan/sacubitril, dapaglifloz-

in, eplerenone, metoprolol, torasemide, 
clopidogrel.

The scales (CHA2 DS2 -VASc) were 
evaluated - 1 point (LVEF <40%) and 
(HAS-BLED) - 3 points (creatinine over 
200 mg/l – 1 point. Impaired liver function 
(bilirubin increased by more than 2 times) 
- 1 point. Labile INR – 1 point) – the pa-
tient has indications for anticoagulant 
therapy, but due to the high hemorrhagic 
risk, disaggregant therapy is prescribed.

Against the background of the treat-
ment, stabilization of the patient's con-
dition is noted, however, a progressive 
decrease in PV and the severity of the 
patient's condition requires urgent con-
sultation with a cardiac surgeon in order 
to determine indications for heart trans-
plantation. The patient is recommended 
to: diet No. 10, dynamic monitoring by 
a cardiologist, nephrologist at the place 
of residence. At the stage of patient ob-
servation, cardiac MRI and Holter ECG 
monitoring data were not provided. It is 
recommended to perform echocardiogra-
phy, daily monitoring of ECG and blood 
pressure in dynamics, ultrasound Dop-
plerography of the brachiocephalic ar-
teries on an outpatient basis as planned. 
Recommended for permanent use: val-
sartan/sacubitril (under the control of 
blood pressure, blood electrolytes), da-
pagliflozin, eplerenone, metoprolol, clopi-
dogrel, torasemide.

Discussion. Taking into account the 
complaints and anamnesis of the dis-
ease of a young man, at the diagnostic 
stage, the issue of differential diagnosis 
of diagnoses was solved: postinfarction 
cardiosclerosis according to ECG data, 
myocarditis with decompensation of 
CHF. The revealed scarring of the anteri-
or LV wall on the ECG and the absence of 
hemodynamic significant stenoses in the 
coronary arteries according to coronary 
angiography led to the need for further 
examination of the patient and differential 

diagnosis. 
 The problem of diagnosis and treat-

ment of myocarditis in clinical practice 
stands in a separate place due to the 
complexity and polyethologicity of the 
pathological process, the practically ab-
sent specific clinical picture limiting pre-
test diagnosis, the difficulty of conducting 
a lifetime endomyocardial biopsy (EMB) 
[1, 6], which is the "gold standard" for 
the diagnosis of this disease, the basis 

Fig. 2. Chest X-ray

Fig. 3. Echocardiography at the time of admis-
sion (August 2023). Dilation of all cavities of 
the heart, overload of the right parts, regurgita-
tion on the tricuspid valve. Fig. 3. echocardiog-
raphy at the time of admission (August 2023). 
Dilation of all cavities of the heart, overload of 
the right parts, regurgitation on the tricuspid 
valve

Fig. 4. echocardiography at the time of ad-
mission (August 2023). Regurgitation on the 
pulmonary artery valve
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for the formation of further tactics patient 
management [6]. The incidence of myo-
carditis is 20-30% of all non-coronary 
heart diseases [1]. With a subacute clin-
ical form not recognized in time, accom-
panied by latent symptoms at the onset 
of the disease, with a prolonged course, 
subsequently leads to the development 
of structural and functional changes in 
cardiomyocytes, which causes a further 
decrease in  LV EF and LV dilation [2, 9]

The outcome of all of the above is the 
transformation into DCM, which, accord-
ing to clinical observations and autop-
sies, was detected in a fairly large per-
centage. There is also evidence of a high 
percentage of spontaneous recovery 
(57% on average). According to statis-
tics, morphological signs of myocarditis 
were not confirmed in patients with DCM 
who underwent EMB in up to 16% of cas-
es in adults and up to 46% of cases in 
children. The clinical course of myocar-
ditis described above is important to take 
into account when making a diagnosis, 
however, the main and "gold standard" 
diagnosis that allows you to confirm the 
diagnosis is the implementation of EMB, 
performed after an MRI with paramagnet-
ic contrast, to identify the sites of biopsy 
sampling (at least 3 samples), the data of 
which are evaluated using the Lake Lou-
ise criteria. It should be borne in mind that 
the sensitivity of this method depends on 
the number of samples taken (4-5 – 50%, 
17 – 79%) [6, 7].

Criteria for the diagnosis of DCM: ac-
cording to the results of echocardiogra-
phy, LV dilation or both ventricles of the 
heart (index of final diastolic volume) LV 
> 74 ml/ m2 in men and > 61 ml/ m2 in 
women; significant (EF < 40%) or mod-
erate (EF– 41-49%) decrease in LV EF 
and the presence of: symptoms and/or 
signs of CHF; diffuse LV hypokinesia; 
relative LV wall thickness less than 0.3 
(except for diseases with an initially hy-
pertrophic morphofunctional phenotype 
of the heart); the verified cause of dilation 
characteristic of DCM (genetic defect, 
toxic, endocrine, metabolic, alimentary, 
immune, autoimmune, postinfectious 
factor, pregnancy). The above criteria 
are used in the Russian Federation, but 
there is another classification developed 
by experts of the World Heart Federation 
– "MOGE(S)" (Morpho-functional, Organ/
system involvement, Genetic, Etiological 
annotation, Stage, 2013) (Table No. 1), 
which is based on a combination of let-
ters and numbers that allow you to create 
each patient has an individual disease 
code that transmits maximum information 
about the patient [3]. 

The modern approach to the treatment 

of patients with DCM has proven its ef-
fectiveness in many clinical studies. The 
tactics of drug management of patients 
with is based on the principles of therapy 
of patients with HF with low EF. Quadri 
therapy is recommended for patients with 
HF (FC II-IV) and PV less than 40%. This 
therapy is necessary to reduce the risk of 
disease progression and includes the use 
of: angiotensin converting enzyme (ACE) 
inhibitors or angiotensin II receptor an-
tagonists (ARA II) or group drugs (ARNI) 
(valsartan/sacubitril), beta-blockers (BB), 
ivabradine (in case of intolerance to 
BB), mineralocorticoid receptor antag-
onists (AMCR), type 2 sodium-glucose 
cotransporter inhibitors (iNGLT2, SGLT2 
inhibitors), with rapid progression of CHF 
with the development of edematous syn-
drome – diuretics. Stable dynamics was 
achieved against the background of drug 
support, but the prognosis is more likely 

unfavorable due to the progression of HF 
and dilation of all parts of the heart. 

A young patient with terminal HF 
needs not only drug therapy, but also 
timely resolution of the issue of donor 
heart transplantation, which is not always 
available in clinical practice, due to the 
relatively small percentage of transplants 
performed. According to statistics from 
the National Medical Research Center 
for Transplantation and Artificial Organs 
named after Academician V.I. Shuma-
kova performed 148 heart transplanta-
tions in 2024 [10], but we must not forget 
that the need for heart transplantation is 
many times higher than the current statis-
tical indicators of successful operations.

Conclusion. The presented clinical 
case of a patient with the consequences 
of an acute respiratory viral infection in a 
young patient draws the attention of the 
medical community not only to the need 

Classification of cardiomyopathies according to "MOGE(S)"

The key parameter and its letter code
M – phenotype O – organs and/or systems involved
D - dilated cardiomyopathy H – heart
H – hypertrophic cardiomyopathy M – skeletal muscles
R – restrictive cardiomyopathy N – nervous system
A – Arrhythmogenic dysplasia of the right ventricle C – skin
NC – non–compact myocardium E – eye
NS – non–specific phenotype A – hearing
NA – information is not available K – kidneys
 E – previously identified conditions with details 
(E(D), (E(H), (E(R), (E(A), etc.) G – gastrointestinal tract

S – skeleton
Lu – lungs 
Li – liver
(O) – absence of defeat

G – type of inheritance  E – etiology
N – absence of family heredity G -  genetic
U - unknown G-OC – is the carrier of the mutation
AD – autosomal dominant G-DN – is a genetic new
AR - autosomal recessive G-C – more than one mutation
XLR – X-chromosome-related recessive G-Neg – no mutations
XLD – X-chromosome-related dominant G-NA – genetic study not available
XL – X-chromosome-related G-A – genetic amyloidosis
M – on the mother's side A –amyloidosis
DN – new mutation A-k – amyloidosis, type K
(O) - absence M – myocarditis

V – viral infections
Al – autoimmune
I – infections other than viral
T - toxic
Eo – eosinophilia
(O) – there is no genetic test

S – stage of heart failure (ACC/AAC:A; B; C; D NYHA class: I; II; III; IV)
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Introduction. The global pandemic 
of a novel COVID-19 coronavirus in-
fection caused by SARS-CoV-2 virus 
has had a strong impact on the whole 
world [3, 4, 8]. Since then, a tremen-
dous breakthrough in science has been 

made and new diagnostic techniques, 
prevention, treatment and organization-
al approaches have been developed 
in the management of individuals with 
COVID-19 [5,9].

COVID-19 infection is characterized 
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CLINICAL CASE OF SEVERE 
CORONAVIRUS INFECTION COMPLICATED 
BY BILATERAL HOSPITAL-ACQUIRED 
PNEUMONIA IN A PREGNANT WOMAN

This article presents a clinical case of a severe course of COVID-19 in a 27-year-old pregnant 
woman. The infectious process was complicated by bilateral out-of-hospital pneumonia. A wom-
an was admitted to the obstetric infectious disease unit at 39 weeks gestation, complaining of an 
attack-like cough with scanty sputum, a feeling of tightness in the chest, runny nose, weakness, 
increased body temperature up to 37.9 C. SARS-Cov-2 virus RNA was diagnosed by PCR. The 
condition progressively worsened overnight, the pregnant woman was transferred to non-inva-
sive ventilation in the intensive care unit, with lung parenchyma lesions up to 50%.

Against the background of progressing respiratory failure, acute respiratory distress syn-
drome woman delivered by emergency cesarean section at 39 weeks' gestation. A live, prema-
ture baby girl was born, without asphyxia. The patient's condition remained extremely serious. 
On the 2nd day of the postoperative period sepsis was diagnosed, the lesion of lung parenchyma 
amounted to 75-100%.

Multicomponent therapy, including recombinant monoclonal antibodies to the interleukin-6 
receptor, resulted in improvement.
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for timely diagnosis and the choice of 
the right management tactics, but also to 
the prediction of possible complications. 
Assessing the growing proportion of pa-
tients with CHF in the population and the 
socio-economic damage, it is necessary 
to consider the modernization of the ap-
proach to diagnosis and treatment, and 
most importantly, the prevention of these 
clinical situations.
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by the development of complications from 
various organs and systems [10,13,14]. 
Respiratory, cardiovascular, digestive 
and hemostasis systems are quite often 
affected [6, 7, 11]. Respiratory system le-
sions are manifested as viral pneumonia 
with the development of acute respiratory 
distress syndrome and respiratory fail-
ure [15]. The development of respiratory 
system lesions leads to the phenomena 
of general hypoxia, in these conditions 
there is a violation of homeostasis and 
adaptive processes of the body, which 
in turn contributes to the development of 
pathological conditions of other organs 
and systems [16, 17, 18].

The incidence of COVID-19 in preg-
nant women has now been shown to 
be higher than in the population [1,2]. It 
has been established that due to unique 
immune characteristics and suscepti-
bility to respiratory pathogens, preg-
nant women infected with SARS-CoV-2 
should be considered a high-risk group 
for the development of severe disease 
and mortality. In pregnant women with 
COVID-19, a sudden development of a 
critical condition against the background 
of a stable course of the disease is pos-
sible [12].

Objective of the study: To analyze a 
clinical case of a pregnant woman with 
severe coronavirus infection complicated 
by bilateral out-of-hospital pneumonia, 
respiratory failure (RF) of II degree.

Clinical observation: Patient I., 27 
years old. The present pregnancy is the 
second, desired pregnancy. The first 
pregnancy in 2016 proceeded without 
complications, ended prematurely by 
emergency cesarean section due to inef-
fective treatment of obstetric failure.

Course of the present pregnancy: 
moderate toxicosis in the first half of the 
pregnancy, treated as an outpatient; The 
second half of pregnancy proceeded 
smoothly. The total weight gain during 
pregnancy amounted to 6 kg.

The pregnant woman applied on 
25/05/2021 at 17h30m to the obstet-
ric infectious disease department of the 
perinatal center of the Yakutsk Republi-
can Clinical Hospital complaining of an 
attack-like cough with scanty sputum, 
a feeling of compression in the chest, 
runny nose, weakness, increased body 
temperature up to 37.9C. SARS-Cov-2 
RNA was detected by PCR. She was 
diagnosed with COVID-19, of moderate 
severity. Pregnancy 39 weeks, cephalic 
presentation. Aggravated obstetric histo-
ry - uterine scar.

From the anamnesis: considers her-
self sick for seven days, when pain in the 
throat, dry cough appeared. Got sick af-

ter coming into contact with a sick friend.
On admission, the condition is mod-

erately severe, consciousness is clear. 
The physique is hypersthenic. The skin 
and visible mucous membranes are un-
changed. Lymph nodes are not enlarged. 
Body temperature 36.0C, weight 81.4 kg, 
height 161cm, BMI - 31.4. Heart tones 
are rhythmic, no murmurs. Heart rate 
125d/min, BP 85/66mmHg. Respiration 
in the lungs is rigid, no rales, HR 22 per 
min, SpO2 94% (on atmospheric air), 
97% (with oxygen support).  

CT scan shows signs of interstitial 
bilateral pneumonia COVID 19. Involve-
ment of lung parenchyma 25-50%- CT-2.

On examination in the general blood 
test leukocytes 8.34x10^9/l, lymphopenia 
0.75x10^9/l, Increased hepatic transam-
inases ALT 51.2, AST 30.7, increased 
LDH (lactate dehydrogenase) up to 
585ed/l, C reactive protein 88.4 mg/l, uri-
nalysis without features.

According to version №11 of the tem-
porary methodological recommendations 
dated 07.05.2021 “Prevention, diagnosis 
and treatment of New coronavirus infec-
tion COVID-19”, Antiviral and antibacteri-
al therapy: Interferon alpha 2b 3 capsules 
5 times a day nasally, Favipiravir 1800 
mg 2 times a day orally, then 800 mg 2 
times a day thereafter; Ampicillin and sul-
bactam 1.0g+0.5g x 3 times a day intra-
venously from 26/05/21, Azithromycin 0.5 
g once a day intravenously from 27/05/21 
(№3). Anticoagulants in therapeutic dose 
- Enoxaparin sodium 0.5 g 2 times a day 
since 25/06/21 were prescribed. The 
patient received glucocorticosteroids 
for preemptive purposes: dexametha-
sone 12 mg intravenous drip 2 times a 
day since 26/05/21, methylprednisolone 
125 mg 4 times a day intravenously from 

27/05/21. Humidified oxygen insuffla-
tion was performed at a rate of 10L/min, 
prone - position on the side for at least 16 
hours per day.

On the 2nd day of treatment the preg-
nant woman with worsening condition 
was transferred to non-invasive artificial 
lung ventilation (NIV) by Hamilton C2 ap-
paratus in NIV mode with the parameters 
of support 17cm of water column, taking 
into account the level of saturation and 
blood gases.

During 3 days of intensive treatment 
the condition continued to worsen, re-
spiratory failure increased, blood oxygen 
saturation decreased to 88%. Taking into 
account the grave condition of the preg-
nant woman, the lack of effect from the 
therapy, and her premature gestation-
al age, she was delivered by cesarean 
section. The operation was performed 
under spinal anesthesia. A live prema-
ture baby girl was extracted, without 
asphyxia, Apgar scale 8-8 points, with a 
weight of 3366g, length 56cm. Blood loss 
in labor amounted to 600ml. After deliv-
ery, the woman's treatment continued in 
the intensive care unit. The patient was 
on non-invasive artificial ventilation for 
5 days. The child was observed in the 
isolation ward, PCR for COVID 19 was 
negative, discharged home on the 11th 
day of life.

Against the background of inten-
sive therapy, the patient's condition re-
mained extremely severe. Daily moni-
toring of blood counts reflected a pro-
gressive increase in leukocyte counts 
to 27.77 (10^9/L), thrombocytosis up to 
445(10^9/l),increased CRP level up to 
114.7 mg/l, Increase in lactate dehydro-
genase to 1120 units/l, interleukin-6 to 27 
mg/ml, of presepsin to 732 pg/ml. Sep-
sis was diagnosed on the 2nd day of the 
postoperative period, Immunovenin 25ml 
intravenous micro-jet via syringe pump 
and Fluconazole 250mg intravenously 
were added to the treatment. The control 
computed tomography of lungs on a se-
ries of slices revealed negative dynam-
ics: involvement of lung parenchyma 75-
100% (photo №1)

During treatment, telemedicine con-
sultation with the Federal State Bud-
getary Institution “National Medical Re-
search Center of Obstetrics, Gynecology 
and Perinatology named after Academi-
cian V.I. Kulakov” of the Ministry of Health 
of the Russian Federation was repeated-
ly conducted. A drug has been prescribed 
for treatment Ilcira (levilimumab) 324 mg 
intravenous drip once 28/05/21 change 
of antibacterial therapy to drugs from 
the group of carbopenems and oxazo-
lidines - Meropenem 1 gram 3 times a 

Computed tomography of lungs on the 12th 
day of the disease. Diffuse lung lesion by type 
of frosted glass and consolidation combined 
with reticular changes. Involvement of lung 
parenchyma more than 80%
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day intravenous drip since 28/05/21 was 
carried out, Linezolid 600 mg 2 times a 
day intravenous drip. Inotropic support 
on norepinephrine microjet intravenously 
0.2mg/hour, restrictive infusion therapy in 
the volume of 15 ml/kg/day, correction of 
water-electrolyte balance, protein enteral 
nutrition were performed.

On the 10th day of the postopera-
tive period, ultrasound examination re-
vealed lochiometra and podaponeurotic 
hematoma: uterine cavity expansion up 
to 33 mm, hematoma with dimensions 
68x71x60 mm, volume 153cm3. Surgery 
was performed: opening and emptying of 
the hematoma of the anterior abdominal 
wall, vacuum aspiration of the uterine 
cavity. Blood loss amounted to 200ml. 
After surgery - additional change of an-
tibiotic therapy to Cefoperazone and sul-
bactam 2 g. 2 times a day intravenously 
since 07/06/21, Levofloxacin 500 mg 2 
times a day orally. During further inpatient 
treatment, dyspnea decreased, cough 
subsided, and independent breathing 
without humidified oxygen was restored. 
Multicomponent therapy led to improve-
ment of the condition, normalization of 
clinical test parameters on the 21st day 
of the disease. She spent a total of 16 
days in the intensive care unit.

On the background of improvement of 
clinical and laboratory parameters, on the 
36th day, in a condition close to satisfac-
tory, with asthenic syndrome, the patient 
was discharged for outpatient treatment.

Conclusions: 
The clinical interest of the observation 

lies in the extremely severe course of 
coronavirus infection in a pregnant wom-
an with multiple complications. In case of 
worsening of the general condition, in-
creasing dyspnea, reasonable and timely 
delivery was performed by cesarean sec-
tion, antibacterial drugs from the reserve 
group and genetically engineered biolog-
ical agents were used. The woman has a 

positive prognosis for further realization 
of reproductive function.

Delivery at increasing symptoms of 
respiratory failure, adequate treatment 
of severe coronavirus infection with total 
lung damage contributed to the patient's 
recovery. This clinical case demonstrates  
the need for an individualized approach 
in the management of each patient with 
coronavirus infection.
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M.S. Savvina, N.A. Danilov, T.E. Burtseva, O.N. Ivanova, 
I.S. Ivanova, M.P. Slobodchikova 

A CLINICAL CASE OF HYPOPITUITARISM 
IN AN EIGHT-YEAR PATIENT

Introduction. Hypopituitarism [ICD-
10 code: E23.0] is a thyroid disorder re-
sulting from the deficiency of one or sev-
eral hormones produced by the hypophi-
sis (pituitary gland). It is a rare disease 
which can be congenital or acquired; 
thus it can occur in infants, children, 
teenagers and adults [1,4]. The congen-
ital causes include perinatal traumas 
(birth asphyxia, birth traumas),  disturbed 
development of the pituitary gland, ec-
topic position of the neurohypophesis, 
Pallister-Hall syndrome (hypothalamic 
hamartoma and polydactyly), genetic 
disturbances (isolated deficiency of GH, 
PIT1 and PROP1 mutations, septo-op-
tic dysplasia, gonadotrophin deficiency) 
and disturbed development of the cen-
tral nervous system (anencephaly, holo-
prosencephaly, aplasia or hypoplasia of 
pituitary gland) [5]. Acquired causes of 
hypopituitarism include infiltrative distur-
bances (tuberculosis, sarcoidosis, X-his-
tiocytosis, lymphocytic hypophisis and 

tumors [7].Most commonly the disease 
results from PIT1 and PROP1 gene mu-
tations which are caused by transcription 
factors.

Severe deficiency of somatotropic 
hormone and prolactin are characterized 
by PIT1 gene mutation. Deficiency of 
thyrotrophic hormone may vary by its ex-
pression. Retarded growth from the birth, 
secondary hypothyreoidism and low pro-
lactin level will be diagnosed clinically. 
Development of adrenal insufficiency and 
secondary hypogonadism is not charac-
teristic [1,8].

Perinatal signs of hypopituitarism 
are absent in children with mutation in 
PROP1. Mean weight and height at birth 
are within the normal features. Hypocly-
cemia and long-lasting jaundice of the 
newborn are not common [1,3,8]. The 
diagnosis is made when the parents 
complain of short stature. Deficiency of 
thyrotrophic hormone can be present at 
birth and it most commonly occurs to-
gether with the deficiency of growth hor-
mone.  Hypothyroidism is not expressed. 
Follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) deficiencies 
are revealed at puberty. Insufficient pro-
duction of adrenocorticotropic hormone 
(ACTH) is less common, its deficiency 
is usually revealed at puberty and adult-
hood [6].

Neuroimaging of hypothalamic-pitu-
itary area commonly reveals hypoplastic 
or normal anterior and posterior lobes of 
the pituitary gland [2].

It is known that the early diagnosis of 
the disease corresponds to expression of 
the symptoms and thus possible diagno-
sis of congenital hypopituitarism. In 2019 
Child et al declared the median age of hy-
popituitarism diagnosis to be 11 years [6]. 
At the same time Boros et al suggested 
that those patients diagnosed with hypo-
pituitarism after 10 years of age should 
be referred as late ones when making a 
final diagnosis [3].   

Objectives: The article is aimed at de-

scribing the clinical case of hypopituitar-
ism in an eight-year patient.

The research was agreed by the local 
committee of biomedical ethics in Ya-
kutsk scientific center “Complex medical 
problems” in accordance with the Helsinki 
declaration #54, signed in 20.12.2021 #1, 
declaring ethical responsibility. The legal 
representatives of the patient signed 
agreement in a case history, which al-
lows referring to the data anonymously. 
All the personal data of the patients were 
deidentified.

In 27.11.2023 the patient M. was ad-
mitted to the department of endocrinolo-
gy and gastroenterology of M.E. Nikolaev 
Republican hospital #1 of the Republic of 
Sakha (Yakutia) at the age of 8 years. He 
complained of short stature, rapid fatigue 
and constant constipations. The patient 
is Russian.

Past medical history shows that re-
tarded growth was noticed at the age of 
5 years. The patient was referred to the 
in-patient department for further check-
up. The retarded growth was noticed at 
the age of 4-5 years as his father said.

Past history shows that he was born 
from the third pregnancy which ran nor-
mally. He was born on the 40th week, 
weight at birth was 3300 gr, and height 
was 53cm. Nervous and psychological 
development was not disturbed and cor-
responded to his age. He rarely was ill 
with infectious diseases of the respiratory 
tract, he had chicken-pox. No known al-
lergies were noticed.

Family history: mother’s height – 160 
cm, father’s height – 170 cm, brother’s 
height (12 years) – 150 cm (-1.12 SDS).

Objective examination: Height – 122 
cm (-2.32 SDS), weight – 20 kg, BMI – 
14.8 kg/m2 SDS BMI (-1.36 SDS).

The condition is satisfactory. General 
state is normal with clear consciousness. 
Appetite is not disturbed. No meningeal 
signs, focal neurological symptoms are 
absent. The Romberg test is negative. 
The patient sleep is satisfactory. The body 
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habitus type is hyposthenic with moder-
ate diet. The bony and muscular system 
has no abnormalities. The pharynx is not 
hyperemic. Mucous membranes of the 
mouth and pharynx are clear and pale. 
Nasal breathing is not complicated and 
free. The osteoarticular system shows 
no anomalies. The lymphatic nodes are 
not enlarged. The thoracic cage is regu-
lar. On percussion the lungs tone is clear 
on all sides. Breathing is vesicular, with 
no rales and wheezes. Cardiac tones are 
clear and rhythmic. Abdomen is soft and 
painless. The liver and the spleen are not 
enlarged. The right foot is swollen. No 
peripheral swollen areas are noticed. Uri-
nation is free and painless. Urine is light 
and transparent. The outer genitals are 
formed correctly and have the male type. 
Puberty corresponds to Tanner stage 1. 

The full blood count (28.11.2023): leu-
kocytes – 11.42 (RI 4.27-11.40); lympho-
cytes – 4.29 (RI 0.97-4.28); eosinophils 
– 6% (RI 0.00-4.70).

Urine test (28.11.2023): the results 
correspond to the norm.

Biochemical blood test results 
(28.11.2023): biochemical blood test re-
sults correspond to the norm.

Hormone profile (28.11.2023): Thyroid 
stimulating hormone (TSH) – 11.00 IU/L 
(RI: 0.40-7.00), free T4 – 15.17 pmol/L 
(RI: 8.00-17.00) antibodies to thyroid 
peroxidase (Ab to TPO) – 0.19 U/mL (RI: 
0.00-30.00). Conclusion: high level of 
thyroid stimulating hormone.

Insulin tolerance test (06.12.2023): 
0II – 0.28 ng/mL, 15II – 1.42 ng/mL, 45II 
– 1.16 ng/mL, 60II – 1.04 ng/mL, 90II – 
0.58 ng/mL, 120II – 1.06 ng/mL. Conclu-
sion: insufficient production of somatotro-
pic hormone.

MRI and magnetic resonance angiog-
raphy of the brain (03.12.2023): No focal 
and space-occupying lesions in the brain 

structures were revealed. No hemodi-
namically significant changes in the ves-
sels of the brain were found out.

X-ray of the wrist with wrist joints (ra-
diocarpal articulations) (28.11.2023): 
bone age corresponds to 5.5-6 years.

Digital lateral skull X-ray (28.11.2023): 
Intracranial hypertension. Adenoid hyper-
trophy grade 2-3.

Discussion. A short stature patient 
passed a regular check-up at the depart-
ment of endocrinology. The child was a 
full-term newborn with normal height and 
weight in a satisfactory condition. Due to 
unspecific manifestations of the disease 
at the early childhood the diagnosis was 
complicated.

Congenital hypopituitarism is diag-
nosed after hormone examination. The 
patient has confirmed deficiency of so-
matotropic hormone according to glu-
cose intolerance test. Insulin-like growth 
factor 1 is also examined, as a single 
identification of somatotropic hormone is 
incorrect to diagnose a disease because 
of its high variety.  

Taking into account height indices, low 
concentration of insulin-like growth factor 
1 the following diagnosis was made: hy-
popituitarism with isolated deficiency of 
somatotropin.

The isolated deficiency of somatotro-
pin is the commonest in most cases. It 
is a rare case with incidence from 1 per 
4,000 to 1 per 10,000. Etiology of most 
cases remains unknown.

The treatment efficiency depends on 
early identification of hormone deficiency. 
This patient is administered a replace-
ment therapy with recombinant somato-
tropin.

Conclusion. Congenital hypopitu-
itarism is a rare disease with unspecific 
manifestations which complicates early 
diagnosis and due time therapy.

The patients with hypopituitarism need 
a life-long surveillance and replacement 
therapy.

Early reveal and diagnosis of hypo-
pituitarism in children, administration 
of adequate replacement therapy with 
hormone require clinical suspicion and 
awareness of the local pediatricians. It is 
important to remember that this disease 
can be caused not only by isolated so-
matotropin but also deficiency of other 
tropic hormones of the pituitary gland re-
sulting in certain clinical picture.
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Pregnant women were consulted in 
the antenatal fetal care department and 
in the Medical Genetic Center of the Peri-
natal Center of the State Autonomous In-
stitution “Republican Hospital No. 1”. Ex-
pert ultrasound examinations were car-
ried out using a VolusonE8 (GE) device.

The combined screening was carried 
out and calculated in the Astraia program 
in the biochemical laboratory of the Med-
ical Genetics Center. The Astraya pro-
gram contains an algorithm for calculat-
ing the risk of a chromosomal abnormali-
ty (CA), developed by the Fetal Medicine 
Foundation-FMF. BRAHMS Kryptor is 
used to measure biochemical markers of 
the 1st trimester PAPP-A and free beta- 
hCG.

Pregnant women underwent a molec-
ular cytogenetic study of the fetus: inva-
sive prenatal diagnostics (amniocentesis, 
cordocentesis) for chromosomal microar-
ray analysis (CMA).

Chromosomal prenatal microarray 
analysis was carried out in the laboratory 
of molecular pathology “Genomed” (Mos-
cow). Chromosomal microarray analysis 
(CMA, molecular cytogenetic study, mo-
lecular karyotyping) is a test to determine 
structural changes in DNA that result in 
changes in the amount of genetic materi-
al - deletions and duplications.

Chromosomal microarray analysis is 
the recommended first-line test by the 
medical genetics community for diagnos-
ing the causes of congenital malforma-
tions, mental retardation, epilepsy and 

autism, as well as microdeletion and mi-
croduplication syndromes.

Targeted chromosome microarray 
analysis is performed on a Genoscan 
3000 genetic analyzer using low-resolu-
tion microarrays.

Results and discussion. In all cas-
es, the first ultrasound examination did 
not reveal any defects or markers of fe-
tal chromosomal abnormality, and no 
increase in the thickness of the nuchal 
translucency was observed. When con-
ducting combined screening, serum 
markers were within normal limits, indi-
vidual risks for trisomy were low. Patients 
were referred for evaluation after the sec-
ond screening examination with suspect-
ed congenital heart defects and multiple 
malformations.

Pregnant women were diagnosed with 
various conotruncal heart defects and 
thymic hypoplasia, characteristic chang-
es accompanying 22q11.2 deletion syn-
drome. Hypoplasia of the thymus was 
detected by measuring the thymus; a 
transverse measurement of the thymus 
was performed and the thymo-thoracic 
ratio (TTR) was calculated. These preg-
nant women showed a decrease in the 
perimeter of the thymus and a decrease 
in TTO.

All three pregnant women were diag-
nosed with 22q11.2 deletion syndrome; 

Case Presentation 1. Patient D., 27 
years old, this is her first pregnancy. The 
first screening took place in a private 
clinic at 12.3 weeks: no markers of fetal 
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Three cases of 22q11.2 deletion syndrome based on prenatally detected fetal anomalies are 
presented. The possibility of targeted prenatal diagnosis based on identified anomalies is shown.

Microdeletion syndromes are genetic diseases caused by the absence of small sections of 
chromosomes that are not visible under a microscope (microdeletions). Deletion syndrome (DS) 
of chromosome 22q11.2 (22q11.2DS) is a chromosomal aberration resulting from submicrosco-
pic deletion (destruction) of a region of 1.5 to 3 megabases (Mb) in the region of the long arm 
of chromosome 22, which encodes more than 35 genes [1-7]. The incidence of this syndrome 
ranges from 1:3000 to 1:6000. Mortality in the first year of life is about 4% and exceeds the rates 
for children with a similar malformation of the cardiovascular system, but without chromosom-
al microdeletion, aggravated by anomaly of large vessels, hypocalcemia and tracheomalacia. 
It should be noted that 22q11.2 syndrome was previously classified as separate clinical syn-
dromes: Di George syndrome (DGS), Velocardiofacial syndrome (VCFS), Conotruncal anoma-
lies face syndrome (CTAF), Cayler cardiofacial syndrome [2].

Keywords: prenatal diagnosis, 22q11.2 deletion syndrome, congenital heart disease, fetus
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chromosomal abnormality were detected, 
the thickness of the nuchal translucency 
was 1.5 mm.

Combined prenatal screening – 
PAPP-A 2.726, hCG 1.678 MoM, risks 
for three trisomies are low. At screening 
in the 2nd trimester with suspected MVD, 
the patient was sent for examination at 
20.2 weeks to the Perinatal Center. An 
echographic examination of the fetus re-
vealed multiple congenital malformations 
of the fetus. TPS: Common truncus arte-
riosus. Ventricular septal defect. Anom-
aly of facial development: bilateral cleft 
lip and palate. Hypoplasia of the thymus. 
Amniocentesis was performed to conduct 
molecular cytogenetic analysis.

Molecular karyotype (accord-
ing to ISCN 2016): arr[hg19] 
22q11.21(17965842_20177061)x1. 
There is a microdeletion of a region of 
the long arm (q) of chromosome 22 from 
position 17965842 to position 20177061, 
covering the region 22q11.21. Microdele-
tion and microduplication syndromes as-
sociated with imbalance (OMIM): Chro-
mosome 22q11.2 deletion syndrome 
(OMIM: 188400). After confirmation of 
the chromosomal abnormality of the fe-
tus, the prenatal council decided to ter-
minate the pregnancy with pathological 
verification of the diagnosis.

Case presentation 2. Patient Z., 31 
years old. From the anamnesis - 3 mar-
riages, 3 births from previous marriag-
es. The first screening took place at the 
Central Regional Hospital at 11.6 weeks: 
the thickness of the nuchal translu-
cency was 1.9 mm, no markers of fetal 
chromosomal abnormality were iden-
tified. Combined screening – PAPP-A 
0.775, beta-hCG 0.518 MoM, individual 
risks for trisomy are low. After the 2nd 
screening ultrasound, she was sent for 
examination to the Perinatal Center. An 
echographic examination at 20.4 weeks 
revealed multiple congenital malforma-
tions. CHD: double origin of vessels from 
the right ventricle, large high ventricular 
septal defect. Anomaly of facial develop-
ment: bilateral cleft of the upper lip and 
hard palate. Developmental anomaly 
of the musculoskeletal system: postax-
ial polydactyly of both hands. Bilateral 
ventriculomegaly. Hypoplasia of the thy-
mus. Based on the identified changes, 
cordocentesis was performed for chro-
mosomal microarray analysis. Molecular 
karyotype (according to ISCN 2016): ar-
r[hg19] 22q11.21(18917030_21804886)
x1. There is a microdeletion of a region of 
the long arm (q) of chromosome 22 from 
position 18917030 to position 21804886, 
covering the region 22q11.21. Microdele-

tion and microduplication imbalance-as-
sociated syndromes (OMIM): 22q11.2 
deletion syndrome (OMIM: 188400, 
192430).

Considering multiple defects and mi-
crodeletion syndrome, the pregnancy 
was terminated by decision of the prena-
tal consultation. The pathological exam-
ination confirmed the diagnosis.

Case Presentation 3. Patient T., 29 
years old. From the anamnesis of 3 
births, the third birth - early neonatal mor-
tality, 2 medical abortions. The genealog-
ical history is burdened by a congenital 
facial defect (in a nephew): cleft palate.

The first screening ultrasound exam-
ination was carried out at the Central 
Regional Hospital at 11.3 weeks: the 
thickness of the nuchal translucency was 
1.4 mm. Combined screening – PAPP-A 
0.904, beta-hCG 0.401 MoM, low risks 
for chromosomal pathology. At 26 weeks, 
with suspected congenital heart disease, 
she was sent to the Perinatal Center. An 
ultrasound examination at 26.1 weeks 
revealed a congenital heart defect: ab-
sence of pulmonary valve syndrome 
(APSV). Expansion of the cavity of the 
transparent septum. Considering the 
high risk of 22q11.2 deletion syndrome 
up to 25% with this combined pathology, 
amniocentesis was performed.

Microdeletion of a region of the long arm (q) of chromosome 22 from position 18917030 to position 21804886, covering the region 22q11.21
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Molecular karyotype (accord-
ing to ISCN 2016): arr[hg19] 
22q11.21(18917030_21804886)x1. 
There is a microdeletion of a region of 
the long arm (q) of chromosome 22 from 
position 18917030 to position 21804886, 
covering the region 22q11.21. Microdele-
tion and microduplication syndromes as-
sociated with imbalance (OMIM): 22q11.2 
deletion syndrome (OMIM: 188400, 
192430).

After confirmation of the diagno-
sis, at the prenatal consultation, the 
pregnant woman was offered termi-
nation of pregnancy, taking into ac-
count the identified changes and the 
unfavorable prognosis for the life of 
the fetus. The pregnant woman re-
fused to terminate the pregnancy. 

The birth occurred on time in the 
Federal Center.

Conclusion: 22q11.2 deletion syn-
drome is a chromosomal abnormality 
causing a congenital malformation, the 
common symptoms of which are heart 
defects, maxillary defect,facial dysmor-
phia, growth restriction and immunodefi-
ciency [2].

22q11.2 deletion syndrome in our 
cases was detected in the 2nd and 3rd 
trimester of pregnancy. With combined 
screening, pregnant women were not 
included in the high-risk group for fetal 
chromosomal abnormalities.

Prenatal diagnosis for the presence of 
a deletion of chromosome 22 is manda-
tory when identifying conotruncal heart 
defects, in combination with thymic hypo-

plasia, anomalies of facial development - 
cleft, facial dysmorphism (chorionic villus 
biopsy, amniocentesis, cordocentesis).

But at this stage, in the presence of an 
expert ultrasound machine, correspond-
ing to the qualifications of the ultrasound 
doctor, and subject to a standardized an-
atomical protocol, prenatal diagnosis of 
this microdeletion is in most cases pos-
sible during the first screening examina-
tion.

1. Rumyantsev AG, Maschan AA. Federaln-
jie i klinicheskie rekomendatsii po diagnostike I 
lecheniju sindroma deletsii 22 chromosomji [Fed-
eral and clinical guidelines for the diagnosis and 
treatment of chromosome 22 deletion syndrome. 
2014; 3-7 (In Russ.).] 

Comparative table of 3 pregnancy observations

Parameters 1 observation 2 observation 3 observation
Nationality Sakha Sakha Sakha

Age 27 years 31 years 29 years
Parity 1st pregnancy births 3 births 3, termination of pregnancy -2

The 1nd trimester
CPS 60 mm 53 mm 48 mm

Gestational age 12.3 weeks 11.6 weeks 11.4 weeks

NTT 1.5 mm (95 percentile 2.34 mm) 1.9 mm (95 percentile 2.32 mm) 1.4 mm (95 percentile 2.30 mm)

Nasal bone visualized visualized visualized
PAPPа 2,726 MoM (0,5-2,0 МоМ) 0,775 МоМ (0,5-2,0 МоМ) 0,904 МоМ (0,5-2,0 МоМ)
hCG 1,678 МоМ (0,5-2,0 МоМ) 0,518 МоМ(0,5-2,0 МоМ) 0,401 МоМ (0,5-2,0 МоМ)

Risks for trisomy
(21,18,13) 1:16243; 1:>20000; 1:>20000 1:1653; 1:>20000; 1:>20000 1:137114; 1:>20000; 1:>20000

The 2nd trimester

Congenital heart defect common truncus arteriosus, VSD double outlet of vessels from the 
right ventricle, VSD absent pulmonary valve syndrome

Facial abnormalities bilateral cleft lip, palate bilateral cleft lip, palate not identified

Thymus
hypoplasia;

transverse diameter of the thymus 
8 mm

(5th percentile 10 mm)

hypoplasia;
transverse diameter of the thymus 

6 mm
(5th percentile 10 mm)

hypoplasia;
transverse diameter of the thymus 11 

mm
(5th percentile 18 mm)

Additional changes for 
ultrasound not identified

ventriculomegaly;
postaxial polydactyly of both 

hands. Microgenia

expansion of the cavity
of the septum

pellucidi

Invasive diagnostics study of genomic DNA isolated 
from amniotic fluid cells

study of genomic DNA isolated 
from fetal blood

study of genomic DNA isolated
from amniotic fluid cells

Chromosomal microarray 
analysis

microdeletion of a region of the 
long arm (q) of chromosome 22 

from position 17965842 to position 
20177061, involving the region 

22q11.21
(OMIM: 188400)

microdeletion of a region of the 
long arm (q) of chromosome 
22 from position 18917030 to 

position 21804886, involving the 
region 22q11.21(OMIM: 188400, 

192430)

microdeletion of a region of the 
long arm (q) of chromosome 22 

from position 18917030 to position 
21804886, involving the region 

22q11.21.
(OMIM: 188400, 192430)

Outcome Termination of pregnancy
in the 2nd trimester

Termination of pregnancy
in the 2nd trimester Delivery in the Federal Center
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