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ORIGINAL RESEARCH

E.P. Ammosova, T.M. Klimova, S.I. Semenov, S.G. Terentyeva, 
M.V. Ivanchenko, E.V. Kondakova, T.M. Sivtseva,
R.N. Zakharova

FACTORS IMPACTING THE EPIGENETIC 
AGE IN THE INDIGENOUS POPULATION 
OF THE REPUBLIC OF SAKHA (YAKUTIA)

The epigenetic clock used to assess biological age by the level of DNA methylation is a 
promising method for studying the influence of unfavorable factors on the rate of aging and the 
development of age-related pathologies. The aim of the study was to analyze the relationship 
between lifestyle factors and epigenetic age in the indigenous population of Yakutia. The study 
involved 113 respondents living in the central region of Yakutia, aged 18 to 99 years. The average 
age of the subjects was 66.9 ± 23.6 years. We analyzed factors that can affect the acceleration of 
epigenetic age: BMI, abdominal obesity, waist/height and waist/hip ratio, diet, physical inactivity, 
health status, marital status, education, smoking, alcohol consumption, insomnia, health status. 
The relationship of these factors with age - related acceleration calculated using 4 biological 
clock models was assessed: PhenoAge, Horvath DNAm, Hannum DNAm, GrimAge. A tendency 
towards acceleration of epigenetic age was revealed in respondents with a high body mass 
index, low physical activity and an impaired diet (prone to overeating, consumption of highly 
refined carbohydrates and high-calorie foods).

Keywords: epigenetic age, Horvath DNAm, PhenoAge, Hannum DNAm, GrimAge, age 
acceleration, Yakutia, indigenous population, aging, body mass index, nutrition.

УДК 616.67, 612.68, 612.017.2

Introduction. Investigations of ag-
ing processes is of great importance for 
maintaining health and increasing the 
life expectancy of the population. Identi-
fication of the causes and mechanisms 
of aging can help in developing meth-
ods to slow down or prevent the decline 
of physiological functions. To assess 
the rate of age-related processes, var-
ious models of biological age are used, 
which serve as an indicator of the level of 
health and adaptive reserve of a person 
[2]. Analysis of the methylation level of 
cytosine-phosphate-guanine sites (CpG) 
located throughout the genome is the ba-
sis for assessing epigenetic age, which 
has great potential for understanding the 
mechanisms of aging and clinical appli-
cation [10]. Several models of epigenetic 
clocks have been developed to calculate 
epigenetic age, the most famous and 
studied of which are: Hannum DNAm, 
Horvath DNAm, DNAm PhenoAge, Grim-
Age. Hannum DNAm and Horvath DNAm 
was developed by identifying sets of 
CpGs in which DNA methylation chang-
es with age [3, 4]. DNAm PhenoAge is 
based on a single measure of biological 
age, including age and 9 clinical biomark-
ers using a single CpG set [8]. Also, the 
biological age PhenoAge can be deter-
mined by the parameters of clinical blood 
test. The GrimAge is a composite mark-
er combining 7 CpG sets, each of which 
evaluates the concentration of a specif-
ic plasma protein, a CpG set evaluating 

smoking history and self-assessment 
of age and gender [11]. The prognostic 
value and the possibility of using epigen-
etic clocks in determining predictors af-
fecting the rate of aging and preventing 
age-related changes are currently being 
intensively studied. Most studies of epi-
genetic age and factors associated with 
it have been conducted in populations of 
European descent. While in other ethnic 
groups, epigenetic acceleration can be 
influenced by environmental factors, life-
style characteristics, and genetics.

The indigenous population of Yakutia 
is characterized by a developed polar 
(northern) type of metabolism, adapted to 
the sharply continental subarctic climate 
[1, 9]. The first epigenetic studies of the 
Yakut population revealed differences in 
the methylation level in many areas of the 
genome compared to residents of central 
Russia [7]. At the same time, represen-
tatives of the Yakut population demon-
strated a statistically significant acceler-
ation of epigenetic age relative to central 
Russia for all major types of epigenetic 
clocks Horvath DNAm age, Hannum 
DNAm age, DNAm PhenoAge, GrimAge 
and their improved models [7]. The differ-
ence in epigenetic age between regions 
is most noticeable when using the Hor-
vath DNAm clock (median acceleration 
of 5.36 years). Interestingly, for younger 
participants (under 40 years) and for old-
er participants (after 80 years), only the 
Horvath DNAm age acceleration was 
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statistically significant between regions. 
In the present study, we extended these 
studies and considered some factors that 
may influence epigenetic age in the Yakut 
population. The aim of the present study 
was to analyze the relationship between 
lifestyle factors and epigenetic age in the 
indigenous people of Yakutia.

Materials and methods. The study 
was conducted among different age 
groups of the unorganized indigenous 
population over 18 years old of the cen-
tral part (Tattinsky and Churapchinsky 
districts and the city of Yakutsk) of the Re-
public of Sakha (Yakutia). The study par-
ticipants were 113 respondents - volun-
teers, representatives of the indigenous 
ethnic group of the Republic of Sakha 
(Yakutia) - Yakuts: 51 men (45.1%), 62 
women (54.9%). The average age was 
66.9±23.6 years. Each participant signed 
an informed consent and filled out a con-
sent for personal data processing, taking 
into account the principle of confiden-
tiality. The study was approved by the 
local biomedical ethics committee of the 
Medical Institute of NEFU (protocol No. 
34 dated March 30, 2022). The exclusion 
criteria were non-indigenous nationality, 
acute and chronic diseases in the acute 
stage, pregnancy.

The respondents were examined 
according to a program that included: 
questionnaires (socio-demographic pa-
rameters, frequency method of assess-
ing nutrition, questions regarding lifestyle 
(smoking, alcohol consumption, assess-
ment of physical inactivity using a short 
international questionnaire to determine 
physical activity IPAQ )), anthropomet-
ric examination (weight, height, waist 
circumference (WC), hip circumference 
(OB)), double measurement of blood 
pressure (BP), triple measurement of 
pulse, fasting venous blood sampling. 
Body mass index (BMI), waist/hip ratio, 
height/hip ratio were calculated using the 
standard method. Obesity was assessed 
using the following criteria: body mass 
index (≥30 kg/m2); waist-to-hip ratio 
(WC/HG more than 0.9 in men and 0.85 
in women); waist-to-height ratio (WC/
HG ≥0.5); waist circumference for Asian 
populations (more than 80 cm in women 
and 90 cm in men) was used to assess 
abdominal obesity. The health status was 
assessed according to the health group 
criteria according to the Order of the 
Ministry of Health of the Russian Feder-
ation dated March 13, 2019 N 124n "On 
approval of the procedure for conduct-
ing preventive medical examination and 
medical examination of certain groups of 
the adult population".

Laboratory examination of venous 

blood was performed in the fasting state 
with determination of: white blood cells, 
mean corpuscular volume (MCV), red 
blood cell distribution width ( RDW - CV ) 
, lymphocytes, albumin, glucose, alkaline 
phosphatase, creatinine, C-reactive pro-
tein. Based on these 9 clinical biomarkers 
and chronological age, the biological age 
PhenoAge was calculated. DNA methyla-
tion analysis was performed using Illumi-
na Infinium MmethylationEPIC BeadChip 
technology, which measures DNA meth-
ylation levels at 866,836 genomic sites 
with single nucleotide resolution [7]. After 
all pre-processing procedures, 739,168 
CpG sites remained. Methylation data 
were estimated using the Horvath online 
calculator ( https://dnamage.clockfoun-
dation.org/ ) .

Statistical analysis of the data was 
performed in the IBM SPSS STATISTICS 
22 package. When comparing groups de-
pending on the type of data, the following 
were used: one-way ANOVA, Pearson's 
Chi-square contingency table. The criti-
cal value of the level of statistical signifi-
cance of differences (p) was taken to be 
5%. The K-means clustering method was 
also used. Age acceleration was calculat-
ed by subtracting chronological age from 
biological age. In order to analyze the in-
fluence of external factors on the acceler-
ation or deceleration of biological age, we 
focused on the median. When detecting 
a deviation of biological age above the 
median, it was considered that there was 
a tendency toward age acceleration, if 
less than the median, there was a ten-
dency toward age deceleration.

Results and discussion. Table 1 
presents the clinical and demographic 
characteristics of the respondents and 
the difference between biological age, 
calculated using different models, and 
chronological age depending on the age 
groups.

In the older age groups there were 
more unmarried people, the majority of 
whom were widowers, and without high-
er education, there was also a predom-
inance of people with chronic diseases 
(Table 1). Anthropometric parameters 
such as weight, BMI, waist circumfer-
ence were statistically significantly lower 
in older people. Whereas, young people 
tended to be overweight and obese. In 
older age groups, statistically significant 
high blood pressure was observed.

The maximum age acceleration ac-
cording to PhenoAge was observed in the 
group of participants aged 40-60 years, 
according to Horvath DNAm in the group 
under 40 years, which is consistent with 
the literature data [5]. In older age groups 
of 60-80 and over 80 years, the accelera-

tion is insignificant for all biological clocks 
or a slowdown is observed relative to 
chronological age, which was also noted 
in other studies and is explained by a de-
crease in the rate of tissue regeneration 
[5, 16].

Considering the limited sample size 
and the weak acceleration of biological 
age by the epigenetic clock relative to the 
chronological age, the median was used 
to identify the influence of external factors 
on age acceleration. If the biological age 
was found to be higher than the median, 
it was assumed that there was a tenden-
cy toward age acceleration; if it was lower 
than the median, there was a tendency 
toward age deceleration. We analyzed 
the factors that could impact on epigen-
etic age acceleration: BMI, abdominal 
obesity, waist-to-height and waist-to-hip 
ratios, diet ( n = 104), physical inactivi-
ty ( n = 32), health status, marital status, 
education, smoking ( n = 109), alcohol 
consumption ( n = 107), and insomnia. 
Dietary habits were assessed using the 
frequency method, smoking at the time 
of the study, alcohol consumption more 
than once a week, and physical inactiv-
ity was assessed using the international 
IPAQ questionnaire only if the answers to 
the questionnaire were filled in correct-
ly. BMI, nutrition and physical inactivity 
demonstrated the statistically significant 
association with the acceleration of epi-
genetic age (Table 2).

Most respondents with high BMI had 
an age acceleration rate above the medi-
an, suggesting that people with high BMI 
tended to have an epigenetic age accel-
eration. Statistical significance was ob-
served for the biological clocks: Hannum 
DNAm, Horvath DNAm, GrimAge. For 
the nutrition analysis, respondents were 
divided into 2 clusters using the K-means 
method: Cluster 1 included subjects 
prone to overeating, eating fried foods, 
and highly refined carbohydrates; clus-
ter 2 included people with a more con-
servative type of nutrition, including dairy 
and meat products more often. A large 
proportion of respondents from cluster 1 
had an age acceleration rate above the 
median for the biological clock Hannum 
DNAm, Horvath DNAm, GrimAge. Thus, 
we can assume that the eating behaviors 
influenced to the age acceleration in the 
studied group. Also shown statistically 
significant association between physical 
inactivity and the epigenetic age accel-
eration according to the Hannum DNAm 
and GrimAge, but not PhenoAge and 
Horvath DNAm. No statistically signifi-
cant association was found with other 
parameters such as: abdominal obesity, 
waist-to-height ratio, waist-to-hip ratio, 
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adaptive potential, health status, insom-
nia, smoking, alcohol consumption. This 
may be due to the main limitation of this 
study: the small sample size of the sub-
jects. 

Some of the most significant factors 
in accelerating epigenetic age, accord-
ing to a systematic review, are BMI and 
physical activity [12]. Recent studies also 
note the influence of smoking and alcohol 
consumption [13]. However, at present, 
the relationship between BMI and meth-
ylation levels and its mechanisms are still 

poorly understood. Body mass index is 
the result of many factors, including gen-
der, nutrition, hormonal signaling, psy-
chosocial factors, smoking and medica-
tion use, obesity, and it is unclear which 
of them can mediate the relationship be-
tween BMI and epigenetic age. However, 
longitudinal study data show that obesity 
is a cause, not a consequence, of DNA 
methylation changes [15]. We have found 
a tendency to accelerate the aging pro-
cess in individuals with a high body mass 
index according to models such as Han-

num, Horvath, GrimAge. According to the 
other studies, the relationship between 
physical activity and the epigenetic clock 
was ambiguous [6]. Our data showed 
that individuals with hypodynamia had a 
tendency to accelerated aging according 
to Hannum and GrimAge. Another factor 
that undoubtedly plays a role in accel-
erating epigenetic age is the quality of 
nutrition. Thus, a large study involving 
postmenopausal women within the Wom-
en's Health Initiative reported that Grim-
Age and PhenoAge negatively correlated 

Table 1

Characteristics of respondents and epigenetic acceleration depending on age group

Indicators
Up to 40 years
Me (CI 95%)

n -20

40-60 years
Me (CI 95%)

n- 25

60-80 years old
Me (CI 95%)

n- 22

over 80 years old
Me (CI 95%)

n -51
p

Age. years 29.5 (27.1;32.4) 50 (47.9; 52.8) 69.5 (67.7;72.8) 91 (89.5;91.7) <0.001
Sex: 
male

female 
10 (50)
10 (50)

12 (48)
13 (52)

10 (45.5)
12 (54.5)

19 (41.3)
27 (58.7) 0.908

Marital status:
married
single

11 (55)
9 (45)

20(80)
5 (20)

13 (59.1)
9 (40.9)

12 (26.1)
34 (73.9)

<0.001

Education:
higher

not higher
14 (70)
6 (30)

12 (48)
13 (52)

6 (27.3)
16 (72.7)

12 (26.1)
34 (73.9)

0.001

Health groups
I
II

III a
III b

7 (35)
7 (35)
5 (25)
1 (5)

2 (8)
3 (12)
19 (76)
1 (4)

1 (4.5)
2 (9.1)

18 (81.8)
1 (4.5)

42 (91.3)
2 (4.3)

<0.001

Smoking ( n-109 )
Yes
No

6 (31.6)
13 (68.4)

10 (43.5)
13 (56.5)

7 (33.3)
14 (66.7)

11 (23.9)
35 (76.1)

0.424

Drinking alcohol more than 
once a week ( n -107)

Yes
No

1 (5.6)
17 (94.4)

2 (9.1)
20 (90.9)

4 (19)
17 (81)

3 (6.5)
43 (93.5)

0.381

Weight. kg 63.5 (58.8;72) 72 (67.5; 80.6) 63.5 (61.7; 71.2) 51.5 (48.4; 54.6) <0.001

BMI 22.3 (21.2; 25) 26.7 (25.3; 29.5) 25.9 (25; 28.4) 21.7 (20.8;22.8) <0.001

Waist circumference. cm 81.5 (75.7; 85.1) 94 (90.9;102.5) 89.5 (86; 95.2) 84.5 (81.8;87.7) <0.001

SAD

DAD

125.5
(117.9; 133.16)

85.2 
(78.5; 91.8 )

129.2
(122.5; 135.9)

85.6
(80.3 ; 91)

133.9
(126.7; 141.1)

80.6
(74.4; 86.8)

143
(136.6; 149.5)

78.7
(75.13; 82.3)

0.002

0.104

Age
acceleration by PhenoAge  4.7 (0.6; 6.2) 5.3 (-0.2;8.4) 2.3 (-2.1; 6.0) 0.78 (-0.4; 4.4) 0.735

Epigenetic acceleration by 
Hannum DNAm -2.5 (-4.0;-1.1) -6.7 (-8.9; -5.7) -13.4 (-14.3;-11.7) -21.5 (-22.4 ;-19.9) <0.001

Epigenetic acceleration by 
Horvath DNAm 12.1 (8.8; 13.2) 7.3 (5.2; 8.5) 2.4 (0.45;3.7) -4.8 (-7.1;-4) <0.001

Epigenetic acceleration by 
GrimAge -4.8 (-6.3;-3.0) -8.8 (-9.5;-6.9) -13.5(-14.2; -11.4) -18.8 (-17.8; -19.7) <0.001

Note: statistical methods used: one-way analysis of variance, Pearson Chi-square contingency table, Health groups I – healthy; II – individuals 
with chronic diseases and risk factors; III a – individuals with chronic non-communicable diseases requiring follow-up observation and 
specialized care; III b – individuals with chronic non-communicable diseases requiring follow-up observation and high-tech care, The greatest 
acceleration of epigenetic age in age groups is highlighted in bold.
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with plasma carotenoid levels (indicators 
of fruit and vegetable consumption) [8, 
11]. In a meta-analysis of studies Wom-
en’s Health Initiative and Invecchiare nel 
Chianti ( InCHIANTI ) found a significant 
negative correlation of age acceleration 
with the consumption of poultry and fish 
[14]. In the present study, we observed 
a tendency towards accelerated aging 
in individuals prone to overeating and 
consumption of fried foods, and highly 
refined carbohydrates.

Conclusion. In this study, we ana-
lyzed the relationship between some clin-
ical and lifestyle factors and epigenetic 
age acceleration in the Yakut population. 
Despite the small sample size, the effect 
of increased BMI, dietary pattern asso-
ciated with overeating, consumption of 
fried foods, highly refined carbohydrates, 
and low physical inactivity on accelerat-
ed epigenetic aging was shown. These 
data confirm the role of nutrition, physical 
activity, and body weight maintenance in 
maintaining health and increasing life ex-
pectancy. The use of such a tool as an 
epigenetic clock with further expansion of 
the sample and inclusion of a larger set of 
clinical parameters will allow identifying 
new factors of accelerated aging.

The study was conducted within the 
framework of the basic part of the state 
assignment of the Ministry of Science 

and Higher Education of the Russian 
Federation (project FSRG-2023-0003).
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Epigenetic age acceleration according to PhenoAge , Hannum DNAm , Horvath DNAm , GrimAge depending on BMI, diet,
physical inactivity

Indicators
Acceleration of epigenetic age

PhenoAge 
(Me=2.4)

Hannum DNAm
(Me=-13.7)

Horvath DNAm
(Me=1.5)

GrimAge
 (Me=-13.6)

BMI Higher
N (%) 

Below
N (%)

Higher
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

<25
25-29,9

>30

46(70.8)
19(67.9)
13 (81.3)

19(29.2)
9 (32.1)
3 (18.8)

30(44.1)
18 (62.1)
11(73.3)

38(55.9)
11 (37.9)
5 (26.7)

39(57.4)
22(75.9)
14(87.5)

29 (42.6)
7 (24.1)
2 (12.5)

29(42.6)
18(62.1)
12 (75)

39(57.4)
11 (37.9)

4 (25)
r 0.623 0.036 0.033 0.031

Nutrition
( n =104)

Higher 
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

1 cluster
2 cluster

36(73.5)
34(66.7)

13(26.5)
17(33.3)

43(82.7)
13(25)

9(17.3)
39(75)

49(94.2)
22(42.3)

3 (5.8)
30 (57.7)

41(78.8)
14(26.9)

11(21.2)
38 (73.1)

r 0.458 <0.001 <0.001 <0.001
Hypodynamia

(IPAQ)
( n =32)

Higher 
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

Higher
N (%)

Below
N (%)

Yes
No

5 (41.7)
8 (57.1)

7 (58.3)
6 (42.9)

10(71.4)
4 (26.7)

4 (28.6)
11(73.3)

11(78.6)
9 (60)

3 (21.4)
6 (40)

9 (64.3)
3(20)

5 (35.7)
12 (80)

p 0.431 0.016 0.280 0.016

Note: statistical methods used: Pearson Chi-square contingency table, linear-linear relationship.

Table 2
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B.V. Zavodovsky, Yu.R. Akhverdyan, E.V. Papichev,
Yu.V. Polyakova, L.E. Sivordova

RELATIONSHIP BETWEEN THE LEVEL 
OF ANTIBODIES TO THE RA-33 ANTIGEN 
AND THE COURSE OF RHEUMATOID 
ARTHRITISУДК 616.72

Introduction. A relatively new labora-
tory marker for the diagnosis of rheuma-
toid arthritis (RA) is the determination of 
antibodies to RA-33 (anti-RA-33) [3, 4, 5].

RA-33 (heterogeneous nuclear ribo-
nucleoprotein A2/B1, HnRPA2B1) is a 33 
kDa protein that binds nucleic acids and 
performs multiple functions: DNA repair, 
telomere elongation, chromatin remod-
eling, mRNA processing, transport and 
translation. The pathogenetic role of an-
tibodies to RA-33 is currently not entire-
ly clear. It is suggested that anti-RA-33 
and T cells directed against RA-33 may 
contribute to the development of inflam-

mation and autoimmune conditions both 
by forming immune complexes and by 
secreting cytokines that can initiate and 
control the pathogenic process [8]. In 
RA, RA-33 is overexpressed in the sy-
novial membrane of the joint. This leads 
to the development of an autoimmune 
response and an increase in the level of 
anti-RA-33 in the blood [9]. A number of 
studies note a fairly good diagnostic ef-
ficiency of antibodies to anti-RA33 as a 
serological marker of RA [2, 9].

According to the literature, autoan-
tibodies against RA-33 occur in up to 
15-30% of patients with RA and can be 
detected already at the earliest stages 
of the disease [11]. Anti-RA-33 are also 
found in SLE (in 20-30% of patients) and 
other systemic connective tissue diseas-
es (up to 40%). The sensitivity of the test 
is estimated at 31% on average, and the 
specificity is 90%, while in the absence 
of clinical and laboratory signs of these 
diseases, the specificity of the test for RA 
increases to 96% [2]. Also, studies have 
noted that anti-RA33 are rarely found in 
other arthritis: osteoarthritis, reactive ar-
thritis, ankylosing spondylitis or psoriatic 
arthritis, and therefore they can be used 
for the differential diagnosis of arthritis, 
especially in patients seronegative for RF 
or ACPA [6, 12].

Anti-RA-33 are less specific for RA 
than anti-CCP or RF and do not correlate 
with these antibodies [1]. However, the 
presence of anti-RA-33, especially in the 
absence of other autoantibodies, may 
indicate a good prognosis and is not as-
sociated with high disease activity and 
erosive changes in the joints. It should 
also be noted that anti-RA33 are detect-
ed at the earliest stage of the disease 
or even several years before the onset 
of the actual clinical disease [7]. It was 
found that the number of antibodies to 
RA-33 and ESR in the group of patients 
with subclinical synovitis were lower 
than in the group of patients with clinical 
manifestations of synovitis (p = 0.004) 
[10]. The usefulness of anti-RA-33 in the 
diagnosis of early arthritis when nega-
tive results of the study of ACPA and RF 
are obtained, as well as in differential di-
agnosis with other diseases of connec-
tive tissue is separately emphasized [1, 
10]. However, at present, the frequency 
of detection of anti-RA33 in patients with 
RA, seronegative for RF and ACPA, as 
well as its relationship with other labora-
tory parameters reflecting the severity of 
the disease, have not been sufficiently 
studied.

Objective: to study the relationship be-
tween the serum level of antibodies to the 

Objective: to study the relationship between the serum level of antibodies to the RA-33 antigen and the characteristics of the course of rheu-
matoid arthritis (RA). 

Materials and methods. The study included 88 patients with a diagnosis of RA that met the ACR/EULAR criteria, 2010. All observed study 
participants were women (n=100%), aged from 22 to 81 years (M ± σ, 54.3 ± 12.1 years). Rheumatoid factor was detected in 64 people (72.7%). 59 
(67%) study participants were positive for anti-CCP. The duration of RA was 0.5–30 years (M ± σ, 11.2 ± 8.6 years), the degree of activity according 
to DAS28: 0 degree of activity – 19 (21.6%) patients, 1 degree – 10 (11.6%), 2 degree – 52 (59.1%), 3 degree of activity – 7 (7.7%) patients. Among 
the observed patients, individuals with III radiological stage of the disease predominated. Statistical processing was performed using the Statistica 
12.5 software package for Windows.

Results. The level of anti-RA-33 was assessed in a group of RA patients and healthy donors. The level anti-RA-33 was assessed in a group 
of RA patients and healthy donors. The level normal anti-RA-33 in healthy people, calculated as M±σ, was 10.3±10.2 U/ml (from 0.1 U/ml to 20.5 
U/ml). The average level anti-RA-33 in RA patients, calculated as M±σ, was 12.7±31.6 U/ml (from 0 U/ml to 44.3 U/ml). The increase in the level 
anti-RA-33, compared with donors, is statistically significant (p=0.025) and was observed in 12.5% ​ RA patients. Among 24 patients with RA se-
ronegative by RF, an increase in the level anti-RA-33 was detected in 2 (8.3%) patients, and among 29 patients seronegative by ACCP - also in 2 
(6.9%) patients. An increase in the level anti-RA-33 was mainly observed at the initial stages of the disease and with initial radiographic changes. 
In patients with an increased level anti-RA-33 (more than 20.5 U/ml), pronounced functional disorders were more often detected.

Findings. Thus, it can be concluded that antibodies to anti-RA33 can potentially provide additional diagnostic value in RA. 
Keywords: rheumatoid arthritis, diagnostics of rheumatoid arthritis, antibodies to RA-33, heterogeneous nuclear ribonucleoprotein, HnRPA2B1.
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RA-33 antigen and the characteristics of 
the course of rheumatoid arthritis.

Materials and methods. The study 
was conducted at the A.B. Zborovsky 
Research Institute of Clinical and Exper-
imental Rheumatology, Volgograd. The 
study included 88 female patients diag-
nosed with RA that met the ACR/EULAR, 
2010 criteria: joint involvement, excluding 
distal interphalangeal, first metatarso-
phalangeal, first carpometacarpal; sero-
logical test (CCP and RF); acute phase 
markers of inflammation (ESR and CRP), 
and duration of disease symptoms. All 
observed study participants were women 
(n=100%), their age ranged from 22 to 81 
years (M ± σ, 54.3 ± 12.1 years), with the 
majority of patients belonging to the older 
age group (over 50 years).

The patients' condition was assessed 
based on a survey (collection of anam-
nesis and subsequent identification of RA 
risk factors), anthropometric parameters 
(gender, age, height, weight), as well as 
the results of laboratory and instrumental 
studies.

The height of the subjects varied 
from 147 to 186 cm (M ± σ, 160.6 ± 6.6 
cm), weight - 43-129 kg (M ± σ, 73.3 ± 
15.4), body mass index 18.03 - 46.10 
(M ± σ, 28.71 ± 6.26). The duration of 
RA was 0.5–30 years (M ± σ, 11.2 ± 8.6 
years), the degree of activity according 
to DAS28: degree 0 activity – 19 (21.6%) 
patients, degree 1 – 10 (11.6%), degree 2 
– 52 (59.1%), degree 3 activity – 7 (7.7%) 
patients.

Among the observed patients, individ-
uals with stage III radiographic disease 
predominated.

The distribution of patients by func-
tional insufficiency was as follows: 1 
(1.1%) participant in the study belonged 
to FN 0, 22 (25%) to FN I, 58 (65.9%) to 
FN II, and 7 (8%) to FN III. Among the 
observed patients, 14 (15.9%) suffered 
from the articular-visceral form of RA with 
manifestations in the form of the following 
systemic disorders: fever, weakness and 
malaise, anemia, rheumatoid nodules, 
and cerebral vasculitis.

Rheumatoid factor was detected in 64 
patients (72.7%), 59 (67%) study partici-
pants were positive for ACPA.

RA complications were as follows: 
lung lesions in 18 (20.5%), gastro-
intestinal tract lesions in 26 patients 
(29.5%). Osteoporosis according to 
densitometry data was detected in 37 
patients (42%).

Statistical processing of the obtained 
results was carried out using the soft-
ware package "STATISTICA 12.5". Sta-
tistical data processing included deter-
mining the normality of data distribution 

using histogram analysis and the Kolm-
ogorov-Smirnov test. Indicators subject 
to normal distribution are presented as 
M±SD (95% confidence interval). Qual-
itative data were processed statistically 
using the Pearson goodness-of-fit test 
and Fisher's exact test; the results were 
considered statistically significant at p 
<0.05.

Results. The level of anti-RA-33 was 
assessed in the group of RA patients and 
healthy donors. The level of normal an-
ti-RA-33 in healthy individuals, calculat-
ed as M±σ, was 10.3±10.2 (from 0.1 U/
ml to 20.5 U/ml). The average level of 
anti-RA-33 in RA patients, calculated as 
M±σ, was 12.7±31.6 U/ml (from 0 U/ml 
to 44.3 U/ml). An increase in the level of 
anti-RA-33, compared with donors, was 

observed in 12.5% ​​of RA patients and is 
statistically significant (p=0.025).

Given the difficulties in diagnosing 
RA in seronegative forms of the disease, 
the frequency of detection of anti-RA-33 
in RA patients seronegative for RA and 
anti-CCP was studied. 24 patients sero-
negative for RF were observed, of which 
2 patients had anti-RA-33. Thus, the pos-
itivity for anti-RA-33 in patients seroneg-
ative for RF was 8.3%. RA seronegative 
for anti-CCP was observed in 29 patients, 
2 of whom were seropositive for an-
ti-RA-33, which amounted to 6.9%. The 
level of anti-RA-33 was also determined 
in patients with RA depending on the 
clinical picture of the disease. Statistical-
ly significant differences in the average 
level of anti-RA-33 were observed in pa-

The relationship between positivity for RA-33 and clinical manifestations of RA

Indicator RA-33 (<20.5 U/ml)
n = 77

RA-33 (>20.5 U/ml)
n = 11 Reliability

Seropositivity RA
Seronegative 10 (12.9) 1 (9.1)

р*= 0.592
Seropositivity 67 (87.0) 10 (90.9)

Clinical stage
Initial 2 (2.6) 1 (9.1)

χ²= 2.05
р= 0.358Detailed 6 (7.8) 0 (0)

Late 69 (89.6) 10 (90.9)
Disease activity

0 18 (23.4) 1 (9.1)
χ²= 4.38
р= 0.224

I 10 (13.0) 0 (0)
II 44 (57.1) 8 (72.7)
III 5 (6.5) 2 (18.2)

X-ray stage
Stage I 5 (6.5) 1 (9.1)

χ²= 2.30
р= 0.509

Stage II 31 (40.3) 2 (18.2)
Stage III 38 (49.4) 7 (63.6)
Stage IV 3 (3.9) 1 (9.1)

Functional class
I 21 (27.6) 2 (18.2)

χ²= 8.33
р= 0.039II 49 (64.5) 8 (72.7)

III 6 (7.9) 2 (18.2)
Form of the disease

articular 20 (26.0) 5 (45.5)
р*= 0.160with extra-articular 

manifestations 57 (74.0) 6 (54.5)

Extra-articular manifestations
anemia 54 (70.1) 6 (54.5) р*= 0.168

osteoporosis 30 (39.0) 7 (63.6) р*= 0.113
lung damage 16 (20.8) 2 (18.2) р*= 0.604

Concomitant diseases
diabetes 7 (9.3) 1 (9.1) р*= 0.727

arterial hypertension 52 (67.5) 6 (54.5) р*= 0.302
gastrointestinal diseases 23 (29.9) 3 (27.3) р*= 0.576

Note: χ2 – Pearson's goodness-of-fit test; p* – Fisher's exact test
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tients with RA depending on the clinical 
stage of the disease (initial clinical stage 
9.1+2.9 U/ml, advanced stage 0.3+0.3 
U/ml, p=0.034) and depending on the 
severity of radiographic changes (stage 
I 2.6+3.2 U/ml, stage III radiographic 
0.3+0.5 U/ml, p=0.043).

To determine the clinical and patho-
genetic significance of determining the 
level of anti-RA-33 in patients with RA, 
patients were divided into 2 groups, in 
each of which the clinical and laboratory 
manifestations of RA were studied. The 
first group (n = 77) included patients with 
anti-RA-33 values ​​corresponding to the 
normal limits (less than 20.5 U/ml), the 
second (n = 11) - with an elevated level 
of anti-RA-33 (more than 20.5 U/ml). The 
level of anti-RA-33 was studied depend-
ing on the clinical picture of the disease 
and the results of laboratory research 
methods. The results of the study are 
presented in Table.

From the data presented in Table 1, 
it can be concluded that the level of an-
ti-RA-33 increases in patients with more 
severe functional impairment in RA.

Discussion of results and conclu-
sions. It is known that early diagnos-
tics of RA, which provides a window of 
therapeutic opportunities and improves 
the prognosis of the disease, occu-
pies a special place in clinical practice. 
Therefore, laboratory markers that al-
low identifying patients at early stages, 
and especially potential patients in risk 
groups, are extremely relevant. Consid-
ering that, according to the literature, 
anti-RA-33 can appear in the blood of 
patients with RA at the earliest stages 
and even several years before the on-
set of the disease, studying the level 
of these antibodies seems promising. 
In our study, an increase in the level of 
anti-RA-33 was detected precisely at 

the initial stages of the disease and with 
initial radiographic changes. Moreover, 
in a certain percentage of cases, an-
ti-RA-33 were detected in the absence 
of other RA markers (RF and ACPA, in 
8.3% and 6.9% of cases, respective-
ly). The results obtained indicate that 
the determination of anti-RA-33 can be 
used for early diagnostics of RA, includ-
ing in individuals seronegative for RF 
and ACPA. At the same time, according 
to our data, seropositivity for anti-RA-33 
was more common in RA patients with 
severe functional impairment. It can be 
assumed that the optimal diagnostic op-
tion for using anti-RA-33 determination 
is to examine patients with existing joint 
dysfunction that has not yet led to radio-
graphic changes and who are seronega-
tive for RF and ACPA. Further studies on 
a larger sample of patients are needed 
to confirm this assumption.

Thus, it can be concluded that anti-
bodies to anti-RA33 can potentially pro-
vide additional diagnostic value in RA.
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I.A. Mustafina, V.A. Markelov, V.A. Solntsev, K.V. Danilko,
N.Sh. Zagidullin

DIFFERENT LEVELS OF MICRORNA 
EXPRESSION (MIR-30C-5P, MIR-221-3P
AND MIR-375-3P) IN HEART FAILURE 
PATIENTS WITH PRESERVED
AND REDUCED EJECTION FRACTION

MicroRNAs are key regulators of gene expression controlling components of signaling cascades involved in the pathogenesis of heart failure 
(HF). The expression profile of microRNAs may serve as a sensitive indicator of different types of HF. 

The aim of the present study was to compare the gene expression of microRNAs miR-148b-3p, miR-30c-5p, miR-221-3p, miR-328-3p, miR-
146a-5p, miR-375-3p, miR-22-3p, miR-15b-3p, miR-148a-3p, miR-590-5p in peripheral blood mononuclear cells (PBMC) and epicardial adipose 
tissue of coronary heart disease (СHD) patients with and without HF (Non-HF).

Among СHD patients with HF, the groups with mildly reduced/reduced and preserved ejection fraction (HFmr/rEF and HFpEF, respectively) 
were compared. Our study revealed a significant increase in the expression of miR-30c-5p, miR-221-3p and miR-375-3p microRNAs in PBMCs of 
patients with HFmr/rEF and HFpEF compared with the group of СHD patients without HF. Accordingly, the relative level of miR-30c-5p expression 
in PBMC of HFF/EFV patients was significantly higher by 1.99 times in comparison with patients without HF (P<0.0001). The expression of this mi-
croRNA in PBMC of HFpEF patients relative to patients without HF is significantly higher by 2.94-fold (P<0.0001). The expression level of miR-221-
3p in PBMC of HFpEF patients was increased 4.04-fold relative to patients without HF (P<0.0001). A 2.63-fold increase in miR-221-3p expression 
was detected in PBMC of HFmr/rEF patients (P<0.0001). The expression of miR-375-3p in PBMCs of HFmr/rEF and HFpEF patients compared 
with Non-HF patients was significantly higher by 2.09- and 1.77-fold (P<0.0001). For all other investigated microRNAs, no significant expression 
changes were detected in PBMC. Similarly, we did not detect significant expression changes for any of the investigated microRNA genes in the 
epicardial adipose tissue of CHD patients.  

Thus, the obtained data can be used to determine the role of the investigated microRNAs in the pathogenesis of HF in СHD patients. The results 
of the present study can be used for further studies of HF pathogenesis. Accordingly, they can be used for the development of modern clinical 
strategies to assess the risk of HF development in СHD patients.

Keywords. Heart failure, preserved ejection fraction, reduced ejection fraction, microRNA.

УДК 616.12-008.46

Introduction. HF is one of the most 
frequent causes of hospitalization and 
mortality worldwide [2]. This pathology 
increases disability and mortality of the 
population [1, 6]. HF is a clinical syndrome 
manifested by the presence of typical 
signs and symptoms caused by impaired 
cardiac structure and/or function, result-
ing in decreased cardiac output and/or 
increased cardiac filling pressure at rest 

or on exertion [1]. The European Society 
of Cardiology provides guidelines for de-
fining HF based on physical examination, 
plasma natriuretic peptide levels, and 
echocardiographic examination, which 
allows the use of ejection fraction (EF) as 
a basis for dividing HF into three groups: 
HF with reduced EF - HFrEF (EF ≤40%), 
with mildly reduced EF - HFmrEF (40% 
<FV <50%) and preserved EF - HFpEF 
(EF ≥50%) [1, 8]. At the same time, mod-
ern data in the field of molecular biology 
and genetics of cardiovascular diseases 
dictate the necessity of their integration 
into research and clinical practice [7, 10]. 

Thus, the analysis of noncoding RNAs, 
among which the microRNA group is par-
ticularly prominent, may lead to a deeper 
understanding of the mechanisms of HF 
development with preserved and reduced 
ejection fraction. The aim of the study is 
to analyze microRNA gene expression in 
peripheral blood mononuclei and epicar-
dial adipose tissue (EAT) samples from 
patients with HF with preserved and re-
duced ejection fraction. 

Material and Methods. The present 
study was of a single-stage nature. 175 
patients with CHD and atherosclerosis of 

coronary arteries who were indicated for 
coronary bypass surgery were included. 
Of these, 138 patients were diagnosed 
with HF. Due to the marked clinical sim-
ilarity of patients with HFrEF with EF 
<40% and SNusPH with 40%>FV <50%, 
we combined them into one group of 
HFmr/rEF with EF less than 50%. Ac-
cordingly, patients were grouped into 
three cohorts: group 1 - patients without 
HF (n=37), group 2 - HFmr/rEF (n=44), 
group 3 - HFpEF (n=94).

HF with preserved and reduced EF 
was diagnosed according to the Euro-
pean Society of Cardiology Guidelines 
for the Diagnosis and Treatment of 
Acute and Chronic HF 2021. Inclusion 
criteria in group 1 were: absence of 
HF symptoms, echocardiographic EF 
≥50%, normal natriuretic peptide lev-
el. Inclusion criteria in group 2 were: 
symptomatic HF according to the New 
York Heart Association classification 
≥II class, preserved left ventricular EF 
≥50%, structural changes on echocar-
diography, increased natriuretic peptide 
level. Inclusion criteria for group 3 were 
as follows: symptomatic HF ≥II function-
al class according to the New York Heart 
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Association classification, reduced left 
ventricular EF <50%, structural changes 
on echocardiography, and elevated na-
triuretic peptide level.

The study was approved by the lo-
cal ethical committee of Bashkir State 
Medical University a (Protocol №11 from 
15.11.2022). All patients underwent stan-
dard biochemical examination of blood 
serum with determination of lipid spec-
trum parameters, glucose, creatinine. 
The level of serum natriuretic peptide was 
investigated by immunoenzymatic meth-
od before surgical treatment. All patients 
were measured body mass index (BMI), 
waist and hip circumference, echocardio-
graphic examination was performed. All 
patients with CHD received regular ther-
apy with antiaggregants, beta-adreno-
blockers, ACE inhibitors/sartans, and 
HMG-CoA reductase inhibitors according 
to the standards of CHD treatment. EAT 
samples were obtained (in the amount of 
3-5 g) during coronary bypass surgery 
from fat depots localized predominantly 
around the right heart at the beginning 
of surgical treatment. The adipose tissue 
was excised using a scalpel.

Peripheral venous blood was collected 
by routine venipuncture. PBMC isolation 
with plasma sampling was performed 
according to the Boyum method [3]. 

Blood formed elements were separated 
by centrifugation at a Ficoll gradient of 
p = 1.077. RNA isolation was performed 
according to the protocol for total RNA 
isolation using the ExtractRNA reagent 
(Eurogen, Russia) with subsequent RNA 
quality control. Determination of microR-
NA and 'housekeeping' gene expression 
was carried out in two stages. The first 
stage included synthesis of complemen-
tary DNA using the MMLV RT kit (Euro-
gen, Russia). The second stage was per-
formed according to the instructions for 
primer and probe sets for real-time PCR 
(DNA-Synthesis, Russia), using non-spe-
cific reagents from Eurogen (Russia). 
Amplification was performed on a Ste-
pOne Plus instrument (Applied Biosyste-
ms, USA). 

The expression level of miRNA 
genes miR-22-3p, miR-15b-3p and 
miR-590-5p were normalized relative 
to the gene expression level of the en-
zyme glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH). Due to higher 
stability, the reference gene for microR-
NA 148b-3p, 30c-5p, 221-3p, 328-3p, 
146a-5p and 375-3p was used to fur-
ther analyze the expression of microR-
NA genes 148b-3p, 30c-5p, 221-3p, 
328-3p, 146a-5p and 375-3p. Further 
evaluation of the relative expression of 

the investigated microRNA genes was 
performed using the 2-ΔΔΔCT method 
(Livak, 2008) [11].

Subsequent statistical evaluation of 
the obtained results was performed using 
GraphPad Prism 8.0.1 program (244). 
SPSS Statistics 26 program was used 
for statistical processing of clinical data. 
Quantitative data were tested for nor-
mality of distribution using the Kolmogor-
ov-Smirnov criterion. Student's criterion 
and ANOVA for independent samples 
were used to detect statistical differenc-
es of normally distributed data. If the data 
did not meet the conditions of normal 
distribution, Mann-Whitney criterion was 
used.

Results and Discussion. The sex 
distribution was similar in all three groups 
(p=0.14). The frequency of smoking was 
higher in groups 1 and 2 than in group 
3 (p=0.026). The distribution of comor-
bidities such as diabetes mellitus, chron-
ic obstructive pulmonary disease, and 
stroke did not differ between all formed 
groups. The rest of the laboratory pa-
rameters were comparable in all study 
groups. In group 2, echocardiography 
revealed a significant increase in left ven-
tricular myocardial mass and left ventric-
ular volume. All clinical data are present-
ed in the table.

Results of clinical examination of the studied patients. including laboratory and echocardiographic parameters

Options
Group 1 (G1)

Non-HF 
n=37

Group 2 (G2)
HFmr/rEF 

n=44

Group 3 (G3)
HFpEF
n=94

G1/G2 G1/G3 G2/G3

P
Age. years 59.52±8.41 62.19±8.82 67.47±7.10 0.17 0.001 0.001

Male gender.% 30 (81) 35 (79.5) 63 (67) 0.14
BMI. kg/m2 28.20±4.51 32.94±13.41 29.08±4.37 0.25 0.55 0.11
Diabetes. % 10 (27) 17 (38.6) 23 (24.5) 0.16

Atrial fibrillation. % 0 (0) 2 (4.54) 9 (9.6) 0.13
Smoking. % 12 (32.4) 12 (27.3) 13 (13.8) 0.026
COPD. % 10 (27) 18 (40.9) 35 (37.2) 0.38
ONMC. % 4 (10.8) 7 (15.9) 11 (11.7) 0.68

Laboratory parameters
Natriuretic peptide. pg/mL 237.17±75.63 1273.19±607.53 1125.92±749.52 0.001 0.001 0.33

Creatinine. μmol/L 102.89±17.39 101.65±21.94 106.24±20.54 0.84 0.52 0.39
Glucose. mmol/L 7.30±3.04 7.18±2.74 6.23±2.14 0.12 0.096 0.89

Cholesterol. mmol/L 5.34±1.44 4.65±1.16 4.59±1.08 0.85 0.023 0.11
EchoCG parameters

Ejection fraction. % 60.75±5.18 41.15±5.53 60.63±4.72 0.001 0.90 0.001
Left ventricular myocardial mass 221.40±48.97 268.55±64.43 210.89±48.31 0.001 0.28 0.001

Left ventricular myocardial mass index 116.74±31.46 151.31±27.46 110.79±26.47 0.005 0.52 0.001
End-systolic volume. ml 47.93±12.39 91.05±28.96 44.91±11.29 0.001 0.21 0.001
End-diastolic volume. ml 122.90±20.16 162.79±32.04 117.85±20.11 0.001 0.22 0.001

Note: Clinical parameters are given as mean and standard deviation. Without HF. no heart failure; HFpEF. heart failure with preserved ejection 
fraction; HFmr/rEF. heart failure with mildly reduced and reduced ejection fraction; BMI. body mass index; COPD. chronic obstructive 
pulmonary disease; ONMC. acute cerebral circulatory failure.
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Our study revealed a significant in-
crease in miR-30c-5p, miR-221-3p, and 
miR-375-3p microRNA expression in 
PBMC of patients in groups 3 and 2 com-
pared with group 1 (Figure). Accordingly, 
the relative expression level of miR-30c-
5p in PBMC of group 2 was significant-
ly higher by 1.99-fold relative to group 1 
(P<0.0001). The expression of this mi-
croRNA in PBMC of group 3 relative to 
group 1 was significantly higher by 2.94-
fold (P<0.0001).

The change in miR-30c-5p expression 
has a high diagnostic potential in relation 
to HFpEF (group 3) [4]. This is probably 
due to the fact that increased miR-30c-
5p expression negatively correlates with 
SIRT1 expression and thus may enhance 
inflammatory response and apoptosis of 
myocardial cells [14]. Since no significant 
differences in miR-30c-5p expression 
were found between groups 2 and 3 in 
our study, we can assume that increased 
miR-30c-5p expression has diagnostic 
potential in patients with HFmr/rEF. 

The expression level of miR-221-3p 
in PBMC of group 3 was increased 4.04-
fold compared with group 1 (P<0.0001). 
PBMC of group 2 patients also showed a 
2.63-fold increase in miR-221-3p expres-
sion (P<0.0001).

Increased expression of miR-221-3p 
was detected in cardiac tissue of patients 
with HF, which is attributed to its regulato-
ry function against hypoxia-induced fac-
tor 1 (HIF-1) [12]. In addition, miR-221-
3p suppresses SIRT2 gene expression 
and thus promotes cardiomyocyte aging 
[16], and also contributes to cardiac fi-
brosis [9]. Accordingly, the results of our 
study may indicate a systemic effect of 
increasing miR-221-3p expression level. 
Given the absence of changes in miR-
221-3p expression in EAT, the absence 
of a paracrine influence can be assumed. 
This necessitates further studies to clarify 
the specific mechanisms of development 
of this condition.

In our study, miR-375-3p microRNA 
expression in PBMC of group 3 and group 
2 patients was increased 2.09- and 1.77-
fold, respectively, compared with group 
1 (P<0.0001). MiR-375-3p may enhance 
cardiac hypertrophy and thus contribute 
to the development of HF [13]. Accord-
ingly, the significant increase in left ven-
tricular volumes observed in our study in 
patients with HFmr/rEF and the signifi-
cant increase in miR-375-3p expression 
in PBMC in patients with HFmr/rEF are 
most likely interrelated. Additional evi-
dence is that inhibition of miR-375-3p en-
hances left ventricular function by reduc-
ing cardiomyocyte apoptosis and thus 
has a therapeutic effect against HF [15].

Thus, our results are in general agree-
ment with the literature data. At the same 
time, in our study, miR-375-3p expres-
sion did not show statistically significant 
differences between the HFpEF and 
HFmr/rEF groups (P = 0.7565). Although 
existing literature sources indicate dif-
ferences in miR-375-3p expression be-
tween patients with HFpEF and HFrEF 
[5], this discrepancy is likely due to the 
pooling of patients with HFmr/rEF and 
HFrEF into a single study group. It should 
be pointed out that for all other investigat-
ed microRNAs no significant expression 
changes in PBMC were detected. None 
of the investigated microRNAs showed 
significant expression changes in PBMC.

Conclusions. Our study revealed a 
significant increase of miR-30c-5p, miR-
221-3p and miR-375-3p microRNA ex-
pression in PBMC in patients with CHD 
and heart failure (HF) with preserved 
and reduced/moderate ejection fraction 
(HFpEF and HFmr/rEF) compared with 
patients without HF. The expression of 
miR-30c-5p in PBMC was 1.99-fold high-
er in patients with HFmr/rEF compared 
with the group of patients without HS, 
whereas the expression level of this mi-
croRNA was 2.94-fold higher in the group 
of patients with HFpEF (P<0.0001). The 
expression of miR-221-3p in PBMC was 
increased 4.04-fold in patients with HF-
pEF, and 2.63-fold in patients with HFmr/
rEF (P<0.0001). The expression of miR-
375-3p was significantly higher 2.09-fold 
in the group of patients with HFmr/rEF 
and 1.77-fold in the group with HFpEF 
(P<0.0001). No significant changes in the 
expression of other investigated microR-
NAs in PBMC, as well as the expression 
of all investigated microRNAs in epicardi-
al adipose tissue were observed. 

The obtained data have value for un-
derstanding the role of the studied mi-
croRNAs in the pathogenesis of HF in 
patients with CHD. Our results can be 
used to conduct further studies on the 
mechanisms of HF development. A better 
understanding of the pathogenetic pro-
cesses associated with microRNAs may 
be used to create new strategies for risk 
assessment of HF development in pa-
tients with CHD.
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The study is devoted to the study of factors increasing the risk of developing anxiety and depressive disorders in the Yakut population. Analysis 
of anxiety and depression indicators according to the HADS (Hospital Anxiety and Depression Scale) was conducted in a sample of 150 men and 
183 women without neurological and mental diseases. It was found that HADS indicators are significantly higher in women compared to men, 
increased in groups of respondents over 25 years old, in groups of people with disabilities, in married people compared to single people. In a 
sample consisting of 33 men and 122 women, an analysis of the distribution frequencies of alleles (S and L) and genotypes (SS, SL, LL) of the 
5-HTTLPR polymorphism of the SLC6A4 gene was carried out. The results showed a high degree of similarity with the populations of East Asia 
(Japanese, Chinese, Koreans) and significant discrepancies with Caucasian groups. A search for associations of the S and L allele frequencies 
was conducted in groups with different indicators of anxiety and depression according to the HADS. A statistically significant association of the L 
allele with subclinical anxiety without depression was revealed.

Keywords: 5-HTTLPR, depression, anxiety, serotonin transporter, psychogenetics.

Introduction. Anxiety and depressive 
disorders are among the most common 
diseases worldwide, having a negative 
impact on the quality of life and the level 
of public health [1]. Anxiety disorders are 

regulated in the International Classifica-
tion of Diseases of the 10th revision (ICD-
10) under the code F41, and depressive 
disorders are classified in several codes: 
F06.3, F31, F32, F33, F34 [10; 13]. Al-
though anxiety disorder and depression 
are considered two different diseases, 
anxious depression (depression and 
concomitant anxiety) is a relatively com-
mon syndrome [8; 11]. Comorbid depres-
sion and anxiety disorder occur in 25% 
of general practice patients. About 85% 
of patients with depression experience 
significant anxiety, and 90% of patients 
with anxiety disorder suffer from depres-
sion, so the symptoms may seem vague 
and nonspecific [11]. These mental states 
with a complex pathogenic mechanism 
are associated in many studies with a 
disturbance in the level of serotonin, and 
its transporter, encoded by the SLC6A4 
gene, plays a key role in regulating the 
activity of the serotonergic system [1; 
16; 20]. It is assumed that in the coming 
years, the study of genes that influence 

behavior will become key in psychiatry: 
the analysis of the links between genes 
and behavior at the mental level will 
radically change research related to the 
psychological state of the individual and, 
accordingly, the treatment of anxiety and 
depressive disorders [4; 13].

Extensive data from early studies of 
the functioning of the serotonergic sys-
tem, especially polymorphisms of the 
serotonin transporter gene (SLC6A4), 
indicate their association with vari-
ous mental disorders [1; 16; 18]. Some 
studies in recent years indicate that the 
SLC6A4 gene plays a role in the devel-
opment of depression [14]. In particular, 
the functional polymorphism 5-HTTLPR 
(44-BP INS/DEL; rs774676466), which is 
an insertion/deletion of 44 base pairs in 
the promoter region of the SLC6A4 gene, 
has two variants: a short allele S and a 
long allele L, of which S leads to lower 
gene transcription and is presumably 
associated with depressive and anxiety 
disorders [1]. The first studies indicated 
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that carriers of the short version (S) of 
the 5-HTTLPR allele are at greater risk of 
developing depressive and anxiety disor-
ders, especially in the presence of stress-
ful events in life [16]. This connection is 
explained by the fact that decreased 
expression of the protein responsible for 
serotonin transport in neurons leads to 
disruption of the functioning of the seroto-
nergic system of the brain, which, in turn, 
increases susceptibility to the negative 
effects of stress [17]. However, the re-
sults of a meta-analysis could not confirm 
this connection [24]. Evidence confirming 
the connection between the 5-HTTLPR 
polymorphism of the SLC6A4 gene and 
affective disorders currently appears in-
sufficient [22].

The aim of this work is to find factors 
that increase the risk of developing anx-
iety and depressive disorders and the 
contribution of the genetic polymorphism 
5-HTTLPR of the SLC6A4 gene to their 
development in the Yakut population.

Materials and methods. A total of 
333 participants (150 men and 183 
women) were tested for psychoemotion-
al state using the Hospital Anxiety and 
Depression Scale (HADS). The study 
was conducted with the written consent 
of the participants. The questionnaire 
data included socio-demographic ques-
tions (health status, smoking, alcohol 
consumption, marital status and genet-
ic diseases) and anthropometric data. 
The scale consists of 14 statements 
and includes two parts: anxiety (part I) 
and depression (part II). Each statement 
corresponds to 4 answer options. Each 
subject filled out the questionnaire indi-
vidually and independently. The results 
were interpreted separately without the 
participation of the subjects.

The collection of material and filling out 
questionnaires was carried out during ex-
pedition trips to the regions of the Sakha 
Republic (Yakutia). All samples are in-
cluded in the biomaterial collection of the 
Yakut Scientific Center for Complex Med-
ical Problems using the Yakutia Genome 
Scientific Research Institute (registration 
number USU_507512). Genetic research 
and bioinformation data processing were 
carried out in the laboratory of hereditary 
pathology of the molecular genetics de-
partment of the Yakut Scientific Center for 
Complex Medical Problems (YSC CMP). 
A total of 155 people of Yakut nationality 
were tested, including 33 men and 122 
women. The ethnicity of the participants 
was taken into account up to the third 
generation. The study included patients 
who signed informed consent for genetic 
research from January 2023 to Decem-
ber 2023.

For molecular genetic analysis, DNA 
extraction from whole blood was per-
formed using a commercial DNA ex-
traction kit "Newteryx" (Russia, Yakutsk) 
in accordance with the manufacturer's 
instructions. The DNA concentration in 
each sample was determined on an Im-
plen Nano Photometer spectrophotome-
ter (Germany). Analysis of the 5-HTTLPR 
(44-BP INS/DEL) polymorphism of the 
SLC6A4 gene was performed by poly-
merase chain reaction (PCR).

Amplification of the gene region con-
taining the polymorphic variant was car-
ried out using primers manufactured by 
Lumiprob RUS LLC, Moscow. Reaction 
mixture: forward and reverse primers, 1 
μl each; buffer – 2.5 μl; betaine – 5 μl; 
dNTPs – 4 μl; Taq polymerase – 0.25 μl; 
deionized water – 10.25 μl and DNA – 1 
μl. The amplification conditions are pre-
sented in Table 1.

Interpretation of genotyping results 
was performed based on different band 
templates for the genotypes SS – 376 
bp; SL - 420 bp, 376 bp; LL – 420 bp 
(Figure).

Statistical analysis of the obtained re-
search results was performed using the 
program «Office Microsoft Excel 2010». 
Correspondence of genotype distribution 
to expected values ​​of Hardy-Weinberg 
equilibrium and comparison of frequen-
cies of allelic variants/genotypes were 
performed using the criterion X (chi-
square) by the Pearson method for con-
tingency tables 2x2, calculation of odds 
ratio (OR), 95% confidence interval (95% 
CI). Differences were considered reliable 
at p<0.05.

Results and discussion. When as-
sessing the indicators of the Hospital 
Anxiety and Depression Scale (HADS), 

respondents were divided into groups 
by gender, age group, marital status and 
the presence of disability. When com-
paring the groups by gender, reliable dif-
ferences were found between them both 
in the level of anxiety and depression 
(p<0.001). Thus, in the group of wom-
en, anxiety disorders are three times 
more common than in the group of men 
(OR=3.044; CI 95% 1.890-4.903), and 
depression is more than 2.5 times more 
common (OR=2.748; CI 95% 1.713-
4.409) (Table 2).

To make further calculations, respon-
dents were divided into age groups 
based on two types of periodization of 
human development (Petrovsky A.V.; 
Erikson E.Kh.): early youth: 18-25 years; 
young age: 26-35 years; middle age: 36-
50 years; old age: 51-65 years; old age: 
66 years and older.

When comparing age groups, a sta-
tistically significant difference (p<0.05) 
was found between the groups of early 
youth and youth: after 25 years, both 
anxiety (OR=2.893; CI 95% 1.013-8.267) 
and depression (OR=3.1; CI 95% 1.01-
9.516) increase. No significant differenc-
es in HADS scores were found between 
groups over 25 years of age (26-35, 36-
50, 61-65, over 66 years).

A statistically significant relationship 
between anxiety and depression indi-
cators and disability was also revealed 
(p<0.001). Respondents with disabili-
ties were more anxious (OR=2.038; CI 
95% 1.062-3.911) and more depressed 
(OR=3.082; CI 95% 1.661-5.718) com-
pared to those without disabilities.

Analysis of marital status showed that 
in the group, married respondents were 
almost three times more likely to have 
anxiety (p<0.001) and depressive disor-

Conditions for conducting PCR analysis

Ген Primer sequence Length
of amplicon bp

Annealing 
temperature

SLC6A4 F:5’-GGACCGCAAGGTGGGCGGGA-3’
SS – 376 b.p.;

SL - 420 п.н., 376 b.p.;
LL – 420 b.p.

62°С

Electrophorogram of the amplification product of the SLC6A4 gene region in a 4% agarose gel: 
tracks № 1, 2, 4, 6, 7, 9, 10, 11, 12, 15, 16, 17, 18, 19 – SS genotype; 3, 8, 13 and 14 – SL 
genotype; 5 is the LL genotype; M is the Step100 marker

Table 1
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ders (p<0.001) compared to single re-
spondents (Table 2).

Table 3 shows the distribution of allele 
frequencies (S and L) and genotypes 
(SS, SL and LL) of the 5-HTTLPR poly-
morphism of the SLC6A4 gene in the 
general sample of Yakuts in comparison 
with other populations. Comparison of 
the obtained allele frequencies and gen-
otypes of Yakuts with other populations of 
the world showed the greatest similarity 
with East Asian populations (Japanese, 
Chinese and Korean) and significant dif-

ferences with Caucasian populations [2]. 
Earlier, in the study of Savostyanov A.N. 
et al. (2021), a significantly high frequen-
cy of the S allele of the 5-HTTLPR poly-
morphism was found in a sample of 79 
indigenous people of Yakutia (63 Yakuts, 
12 Evenks, 4 Yukaghirs) compared to 
Caucasians [10], which is consistent with 
our data.

As shown in the work of these authors, 
SS carriers exhibit an increased level of 
anxiety and a higher ability to regulate be-
havior in the conditions of the stop-signal 

paradigm (SSP) experiment. According to 
the researchers, carriers of the SS geno-
type adapt to high-risk climatic conditions 
more successfully than carriers of the LL 
and LS genotypes. The authors suggest 
that anxiety can act as an adaptive factor 
in extreme climatic conditions combined 
with an increased risk to life, and that in 
healthy people with the SS genotype, a 
decrease in the activity of 5-OHT neu-
rons may be associated with increased 
activation control, rather than with a 
deterioration in inhibitory control [10].

Table 2

Hospital Anxiety and Depression Scale (HADS) scores

Anxiety (HADS-A) Depression (HADS-D)

n Norm Subclinical anxiety Clinical anxiety n Norm Subclinical depression Clinical 
depression

By gender
Men 150 76.7 14.7 8.7 152 75.7 13.2 11.2

Women 183 51.9 29.5 18.6 179 53.1 28.5 18.4
ОR 3.044 (1.890-4.903) 2.748 (1.713-4.409)
р <0.001 <0.001

By age periods
up to 25 years 108 86.1 12.0 1.9 105 88.6 8.6 2.9
from 26 to 35 22 68.2 18.2 13.6 21 71.4 14.3 14.3

ОR 2.893 (1.013-8.267) 3.1 (1.01-9.516)
р 0.04 0.03

from 26 to 35 22 68.2 18.2 13.6 21 71.4 14.3 14.3
from 36 to 50 42 54.8 23.8 21.4 39 59.0 20.5 20.5

ОR 1.770 (0.599-5.231) 1.739 (0.555-5.447)
р 0.442 0.501

from 36 to 50 42 54.8 23.8 21.4 39 59.0 20.5 20.5
from 51 to 65 98 54.1 26.5 19.4 101 52.5 30.7 16.8

ОR 1.028 (0.497-2.124) 1.488 (0.688-3.216)
р 0.912 0.616

from 51 to 65 98 54.1 26.5 19.4 101 52.5 30.7 16.8
Over 66 63 41.3 36.5 22.2 65 40.0 30.8 29.2

ОR 1.676 (0.884-3.178) 1.656 (0.881-3.114)
р 0.155 0.159

On disability
Disability 42 47.6 26.2 26.2 50 40.0 30.0 30.0

No disability 291 64.9 22.7 12.4 281 67.3 19.9 12.8
ОR 2.038 (1.062-3.911) 3.082 (1.661-5.718)
р 0.046 <0.001

By marital status
Married 132 55.3 27.3 17.4 134 54.5 26.9 18.7
Divorced 12 33.3 33.3 33.3 9 44.4 33.3 22.2

ОR 2.475 (0.710-8.623) 1.496 (0.385-5.817)
р 0.247 0.812

Married 132 55.3 27.3 17.4 134 54.5 26.9 18.7
Widows/Widowers 33 39.4 30.3 30.3 30 43.3 33.3 23.3

ОR 1.904 (0.874-4.144) 1.565 (0.704-3.477)
р 0.150 0.367

Married 132 55.3 27.3 17.4 134 54.5 26.9 18.7
Singles 140 77.9 15.7 6.4 142 76.8 14.1 9.2

ОR 0.352 (0.208-0.596) 0.362 (0.216-0.608)
р <0.001 <0.001
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In our work, when comparing the 
frequencies of the 5-HTTLPR polymor-
phism alleles of the SLC6A4 gene be-
tween the groups with anxiety disorders 
and the norm (Table 4) and between the 
groups with depressive disorders and the 
norm (Table 5), no statistically significant 
differences were found. The S allele was 
predominant in all compared groups. The 
only exception was that in the “subclinical 
anxiety, depression within normal limits” 
group, carriers of the L allele were 2.5 
times more common than in the group 
with normal HADS scores (Table 4). Our 
data do not correspond to the results 
of the works of Savostyanov A.N. et al. 
(2021) [10], which can be explained by 
differences in the methods for assessing 
personal anxiety (Spielberger Anxiety 
Scale instead of HADS).

Conclusion. Thus, it has been estab-
lished that the factors increasing the risk 
of anxiety and depression in the Yakut 

Variability of the 5-HTTLPR polymorphism of the serotonin transporter gene SLC6A4 in groups
of individuals with anxiety disorders

Scale n LL SL SS L S ОR (СI 95%) p
Norm 69 4.3 27.5 68.1 18.1 81.9

0.565 (0.282-1.134) 0.152
Subclinical anxiety with subclinical and clinical depression 32 9.4 37.5 53.1 28.1 71.9
Norm 69 4.3 27.5 68.1 18.1 81.9

0.811 (0.375-1.755) 0.741
Clinical anxiety with subclinical and clinical depression 28 3.6 35.7 60.7 21.4 78.6
Subclinical anxiety with subclinical and clinical depression 32 9.4 37.5 53.1 28.1 71.9

1.435 (0.620-3.321) 0.526
Clinical anxiety with subclinical and clinical depression 28 3.6 35.7 60.7 21.4 78.6
Norm 69 4.3 27.5 68.1 18.1 81.9

0.391 (0.175-0.877) 0.036Subclinical anxiety, depression-norm 101 11.1 50.0 38.9 36.1 63.9
Norm 69 4.3 27.5 68.1 18.1 81.9

0.885 (0.272-2.875) 0.916Clinical anxiety, depression-norm 97 0 40 60 20 80

Table 3

Table 4

Table 5

Frequencies of genotypes and alleles of the 5-HTTLPR polymorphism
of the SLC6A4 gene in populations

Populations n LL SL SS L S Link

Yakuts 158 5.7 (9) 32.3 (51) 62.0 (98) 21.8 78.2 This study

Japanese 101 3.7 (4) 31.4 (31) 65.7 (66) 19.3 80.7 [7]
Japanese (Tottori) 501 3.19 (16) 31.73 (159) 65.06 (326) 19.1 80.9 [5]
Chinese (Beijing) 558 6.09 (34) 36.02 (201) 57.88 (323) 24.1 75.9 [6]
Chinese (Shanghai) 587 6.30 (37) 41.39 (243) 52.29 (307) 27.0 73.0 [20]
Koreans 183 4.37 (8) 34.42 (63) 61.20 (112) 21.6 78.4 [25]
Taiwan 192 10.93 (21) 36.97 (71) 52.08 (100) 29.4 70.6 [22]
Thais 187 9.09 (17) 36.89 (69) 54.01 (101) 27.5 72.5 [16]
Russians (St. Petersburg) 908 38.10 (346) 46.69 (424) 15.19 (138) 61.5 38.5

[3]

Ukrainians 60 21.21 (14) 37.87 (25) 40.90 (27) 61.5 38.5 
Belarusians 39 46.15 (18) 41.02 (16) 12.82 (5) 66.7 33.3
Chuvashes 372 24.46 (91) 51.61 (192) 23.92 (89) 50.3 49.7
Kabardians 289 26.64 (77) 44.63 (129) 28.71 (83) 49.0 51.0
Tatars 142 26.05 (37) 51.40 (73) 22.53 (32) 51.8 48.2

Variability of the 5-HTTLPR polymorphism of the serotonin transporter gene SLC6A4 in groups of individuals
with depressive disorders

Scale n LL SL SS L S ОШ (ДИ 95%) p
Norm 69 4.3 27.5 68.1 18.1 81.9

1.011 (0.491-2.083) 0.878
Subclinical depression with subclinical and clinical anxiety 39 5.1 25.6 69.2 17.9 82.1
Norm 69 4.3 27.5 68.1 18.1 81.9

0.562 (0.259-1.218) 0.207
Clinical depression with subclinical and clinical anxiety 23 8.7 39.1 52.2 28.3 71.7
Subclinical depression with subclinical and clinical anxiety 39 5.1 25.6 69.2 17.9 82.1

0.555 (0.234-1.317) 0.263
Clinical depression with subclinical and clinical anxiety 23 8.7 39.1 52.2 28.3 71.7
Norm 69 4.3 27.5 68.1 18.1 81.9

0.752 (0.329-1.721) 0.648
Subclinical depression, anxiety is normal 108 4.5 36.4 59.1 22.7 77.3
Norm 69 4.3 27.5 68.1 18.1 81.9

0.664 (0.198-2.230) 0.742
Clinical depression, anxiety is normal 92 12.5 25 62.5 25 75
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population are female gender, age over 
25 years, disability, and married/married 
status compared to single. An associ-
ation of the L allele of the 5-HTTLPR 
polymorphism of the SLC6A4 gene with 
subclinical anxiety without depression 
was revealed. In the future, to clarify the 
obtained results, genotyping of respon-
dents with established mental disorders 
is required. These data emphasize the 
importance of an integrated approach 
to assessing factors affecting mental 
health.
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Introduction. Quality of life is un-
derstood as a comprehensive concept 
that encompasses a general sense of 
well-being and has within it the idea of life 
satisfaction and happiness of the individ-
ual as a whole. [5,10]. 

A large amount of research is devoted 
to the study of the quality of life of peo-
ple suffering from various diseases. In 
these studies, we are more interested in 
adolescents of different ages - from ju-
nior high school students to high school 
students.  In the course of analyzing the 
obtained data, significant differences in 
the quality of life indicators among the 

studied groups are revealed. However, 
the interpretation of the results does not 
always take into account whether there 
is a potential influence of parents or of-
ficial representatives on respondents' 
answers.

For example, a study on the quality of 
life of adolescents with auditory analyzer 
pathology revealed a decrease in the lev-
el of their well-being to the average value 
compared to healthy peers, who demon-
strate high scores on all analyzed pa-
rameters. At the same time, the analysis 
of gender differences showed that boys 
feel significantly more alert and energetic 
than girls. [8]

Studies show that adolescents with 
various endocrine diseases have lower 
quality of life scores than their healthy 
peers.

In particular, adolescents with diabe-
tes mellitus have significantly lower over-
all quality of life scores than their peers 
without chronic disease. At the same 
time, obese adolescents have even lower 
overall quality of life scores than diabet-
ic patients, with physical and emotional 
functioning suffering most significantly. 
[1]

High school seniors with bronchial 
asthma are characterized by moderate to 
significant reductions in quality of life, pri-
marily in the areas of social functioning, 
physical mobility, and economic status. 
[2]

Adolescents with motor and sensory 
impairments show lower physical health 
indicators related to physical and role 
functioning. At the same time, they show 
higher mental health indicators compared 
to their peers without any impairment. [3]

Adolescents with severe posture dis-
orders tend to show reduced satisfaction 
with their physical well-being, functional 
abilities in daily life, and interpersonal 
interactions. which also indicates a re-
duced quality of life compared to adoles-
cents without any medical conditions. [7]

Consequently, we can conclude that 
various diseases, both those mentioned 
above and those insufficiently studied in 
this aspect, have a rather negative im-
pact on the quality of life of adolescents, 
leading to its decline.

Speaking about the quality of life of 
somatically healthy adolescents, such 
studies were previously conducted in Al-
tai Krai. As a result, after analyzing the 
obtained data, it was found that the aver-
age score of adolescents of high school 
age was 71.3 points, insignificant differ-
ences between the assessments of ado-
lescents and their parents were revealed, 
and it was concluded that these results 
can be used to assess the quality of life 
of adolescents. [4]

In the modern health care system, the 
priority is to improve the quality of life of 
our public. As noted by the President of 
the Russian Federation V.V. Putin, deci-

This article presents the results of the assessment of the quality of life of adolescents, aged fifteen to seventeen years, and the results of the 
assessment of the quality of life of adolescents by their parents, as revealed by the PedsQL-4.0 questionnaire for adolescents aged 13-18 years 
and their parents. The participants in this study were 126 adolescents, 63 girls and 63 boys, and 126 parents, respectively. The mean age of the 
adolescents questioned was 15.7+-0.72 years.  

There were 6 blocks in this questionnaire - physical functioning, emotional functioning, social functioning, school life, psychosocial health and a 
summative score which is represented by the average of the responses for all four blocks. 

The results obtained are presented as mean value with confidence interval (CI) -95%.
The Shapiro-Wilk test tested the hypothesis of normality of the distribution of empirical data. This test evaluates the sample data with the null 

hypothesis that the data set is normally distributed. A value of p>0.05 indicated that the data set is normally distributed, a value of p<0.05 indicated 
that the data set is subject to non-normal distribution of the trait.

The Mann-Whitney U-test was used to determine whether there was a significant difference between two independent non-normally distributed 
groups of data.

Differences were considered statistically significant at a significance level of p < 0.05.
In the final results of the self-assessed quality of life, the lowest scores were obtained on the “emotional functioning” and “life at school” scales, 

the highest on the “physical functioning” and “social functioning” scales, with significant low scores for girls on all scales except the “social function-
ing” scale, the trend of low scores was maintained when assessed by their parents.

When analyzing the indicators of quality of life assessment by parents of adolescents of different ages, a statistically significant difference was 
found only on the “emotional functioning” scale.
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sions in the development of the country 
and regions should be aimed at improv-
ing the welfare and standard of living of 
the citizens of our state [6].

According to the Decree of the Pres-
ident of the Russian Federation dated 
31.12.2015 N 683 “On the National Secu-
rity Strategy of the Russian Federation”- 
“Improving the quality of life of citizens 
is guaranteed by ensuring food security, 
greater accessibility of comfortable hous-
ing, high-quality and safe goods and ser-
vices, modern education and health care, 
sports facilities, ... ensuring accessibility 
of social, engineering and transportation 
infrastructure for the disabled and other 
low-mobility groups of the population...”. 
[9]

Since 2025, the national project “Long 
and Active Life” will be implemented, cov-
ering all areas of health care, from prima-
ry care to rehabilitation, including sports. 
This project is designed to improve the 
quality of life of Russians.

In this regard, it is necessary to devel-
op a methodology for analyzing the cri-
teria of quality of life, which will make it 
possible to comprehensively assess the 
physical, psychological and social as-
pects of adolescents' well-being.

Taking into account all the above-men-
tioned in the absence of clear criteria and 
the condition of conducting a survey to 
assess the quality of life, the main goal of 
this study was the following:

Objectives of the study: Our re-
search objective is to assess the param-
eters of quality of life of adolescents living 
in Altai Krai, taking into account gender 
characteristics, and to identify the pecu-
liarities of assessment of quality of life 
indicators by parents of adolescents.

Materials and Methods. The present-
ed study is of a one-stage nature. 

In 2023, on the basis of the Barnaul 
city secondary school, an assessment of 
the level of quality of life in adolescents 
was carried out through self-assessment 
of students and a questionnaire survey of 
their parents. 

Adolescents participating in this study 
were divided into groups by age and gen-
der, after which the data were analyzed, 
and the results are presented below.  The 
sample of adolescents was formed based 
on inclusion and non-inclusion criteria.

Inclusion criteria: Belonging of ado-

lescents to I-II health groups, students of 
9-11 grades, 

Providing consent for participation 
in the study and processing of personal 
data,

Full completion of the questionnaire 
by adolescents and their legal represen-
tatives;

Non-inclusion criteria: Presence of 
health pathology in the stage of exacer-
bation at the time of the study, 

Refusal of the child's official represen-
tative to participate in the study and to 
process personal data,

Incomplete completion of question-
naire forms.

In the present study, an adaptation of 
PedsQL-4.0 for adolescents 13-18 years 
old and their parents was used to assess 
the quality of life. The analysis of the re-
ceived answers made it possible to con-
duct an independent assessment of the 
level of students' quality of life. 

The components of the questionnaire 
are physical functioning (PF), emotional 
functioning (EF), social functioning (SF), 
school life (SL), psychosocial health 
(PSH), which includes EF, SF, and SL 
blocks, and LSD - the total score, which is 
represented by the average of responses 
for all four blocks.

The obtained data were analyzed us-
ing STATISTICA 6.0 software. 

Mean values are presented in the for-
mat of confidence interval (CI) with a con-
fidence level of 95%.

The Shapiro-Wilk test was used to test 
the hypothesis of normality of distribution 
of empirical data. It evaluates the sam-
ple data with the null hypothesis that the 
data set is normally distributed. A value 
of p>0.05 indicated that the data set is 
normally distributed, a value of p<0.05 
indicated that the data set is subject to 
non-normal distribution of the trait.

The Mann-Whitney U-test was used to 
determine if there was a significant differ-
ence between two independent non-nor-
mally distributed groups of data.

Differences were considered statisti-
cally significant at a significance level of 
p < 0.05.

Results and their discussion. This 
study involved 126 school adolescents 
living in Altai Krai - students in grades 9, 
10 and 11 of general education school 
and 126 parents. The average age of pu-

pils was 15.7+-0.72 years.  Among girls 
- 63 people - 29 fifteen-year-olds, 27 six-
teen-year-olds and 7 seventeen-year-old 
girls were questioned, the average age 
was 15.6 +_0.67 years. Among boys - 63 
people - 32 fifteen-year-olds, 19 sixteen-
year-olds and 12 seventeen-year-olds 
participated, average age 15.7 +_0.62 
years. 

Analysis of quality of life indicators 
of adolescents aged 15 to 17 years re-
vealed a total quality of life index of 70.12 
[72.68 - 67.56, 95% CI]. Analysis of the 
self-esteem of adolescents in this age 
group revealed the highest scores on the 
social functioning scale of 86.17 [89.11-
83.06, 95% CI].  High scores were also 
noted on the “physical functioning” scale 
75.96 [78.71 - 73.23, 95% CI]. The low-
est values were recorded on the scales 
of “emotional functioning” 57.37 [61.1 - 
53.64, 95% CI] and “school life” (63.17 
[66.37-69.98, 95% CI]). Consequently, 
the scores on the “emotional functioning” 
and “life at school” scales were lower, ac-
counting for the lower integrated psycho-
social health score of 67.49 [70.2-64.78, 
95% CI] compared to the mean score. 
(Table 1).

Statistically significant differences 
were found in the study of quality of life 
indicators for girls and boys. The mean 
total score for boys was 75.38 [79.77 to 
72.69, 95% CI], which was higher than 
that for girls, 64.87 [68.21 to 61.67, 95% 
CI]. This difference was confirmed using 
the Mann-Whitney criterion (p = 0.005).

A similar trend was observed in the 
individual subgroups: the highest values 
were observed for the “social function-
ing” and “physical functioning” scales, 
while the lowest values were observed 
for the “emotional functioning” and “life 
at school” scales. In general, the quali-
ty of life indicators for girls were slightly 
lower. Statistically significant differences 
are observed for all scales, except for the 
“social functioning” scale (Table 2).

When comparing assessments of the 
quality of life received from adolescents 
and their parents, similarity in assess-
ments of various spheres of functioning 
is revealed. Parents tend to score higher 
on all measures Both adolescents and 
parents score highly on “social function-
ing,” although the parents' scores (89.78 
points [87.38-92.18, 95% CI]) are slight-

Quality of life indicators for adolescents in the 15-17 age group

Indicator PF EF SF SL PSH LSD

Adolescents  aged 15-17 75.96
(78.71-73.23)

57.37
(61.1-53.64)

86.17
(89.11-83.06)

63.17
(69.98-66.37)

67.49
(70.2-64.78)

70.12
(72.68- 67.56)

Table 1
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ly higher than the adolescents' scores 
(86.09 points [83.06-89.11, 95% CI]). The 
worst performing group of adolescents 
was the “emotional functioning” score. 
Adolescents rated this scale at 57.37 
points [53.64-61.1, 95% CI], while par-
ents gave a score of 70.96 points [67.61-
74.31, 95% CI], which borders on the 
older generation's score for “school life”, 
which is slightly lower at 70.21 points 
[67.08-73.35, 95% CI]

These differences are statistically sig-
nificant, except for the differences on the 
“social functioning” scale (Table 3).

During the final stage of this study, the 
difference in opinion between parents of 
girls and boys was revealed. The parents 
of girls gave the highest score to the “so-
cial functioning” scale, while the parents 
of boys gave the maximum score to the 
“physical functioning” scale.

Parents of girls ranked “physical func-
tioning” second in importance while par-
ents of boys favored “social functioning”. 
The third place was shared by the indi-
cators “life at school” for parents of girls 

and “emotional functioning” for parents of 
boys. 

At the same time, both for parents 
of girls and parents of boys, the lowest 
indicators were recorded in the areas 
of “emotional functioning” and “life at 
school”.

It should be emphasized that statis-
tically significant differences were ob-
served only for the scales “physical func-
tioning” (p=0.001) and “emotional func-
tioning” (p=0.006). (Table 4).

Conclusion. Analysis of self-rated 
quality of life revealed the lowest scores 
in the domains of “emotional function-
ing” and “life at school”, and the highest 
scores in the domains of “physical func-
tioning” and “social functioning”.

The research has shown that girls 
have significantly lower scores on all 
quality of life assessment scales, except 
for the “social functioning” scale. A similar 
trend was observed in parent-reported 
quality of life assessments.

When analyzing the assessments pro-
vided by parents of adolescents of differ-

ent ages, a statistically significant differ-
ence was found only on the “emotional 
functioning” scale.

Analyzing the obtained results of our 
study, it should be noted that at the age of 
15-16 years it is necessary to pay atten-
tion to emotional and school functioning 
with possible strengthening of the work of 
psychological and pedagogical services. 
Also in pediatrics for a reliable assess-
ment of the quality of life questionnaire 
should be conducted by the researcher in 
direct work with the child, possibly in the 
presence of his official representative, 
taking into account the results obtained 
by us.  

Quality of life indicators are labile at 
different ages, in contrast to parental 
assessment, in which the figures did not 
change significantly. In most cases, par-
ents have the most unreliable information 
about their child's emotional functioning.

Statistical analysis revealed a reliable 
discrepancy in parents' assessments 
of adolescents's quality of life. This fact 
emphasizes the necessity of mandato-

Comparative indicators of quality of life of boys and girls of the age group of 15-17 years old

Indicator PF EF SF SL PSH LSDGender

Boys 82.75
(87.07 – 80.23)

63.09
(69.63 – 58.18)

85.14
(89.86 – 82.27)

68.08
(73.46 – 64.22)

72.43
(77.1 – 69.43)

75.38
(79.77 – 72.69)

Girls 69.18
(72.76 – 65.6)

51.65
(56.01 – 47.36)

82.23
(86.94 – 77.51)

58.26
(62.37 – 54.23)

62.55
(66.16 – 59.0)

64.87
(68.21 – 61.67)

Р* 0.001 0.001 0.252 0.001 0.001 0.005

Note: p* - Mann-Whitney criterion

Table 2

Table 3

Table 4

Comparative analysis of the subjective assessment of the quality of life in adolescents aged 15-17 and their parents' assessments

Indicator PF EF SF SL PSH LSD

Adolescents 75.97
(73.23 – 78.71)

57.37
(53.64 – 61.1)

86.09
(83.06 – 89.11)

63.17
(65.98 – 66.37)

70.12
(67.56 – 72.68)

67.49
(64.78 – 70.20)

Parents 85.19
(82.88- 87.9)

70.96
(67.61 – 74.31)

89.78
(87.38 – 92.18)

70.21
(67.08 – 73.35)

79.03
(76.60 – 81.47)

76.98
(74.55 – 79.42)

р* 0.001 0.009 0.073 0.001 0.016 0.009

Comparative analysis of quality of life indicators in boys and girls aged 15-17 years,
as assessed by parental audience

Indicator PF EF SF SL PSH LSDGender
Parents
of girls

80.03
(76.43 -  83.63)

66.04
(61.46- 70.64)

89.62
(86.31 - 92.93)

67.75
(63.77-  72.12)

74.46
(71.31- 77.77)

75.86
(72.87 - 78.95 )

Parents
of boys

90.34
(88.97-93.67)

75.87
(72.08 - 81.35)

89.94
(87.41 - 94.40)

72.67
(68.67-  78.17)

79.49
(76.7- 83.9)

82.21
(80.08- 86.10)

р* 0.001 0.006 0.481 0.236 0.008 0.060
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ry consideration and monitoring of this 
aspect when conducting scientific re-
search devoted to the study of quality of 
life in schooladolescents of different age 
groups.

It is necessary to take into account the 
individual characteristics of each child, 
his/her age, maturity, gender and ability 
to realize and express his/her well-being. 
The quality of life of a child cannot be as-
sessed by someone else.
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In order to study the state of the glutathione link of the antioxidant system (AOS) in pregnant women of the alien and indigenous population living 
in urban and rural areas, using the example of the Amur region, 175 patients were examined during their initial visit in the first and second trimesters 
and in the absence of iron deficiency states. Depending on their ethnicity and place of residence, the pregnant women were conditionally divided 
into 3 groups: urban aliens (Caucasians) (n=67); rural aliens (Caucasians) (n=74); rural indigenous people of the Amur region (Nanai), belonging 

References

to the Mongoloid race (n=34). Comparative characteristics of the indicators of women in groups 
1 and 2 (urban and rural aliens) indicated environmental features of glutathione antioxidant pro-
tection (AOP) during pregnancy. Analysis of data from groups 2 and 3 (rural newcomers and 
natives) revealed ethnic peculiarities of the studied detoxification zone. 

Taking into account the participation of iron in the processes of free radical oxidation and 
antioxidant protection, the level of hemoglobin, serum ferritin in women was determined to ex-
clude iron deficiency conditions, as well as the content of total glutathione, reduced (GSH) and 
oxidized (GSSG) forms in whole blood with the calculation of redox status (GSH/GSSG ratio) as 
a biomarker of AOS. Statistical data processing was performed using the programs "Microsoft 
Excel 2010", "Statsoft Statistica", version 6.1, 10.01. As a result of the studies, a reliable de-
crease in the content of total glutathione was found in urban patients of the newcomer population 
compared to rural newcomers due to a decrease in the reduced form both in the first and second 
trimesters with a multidirectional trend of the oxidized fraction in these groups, which showed 
the ecological orientation of the AOS functioning. Ethnic features in native women were revealed 
when comparing the parameters under study with newcomers living in similar rural areas, in the 
form of reliably low values of the reduced form of glutathione in the 2nd trimester of gestation, 
as well as a reliable decrease in the level of total and reduced glutathione in the 2nd trimester 
compared to the 1st. The optimal variant of the functional state of the glutathione link of the AOS 
was determined by the indicators of the oxidative stress level - the redox status in newcomer 
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pregnant women of the village, based on its reliably high indicators in the 1st and 2nd trimesters compared to pregnant women of the native popu-
lation of the village and especially with newcomers living in the city. The obtained data should be taken into account when carrying out therapeutic 
and preventive measures for complicated pregnancy, taking into account the ecological and ethnic features of oxidation-reduction processes.

Keywords: pregnant women, newcomers, indigenous people, city, village, glutathione, ferritin

Introduction. To maintain vital func-
tions, balanced functioning of various 
organs and systems, the body at various 
stages of its existence requires a number 
of organic and inorganic components, 
macro- and micronutrients. One of the 
most important systems involved in key 
aspects of homeostasis is the polypha-
sic detoxification system, which ensures 
the integrity of cellular and subcellular 
membranes from the damaging effects 
of active oxygen species, includes the 
glutathione link of antioxidant protection 
(AOP), consisting of glutathione itself 
(GSH) and a number of glutathione-de-
pendent enzymes in which glutathione 
functions as a cofactor [1]. GSH functions 
as the "main antioxidant" in all tissues, 
providing their multi-level protection. The 
fundamental significance of glutathione 
processes is the support of adequate 
oxidative-reductive signaling of cells, 
necessary for the physiological level of 
oxidative stress (OS), control over it and 
the state of the intracellular environment 
[13]. It plays a certain role in the detoxi-
fication of xenobiotics, gene expression, 
cell differentiation and proliferation, and 
immune response, which is especially 
important during pregnancy [5]. Glutathi-
one exists in two forms, reduced (GSH) 
and oxidized (GSSG). The GSH/GSSG 
ratio determines the oxidation-reduction 
status of the cell and is used as a bio-
marker of OS. A deficiency of GSH and, 
accordingly, a violation of the ratio in the 
redox pair, exposes the cell to oxidative 
stress [5], damage that occurs in various 
conditions and diseases.

Iron ions, an essential element, active-
ly participate in both reduction and oxi-
dation reactions as a metal with variable 
valence [2]. Being a component of many 
proteins and enzyme systems, iron takes 
part in cellular metabolism (respiratory 
chain of mitochondria), in biological oxi-
dation reactions, including the processes 
of detoxification of xenobiotics and en-
dogenous decay products (cytochrome 
P450, peroxidase, catatalases, ceru-
loplasmin, etc.), in cell mitosis, synthesis 
of DNA, steroid and other hormones. The 
main biological role of this macronutrient 
in the body is to ensure oxygen transport 
to cells and its functioning [2, 3]. In order 
to prevent oxidative stress in the body, 
almost all metabolically active iron is in a 
protein-bound state [8].

As is known, even the physiological 
course of pregnancy is accompanied by 
the development of oxidative stress, as a 
result of excessive production of reactive 
oxygen species (ROS) [6, 9]. In a clinical 
and biochemical study by Olempieva E.V. 
[9] they indicate a compensatory-adap-
tive increase in the amount of reduced 
glutathione and the activity of glutathi-
one-containing enzymes in response to 
an increase in ROS, which is explained 
by the leading protective role of this AOS 
system. According to the results of many 
researchers, in the absence of effective 
regulation of free radicals by the antiox-
idant system (AOS), a pregnant woman 
has a sharply increased level of oxidative 
stress markers, which in turn clinically 
characterizes the pathological course of 
pregnancy (early gestational losses, pre-
eclampsia, premature birth) [6, 11, 12, 
14, 15, 17].

Purpose of the study: to study the 
state of the glutathione link of the antioxi-
dant system and the significance of its re-
dox status as a biomarker of oxidation-re-
duction processes during pregnancy in 
women of the alien and indigenous pop-
ulation living in urban and rural areas of 
the Amur region, during initial treatment 
in the first and second trimesters and in 
the absence of iron deficiency conditions.

Materials and methods: To achieve 
this goal, 175 pregnant women of the 
alien and native population of the city of 
Khabarovsk and the Nanai districts of the 
Amur region were examined. The preg-
nant women we observed were divided 
into 3 clinical groups depending on their 
ethnicity (Caucasian and Mongoloid rac-
es) and place of residence: 1 - urban 
aliens (Caucasians) living in the city (n = 
67); 2 - rural aliens (Caucasians) living in 
rural areas (n = 74); 3 - rural indigenous 
(Mongoloids) of the Amur region living in 
rural areas (n = 34). The ecological ap-
proach to assessing the glutathione link 
of the antioxidant system is based on a 
comparison of the 1st and 2nd groups 
(urban and rural alien women), the ethnic 
approach is based on the interpretation 
of the data obtained for the 2nd and 3rd 
groups (rural aliens and natives).

At the initial visit to the antenatal clinic, 
all pregnant women underwent examina-
tion in the volume corresponding to the 
current standards of medical care, with 
informed voluntary consent and approved 

by the ethics committee. Blood was col-
lected in the morning, on an empty stom-
ach, by puncture of the cubital vein.

Inclusion criteria for the study: primary 
visit; examination in the first and second 
trimesters up to 24 weeks of pregnancy; 
absence of iron deficiency (according to 
ferritin, as the most accurate indicator of 
iron levels), not less than 30 mg/dl [18]; 
no intake of iron-containing drugs; chron-
ic extragenital pathology in the period of 
stable remission and compensation; ab-
sence of acute inflammatory diseases. 
Exclusion criteria for the study: primary 
visit after 24 weeks; repeated visit; preg-
nant women diagnosed with iron defi-
ciency; receiving iron-containing drugs; 
presence of acute inflammatory diseases 
at the time of examination, chronic extra-
genital pathology in the acute stage, in-
cluding type II diabetes mellitus, arterial 
hypertension, obesity of grades 2-3.

In women, the hemoglobin level was 
determined (complete clinical blood test 
- CBC) on an automatic hematology an-
alyzer. Ferrodynamics was assessed 
based on the serum ferritin level by the 
enzyme immunoassay using a kit (cat. 
No. 416-6005 (ORG FE), ZAO BioKh-
imMak - ORGenTec Diagnostika GmbH) 
(ELISA). The total glutathione content, 
the concentration of the reduced (GSH) 
and oxidized (GSSG) forms in the blood 
were determined using the method of 
A.V. Voshchenko (1998), the total as-
sessment of the functional state of the 
glutathione link of the antioxidant defense 
system, in particular, the level of oxida-
tive stress, was reflected in the calcula-
tion of the redox status (GSH/GSSG ra-
tio). Statistical processing of the obtained 
data was performed using the programs 
"Microsoft Excel 2010", "Statsoft Statisti-
ca", version 6.1, 10.01. The values ​​of the 
series with normal data distribution are 
presented as – M±m – mean ± “standard 
error of the mean” (SD/sqrt (n) = SEM 
(Standard Error Means), where n is the 
sample size. The statistical hypothesis of 
equality of group means for the series of 
data with normal distribution was tested 
using Student’s t-test (two-sample t-test). 
Differences between groups were con-
sidered significant at p ≤ 0.05, p ≤ 0.01, 
p ≤ 0.001.

Results and discussion. One of 
the most important factors directly influ-
encing the reproductive potential of the 
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population, especially women, should be 
noted as environmental, in particular, the 
uniqueness of the region of residence. 
The formation of adaptive reactions to 
environmental factors is carried out at 
various levels of integration of the body, 
including easily reversible shifts in physi-
ological reactions, and complex morpho-
functional changes in various organs and 
systems [7].

In accordance with the purpose and 
criteria of this work, no significant differ-
ence in serum ferritin levels was found 
in the observed groups. Its content was 
determined in the range from 52.9 mg / dl 
in the group of native villagers to 67.4 mg 
/ dl in urban newcomers. Also, no signifi-
cant dynamics were found in the change 
in the level of this indicator between tri-
mesters in the groups. This indicates the 
identity of the examined groups in ferro-
dynamics and confirms the absence of 
iron deficiency states in pregnant wom-
en, regardless of the trimester, zone of 
residence and ethnicity.

Under physiological conditions, the 
reduced form of glutathione (GSH) pre-
dominates in cells, which, by inactivat-
ing ROS, turns into the oxidized form 
(GSSG), and their ratio GSH/GSSG is an 
integrating test of free radical oxidation 
processes and AOS [1, 10].

Table presents the data of the study 
of the glutathione link of antiradical pro-
tection, obtained during the examination 
of pregnant women of the immigrant and 
indigenous population of the Amur region 
during their initial visit to the antenatal 
clinic.

In the course of comparative analy-
sis of the glutathione link of the AOS in 
groups of migrant population living in dif-
ferent ecological conditions (urban and 
rural areas), significant features in the 
indicators of total and reduced glutathi-
one were revealed. Urban women have 
significantly lower indicators of both total 
glutathione (17.1 mg%) compared to the 
group of migrants from the village (21.3 
mg%), (p≤0.01); and reduced - 10.6 
mg% versus 15.8 mg%, respectively, 
(p≤0.001).

Taking into account the fact that 
during pregnancy there is an increase 
in oxidation-reduction processes to ox-
idative stress, adaptive activation of the 
glutathione link of the AOS occurs. Due 
to its chemical structure, glutathione di-
rectly interacts with active radicals, acts 
as a cofactor for various enzymes, par-
ticipates in the detoxification of lipid per-
oxidation products, and also takes part 
in phases 2 and 3 of the detoxification 
system of xenobiotics and/or their me-
tabolites [1, 10]. From this, we can make 

certain assumptions that in the conditions 
of the city, an industrial center with a de-
veloped transport structure, technogenic 
pollution, more frequent use of imported 
food products leads to tension of the glu-
tathione link of the antioxidant defense 
system, forming background conditions 
before pregnancy. Consequently, even 
in the early stages of gestation, there is 
a decrease in the indicators of total and 
reduced glutathione with a subsequent 
further drop, which is confirmed by a sig-
nificant reliable difference in the redox 
status (GSH / GSSG): 2.48 in women in 
the city versus 4.38 in rural newcomers 
(p = 0.00885). A similar trend in the com-
pared groups is maintained in the second 
trimester of pregnancy: total glutathione 
among pregnant women in the city was 
14.8 mg%, in the rural immigrants - 20.3 
mg% (p≤0.01), reduced glutathione - 
8.48 mg% and 13.3 mg%, respectively 
(p≤0.01). The low content of total gluta-
thione in the group of pregnant women of 
the urban immigrant population is possi-
bly due to the depletion of the reserves of 
components of the glutathione link of the 
antiradical defense system.

We also identified ethnic features of 
the components of the glutathione sys-
tem when comparing women living in 
identical rural areas of the Amur region, 
but belonging to different nationalities 
and races. The level of restored glutathi-
one in the second trimester is significant-
ly lower in the group of native pregnant 
women of the village - Nanayek (Mongol-
oid race) - 8.62 mg% compared to higher 
rates among rural newcomers (Cauca-
sian race) - 13.3 mg% (p≤0.05). Despite 
minor or more pronounced trends in the 

decrease in total and reduced glutathione 
in newcomers to urban and rural areas 
in the second trimester of gestation com-
pared to the first, only native residents 
showed a reliable decrease in total - from 
22.0 mg% to 15.9 mg% (p = 0.0021) and 
reduced - from 15.1 mg% to 8.62 mg% 
(p = 0.001189) glutathione without any 
dynamics in the content of the oxidized 
form.

When assessing the efficiency of the 
glutathione link of the detoxification sys-
tem, it is important to take into account 
not only the concentration of total, re-
duced (GSH) and oxidized (GSSG) glu-
tathione separately, but also the ratio 
between them (GSH / GSSG) - the redox 
status, which determines intracellular sig-
naling and regulates the activity of tran-
scription factors [5].

The integral indicator of the glutathi-
one link of the AOS, as a biomarker of 
oxidation-reduction processes and oxi-
dative stress, represented by the redox 
status, was the highest both in the first 
(p≤0.01) and second trimesters, but less 
significant, in the migrant pregnant wom-
en of the village. This can be explained by 
the lower impact of technogenic pollution 
in rural areas, the use of food and water 
of local origin. Despite the fact that the 
redox status indicators of the indigenous 
female population are slightly lower than 
those of rural migrants, they are higher 
than the data obtained in urban migrant 
pregnant women. This allows us to as-
sume a greater reserve of compensatory 
capabilities of the glutathione link of the 
AOS in the indigenous population, due 
to the formed genetic characteristics that 
require further study and confirmation.

Indicators of the glutathione link of the AOS at the initial visit to pregnant women
of the indigenous and newcomers population of the Amur region

Trimester City/
newcomers

Village/
newcomers

Village/
native

M±m M±m M±m

Total glutathione, mg % 1 17.1±1.13 21.3±1.09** 22.0±1.28
2 14.8±1.47 20.3±1.40** 15.9±1.08

P 0.1460 0.5829 0.0021

Reduced glutathione (GSH), mg % 1 10.6±0.909 15.8±1.00*** 15.1±1.25
2 8.48±1.24 13.3±1.22** 8.62±1.14о

P 0.1468 0.1223 0.0012

Oxidized glutathione (GSSG), mg % 1 6.51±0.616 5.83±0.579 6.97±1.14
2 6.37±0.683 7.40±0.765 7.32±0.978

P 0.8828 0.1000 0.8331
Redox status (reduced glutathione/ 
oxidized glutathione) (GSH/GSSG)

1 2.48±0.354 4.38±0.632** 3.66±0.805
2 1.63±0.258 2.75±0.427 1.83±0.433

P 0.129937 0.050 0.095101

Note: Group reliability: * - p ≤ 0.05 ** - p ≤ 0.01 *** - p ≤ 0.001 – between newcomers to the 
city and village; о - p ≤ 0.05 оо - p ≤ 0.01 – between natives and newcomers to the village; 
P - between the first and second trimesters
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Conclusion. The conducted studies 
in pregnant women using the example 
of the immigrant and indigenous popula-
tion of the Amur region living in different 
ecological conditions (city and village), in 
the absence of iron deficiency conditions, 
revealed some ecological and ethnic fea-
tures of the glutathione link of the antiox-
idant defense system.

1. Ecological peculiarities in the glu-
tathione link of the AOS consisted of a 
reliable decrease in the content of total 
glutathione in urban pregnant women 
of the migrant population in comparison 
with migrant rural population due to a 
decrease in the reduced form both in the 
first and second trimesters with a multi-
directional trend of the oxidized fraction 
(in the 1st trimester - a decrease, in the 
2nd - an increase in pregnant women of 
the village) in these groups.

2. An ethnic feature was the identifi-
cation of changes in the glutathione link 
of the AOS depending on the trimester of 
gestation and place of residence. Indige-
nous women showed a reliable decrease 
in total and reduced glutathione in the 
second trimester in comparison with the 
first. When comparing the indicators in 
indigenous and migrant pregnant women 
living in a similar rural area, in the 2nd tri-
mester, reliably low values ​​​​of the reduced 
form of glutathione were noted in Nanai.

3. The integrated assessment of the 
indicator of the biomarker of oxidation-re-
duction processes on the example of 
pregnant women of the alien and native 
population is presented by the ratio of 
reduced and oxidized glutathione, shows 
the ecological-ethnic orientation. The op-
timal variant of the functional state of the 
glutathione link of the AOS is determined 
in alien (Caucasian) pregnant women liv-
ing in rural areas, based on reliably high 
indicators of the redox status in the first, 
less significant in the second trimester in 
comparison with native residents of the 
village and especially and aliens of the 
city.

4. The obtained data should be taken 
into account when carrying out therapeu-

tic and preventive measures for compli-
cated pregnancy in women, taking into 
account the ecological-ethnic character-
istics of oxidation-reduction processes.
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FREQUENCY OF OCCURRENCE
OF MODIFIABLE RISK FACTORS
FOR OSTEOPOROSIS IN YOUNG PEOPLE

The prevalence of modifiable risk factors for osteoporosis has been studied in young people. The study included 396 (75.1%) women and 131 
(24.9%) men, for a total of 527 people. A questionnaire was developed that included questions on physical activity, nutrition, lifestyle, and the pres-
ence of bad habits. The following frequency of occurrence of risk factors was established: 233 (44.2%) people had one risk factors 166 (31.5%) - 
two, 92 (17.5%) - three, 36 (6.8%) people had four. The majority of respondents (425 (80.6%) people) had insufficient dietary calcium intake (56.2% 
of the age norm). The results of the study demonstrate a high prevalence of modifiable risk factors in young people, which undoubtedly indicates 
the need for preventive measures to prevent the development of osteoporosis and its complications in the future.
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Introduction. For a long time, osteo-
porosis (OP) was considered a disease 
of “old age” associated with bone loss. In 
recent years, it has been proven that the 
critical period of bone development oc-
curs during childhood and adolescence 
and reaches a peak between the ages of 
twenty and thirty years [3, 12]. The great-
est increase in bone mineral density oc-
curs during adolescence, accounting for 
about 60% of bone growth over a lifetime 
[13]. Epidemiological studies have found 
that a 10% increase in maximum bone 
mass at a young age reduces the risk of 
fractures later in life by 50%. It has been 
shown that low bone mass may be as-
sociated with bone loss caused by var-
ious conditions or processes that occur 
during adolescence and young adult-
hood [14, 18].

Timely identification of risk factors (FR) 
is a key aspect in the prevention of OP.  
Modifiable risk factors, such as low body 
mass index, insufficient calcium intake 
and vitamin D deficiency, a sedentary 
lifestyle and the presence of bad habits, 
are of particular interest, since they play 
a leading role in the formation of bone 
mass in childhood and adolescence [4, 
15, 18], and in unlike non-modifiable risk 
factors, lifestyle changes can be made to 
improve bone health and reduce the risk 
of future fractures.

Currently, most of the works devoted 
to the study of OP and assessment of the 
risk factors of OP are focused exclusive-
ly on the pediatric population and people 
in the older age group, which served as 
the impetus for the implementation of this 
scientific project.

Purpose of the study. To assess the 
incidence of modified FR osteoporosis in 
young people.

Materials and methods. The study 
included 396 (75.1%) women and 131 
(24.9%) men, for a total of 527 people. 
The average age of the participants was 
20.4 [19.0; 21.0] years. This work was 
carried out in strict accordance with the 
ethical standards laid down in the Dec-
laration of Helsinki, as well as in compli-
ance with the principles of Good Clinical 
Practice. Approval was obtained from 
the appropriate local ethical committee 
Federal State Budgetary Educational In-
stitution of Higher Education Kemerovo 
State Medical University of the Ministry 
of Health of Russia (meeting No. 315 of 
November 8, 2023).

A questionnaire was developed that 
included questions on physical activity, 
nutrition, lifestyle, and the presence of 
bad habits. Daily calcium (Ca) intake was 

estimated using the formula: Ca intake 
from dairy products (calculated in milli-
grams) plus 350 mg, which is considered 
equivalent to the average amount of Ca a 
person obtains per day from other foods. 
Low physical activity (in the absence of 
other physical activities) was defined as 
walking less than 30 minutes per day. Ac-
cording to the latest data from the World 
Health Organization for 2023, there is no 
safe dose of alcohol. According to gener-
ally accepted standards, a standard dose 
of alcohol corresponds to 10 grams of 
pure ethanol (100 ml of wine, 200 ml of 
beer or 25 ml of strong (40%) alcohol). 
Drinking alcohol daily in a dose of more 
than 26 ml in terms of pure ethanol qual-
ifies as FR OP. This study assessed the 
number of days in a week or month on 
which alcohol was consumed at a dose 
of more than 26 ml/day in both women 
and men.

Statistical data analysis was per-
formed using Statistica software, version 
6.1.478.0 from the developer StatSoft, 
Inc., for the Windows operating system. 
The results are presented as a median 
and interquartile range (Me [Q1; Q3]) 
when describing quantitative characteris-
tics, and as an absolute number or rela-
tive values ​​in percentage (%) for qualita-
tive characteristics. To identify differenc-
es between groups in terms of qualitative 
characteristics, two-sided Fisher's exact 
test or Pearson's χ2 test was used; in 
cases of multiple comparisons, when 
calculating statistical significance, the 
adjusted p-value. The threshold value for 
statistical significance of the null hypoth-
esis was 0.05.

Results. When assessing the fre-
quency of occurrence of risk factors for 
OP in young people, it was found that 233 
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(44,2%) people had one risk factor, 166 
(31,5%) had two, 92 (17,5%) respondents 
had three, 36 (6,8%) %) people - four. 
Thus, on average, 1,7 risk factors were 
identified per respondent. (Figure 1).

In this study, the majority of respon-
dents (425 (80,6%) people) were found 
to have insufficient dietary calcium in-
take. Other risk factors for OP were dis-
tributed as follows: low physical activity 
- 234 (44,4%), alcohol consumption - 316 
(59,9%), smoking - 143 (27,1%), low 
body weight - 48 (9,1%) Human. Only 68 
(12,9%) respondents knew their vitamin 
D level, which undoubtedly cannot reflect 
real data on the status of vitamin D defi-
ciency or insufficiency in the study group.

It was found that the average daily 
amount of calcium from all food prod-
ucts was 674.21 ± 106.3 mg, which 
corresponds to 56.2% of the age norm. 
Only 102 (19.3%) people consumed the 
recommended daily calcium intake, 147 
(27.9%) people consumed half the dai-
ly intake, and 278 (52,8%) respondents 
consumed less than half the daily intake. 
It was shown that 146 (27.7%) girls and 
132 (25,0%) boys consumed less than 
500 mg of calcium per day with food. Of 
dairy products, respondents most often 
consumed soft and hard cheeses (24.6 
and 19.2% of respondents) (Figure 2).

Only 68 (12.9%) respondents knew 
their vitamin D level, of which 49 (9.3%) 
women and 19 (3.6%) men (χ2 =3.34, p 
= 0.068), which undoubtedly cannot dis-
play actual data on vitamin D deficiency 
or insufficiency status in the study pop-
ulation. To indirectly assess vitamin D 
status, given the low awareness among 
respondents, the questionnaire included 
questions regarding the type, duration 
and frequency of exposure to sunlight. 
It was revealed that in the summer, 249 
(47.3%) respondents were outdoors for 5 
or more hours daily, 203 (38.5%) - from 
3 to 4 hours, and only 75 (14.2%) young 
people less than 3 hours a day. The 
majority of respondents – 483 (91.6%) 
people spent the summer months out-
side the city. There were no statistical-
ly significant differences between the 
groups (χ2=0.76, p=0.684). In addition, 
186 (35.3%) respondents took additional 
vitamin D as dietary supplements. When 
comparing by gender, it was noted that 
women took vitamin D significantly more 
often than men: 132 and 54 people, re-
spectively (χ2 = 4.16, p = 0.041).

Low body weight was significantly 
more common among females: 42 (7.9%) 
women and 6 (1.2%) men (χ2=10.64, 
p=0.0011). 

It was shown that slightly less than half 
of the respondents did not have physical 

activity on a regular basis (237 (44.9%) 
people): low physical activity was detect-
ed in 124 (23.5%) girls and 113 (21.4%) 
boys (χ2=0 .73, p=0.468).  It was found 
that more men than women performed 
physical activity of 5 hours or more per 
week: 62 and 4 people, respectively 
(χ2=17.21, p=0.0002). 

When assessing bad habits, it was 
recorded that 72 (13.7%) surveyed girls 
and 83 (15.7%) boys drank alcohol in a 
dose of more than 26 ml/day (in terms 
of pure ethanol) more often than once 
a month (χ2= 1.43, p=0.231). Weekly 
alcohol intake was noted by 8 (1.5%) 
and 12 (2.3%) girls and boys, respec-
tively. Current smoking was confirmed 
by 98 (18.6%) girls and 89 (16.9%) boys 
(χ2=0.03, p=0.862).

Discussion. The results of the work 
showed that insufficient calcium intake 
from food is a widespread risk factor 
and was recorded in more than 80% of 
respondents. Similar data were obtained 
as part of scientific work carried out on 
the territory of the Russian Federation in 
recent years. According to a study car-
ried out by the Federal State Budgetary 
Institution of Science “Federal Research 
Center for Nutrition and Biotechnology”, it 
is shown that the average level of calcium 
consumption by persons over 18 years of 
age ranges from 510–560 mg per day. It 
was noted that the maximum values ​​were 
recorded in men in the age group from 45 
to 55 years, while the lowest values ​​were 
found in women aged 18 to 30 years. 
In general, calcium intake was lower in 

women than in men in all age groups [1].
Lifestyle features with temporary lim-

itation of sun exposure and the use of 
active protection from its radiation are 
one of the key reasons for the high prev-
alence of vitamin D deficiency [7, 10]. 
Thus, in the work carried out by Suploto-
va L.A. It has been established that low 
levels of vitamin D are registered in more 
than 70% of the total population of the 
Russian Federation [2]. It was shown that 
regularly spending time in nature in the 
summer, at least three hours a day, al-
lowed 85% of participants to achieve ad-
equate levels of vitamin D due to natural 
insolation. However, it should be noted 
that the area of ​​residence of the survey 
participants highly indicates the lack of 
sufficient insolation in the autumn-win-
ter period.  It was revealed that only 68 
(12.9%) respondents knew their vitamin 
D level, which undoubtedly cannot re-
flect real data on the status of vitamin D 
deficiency or insufficiency in the studied 
group.

Most of the studies have proven the 
positive effect of regular physical activity 
at a young age on bone tissue and, as 
a result, reducing the likelihood of frac-
tures in old age to 36%-39% [17, 11]. This 
study found that slightly less than half of 
the respondents (44.9%) do not regularly 
engage in sports, which is consistent with 
the results of previous studies [5].

An analysis of the dynamics of alcohol 
abuse among the population of the Rus-
sian Federation indicates positive chang-
es taking place in our society. Thus, al-

Fig. 1. Frequency of occurrence of risk factors for AP in young people

Fig. 2. Frequency of consumption of dairy products by young people, according to survey data
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cohol consumption in the Russian Fed-
eration over the past 15 years has de-
creased by 43% according to 2019 data 
[9]. However, the data obtained in our 
study on alcohol consumption over 26 
ml/day (in terms of pure ethanol) more 
than once a month among 13.7% of girls 
and 15.7% of boys is alarming. Smoking 
increases the risk of osteoporotic frac-
tures of various locations by 1.3 times, 
and hip fractures by 1.8 times due to 
disturbances in the process of bone for-
mation due to bone resorption. Smokers 
(more than 20 pack years) have a 12% 
reduction in bone density compared to 
non-smokers [6, 16]. According to the 
results of the study, smoking was detect-
ed in 109 (20.7%) girls and 89 (16.9%) 
boys, which is consistent with Rosstat 
data for 2019 on the number of smokers 
at a young age [8].

Conclusion. The results of the study 
indicate a high prevalence of modifiable 
risk factors in young people, which un-
doubtedly indicates the need for preven-
tive measures to prevent the develop-
ment of AP and its complications in the 
future.
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DIAGNOSTIC AND TREATMENT METHODS

E.А. Kchibekov, V.А. Zurnadzhyants, К.Yu. Melnikova

BIOCHEMICAL METHOD TO DETERMINE 
BURN WOUND READINESS
FOR AUTODERMOPLASTY

The choice of tactics for surgical treatment of burn injury mainly depends on the course of the injury process, the presence of inflammatory 
changes in the wound, the addition of pathogenic microbial flora, the state of the body's immune system and the presence of concomitant pathology. 
Determining the optimal and early terms for autodermoplasty is of particular importance in severely burned patients with a large deficit of donor 
resources. Therefore, the issues of determining the readiness of the burn injury surface for skin graft transplants remain relevant at present, and 
the search for solutions to this problem continues. The purpose of the study is to study injury discharge from the surface of burn injuries with the 
determination of biochemical indicators of total protein and fibrinogen and the level of bacterial contamination to develop a method for determining 
the readiness of burn injuries for autodermoplasty. Materials and methods. To achieve the stated objective, 70 samples of biochemical analyses 
of total protein and fibrinogen of injury discharge, as well as bacterial cultures with determination of the level of bacterial contamination of injuries, 
taken from 19 patients with deep burns of III (IIIb-IV) degree were studied. Autodermoplasty was planned for all patients during treatment. Injury 
discharge sampling was collected for studying the concentrations of biochemical markers and determining bacterial contamination the day before 
plastic surgery. Results and discussion. The analysis of the data revealed statistically significant high levels of total protein and a decrease in 
fibrinogen levels in wound discharge with a degree of contamination of burn injuries ≤ 103 CFU/g, than with higher levels of bacterial contamination 
of the injury. Based on the results obtained, a method was developed for determining the readiness of the burn injury surface for autodermoplasty. 
Conclusion. Determining the degree of readiness of burn injuries for plastic surgery, according to the proposed method, allows you to quickly obtain 
and analyze data on the state of the injury process and simultaneously determine the tactics of surgical treatment in burn patients.

Keywords: burn injury, autodermoplasty, fibrinogen, total protein
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Introduction. As far as it is known, the 
main method of treating deep burn inju-
ries is surgical interventions in the amount 
of necrectomy with one-stage or delayed 
autodermoplasty [4, 9]. However, when 
preparing the injury surface to accept a 
skin graft, as well as after unsuccessful 
plastic surgeries, combustiologists face 
a number of problems in the form of the 
addition of polyresistant hospital flora, 
inflammatory changes and microcircula-
tion disorders of recipient wounds, lysis 
and rejection of transplants, a shortage of 
donor resources in severely burned pa-
tients, cicatricial deformations in delayed 
results [5, 6, 8, 11]. Therefore, the issues 
of the degree of readiness of burn inju-
ries for autodermoplasty and the choice 
of adequate timing of plastic surgeries 
remain relevant at present.

One of the indicators of the readiness 
of the wound to accept a skin graft is the 
degree of bacterial contamination from 
the injury surface. The following accept-
able criteria have been established: 105 

colony-forming units per gram (CFU/g); 
with these indicators, the transplant can 
survive. Some authors consider the de-
gree of bacterial contamination of 104 

CFU in combination with signs of system-
ic and local inflammatory changes to be 
a criterion for invasive forms of wound 
infections. However, according to K.V. 
Lipatov, the optimal indicator for auto-
dermografting is 103 CFU in 1 ml of dis-
charge [3, 5, 7, 10].

In addition to the microflora, inflam-
matory changes should be taken into 
account when preparing a wound for 
plastic surgery. Based on the character-
istic features of the course of the wound 
process and the pathophysiology of burn 
injuries, changes in the level of fibrinogen 
(Fb) and total protein (TP) in the wound 
discharge are of particular interest. An 
increase in the concentration of soluble 
fibrinogen, as an acute phase protein, 
prevents the attraction of leukocytes and 
can contribute to the cessation of inflam-
mation processes, and also characteriz-
es local lysis of fibrin deposits [12]. Total 
protein and albumin can be considered 
as "negative" acute phase proteins. In the 
early stages of the wound process, as a 
result of a cascade of lipid peroxidation 
reactions, there is a decrease in protein 
synthesis, a change in the conformation 
of protein molecules, and an increase in 
proteolysis processes [1, 2].

The aim of the study is to study 
wound discharge from the surface of 
burn injuries with the determination of 

biochemical indicators of total protein 
and fibrinogen and the level of bacte-
rial contamination in order to develop a 
method for determining the readiness of 
burn injuries for autodermoplasty.

Materials and methods. The study 
included 70 samples of biochemical 
analyses of total protein and fibrinogen 
of wound discharge, as well as bacterial 
cultures to determine the level of bacte-
rial contamination of wounds taken from 
19 patients with deep III (IIIb-IV) degree 
burns. All patients were planned to un-
dergo autodermoplasty during treatment. 
The area of ​​skin surface damage varied 
from 1% to 90%. The average age of all 
patients ranged from 21 to 85 years. The 
study was conducted during 2023 at the 
burn department of the traumatology and 
orthopedics center of the Astrakhan Re-
gion State Healthcare Institution, Alek-
sandro-Mariinsky Regional Clinical Hos-
pital in the city of Astrakhan.

Wound discharge sampling was taken 
for studying the concentrations of bio-
chemical markers and determining bac-
terial contamination one day before the 
plastic surgery. No specific preparation of 
patients was required for collecting sam-
ples and their subsequent study. Wound 
discharge was collected during necrecto-
my or by scraping the discharge into Ep-
pendorf tubes. Fibrinogen and total pro-
tein concentrations were assessed in g/l 
using commercial test systems "NPO Re-
nam" (Russia) and "Erba Rus" (Russia).

The accumulation and systemati-
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zation of the data obtained during the 
study were carried out in Microsoft Of-
fice Excel 2016; the SPSS Statistic ver-
sion 27 program was used for statistical 
analysis. When processing statistical 
data, non-normally distributed variables 
were identified, in connection with which 
non-parametric statistics methods were 
used using the Mann-Whitney criterion. 
The values ​​of quantitative data were de-
scribed using the median and the upper 
and lower quartiles (25 and 75 respec-
tively). Differences were considered sta-
tistically significant at p-values ​​less than 
0.05.

Results and discussion. Retrospec-
tive analysis showed the presence of 
a relationship between the level of the 
studied biochemical indicators of Fb, 
and TP of wound discharge with the 
level of bacterial contamination of the 
burn wound surface. The study revealed 
(see the table) a statistically significant 
increase in the level of total protein of 
wound discharge (73,2 [61,4-86,1]  g/l) 
at a concentration of microorganisms ≤ 

103 CFU/g compared to the group with 
a higher level of contamination -> 103 
CFU/g (total protein level 40 [26,6-64,9] 
g/l). At the level of bacterial contamina-
tion of the wound ≤ 103 CFU/g, there was 
a decrease in fibrinogen indicators, while 
with an increase in bacterial contamina-
tion of the wound, there was a decrease 
in fibrinogen indicators.

The results of our study of TP and Fb 
obtained allow us to determine the timing 
of surgical intervention in a timely man-
ner, without waiting for the results of bac-
terial contamination of injuries. In accor-
dance with this, a method was developed 
for determining the readiness of the burn 
wound surface for autodermoplasty using 
the ratio coefficient (K), calculated by the 
formula K = Fb / TP. Favorable conditions 
for autodermoplasty were diagnosed at a 
coefficient less than or equal to 0,4. All 
patients with such indicators underwent 
autodermoplasty. In the case of autoder-
moplasty, complete engraftment of the 
skin graft on the recipient wound was 
noted (Figure).

A priority certificate was received for 
the invention “Method for determining the 
readiness of burn wounds for autodermo-
plasty” No. 2024106868 dated 15 March, 
2024.

Conclusion. In our study the depen-
dence of the concentration of total protein 
in wound discharge on the level of bac-
terial contamination of the burn wound 
surface was established. The change in 
fibrinogen levels shows a tendency to-
wards its decrease by the time of plastic 
surgery. All patients with deep burns of 
grade III (IIIb-IV) underwent autodermo-
plasty with coefficient values ​​of K ≤ 0,4. 
The result of plastic surgery was com-
plete engraftment of the skin graft with 
subsequent active epithelialization of 
wounds. The proposed method, which 
does not depend on the degree of bac-
terial contamination of wounds, allows 
one-time decision-making on the volume 
of surgical treatment to be performed, 
without waiting for the results of bacterial 
cultures, which, in turn, increases the ef-
fectiveness of the operation and reduces 
the number of complications associated 
with lysis and rejection of the flap, can re-
duce the percentage of cosmetic defects 
and mortality.
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Biochemical indicators
Level of bacterial contamination, CFU/g

Ме [IQR]
≤ 103 (n=49) > 103 (n=21)

Total protein, g/l 73.2 [61.4-86.1]* 40 [26.6-64.9]*
Fibrinogen, g/l 21.6 [16.6-38.1] * 35.2 [20.7-38.5] *

* Различия показателей статистически значимы (p<0,05)

Results of free autodermoplasty performed in accordance with the proposed method: A) free 
autodermoplasty with K ≤ 0,4; B) complete survival of autograft, the wound was epithelialized. 
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EVALUATION OF THE ANTITUMOR 
EFFICACY OF DOXORUBICIN
IN COMBINATION WITH A HIF-1A INHIBITOR 
IN A VIVO MODEL OF HEPATOCELLULAR 
CARCINOMA

Hepatocellular carcinoma (HCC) is a prevalent form of primary liver cancer, ranking among 
the most common and lethal forms of oncological diseases. Transarterial chemoembolization 
(TACE) is one of the standard treatments for unresectable HCC, in which one of the key points 
is the embolization of tumor arteries, resulting in hypoxia that activates the HIF-1α signaling 
pathway. According to numerous literary data, bortezomib (BTZ) is capable of blocking the bio-
logical effects of HIF-1α. Based on the analyzed data, it can be assumed that the combination 
of bortezomib and TACE may lead to a synergistic effect, increasing the effectiveness of therapy 
and improving the prognosis for patients with unresectable HCC.

In our work, we attempted to improve the antitumor efficacy of doxorubicin by combining it 
with an HIF-1α inhibitor in a model of hepatocellular carcinoma. During this study, it was estab-
lished that the most effective suppression of tumor growth occurred in group 3, in animals with 
reduced blood flow and the administration of doxorubicin. The mean volume of tumor nodules 
was 395.33±95.70 mm3 (p<0.05), which was 2.1 times smaller than the mean volume in the 
control group, which was 830.56±144.86 mm3. In Group 2, in animals with reduced blood flow 
and the use of a combination of doxorubicin and bortezomib, the mean tumor node volume was 
761.48 ± 117.95 mm³, which did not differ statistically from the volume of tumor nodes in the 
control group. Our findings indicate that a reduction in hepatic vascular blood flow in conjunction 
with doxorubicin exerts a pronounced inhibitory impact on the proliferation of intrahepatic tumor 
nodes. However, the introduction of bortezomib to this regimen does not result in the inhibition of 
tumor growth. Nevertheless, our results provide a rationale for a more comprehensive investiga-
tion of the mechanisms underlying the antitumor response or the reasons for its absence, as well 
as alternative candidates for HCC therapy.

Keywords: liver cancer, hepatocellular carcinoma, bortezomib, HIF-1α, TACE, HepG2.
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Introduction. Hepatocellular carci-
noma (HCC) is the third most common 
cause of cancer-related deaths world-
wide [1]. Despite the emergence of 
promising treatment strategies, progno-
sis for patients with HCC is extremely 
heterogeneous and due to the complex-

ity of diagnosis at an early stage of the 
disease.  

Over the past decades, research has 
shed light on the epidemiology, risk fac-
tors, and genetic profiles of HCC, contrib-
uting to the development of prevention, 
surveillance, early diagnosis, and treat-
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ment strategies [1-2]. Treatment options 
for hepatocellular carcinoma (HCC) de-
pend on the stage of the disease, the 
general condition of the patient, and co-
morbidities.

Surgical intervention, including resec-
tion of the tumor or liver transplantation, 
is the main method in the early stages 
of cancer, when complete removal of 
the tumor is possible. Other treatment 
options include local therapy, such as 
radiofrequency ablation or trans-arterial 
approaches, and systemic therapy with 
sorafenib, regorafenib, and nivolumab 
[3]. For patients with inoperable HCC, the 
main treatment methods are t-ransarteri-
al approaches and systemic chemother-
apy [3].

One of the standard treatments 
for unresectable HCC is transarterial 
chemoembolization (TAСE), which is 
based on two complementary mech-
anisms: cytotoxic chemotherapy and 
embolization of the arteries feeding the 
tumor. The restriction of tumor growth in 
this procedure is achieved both due to 
the action of the cytostatic drug doxoru-
bicin and due to hypoxia, which occurs 
as a result of blocking the blood supply 
to the tumor [3-4]. Cancer cells, in turn, 
respond differently to reduced oxygen-
ation. On the one hand, hypoxia causes 
growth arrest, death of cancer cells, and 
a decrease in their mobility, due to which 
the antitumor effect of arterial emboli-
zation is realized. On the other hand, it 
is known that a number of publications 
describe hypoxia as a factor associat-
ed with a clinically aggressive pheno-
type, increased invasive ability, perifocal 
spread of tumor cells, regional and re-
mote spread, and resistance to various 
treatment methods [4].  

Thus, it is assumed that hypoxia can 
contribute to the selection of a population 
of tumor cells that can adapt to hypoxia 
by activating the HIF-1α signaling path-
way. In this regard, inhibition of HIF-1α 

signaling pathway can be considered a 
potentially effective way to overcome the 
negative effects of hypoxia [5-6-6].

According to literary sources, Bor-
tezomib (BTZ), the first FDA-approved 
proteasome inhibitor, is also known to 
block the biological effects of the HIF-1α 
signaling pathway [7]. Some preclinical 
studies suggest that the therapeutic ad-
vantage of BTZ in the treatment of solidх 
tumorsей may be associated with inhibi-
tion of HIF-1α [7].

BTZ also implements its antitumor ef-
fect through the mechanism of inhibition 
of the proteasome, a cell complex re-
sponsible for protein degradation, which 
leads to the accumulation of pro-apoptot-
ic factors and inhibition of the cell cycle, 
which ultimately contributes to the death 
of cancer cells [8]. 

In in an in vitro study, Baiz D. et al. The 
effects of bortezomib on cell lines such as 
HepG2 and JHH6 were studied. The au-
thors concluded that, depending on the 
given dosage, it significantly reduces the 
number of living tumor cells [9].

In vitro studies have shown that BTZ, 
alone or in combination with other drugs, 
has a strong cytotoxic effect against a 
wide range of cancers, including breast, 
lung, prostate, and liver cancers [10]. 

In this regard, the aim of the study 
was to study the possibility of improving 
the anti-tumor efficacy of doxorubicin by 
combining it with a HIF-1α inhibitor in a 
model of hepatocellular carcinoma.

Materials and methods. Animals and 
their content. During the experiment, 15 
female BalbBalb/c Nude mice aged 12-
14 weeks were used, the average weight 
of which was 27-30 – 30g. The animals 
were obtained from the vivarium of the 
Testing Laboratory Center of the National 
Medical Research Centre for Oncology 
of the Ministry of Health of the Russian 
Federation. Mice were kept in individu-
al ventilated cages, and food and water 
were provided without restrictions. All 

manipulations performed in the course of 
the study were carried out in accordance 
with the ethical principles established by 
the European Convention for the Protec-
tion of Vertebrates Used for Experiments 
or Other Scientific Purposes (ETSN 123, 
Strasbourg, 18 March 1986). The study 
protocol was approved by the local bio-
ethical Committee of the National Medi-
cal Research Centre for Oncology of the 
Ministry of Health of the Russian Feder-
ation.

Technique for creating an orthotopic 
FCC model. All surgical interventions 
were performed using intramuscular in-
jection anesthesia Xila at a dose of 20 mg 
/ kg, Zoletil-100 at a dose of 50 mg/kg. 
To create an orthotopic model of HCC, 
approximately four female Balb / c Nude 
mice were injected with a 5 million cell 
culture of HepG2 cells in 200 µl of DMEM 
culture medium without serum and anti-
biotics subcutaneously in the right side. 
When the tumorы nodes reached a diam-
eter of 1.5 cm, the animals were eutha-
nized, the neoplasm was removed and 
divided into small fragments measuring 
2x2x2 mm for further implantation. 

When the required depth of anesthe-
sia was reached, the skin and abdominal 
wall were excised along the white line of 
the abdomen, the duodenum and stom-
ach were displaced caudally exposing 
the left lobe of the liver. Tumor fragments 
obtained from a subcutaneous HCC 
model were transplanted to recipient an-
imals in a pre-created liver pocket. At the 
end of the manipulation, the organs were 
returned to the peritoneum according to 
their anatomical location. The surgical 
wound was sutured with a continuous 
surgical suture.

Evaluation of the tumor node. Lin-
ear dimensions of tumor nodes were 
measured during diagnostic laparotomy 
using calipers on 14the 14th day after 
surgery to create an orthotopic model of 
HCC.  

Study design

Group
Number

of animals (nude 
mice), gender

Implantation of cells/ 
hcc fragment Manipulation Therapy

Method of 
administration, dosages 

and timing of drug

Administration 1 5♀ Fragment implantation without exposure saline solution
intraperitoneal saline 

solution, 200 µl, 3 times 
a week

2 5♀ Fragment implantation blood flow 
reduction BTZ + doxorubicin

intraperitoneal,
5 mg / kg + 5 mg / kg,

3 times a week

3 5♀ Fragment implantation blood flow 
reduction doxorubicin intraperitoneally

5 mg / kg, 3 times a week
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The volume of the tumor node was de-
termined by the formula:

V=LW2/2,

where L, W are linear dimensions of the 
tumor.

Distribution by groups. The size of 
the tumor node on 14the 14th day after 
intrahepatic implantation of the tumor 
fragment was used as a criterion for the 
distribution of animals into groups. The 
animals were divided into groups so that 
the spread of the average values of the 
volume of tumor nodes between groups 
was minimal. The animals were divided 
into groups according to the data shown 
in Table.

Technique of reducing blood supply 
to the liver by occluding the portal triad. 
Reduction of liver blood flow by occlusion 
of the portal triad was performed using 
a proven technique to create a hypoxic 
effect [11]. Reduction of liver blood flow 
in laboratory mice in this study was per-
formed to simulate the biological effects 
of the transarterial embolization proce-
dure performed in patients with HCC. 

Statistical analysis. The obtained data 
were analyzed using the STATISTICA 
10.0 software package. The data are pre-
sented as an average value ± standard 
error of the mean, comparison was per-
formed using the Student's criterion, and 
differences were considered statistically 
significant at p<0.05.

Euthanasia. Euthanasia was per-
formed on2-1 days from the start of ad-
ministration of the studied drugs, using 
decapitation, after which measurements 
of isolated tumor nodes were performed.

Research results and discussion.
Given the limited effectiveness of modern 
chemical therapy for inoperable HCC, it 
seems relevant to consider the possibil-
ity of improving the results of treatment 
by applying a therapeutic scheme using 
BTZ. Our study aimed to evaluate the an-
titumor efficacy of doxorubicin alone and 
in combination with bortezomib, a HIF-1α 
inhibitor, in a model of hepatocellular car-
cinoma.

In the course of this study, it was found 
that the most effective suppression of tu-
mor node growth occurred in group 3, in 
animals with reduced blood flow and the 
use of doxorubicin, the average value of 
tumor node volumes was 395.33±95.70 
ммmm3 (p<0.05), which was 2.1 timesа 
less than the average volume of the 
control group, equal to 830.56±144.86 
mm3. In group 2, in animals with reduced 
blood flow and the use of a combination 
of doxorubicin and bortezomib, the av-
erage value of tumor node volumes was 

761.48±117.95 ммmm3, which did not sta-
tistically differ from the volume of tumor 
nodes in the control group (Figure).

According to the literature, the use of 
a combination of bortezomib and doxo-
rubicin gives hope for achieving a pro-
nounced antitumor effect: in an experi-
ment on cell lines, the synergistic effect 
of these drugs was demonstrated in each 
tested sequence [12]. Bortezomib has 
also been shown бортезомибto restore 
sensitivity to doxorubicin in cell lines that 
previously developed resistance to its cy-
totoxic effects [12].

Despite the fact that there is evidence 
of addictive activity of bortezomib in rela-
tion to other chemotherapy drugs, in our 
study, we did not observe an improve-
ment in antitumor efficacy when using 
a combination of bortezomib and doxo-
rubicin. Our results correspond to the 
data of Y.J. Lee et al. (2022), which also 
demonstrated the limited effectiveness 
of the combination of bortezomib with 
doxorubicin in the treatment of ovarian 
cancer, only 2 out of 23patients showed 
a partial response [13]. Further, NGS 
analysis of tumor samples found that two 
patients who responded to therapy had 
somatic mutations in the BRCA2, ATM, 
and CDK12 genes, which may have 
been the reason for sensitivity to this 
therapy, however, the authors emphasize 
that this explanation is only a hypothesis 
and нfurther research is needed to study 
prognostic biomarkers of the therapeutic 
activity response to bortezomib-doxoru-
bicin combination therapy.

Also Ciombor K.K. et al. used this 
combination for HCC in their experiment, 
where the limited effectiveness of this 

approach was also demonstrated, which 
is probably due to the small sample size 
[14]. The authors also suggest evaluating 
the levels of cytokines and chemokines 
(IL-6, IL-8, MGSA/Gro-α, MIP-1α,VEGF, 
etc.) as  biomarkers of the therapeutic re-
sponse to the combination of bortezomib 
with doxorubicin and indicate the need 
for further research in this direction.

Conclusion. Our results showed that 
reduction of blood flow in the liver ves-
sels and in combination with doxorubi-
cin has a significant inhibitory effect on 
the growth of intrahepatic tumor nodes, 
while the addition of bortezomib to this 
scheme does not lead to inhibition of 
tumor growth. Nevertheless, our results 
provide an incentive for a more detailed 
study of the mechanisms of the antitumor 
response or the reasons for its absence, 
as well as alternative candidates for HCC 
therapy.
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SEARCH FOR ENVIRONMENTAL FACTORS 
AFFECTING TEMPERAMENT TRAITS
IN YAKUTS

For the first time, study of the influence of environmental factors (place of birth - city/village, season of birth, birth order, number of children in 
the family, smoking addiction, level of stressful situations experienced) on temperament traits in Yakuts (n=237) was carried out. To assess temper-
ament traits - extraversion/ introversion and neuroticism - the Russian version of the questionnaire by G. Eysenck was used. It was found that the 
peculiarity of the studied sample is a high level of neuroticism: in men - 46%, in women - 72%. When analyzing the associations of temperament 
traits with various environmental factors, it was found that neuroticism rates in young people correlate with the number of traumatic events experi-
enced in their childhood. In addition to the stress factor, temperament traits may be influenced by the season of birth: in women born in the spring 
and summer, on average, higher rates of extraversion are observed, and those born in autumn and winter have increased rates of neuroticism.
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Introduction. According to modern 
concepts, temperament represents a 
person's innate tendency to experience 
a certain set of emotions, as well as the 
characteristic level of their intensity and 
reactivity in response to various stimuli 
of the environment [46]. Temperament 
is correlated with two indicators of per-
sonality traits according to the Eysenck 
questionnaire - extraversion and neurot-
icism [44]. Extraversion is characterized 
by a willingness to interact with the en-
vironment with energy, cheerfulness, so-

ciability, and confidence, whereas intro-
version refers to a tendency to be more 
reserved and solitary [16]. Neuroticism 
is defined as the tendency to experience 
frequent and intense negative emotional 
reactions, including anxiety, fear, irrita-
bility, anger, sadness, etc. [16]. This ex-
aggerated emotionality is often accom-
panied by the belief that the world is a 
threatening place and that the person is 
unable to cope with or control negative 
events. High levels of neuroticism are 
considered a risk factor for the develop-
ment of anxiety disorders and depression 
[20; 24; 46]. One prospective study found 
that young adults with higher scores on 
negative emotionality and high stress re-
activity actually reported more negative 
life events over time [20].

Historically, extraversion/introversion 
and neuroticism were considered as sta-
ble, genetically determined traits. The 
idea that children are born with a certain 
temperament, manifested from a very 
early age in habitual patterns of behavior 
and emotional reactivity, arose in ancient 

times [46]. Temperament is believed to 
be moderately stable throughout a per-
son's life and is determined genetically, 
however it can be assumed that environ-
mental factors may influence its forma-
tion to some extent in early life. In particu-
lar, some studies have shown differences 
in temperament types depending on the 
place of birth. Several empirical studies 
highlight the increased vulnerability of 
people from rural areas [18; 43; 47], while 
others came to the opposite conclusion 
- there is evidence that adults in urban 
environments are more neurotic and are 
at higher risk of developing mental disor-
ders, the most common of which is de-
pression [17; 21; 45]. In addition to place 
of birth, season of birth was also con-
sidered as a possible factor influencing 
personality traits [15; 26; 40]. Although 
this factor includes many environmental 
variables, a large number of association 
studies indicate possible links between 
season of birth, personality traits and the 
incidence of various neurological and 
psychiatric disorders, including schizo-
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phrenia, bipolar disorder [13; 31] and sui-
cidal tendencies [37; 41].

Environmental factors that can poten-
tially influence the formation of personal-
ity traits include birth order and the num-
ber of children in the family. Many studies 
have found differences in personality 
traits between an only child and children 
with siblings [30; 34]. It is assumed that in 
families with several children, the birth of 
a second child is an event that can cause 
psychological stress for the firstborn, but 
this point of view remains controversial 
[49]. The birth of a second child can cre-
ate problems for very young firstborns, 
but it can also contribute to their rapid de-
velopment and growth [38; 49].

There are also quite a few studies indi-
cating a link between smoking status and 
personality traits [2; 29; 32; 36]. It has 
been found that extraversion and neu-
roticism are higher in smokers, however, 
given that most of this data is obtained 
as a result of observational studies, it is 
difficult to establish whether these rela-
tionships are causal. 

Finally, one of the factors potentially 
influencing the level of neuroticism may 
be stress. Studies of the prevalence of 
traumatic events conducted on a pooled 
sample of 68,894 adults from 24 coun-
tries showed that 70% of people expe-
rienced one or more traumatic events in 
their lives, and 4% of the population suf-
fers from post-traumatic stress disorder 
(PTSD) [48]. The lifetime prevalence of 

PTSD varies from 0.3% in China to 6.1% 
in New Zealand [23]. Thus, the literature 
data indicate possible links between 
temperament traits and individual so-
cio-demographic factors, but the results 
of these studies are quite contradictory 
and were conducted mainly in European 
populations. The aim of our study was to 
search for environmental factors influ-
encing the rates of extraversion/introver-
sion and neuroticism in young people of 
Yakut nationality.

Materials and methods. To determine 
personality traits, 328 young people, stu-
dents and employees of M.K. Ammosov 
North-Eastern Federal University (NEFU) 
and Arctic State Agrotechnological Uni-
versity (ASAU) aged 18 to 29 years were 
tested. The Russian-language version of 
the Eysenck Personality Inventory (EPI) 
was used. The EPI contains 57 ques-
tions, 24 of which are aimed at identifying 
extraversion/introversion, another 24 - at 
assessing emotional stability/instability or 
neuroticism, the remaining 9 constitute 
a control group of questions designed to 
assess the sincerity of the subject and 
the reliability of the results. In 34 men out 
of 121 and 57 women out of 207 respon-
dents, elevated rates of insincerity in their 
answers (>4) were found. The sample in-
cluded only those respondents whose re-
sults showed sincerity when completing 
the test: 87 men and 150 women. Distri-
bution by faculties of NEFU: Medical In-
stitute (MI) - 159, Institute of Natural Sci-

ences 
( I N S ) 
- 30, 
I n s t i -
tute of 
Phys-
i c a l 
E d u -
cation 
a n d 

Sports (IPES)- 29, ASAU - 19 people. 
The average age of men in the studied 
sample was 20.3±2.7 years, women - 
20.2±2.7 years. The questionnaire data 
included the status of the place of birth 
(urban/rural), season of birth, birth order 
and number of children in the family, the 
presence of smoking addiction and the 
level of stressful situations in life, i.e. 
factors that presumably influence the in-
dicators of extraversion/introversion and 
neuroticism. 

To assess the level of stressful situa-
tions, the "Stressful Events Rating Scale" 
[22] was used, adapted into Russian by 
Schutzenberger [11], including 16 poten-
tially traumatic events: death of a parent, 
divorce of parents, use of psychoactive 
substances by close friends, accidents, 
suicide attempts, low family income, poor 
living conditions, disasters, sexual or 
physical abuse, serious health problems 
or other impacts associated with the im-
pact on the nervous system. When col-
lecting data, potentially traumatic events 
experienced before the age of 16 were 
taken into account.

Statistical analysis was performed us-
ing STATISTICA software (StatSoft, Inc., 
USA, 2014) version 12.0. The calculated 
parameters are presented in the format: 
M ± SE, where M - mean, SE - standard 
error.To check the normality of the distri-
bution, the Kolmogorov-Smirnov criterion 
was used. In independent samples with a 
normal distribution of more than 50 peo-

Extraversion/introversion and neuroticism (%), a - in men (n=87), b - in women (n=150)

b

а
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ple, the reliability of differences in mean 
values was assessed using Student's 
t-test. For nonparametric distribution and 
comparison of small samples of less than 
50 people, the Mann-Whitney-Wilcoxon 

U test and the Wald-Wolfowitz test were 
used. When comparing several groups, 
the Kruskal-Wallis test was used for small 
samples (n˂50), and ANOVA was applied 
for samples with a size ˃50. The analy-

sis of the relationship between neuroti-
cism and the number of stressful events 
was carried out using Spearman's linear 
correlation algorithms. Values of p≤0.05 
were considered statistically significant. 

Table 2

Level of neuroticism in Yakuts (Sakha) according to previously published data

Age University n
Level of neuroticism %

Reference Year
of publicationLow Middle High

            Men
20.3±2.7 NEFU (МI. INS. IPES). АSАU 87 11 41 47 This study 2024

- NEFU (МI) 51 32 33 35 [10] 2019
18-21 NEFU 50 50 26 24 [9] 2012

19.08±0.2 NEFU (MI) - 38 27 35 [3. 4] 2008.2011
              Women

20.2±2.7 NEFU (МI. INS. IPES). АSАU 150 7 21 72 This study 2024
-  NEFU (МI) 98 21 43 36 [10] 2019
- NEFU - 28 33 39 [4] 2011

              Total
19.56±0.2 NEFU (PI) 51 25 12.5 62.5 [8] 2021

Table 1

Level of neuroticism depending on various environmental factors

Фактор
Total Women Men

n M±m p n M±m p n M±m p

Place of birth
urban 83 14.52±0.49

0.98
52 15.52±0.58

0.67
31 12.84±0.81

0.69
rural 153 14.54±0.33 97 15.22±0.41 56 13.36±0.55

Season of birth 

1winter 127 14.91±0.38 1-2  0.03
1-3 0.40
1-4  0.94
2-3 0.17
2-4 0.09
3-4 0.55

82 15.77±0.46 1-2 0.04
1-3 0.28
1-4  0.68
2-3 0.22
2-4 0.05
3-4  0.22

45 13.36±0.63 1-2 0.55
1-3 0.49
1-4 0.87
2-3 0.68
2-4 0.47
3-4  0.96

2spring 23 12.83±0.88 14 13.29±1.18 9 12.11±1.33
3summer 61 14.36±0.49 42 14.93±0.60 19 13.11±0.81
4autumn 26 14.81±0.92 12 16.50±0.92 14 13.36±1.44

Birth order 

1 firstborn 114 14.35±0.43 1-4 0.52
1-5 0.70
2-4 0.77
2-5 0.98
3-4 0.47
3-5 0.64
4-5 0.82

76 15.36±0.47 1-4  0.52
1-5 0.51
2-4 0.58
2-5 0.70
3-4 0.55
3-5 0.52
4-5 0.26

38 12.32±0.77 1-4 0.45
1-5 0.13
2-4 0.89
2-5 0.48
3-4 0.39
3-5 0.12
4-5 0.39

2 only child 28 14.57±0.89 20 15.20±1.04 8 12.88±1.61
3 eldest child 86 14.28±0.49 56 15.41±0.52 30 12.17±0.89

4second child 66 14.79±0.50 39 15.87±0.65 27 13.22±0.67
5 third child and 

beyond 56 14.63±0.52 35 14.80±0.69 21 14.38±0.82

Number of children 
in the family

1 31 13.65±0.87 1-2 0.46
1-3 0.12
1-4 0.34
2-3 0.20
2-4 0.63
3-4 0.48

21 14.38±1.03 1-2 0.48
1-3 0.12
1-4 0.56
2-3 0.13
2-4 0.86
3-4  0.31

10 12.10±1.56 1-2 0.93
1-3 0.47
1-4 0.51
2-3 0.47
2-4 0.46
3-4 0.96

2 75 14.27±0.48 49 15.10±0.59 26 12.69±0.73
3 72 15.14±0.49 42 16.33±0.52 30 13.47±0.84
≥4 58 14.62±0.55 38 15.16±0.70 20 13.60±0.88

Smoking
smokers 41 14.54±0.59

0.97
20 15.40±0.77

0.82
21 13.71±0.86

0.50
non-smokers 196 14.56±0.31 130 15.35±0.37 66 13.00±0.53

Level of stress 
situations

0-2 127 13.56±0.39
0.00008

70 14.40±0.54
0.006

57 12.53±0.54
0.06

3-12 109 15.72±0.36 79 16.23±0.39 30 14.40±0.78
0 47 14.09±0.62

0.0002
24 14.92±0.91

0.05
23 13.22±0.81

0.091-2 80 13.25±0.50 46 14.13±0.67 34 12.06±0.72
3-12 109 15.72±0.36 79 16.23±0.39 30 14.40±0.78

Total 237 14.56 149 15.36 87 13.17

Note: values in bold indicate p<0.05.
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All examinations were conducted in 
compliance with the principle of informed 
consent. Within the framework of the 
study, each participant was informed 
of the purposes of the study and gave 
written consent for the use of personal 
information obtained from the results of 
psychological testing and questionnaires. 
Before the start of the study, approval was 
obtained from the local committee on bio-
medical ethics of the YSC CMP (protocol 
No. 41 dated November 12, 2015).

Results and discussion. Figure  
shows the distribution of extraversion/in-
troversion and neuroticism scores in the 
studied groups of men (n=87) and wom-
en (n=150). Among men, the largest pro-
portion falls on individuals with a "tenden-
cy to introversion" (34%) and "tendency 
to extraversion" (30%), pronounced "ex-
traverts" make up 18%, "introverts" - 9%, 
the smallest proportion falls on "bright ex-
traverts" (1%), "deep introverts" were not 
found (0%) (Figure A). In terms of neurot-
icism, the majority of men in the studied 
sample have average scores (41%), indi-
viduals with a "high" and "very high" level 
of neuroticism make up 46%, and those 
with a "low" level - only 11%. Among 

women, there is also a predominance of 
individuals with a “tendency to introver-
sion” (31%) and a “tendency to extraver-
sion” (32%), pronounced “extraverts” and 
“introverts” make up 13% each, “bright 
extraverts” - 3%, “deep introverts” - 1% 
(Figure B). Unlike men, most women 
were found to have a “high” and “very 
high” level of neuroticism (72%), only 7% 
and 21% of the 150 participants had, re-
spectively, a “low” and “intermediate” lev-
el of neuroticism.

Gender differences in the level of 
neuroticism were established in early 
studies: women, as a rule, score higher 
than men [27; 28]. These differences are 
manifested regardless of race and eth-
nicity and are universal [50]. Significantly 
higher values on the neuroticism scale in 
women compared to men were also not-
ed in the studies conducted by Russian 
researchers on students of universities in 
Bashkortostan, Udmurtia [5; 7], and Ke-
merovo [6].

In general, the frequency ratio in 
the general sample of students of var-
ious educational profiles that we stud-
ied (MI - 67%, INS - 13%, IPES - 12%, 
ASAU - 8%) is shifted towards emotion-

ally anxious psychotypes. High rates of 
neuroticism were observed in all groups 
of young people from different institutes 
accordingly it cannot be explained by the 
peculiarities of the choice of education-
al profile and are obviously determined 
by other factors. Table 1 shows the lev-
el of neuroticism in the general sample 
in comparison with data published from 
2008 to 2021. A high level of neuroticism 
was found only in the work published in 
2021 among students of the Pedagogical 
Institute (PI) of NEFU (62.5%), in earli-
er publications, neuroticism rates range 
from 24% to 35% of men, from 36% to 
39% in women. Thus, it can be assumed 
that high values of the level of neuroti-
cism in the younger generation of Sakha 
are determined mainly by the influence of 
environmental factors.

In order to determine the causes un-
derlying the differences identified, a 
search for associations of temperament 
indicators with various environmental 
factors was conducted. Table 2 presents 
the average values ​of neuroticism in the 
overall sample not divided by gender, 
as well as in groups of men and women 
depending on place of birth (city/village), 

Table 3

Level of extraversion/introversion depending on various environmental factors
 

Factor Total Women Men
n M±m p n M±m p n M±m p

Place of birth 
urban 83 12.93±0.40 0.84 52 12.89±0.51

0.96
31 13.00±0.66

0.33
rural 153 12.07±0.27 97 11.99±0.36 56 12.20±0.42

Season of birth 

1winter 127 12.29±0.31 1-2 0.20
1-3 0.38
1-4  0.15
2-3 0.35
2-4 0.04
3-4 0.08

82 12.02±0.39 1-2 0.17
1-3 0.08
1-4 0.10
2-3 0.76
2-4 0.03
3-4 0.02

45 12.78±0.52 1-2 0.71
1-3 0.31
 1-4 0.62
2-3 0.31
2-4 0.38
3-4 0.77

2spring 23 13.30±0.74 14 13.50±0.94 9 13.00±1.25
3summer 61 12.78±0.45 42 13.21±0.57 19 11.79±0.70
4autumn 26 11.23±0.65 12 10.17±0.97 14 12.14±0.84

Birth order

1 firstborn 114 12.77±0.35 1-4 0.20
1-5 0.17
2-4 0.18
2-5 0.21
3-4 0.32
3-5 0.27
4-5 0.87

76 12.63±0.45 1-4 0.74
1-5 0.16
2-4  0.57
2-5 0.26
3-4  0.86
3-5 0.34
4-5 0.34

38 13.08±0.57 1-4 0.07
1-5 0.47
2-4 0.16
2-5 0.51
3-4 0.11
3-5 0.53
4-5 0.53

2 only child 28 13.25±0.82 20 13.25±1.08 8 13.38±1.16
3 eldest child 86 12.62±0.38 56 12.41±0.47 30 13.00±0.66

4second child 66 12.06±0.40 39 12.38±0.58 27 11.59±0.50
 5 third child
and beyond 56 11.96±0.43 35 11.57±0.49 21 12.38±0.80

Number
of children

in the family

1 31 13.19±0.74 1-2 0.33
1-3 0.33
1-4 0.19
2-3 0.70
2-4  0.54
3-4  0.79

21 12.81±0.97 1-2 0.64
1-3 0.79
1-4 0.46
2-3 0.46
2-4 0.65
3-4 0.28

10 14.00±1.07 1-2 0.36
1-3 0.06
1-4 0.24
2-3 0.28
2-4 0.77
3-4 0.51

2 75 12.44±0.41 49 12.27±0.52 26 12.77±0.67
3 72 12.22±0.40 42 12.64±0.54 30 11.63±0.57

≥4 58 12.07±0.43 38 11.87±0.52 20 12.45±0.75

Smoking smokers 41 12.90±0.48 0.34 20 12.85±0.70 0.53 21 12.95±0.68 0.46non-smokers 196 12.29±0.26 130 12.27±0.32 66 12.33±0.42

Level of stress 
situations

0-2 127 12.11±0.29 0.63 70 12.01±0.40 0.31 57 12.23±0.41 0.353-12 109 12.72±0.36 79 12.62±0.43 30 12.97±0.68
0 47 11.91±0.47

0.37
24 11.79±0.68

0.51
23 12.04±0.68

0.551-2 80 12.25±0.36 46 12.13±0.51 34 12.35±0.52
3-12 109 12.72±0.36 79 12.62±0.43 30 12.97±0.68

Total 237 12.40 150 87
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season of birth (winter, spring, summer, 
autumn), birth order, number of children 
in the family, smoking addiction, and 
level of stressful situations in life. It was 
found that of the above factors, the lev-
el of stress experienced has the great-
est effect on the neuroticism indicators 
of young people (Table 2). Women with 
a high level of stressful situations in life 
(≥3) have a higher level of neuroticism, 
in contrast to those who have previous-
ly experienced fewer stressful situations 
(0-2) (p=0.006). In the group of men, the 
influence of stress is noted at the trend 
level (p=0.06). In the overall group, this 
relationship becomes even more signifi-
cant (p=0.00008). It is interesting to note 
that when dividing the overall sample into 
3 groups based on the number of stress-
ful events, the level of neuroticism in the 
group with a small number of stressful sit-
uations (1-2) is reduced compared to the 
groups with no stress (0) and high levels 
of experienced stress (3-12) (p=0.0002) 
(Table 2). This trend is observed in both 
women (p=0.05) and men (p=0.09).

The influence of stress on some per-
sonality traits was also noted by us ear-
lier when using the TCI questionnaire 
by R. Cloninger [1]. Correlation analysis 
confirmed that the neuroticism indicators 
have a weak relationship with the level of 
stress experienced both in men (r=0.27, 
p<0.05) and in women (r=0.22, p<0.05). 
In the general group, this correlation be-
comes higher (r=0.32, p<0.05). In gen-
eral, our results indicate that traumatic 
events experienced in childhood signifi-
cantly increase (n ≥3) the level of neurot-
icism in young people, and to a greater 
extent in women than in men. It is note-
worthy that almost half of the young peo-
ple in the studied sample (46%) experi-
enced a fairly high level of stress (from 
3 to 12 traumatic events). In 7 of 150 
women (4.7%) and 2 of 87 men (2.3%), 
a suicide attempt was noted in the ques-
tionnaire data. Associations between 
stressful events, neuroticism levels, and 
depressive symptoms have been previ-
ously reported in studies of adolescents 
and students [19; 20; 24]. Most studies 
have found higher rates of depression 
among female participants compared to 
males [12; 25; 35].

When examining the possible influ-
ence of other factors on neuroticism lev-
els, a weak association with season of 
birth was found: in the group of women 
born in autumn and winter, average neu-
roticism rates were higher than in those 
born in spring (p=0.05 and p=0.04), while 
in men these differences did not reach 
the level of significance (Table 2). Sea-
son of birth was also associated with the 

level of extraversion/introversion: women 
born in spring and summer showed sig-
nificantly higher extraversion rates com-
pared to those born in autumn (p=0.03 
and p=0.02, respectively), while this 
association was not found in the group 
of men (Table 3). Similar associations 
of personality traits with season of birth 
have been previously found in the Swed-
ish population using the TCI question-
naire [42]. Although we cannot draw de-
finitive conclusions regarding the stability 
of the associations found due to the small 
size of the compared groups, our results 
are somewhat consistent with large co-
hort studies of adults (n=2130) in Swe-
den [42]. Based on our data, it can be 
assumed that Sakha girls born in autumn 
and winter are at greater risk of develop-
ing emotional instability when experienc-
ing traumatic events in childhood.

The influence of the season of birth on 
psychological characteristics of a person 
may be due to complex and still relative-
ly unknown mechanisms. According to 
one hypothesis, the season of birth may 
influence personality traits through bio-
chemical mechanisms associated with 
dopamine and its derivatives [39]. It has 
been established that the duration of 
daylight affects not only the production 
of melatonin, but also the level of dopa-
mine and its metabolites, which, in turn, 
can affect some personality traits [42]. It 
is known that dopamine and melatonin 
are in balance and mutually suppress 
their activity: at night, when the level of 
melatonin increases, the level of dopa-
mine decreases, while during the day the 
opposite dynamics are observed. The 
maternal melatonin rhythm during preg-
nancy varies depending on the season 
and affects the melatonin rhythm of the 
child [14], accordingly, the duration of 
daylight during the neonatal period also 
affects the level of dopamine metabolites 
by influencing the monoaminergic sys-
tem of the newborn's brain. In particular, 
Natale et al.(2002) found that those born 
in winter are more likely to be early risers 
than those born in summer/spring and 
suggested that dopamine levels are high-
er in those born in winter than in those 
born in summer (total sample size: 3709 
students from Sweden and Italy) [33]. 
The influence of season of birth on per-
sonality traits was also found in a study 
conducted in the USA: men born in win-
ter demonstrated higher scores on the 
sensation seeking scale than men born 
in other seasons of the year (n=195) [39].

Conclusion. This study represents 
the first assessment of the influence of 
environmental factors on temperamental 
traits in young people of Yakut nationality. 

Our results allow us to state that of the 
environmental factors analyzed that may 
influence the level of neuroticism, the 
level of stress experienced in the child-
hood (under 16) is significant. In addition 
to traumatic events, season of birth may 
also influence temperamental traits.
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AVAILABILITY OF MEDICAL PERSONNEL 
AND MEASURES FOR THEIR RETENTION 
IN PUBLIC HEALTH CARE INSTITUTIONS

Introduction. The main goal of im-
proving the health sector of each coun-
try is to create a sustainable system, the 
functioning of which will contribute to 
ensuring high quality and accessibility of 
health care for every resident regardless 
of their place of residence, social or ma-
terial status. The World Health Organisa-
tion attaches particular importance to the 
role of the health workforce in building 
the resilience of countries to adequate-
ly respond to emergencies and believes 
that even the most advanced technol-
ogies cannot have a positive impact on 
public health if there is a shortage of 
health workers [3,17].

It is proved that the level of accessibil-
ity and quality of medical care to the pop-
ulation, the efficiency of the health care 
system as a whole determine human 

resources [7]. However, today the per-
sonnel crisis in healthcare has become 
an international level problem that con-
cerns most countries of the world [8,17]. 
According to foreign experts (2019), in 
20 years, the projected shortage of hu-
man resources in the health care system 
worldwide will reach 18 million people. 
Five years ago, there was a shortage of 
at least two million doctors worldwide and 
the problem is particularly acute for peo-
ple living in rural areas [9,17].

The Russian healthcare system is 
characterised by uneven geographical 
distribution of medical personnel, which 
is confirmed by significant differences in 
the indicator of medical personnel supply 
in the constituent entities of the Russian 
Federation. According to O.L. Zadvor-
naya (2018) [3], A.V. Meltser et al. (2019) 
[13], Son M.M. et al. (2021) [11], the indi-
cator of provision of the population with 
medical personnel varies significantly in 
the constituent entities of the Russian 
Federation, municipalities and depends 
on the territorial location of medical or-
ganisations, which affects the accessibil-
ity of medical care [9].

The problem of medical personnel 
supply in regions with a low level of so-
cio-economic development, in territories 
with low population density, rural areas 
located in high latitudes, arctic and sub-

arctic zones remains extremely urgent [5-
7, 10, 12-15].

The aim of the study: to analyse 
the availability of medical personnel and 
measures taken by state and municipal 
authorities to attract and retain medical 
personnel in the constituent entities of 
the Russian Federation on the example 
of the North-Western Federal District. 

In accordance with the goal, the fol-
lowing tasks were defined: to analyse the 
availability of doctors and nurses in the 
Russian Federation (hereinafter - RF), 
federal districts, constituent entities of 
the Russian Federation, including the 
North-Western Federal District (herein-
after - NWFD) for the period 2018-2023; 
to analyse the measures of the state 
and municipal level to attract and retain 
medical workers; to develop proposals to 
strengthen the role of local governments 
to create favourable conditions to attract 
and retain medical workers.

Materials and methods of research.
The study was carried out using statisti-
cal data of Russian research Institute of 
Health in terms of continuous statistical 
observation and analysis of staffing of 
medical organisations of the state health 
care system subordinate to the Ministry 
of Health of the Russian Federation in the 
Russian Federation as a whole (herein-
after - the Ministry of Health of Russia), 

The geographical uneven distribution of medical personnel characteristic of the Russian Federation affects the sustainability of the country's 
healthcare system and, consequently, the availability and quality of medical care.

The aim of the study is to analyse the provision of medical personnel in federal districts, constituent entities of the Russian Federation and mea-
sures to attract and retain them for 2018-2023 in the constituent entities of the Russian Federation on the example of the North-Western Federal 
District.

On the basis of statistical data from Russian research Institute of Health and the State Statistics Service (Rosstat), an analysis of the staffing 
of medical organisations of the public health system in the Russian Federation as a whole, federal districts, constituent entities of the Russian 
Federation in the North-West Federal District was carried out, with the calculation of indicators and their growth/decline rates for the period of im-
plementation of the federal project ‘Providing medical organisations of the health system with qualified personnel’ (2018-2023).

The indicator of provision with doctors in the Russian Federation as a whole and in most federal districts showed a positive trend, while the 
opposite trend was recorded in the provision with middle medical personnel, possibly due to defects in planning the need for training of middle 
medical personnel at the regional level. The North-Western Federal District has the highest rate of doctors (44.3 doctors per 10,000 population), 
but there are marked interregional differences in the rates of doctors and paramedical staff (with medical education), which indicates that the work 
to attract and retain medical personnel is not sufficiently effective.

Despite significant differences between the constituent entities of the Russian Federation that make up the North-West Federal District, the 
measures to attract and retain medical personnel are similar in almost all constituent entities of the Russian Federation. To improve the effective-
ness of regional personnel policy it is necessary to clearly differentiate the measures taken at the level of a medical organisation in a particular 
municipality, normative and legal regulation of the powers of local governments to create favourable conditions for attracting medical workers, eco-
nomic incentives for medical workers, increasing the targeting and filling of social support measures in rural health care, in hard-to-reach, remote 
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in federal districts, in the subjects of the 
Russian Federation. Relative indicators 
of the provision of the population with 
doctors and paramedical staff with med-
ical education (per 10 thousand popu-
lation) working in municipal and state 
medical organisations subordinate to the 
Ministry of Health of the Russian Feder-
ation, growth/decline rates of indicators 
for the period of implementation of the 
federal project ‘Provision of medical or-
ganisations of the healthcare system with 
qualified personnel’ (2018-2023) were 
calculated. Statistical processing of data 
was carried out using Microsoft Excel 
2019 software package, Statistica 15.0 
application programmes.

The authors analysed the data of the 
authors' publications devoted to the mea-
sures of social support of medical work-
ers, their effectiveness and efficiency in 
attracting and retaining medical person-
nel. Research methods: statistical, an-
alytical, comparative analysis, content 
analysis.

Results and discussion. In the Rus-
sian Federation as a whole, with multi-
directional dynamics of the indicator of 
provision with doctors of the state health 
care system subordinate to the Ministry 
of Health of Russia for the period 2018-
2023, there is a positive trend of its 
growth, but the values of indicators by fed-
eral districts differ significantly (Table 1).

The maximum level of physician sup-
ply, with positive dynamics over the peri-
od of the federal project implementation, 
remains in the Northwestern Federal Dis-
trict, with the Far Eastern Federal District 
(FEFD) in second place in terms of the in-
dicator level. The Southern Federal Dis-
trict (SFD) has the lowest indicator (more 
than a quarter below the level of the in-
dicator in the Northwestern Federal Dis-
trict) with negative dynamics, while the 
Urals Federal District (UFD) has a slight-
ly higher indicator with a positive trend of 
indicator growth. The provision is at the 
level of the average Russian indicator in 
the Siberian Federal District (SibFD) and 
the Central Federal District (CFD).

Despite the measures taken within 
the framework of the federal project, the 
number of nurses (with medical edu-
cation) is declining annually both in the 
Russian Federation as a whole and in all 
federal districts (Table 2).

In the CFD and SFD, the indicator of 
provision of medical organisations of the 
state health care system with secondary 
medical personnel with medical educa-
tion is lower than the average Russian 
level, which apparently indicates defects 
in planning the need for training of sec-
ondary medical personnel at the regional 

level, since the planning of the need and 
financing of educational organisations of 
secondary vocational education is carried 
out at the expense of regional budgets.

The North-West Federal District in-
cludes 11 constituent entities of the 
Russian Federation with different geo-
graphical, national and social features. 
According to Rosstat data, the population 
in the constituent entities of the Russian 
Federation that make up the North-West 
Federal District varies considerably - 
from 5.5 million in the megalopolis city 
of St. Petersburg to 42 thousand in the 
smallest constituent entity of the Russian 
Federation in terms of population - the 
Nenets Autonomous District. Population 
density also varies significantly within the 
North-West Federal District: from 0.24 in 
the Nenets Autonomous District to 3,890 
people per square kilometre in St. Pe-
tersburg. High population density (more 
than 100 people/sq. km) is observed in 
St. Petersburg, medium (50-100 people/
sq. km) - in the Leningrad, Kaliningrad, 
Novgorod and Pskov Regions, and low 
(less than 50 people/sq. km) - in the Re-
publics of Karelia, Komi, Nenets Auton-
omous District, Arkhangelsk, Vologda 
and Murmansk Regions. The level of 
urbanisation in the NWFD is quite high 
and ranges from 66.16% in the Lenin-
grad Oblast to 94.33% in the Murmansk 
Oblast.

The North-West Federal District as a 
whole has a high rate of physician supply 
(44.3 physicians per 10,000 population), 
but in individual constituent entities of the 
Russian Federation within its territory, 
physician supply rates vary from 27.4 per 
10,000 population in the Pskov Oblast 
with negative trends; 29.8 in the Lenin-

grad and Vologda Oblasts with negative 
trends to 42.3 in the Republic of Karelia; 
49.1 in the Nenets Autonomous Okrug by 
2023 and 60.3 in St. Petersburg with pos-
itive growth trends (Table 3).

This situation indicates the presence 
of imbalance of medical personnel in the 
constituent entities of the Russian Feder-
ation in the district, which may also be the 
reason for the decrease in the availability 
of medical care in some of its territories. 

The indicator of provision with aver-
age medical personnel in the district as 
a whole in dynamics repeats the trend in 
the Russian Federation as a whole with 
the rate of decline by more than 6% over 
the observation period. Nevertheless, the 
Komi Republic and the Murmansk Oblast 
show positive dynamics of the indicator 
with its value above the average. Low 
indicators are noted in the Leningrad 
Oblast - the indicator decreased from 
59.9 in 2018 and 51.9 per 10 thousand 
population in 2023 and in the Kaliningrad 
Oblast - the indicator decreased from 
62.9 per 10 thousand population in 2018 
to 58.9 in 2023 (Table 4).

Stating the problems of staffing of 
medical organisations of the public health 
care system in one of the most ‘prosper-
ous’ federal districts of the Russian Fed-
eration in terms of staffing indicators, we 
have analysed measures to attract and 
retain medical personnel.

It should be emphasised that since 
2012, after the adoption in 2011 of the 
federal law No. 323-FZ ‘On the Funda-
mentals of Health Protection of Citizens 
in the Russian Federation’ as a result of 
the transfer of powers to provide prima-
ry health care from the municipal level to 
the regional level, the managerial impact 

Dynamics of the indicator of supply of doctors in medical organizations of the state 
healthcare system subordinate to the healthcare authorities of the constituent entities
of the Russian Federation and the Ministry of Health of Russia in the federal districts 

(per 10,000 population) for 2018-2023 (per 10,000 population)

Subjects 2018 2019 2020 2021 2022 2023
Rate (%) 
of growth 
2020/2018

Rate (%) 
of growth 
2023/2018

RF 37.4 37.6 38.1 37.5 37.0 37.5 1.9 0.27
CFD 37.4 37.9 38.9 37.7 36.8 37.6 4.0 0.53

NWFD 43.0 43.8 44.3 44.3 44.0 44.8 3.0 4.19
SFD 34.5 34.2 34.3 33.4 32.7 33.1 -0.6 -4.06

NCFB 34.9 35.2 35.7 34.9 35.0 35.3 2.3 1.15
PFD 36.2 36.3 36.8 36.4 36.1 36.6 1.7 1.10
UFD 34.3 34.4 34.8 34.5 34.3 34.7 1.5 1.17

SibFD 37.9 37.7 38.0 37.9 37.1 37.4 0.3 -1.32
FEFD 40.0 40.2 40.3 40.4 39.9 39.8 0.7 -0.50

Table 1
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on the factors of satisfaction with medical 
care at the level of municipal education 
has been lost [1,11].

Measures to attract and retain medi-
cal personnel in almost all regions of the 
NWFD turned out to be similar, despite 
the significant differences between the 
constituent entities of the Russian Feder-
ation [13]. Thus, on the one hand, there 
is the megacity of St. Petersburg with a 
high population density, industrially de-
veloped, urbanised regions, such as the 
Kaliningrad and Leningrad Oblasts, and 
on the other hand, there are regions be-
longing fully or partially to the Arctic zone, 
with extremely low population density, 
underdeveloped transport infrastructure, 
and the presence of remote hard-to-
reach areas - the Republics of Karelia, 
Komi, NAO, Murmansk and Arkhangelsk 
Oblasts.

Attraction and retention of person-
nel, social support of medical workers is 
mainly provided in the following areas: 
support for students on target directions 
in the framework of targeted training, 
cash payments, housing, payment for 
housing and utilities and other measures. 
Support for students is mainly limited to 
additional payments to the scholarship, 
in rare cases - to the establishment of 
personal scholarships. Cash payments 
include lump-sum payments under the 
‘Zemsky Doctor’ / ‘Zemsky Feldsher’ 
programmes, lump-sum payments upon 
employment (‘lift’), monthly payments, as 
well as payments to doctors in the most 
in-demand specialties. 

Measures such as the provision of ser-
vice housing from the State housing fund, 
the provision of service housing from the 
municipal housing fund, the provision 
of dormitory accommodation, compen-
sation for the down payment on a mort-
gage loan, compensation for the rent of 
residential premises, social payments for 
the construction (acquisition) of housing 
in rural areas, preferential (mortgage) 
loans (credits) for the construction (ac-
quisition) of housing, social payments for 
the construction (acquisition) of housing, 
and social payments for the construction 
or purchase of housing are used to solve 
the housing problems of recruited medi-
cal specialists.

A number of regions provide for the 
privatisation of office accommodation in 
accordance with an agreement. All medi-
cal workers living in rural areas are com-
pensated for the cost of housing and utili-
ties. In a number of constituent entities of 
the North-West Federal District, compen-
sation is provided for expenses incurred 
when moving from other regions, places 
in preschool educational establishments 

are provided for the children of medical 
workers, and privileges are granted for 
visits to physical culture and health-im-
provement establishments and for chil-
dren attending paid clubs and sections of 
municipal subordination. The Murmansk 
Oblast is implementing the Doctor project 
for resettlement of compatriots.

It is noteworthy that almost all of the 
above measures are financed from re-
gional budgets, while the participation of 
local governments remains minimal. At 
the same time, Article 17 of Federal Law 
No. 323-FZ ‘On the Basics of Health Pro-
tection of Citizens’, paragraph 2, item 1, 

Article 6, Article 14 of Federal Law No. 
131-FZ of 06.10.2003 ‘On General Prin-
ciples of Organisation of Local Self-Gov-
ernment’ stipulate the powers of local 
governments to create favourable condi-
tions for attracting medical and pharma-
ceutical workers. But at the federal level 
these powers are not specified and not 
detailed, which creates conditions for 
their non-implementation [1,11].

Comparison of measures to attract 
and retain personnel, additional mea-
sures of social support for medical work-
ers and personnel provision of regions in 
the Northwestern Federal District shows 

Table 2

Table 3

Dynamics of the indicator of availability of middle medical personnel with medical 
education in medical organisations of the state healthcare system subordinate
to the healthcare management bodies of the constituent entities of the Russian 

Federation and the Ministry of Health of Russia in the federal districts
(per 10,000 population) for 2018-2023 (per 10,000 population)

Subjects 2018 2019 2020 2021 2022 2023
Rate of Growth

2020/
2018

2023/
2021

2023
/2018

RF 83.4 82.8 81.9 80.1 77.2 76.6 -1.8 -4.4 -8.2
CFD 76.7 76.1 75.5 73.8 69.4 68.6 -1.6 -7.0 -10.6

NWFD 83.3 83.2 82.2 80.6 79.0 78.1 -1.3 -3.1 -6.2
SFD 76.9 76.0 74.5 72.3 68.0 67.4 -3.1 -6.8 -12.4

NCFB 80.7 80.3 81.1 81.0 78.3 78.3  0.5 -3.3 -3.0
PFD 88.1 87.4 86.3 84.1 82.3 81.6 -2.0 -3.0 -7.4
UFD 90.0 89.3 89.0 87.0 84.9 84.1 -1.1 -3.3 -6.6

SibFD 89.6 88.7 87.2 84.8 83.3 82.9 -2.7 -2.2 -7.5
FEFD 85.5 85.2 84.6 83.0 82.6 81.7 -1.1 -1.6 -4.4

Dynamics of the indicator of availability of doctors in medical organisations of the state 
healthcare system subordinate to the healthcare authorities of the RF subjects

and the Ministry of Health of Russia in the RF subjects in the North-West Federal 
District (per 10 thousand population) for 2018-2023 (per 10 thousand population)

Subjects of the Russian 
Federation in the North-West 

Federal District
2018 2019 2020 2021 2022 2023 Rate of growth 

2023/2018, %

Karelia Republic 42.3 42.2 43.2 42.6 47.4 48.0 13.5
Komi Republic 41.2  40.8 40.2 38.7 42.1 41.4 0.5
Arkhangelsk Oblast 40.7  40.3 39.6 38.7 43.1 44.0 8.1
Nenets Autonomous Okrug 42.2  46.2 45.7 44.6 48.1 49.1 16.4
Vologda Oblast 29.8 30.0 30.2 29.1 29.4 29.4 -1.3
Kaliningrad Oblast 30.1 30.9 30.8 31.7 31.2 31.9 6.0
Leningrad Oblast 29.8  30.0 29.9 30.5 28.5 29.3 -1.7
Murmansk Oblast 34.6  34.3 34.4 34.0 36.2 38.1 10.1
Novgorod Oblast 32.7  32.1 31.3 29.8 30.7 30.3 -7.3
Pskov Oblast 27.4  26.0 26.2 26.0 26.9 25.8 -5.8
Saint Petersburg 57.9  59.9 61.9 61.7 59.0 60.3 4.1
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the insufficient effectiveness of the mea-
sures taken: personnel provision at the 
level of constituent entities of the Rus-
sian Federation varies significantly, local 
and regional peculiarities, the level of in-
frastructure development, attractiveness 
for employment and targeting of bene-
fits provided are not taken into account, 
which is noted by researchers in other 
regions of the Russian Federation [2,6].

One of the ways to solve the staffing 
issue of medical organisations in rural 
areas, remote territories and regions 
with low population density is the rota-
tional method. The introduction of this 
method requires the adoption of a num-
ber of regulatory legal documents at all 
levels, the definition of types, conditions, 
forms and volumes of medical care that 
can be provided on a rotational basis. 
Due to the fact that there are significant 
differences between business trips and 
rotations, including the requirements for 
medical workers, as well as the methods 
and mechanisms of payment for their la-
bour, the rotational method requires the 
drafting of a separate contract, in which 
it is necessary to clearly indicate the liv-
ing conditions of medical staff and the 
amount of salary. We believe that it is ad-
visable to use this method in combination 
with staff retention in rural and remote ar-
eas. Medical personnel working in med-
ical organisations in rural areas can be 
sent for a certain period of time to work 
in medical organisations at the regional 
level, from where the specialist was sent 
on a rotational basis, in order to improve 
their professional level. 

Social support measures should be 

clearly differentiated by regions, munic-
ipalities, medical organisations, primarily 
by strengthening the role of local gov-
ernments in creating favourable condi-
tions for medical workers: development 
of rural infrastructure, ensuring transport 
accessibility, providing access to the In-
ternet [6,8].

The development of differentiated 
measures to attract and retain medical 
personnel at the level of medical organi-
sation requires normative legal regulation 
of the powers of local governments to 
create favourable conditions for attract-
ing medical workers, the development 
of measures of economic incentives for 
medical workers, increasing the targeting 
and filling of social support measures in 
rural health care, in hard-to-reach, re-
mote areas with low population density, 
taking into account regional conditions 
[7,14]. Medical workers in rural areas 
and in regions with low population den-
sity should have undeniable advantages 
in wages and social guarantees. Such 
guarantees may include preferential tax-
ation or exemption from income tax after 
certain years of work experience in rural 
areas or in regions with low population 
density; certain advantages in calculat-
ing preferential medical experience for 
medical workers in rural settlements, tak-
ing into account ‘rural’ experience when 
certifying for a qualification category, con-
ducting specialised professional selec-
tion of candidates in addition to compet-
itive selection among school graduates 
for admission to a medical university for 
training on a target basis.

Conclusion. Thus, the provision of 

doctors in the Russian Federation and 
federal districts for the period 2018-2023 
has a mainly positive trend, with the max-
imum level of provision of doctors with 
positive dynamics for the entire period 
2018-2023 remaining in the Northwest-
ern Federal District, but pronounced in-
terregional differences have been identi-
fied.  The indicator of provision with sec-
ondary medical personnel (with medical 
education) tends to decrease both in the 
Russian Federation as a whole and in 
all federal districts, including the NWFD, 
which indicates defects in planning the 
need for secondary medical personnel 
at the regional level, insufficient funding 
of regional educational organisations of 
secondary vocational education, insuffi-
cient measures to attract and retain mid-
dle-level medical specialists.

Despite significant differences in cli-
matic and geographical conditions, de-
mographic characteristics (population 
size and density, level of urbanisation), 
social support measures in all constit-
uent entities of the Russian Federation 
are not diverse and are quite similar [6]. 
The most common measures to attract 
and retain medical workers at the state 
level are support for those studying in 
targeted areas within the framework of 
targeted training, lump-sum compensato-
ry cash payments, housing, partial or full 
compensation for the purchase or con-
struction of housing, payment for housing 
and utilities services and other measures 
[4,14].

In connection with the established low 
interest of local governments in retaining 
specialists in medical institutions located 
in the territory of a particular municipali-
ty, it is necessary to establish normative 
legal regulation of the powers of local 
governments to create favourable condi-
tions for attracting medical workers and 
provide targeted benefits in the territory 
of a particular municipality. 

There is a need for a broad expert 
discussion of both general trends in per-
sonnel policy, including in rural health 
care and remote areas with unfavourable 
climatic conditions, and regional experi-
ence in the introduction of new organisa-
tional, economic and management tools 
for attracting doctors and nursing staff 
and their economic incentives to optimal-
ly address the staffing issue.

1. Brovchenko N.V. Problemy pravovogo reg-
ulirovaniya i realizatsii polnomochiy organov mest-
nogo samoupravleniya po resheniyu voprosov 
mestnogo znacheniya v sfere zdravookhraneniya 
[Problems of legal regulation and implementation 
of powers of local government bodies to resolving 

Table 4

Dynamics of the indicator of availability of middle medical personnel with medical 
education in medical organisations of the state healthcare system subordinate

to the healthcare authorities of the RF subjects and the Ministry of Health of Russia in 
the RF subjects in the North-West Federal District (per 10 thousand population)

for 2018-2023 (per 10 thousand population)

Subjects of the Russian 
Federation in the North-West 

Federal District
2018 2019 2020 2021 2022 2023 Rate of Growth 

2023/2018

Karelia Republic 95.3  95.7  93.6 99.7 95.0 94.7 -0.6
Komi Republic 121.7  123.2  120.5 128.4 125.8 123.7 1.6
Arkhangelsk Oblast 99.9  100.5  97.8 102.1 98.7 97.6 -2.3
Nenets Autonomous Okrug 115.4  132.6  121.7 125.3 117.2 108.0 -6.4
Vologda Oblast 94.1  94.9  93.0 91.7 90.3 89.3 -5.1
Kaliningrad Oblast 62.9  63.8  63.7 61.1 59.0 58.9 -6.4
Leningrad Oblast 59.9  63.0  62.7 54.6 53.3 51.9 -13.4
Murmansk Oblast 86.2  88.3  87.3 92.1 88.9 88.7 2.9
Novgorod Oblast 82.9  82.9  82.7 74.5 71.4 69.5 -16.2
Pskov Oblast 83.7  86.9  85.0 81.8 80.1 78.7 -6.0
Saint Petersburg 81.5  86.8  87.3 78.7 77.8 77.4 -5.0
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Introduction. Breast cancer (BC) 
is the second most common cancer in 
the world after lung cancer (2.3 million 
cases or 11.6%) and the fourth cause of 
death from malignant neoplasms (670 
thousand; 6.9%) [1, 13]. In countries 
with a low sustainable development in-
dex, due to poor health care, low access 
to basic oncological services and quality 
treatment, BC is more often diagnosed 
at late stages, thereby increasing the 
burden and costs at all levels of health 
care [1, 13, 14]. Therefore, there are sig-
nificant differences in the results of can-
cer diagnosis and treatment between 
and within countries. It is predicted that 
by 2050 the number of new cancer cas-
es worldwide will increase by 77% com-
pared to 2022 and will reach 35 million 

[1]. If the current dynamics of the epide-
miological process are maintained, the 
incidence of breast cancer will continue 
to increase in Russia and its regions [2, 
7, 10]. On the one hand, timely diagnos-
tics using modern medical equipment [5] 
is accompanied by the detection of new 
cases and an increase in incidence [7], 
on the other hand, due to this, as well 
as the improvement of treatment meth-
ods, the survival rates of patients [6], the 
duration and quality of their life are im-
proving [15].

Purpose of the study: analysis of 
trends in the epidemiological process 
and quality of medical care for breast 
cancer in the Irkutsk region.

Materials and methods of research. 
Analysis of «rough» and standardized in-
dicators (world standard) was carried out 
according to statistical collections of the 
Ministry of Health of the Russian Feder-
ation [3, 4, 8, 9]. The quality of oncolog-
ical care was assessed using informa-
tion from the database of the population 
cancer registry (DB PRR) of the Irkutsk 
region and form No. 30. The calculation 
of primary breast cancer incidence rates 
for women of two age groups (under 50 
and over 50) was carried out using forms 
No. 7; similar mortality rates according 
to tables C51; 95% confidence interval; 
growth/decline rates. The methods of 
comparative analysis and ranking of in-

dicators in descending order were used 
using standard Windows programs (ver-
sion 10.0).

Results and discussion. In the Ir-
kutsk region, a statistically significant in-
crease in the primary incidence of breast 
cancer was registered for 2011–2023: 
the «rough» indicators – by 1.4 times 
from 78.1 [73.3 ÷ 82.9] to 108.7 per 100 
thousand [103.0 ÷ 114.4]; standardized 
indicators – by 1.2 times from 50.7 [47.4 
÷ 53.9] to 61.2 per 100 thousand [57.7 
÷ 64.6]. Breast cancer mortality in the 
region does not have a significant down-
ward trend, since despite fluctuations in 
values during the analyzed period, the 
«rough» indicator remained at the same 
level – 28.3 per 100 thousand (Fig. 1). 
According to standardized indicators, in 
the Irkutsk region and in Russia, in 2011-
2023, the primary incidence of breast 
cancer in women increased by 1.2 and 
1.3 times, respectively. According to stan-
dardized mortality rates from breast can-
cer, the region registered a decrease of 
17.0% from 17.0 [15.2 ÷ 18.9] to 14.1 per 
100 thousand [12.5 ÷ 15.7], in Russia - a 
statistically significant decrease of 24.8% 
from 16.5 [16.2 ÷ 16.7] to 12.4 per 100 
thousand [12.2 ÷ 12.5]. In 2023, among 
the constituent entities of the Russian 
Federation, according to standardized 
indicators of primary incidence of breast 
cancer in women, the region ranked 30th; 
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in mortality, it shared 13th-14th place with 
Kamchatka Krai [3, 4].

The region has seen an increase in 
the primary incidence of breast cancer 
in women of two age groups: under 50 
years of age - by 1.8 times from 34.9 
[28.9 ÷ 40.9] to 63.3 per 100 thousand 
[55.8 ÷ 70.8], over 50 years of age - by 
1.3 times from 180.9 [168.5 ÷ 193.3] to 
231.8 per 100 thousand [218.1 ÷ 245.4] - 
Fig. 2. In 2023, among all types of malig-
nant neoplasms, breast cancer occupied 
the first place in the mortality structure 
of women in the Irkutsk region, starting 
from the age group of 30-34 years. The 
exceptions are two age groups: women 
aged 40–44, where cervical cancer was 
prevalent, and aged 80–84, where breast 
cancer shared 1st–2nd place with colon 
cancer. The mortality rate from breast 
cancer in women under 50 increased by 
9.0% from 10.0 per 100,000 in 2011 [7.1 
÷ 12.9] to 10.9 per 100,000 in 2023 [7.8 
÷ 14.1]; in women over 50, the mortali-
ty rate decreased by 8.3% - from 71.2 
[63.4 ÷ 78.9] to 65.3 per 100,000 [58.1 
÷ 72.6], respectively. The mortality rates 
from breast cancer in women under 50 
and over 50 in some years statistically 
significantly differed by 5-10 times, while 
there were no significant changes in the 
mortality rate from breast cancer in all 
women (Fig. 2). 

In women of the Irkutsk region, can-
cer is most often localized in the upper 

outer (C50.4), upper inner (C50.2) quad-
rants and the central part (C50.1) of the 
mammary gland, accounting for 64–76% 
of the total number of registered cases, 
including postmortem cases, in different 
years (Fig. 3). In addition, breast cancer 
is common, extending beyond one or 
more localizations C50.0–C50.6 accord-
ing to ICD-10, although the proportion 
of such malignant neoplasms with code 
C50.8 statistically significantly decreased 
from 23.5% [20.9 ÷ 26.1] in 2013 to 
12.7% [11.0 ÷ 14.4] in 2023.

Outcomes of breast cancer largely de-
pend on women's timely visits to a doctor, 
accessibility of medical care, i.e. organi-
zation of oncology services (Table 1) and 
other factors. During the study period, the 
accessibility of oncology care for breast 
cancer improved in the Irkutsk Region: 
the number of mammography depart-
ments (offices) and machines increased 
by 1.4 times. However, at present, almost 
half of the operating machines have been 
in operation for over 10 years.

Analysis of qualitative indicators char-
acterizing the organizational aspects of 
providing medical care to women with 

Fig. 1. Dynamics of <«rough>> indicators of primary incidence of breast cancer in women (a), 
mortality from it (b) in the Irkutsk region and the Russian Federation for 2011-2023; standardized 
rates of morbidity (c) and mortality (d) in 2011 and 2023 (per 100 thousand with 95% CI)

Fig. 2. Levels of primary incidence of breast cancer in women under 50 years of age and over 
50 years of age (a) and mortality from it (b) in the Irkutsk region in 2011 and 2023. («rough>>> 
indicators, per 100 thousand)

Fig. 3. Dynamics of the localization structure of breast cancer in women of the Irkutsk region: 
a) 2011; b) 2023 (percentages)
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breast cancer allows not only to assess 
the dynamics of these indicators, but also 
to identify shortcomings in the oncology 
service, on which the future fate of these 
women and their quality of life largely de-
pend [6, 12].

The following figures show the im-
provement in medical care for women 
in terms of breast cancer diagnostics: 
in the region, the number of ultrasound 
examinations increased by 1.7 times in 
2011–2023, and the number of preven-
tive X-ray examinations increased by 2.5 
times. Moreover, the share of the latter, 
performed on digital devices and com-
puter radiography systems, increased 
by 5 times (from 12.0% in 2011 to 59.4% 
in 2023). Over the period under study, 
the proportion of women diagnosed with 
breast cancer at early stages (I and II) in-
creased by 10.2% in Russia, while in the 
Irkutsk Region the growth was more sig-
nificant – by 15.1% (Table 2).

The quality of diagnostics can be 
judged by the neglect rate, assessing the 
proportion of patients with detected can-
cer at stage IV for non-visual localization 
or in total with stages III–IV for non-vi-
sual localizations [6–9]. The proportion 
of women with advanced breast cancer 
at stages III–IV for 2011–2023 in the re-
gion statistically significantly decreased 
from 40.2% [37.3 ÷ 43.2] to 26.6% [24.3 
÷ 28.9]; in the Russian Federation – from 
33.9% [33.5 ÷ 34.3] to 24.4% [24.1 ÷ 24.7] 
– Fig. 3. However, the neglect rate in the 
Irkutsk region did not have a clearly de-
fined annual downward trend: minimum 
values were recorded in 2015–2019, 
which were lower than the all-Russian 
indicators, then there was an increase in 
the indicator in 2020 and a gradual return 
to the pre-pandemic level. In Russia, the 
neglect rate for breast cancer decreased 
annually with an average annual decline 
rate of 2.7%.

During the study period, all indicators 
of medical care for women with breast 
cancer improved in the Irkutsk region, 
with a statistically significant difference in 
6 of the 9 analyzed indicators (Table 2). 
According to the 2023 figures, two indi-
cators of the quality of medical care are 
better than in the Russian Federation: the 
proportion of patients identified actively 
and with a morphologically confirmed di-
agnosis, which allows for the correct and 
timely selection of a treatment method [7] 
and the achievement of positive results 
[12]. In the region, in 2023, compared to 
2011, the level of one-year mortality from 
breast cancer among women in all age 
groups over 35 years old decreased (Fig. 
5). The ratio of one-year mortality in the 
reporting year to the neglect rate of the 

Оснащённость оборудованием и диагностические исследования по РМЖ 
в Иркутской области в 2011 и 2023 гг. (единицы)

list of equipment and research 2011 2023
mammography departments/rooms 39 55
   mobile 1 2
   flummammas -  3
operating mammography machines 60 84
   of which with a service life of over 10 years 10 44
number of preventive X-ray examinations 68963 175493
   on film machines 60688 71302
   on digital devices and computer radiography systems 8275 104191
   on mobile units 60634 3430
   on devices with homosynthesis function -  320
number of x-ray diagnostic studies: -  64734
   on film -  82343
   digital -  153841
Ultrasound 39736 67095
MRI 240 15

Table 1

Table 2

Indicators of the quality of medical care for women with breast cancer 
in the Irkutsk region and the Russian Federation in 2011 and 2023 (% and units)

indicators
Irkutsk 
region RF

2011 2023 2011 2023
proportion of women identified at early stages (I and II). % 58.4 73.5* 65.0 75.2*
proportion of women identified at later stages (III–IV 
stages). % 40.2 26.6* 33.9 24.4*

proportion of patients actively identified. % 28.1 48.6* 27.1 44.0*
share of morphologically confirmed diagnoses. % 98.6 99.8* 96.6 99.2*
one-year mortality rate. % 11.7 5.1* 8.7 4.4*
lethality. % 4.6 2.6 4.2 2.3*
contingent accumulation index. units 8.8 10.5 9.5 10.7*

ratio of the one-year mortality rate of the reporting year to the 
neglect indicator of the previous year. units 0.75 0.53 0.87 0.56*

percentage of those registered for 5 years or more. % 56.6 63.7* 57.6 64.0*

* changes are statistically significant

Fig. 4. Dynamics of advanced breast cancer 
in stages III-IV in the Irkutsk region and the 
Russian Federation for 2011-2023 (%) 

Fig. 5. Dynamics of one-year mortality of wom-
en in the Irkutsk region from breast cancer by 
individual age groups in 2011 and 2023 (%)
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previous year allows us to determine the 
frequency of clinical errors in assessing 
the tumor process. Experts consider a 
value exceeding one unacceptable. Ac-
cording to the results of the analysis, the 
actual values of this indicator for breast 
cancer and its decrease in 2023 to 0.56 
in the Russian Federation and to 0.53 in 
the Irkutsk Region indicate an improve-
ment in the quality of diagnostics.

Conclusion. The current epidemio-
logical situation for breast cancer in the 
Irkutsk region is characterized by: a sig-
nificant increase in «rough» and stan-
dardized indicators of primary morbidity, 
unchanged mortality rates and an insig-
nificant decrease in standardized indi-
cators for breast cancer. In Russia as a 
whole, there is a tendency to decrease 
relative indicators of mortality among 
women from breast cancer, but not in the 
Irkutsk Region, although some changes 
have already been noted - although not 
significant, but a decrease in mortality 
from breast cancer in women over 50 by 
8.3%, which indicates positive success in 
the treatment of patients. In the Irkutsk 
region, malignant neoplasms in women 
are most often diagnosed in the upper 
quadrants and central part of the mam-
mary gland, as well as cancer that ex-
tends beyond one or more localizations 
C50.0–C50.6 according to ICD-10.

All indicators of the quality of on-
cological care for women with breast 
cancer have improved: the indicators 
of neglect and one-year mortality have 
significantly decreased, the indicators of 
early and active detection of breast can-
cer, patient survival, etc. have increased 
[6–9, 11]. Currently, according to two 
indicators of oncological care for wom-
en with breast cancer, the region is as-
sessed as better off than the average for 
the Russian Federation (active detection 
48.6%; morphologically confirmed diag-
noses in 99.8% of cases). But there are 
reserves for improving breast cancer di-
agnostics in the Irkutsk region, since the 
level of other indicators of cancer care 

for women with breast cancer, as well as 
their dynamics, have not yet reached the 
all-Russian level.

As a result of improving the quality of 
medical care for breast cancer, after the 
indicators return to the pre-pandemic lev-
el and reach the average Russian level, 
a turning point in the dynamics and a de-
crease in the mortality rate from breast 
cancer should be expected. Monitoring 
the indicators of the quality of medical 
care in individual municipalities to iden-
tify problems in the territories will help to 
move the process towards improving the 
situation and eliminating inequality in re-
ceiving oncological care [1, 12, 13].
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Introduction. Juvenile idiopathic ar-
thritis (JIA) is one of the most common 
chronic rheumatic diseases from the 
group of inflammatory arthropathies of 
unknown etiology, occurring in persons 
younger than 16 years of age, with a dis-
ease duration of at least 6 weeks [28]. 

Uveitis is one of the most frequent 
extra-articular manifestations of JIA 
[16]. Uveitis is a pathological condition 
characterized by inflammation of vari-
ous parts of the ocular vasculature and/
or adjacent structures [1,24,32,36]. 
Clinically, it can be manifested by oc-
ular redness, lacrimation, photosensi-
tivity, pain syndrome, and decreased 
visual acuity [31], which is character-
istic in patients with enthesitis-associ-
ated JIA [24]. However, uveitis is more 
often asymptomatic or asymptomatic 
in patients with JIA [24], thus requiring 
careful screening [4]. In addition, in-
flammation of the uveal tract may also 
develop during the course of the dis-
ease, presenting a clinically significant 
problem [31]. 

Uveitis can lead to complications and 
vision-threatening consequences up 
to total blindness, as well as disability, 
in case of late onset or lack of effective 
therapy [17] and is characterized by sig-
nificant socioeconomic losses, both due 
to direct medical costs and through the 
impact on quality of life [33]. In addition, 
children with uveitis have a more severe 

course of arthritis, which may require 
more aggressive immunosuppressive 
therapy [25]. Early diagnosis and timely 
interdisciplinary collaboration are crucial 
for the long-term prognosis of the dis-
ease [4,34,37].

The main goal of therapy of a pa-
tient with JIA with ocular involvement is 
to achieve first drug and then drug-free 
remission [8]. In JIA-associated uve-
itis, a stepwise therapy regimen is used 
[4,37,8,14]. 

Currently, many countries have devel-
oped clinical guidelines for the therapy of 
JIA-associated uveitis [4,2,9].  

First-line therapy of uveitis includes 
topical glucocorticoids, mydriatics, and 
nonsteroidal anti-inflammatory drugs 
(NSAIDs) [4,31]. If the inflammatory 
process cannot be controlled, the pre-
scription of non-biologic disease-modi-
fying antirheumatic drugs (nbDMARDs), 
including methotrexate, mycopheno-
late mofetil, leflunomide and others, is 
switched to. The indication for the pre-
scription of nbDMARDs is the inability to 
establish control of inflammatory activity 
within three months when administered 
more than 3 drops per day [14,29]. When 
the disease course is resistant or ag-
gressive, combination therapy is used, 
which includes the use of non-biologic 
and biologic DMARDs (bDMARDs). In 
addition, bDMARDs are used in case of 
nbDMARDs intolerance [35]. The most 
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commonly used bDMARD is TNF-a inhib-
itor adalimumab[35]. Also, in severe uve-
itis, in case of cataract, glaucoma, some 
patients may require surgery, which can 
improve visual outcomes in this group of 
patients [21].

The aim and the objectives of the 
study: on the basis of the analysis of the 
republican register of children with JIA, to 
study the clinical and demographic data 
of patients suffering from JIA with uveitis; 
to evaluate the variants of the course of 
uveitis (activity of the process, debut of 
uveitis in relation to the debut of the joint 
syndrome); to identify the variants of the 
course of JIA, in which uveitis is signifi-
cantly more frequent; to evaluate the ef-
fectiveness of therapy.  

Material and methods. The continu-
ous cohort retrospective study included 
data from the medical records of all pa-
tients (n=225) diagnosed with JIA who 
underwent examination and treatment in 
the cardio-rheumatologic department of 
the Pediatric Center of the Republican 
Hospital No.1 - the National Center of 
Medicine named after M.E. Nikolaev in 
2016-2023.  

Ethical Review: The study was ap-
proved by the local biomedical ethics 
committee of Federal State Budgetary 
Scientific Institution “Yakutsk Scientific 
Center of Complex Medical Problems” 
for compliance with the provisions of the 
Declaration of Helsinki Number 54 of 
20.12.2021, Resolution No. 1. All patients 
15 years and older, as well as legal repre-
sentatives of patients of any age signed 
informed consent in the medical history, 
authorizing the use of data in anonymous 
form. All patients' personal data were ap-
propriately concealed.

The Inclusion Criteria: 
1) Diagnosis of juvenile idiopathic ar-

thritis 
2) Age less than 18 years of age 
The Eligibility Criteria: 
- The diagnosis of JIA was established 

according to ILAR criteria [16].  
Study parameters: 
The following data were extracted 

from the medical records:  
1) Demographic characteristics: gen-

der, date of birth, year of disease, region 
of residence, ethnicity of patients, family 
history, provoking factor.  

2) Clinical characteristics: subtype of 
JIA, age of JIA debut, number of active 
joints at debut, presence of uveitis (bio-
microscopy performed by an ophthalmol-
ogist), time to development of uveitis, 
presence of complications of uveitis 

3) Laboratory characteristics: clin-
ical blood test data, erythrocyte sedi-
mentation rate (ESR) at debut, C-reac-

tive protein (CRP) at debut, presence 
of HLA-B27 antigen, antinuclear factor 
(ANF) positivity. 

4) Therapy: the use and timing of 
non-biologic disease-modifying antirheu-
matic drugs (nbDMARDs), and biologic 
disease-modifying antirheumatic drugs 
(bDMARDs) were evaluated. 

5) Outcomes: achievement of remis-
sion of uveitis according to SUN criteria 
[4]. 

Patients with uveitis (n=23) and with-
out (n=202) were compared.   

Methods of statistical analysis. Sta-
tistical analysis of data was performed 
using Statistica 10 program. Categorical 
data were represented by absolute val-
ues. Comparisons of independent cat-
egorical variables were analyzed using 
2x2 contiguity tables and Fisher's exact 
criterion. Quantitative variables were 
tested for normality using the Kolmog-
orov-Smirnov criterion and were repre-
sented by mean, median, quartiles (25%; 
75%). The Mann-Whitney criterion was 
used to compare two independent quan-
titative variables due to the absence of 
normal distribution. A value of p < 0.05 
was considered reliable.

Results of the study. Frequency of 
uveitis in the population of patients with 
juvenile idiopathic arthritis in the Republic 
of Sakha (Yakutia)

In total, 225 children with JIA are in 
the republican register on 01.01.2024: 
107 girls (47.6%) and 118 boys (52.4%). 
The median age at the debut of JIA was 
9 (5; 12) years. By ethnicity, Sakha chil-
dren prevailed - 168 (74.7), Russians 49 
(21.8%), other ethnicities accounted for 8 
children (3.5%). By ethnicity, uveitis was 
diagnosed in 18 Sakha children (78.2%) 
and 4 (17.4%) Russian children. The prev-
alence of uveitis in the Republic of Sakha 
(Yakutia) was 8.6 per 100,000 children, 
including 11.8 among Sakha children and 
5.6 among Russian children. Uveitis was 
more common in urban residents - 15/23 
(65.2%) and less common in rural resi-
dents - 8/23 (34.8%), but the differences 
were not significant (p=0.283). 

Demographic characteristics of pa-
tients with uveitis. The median age of 
arthritis debut was 8.0 (4.0; 12.0) years, 
and the median age of uveitis develop-
ment was 10.0 (6.0; 13.0) years. Uveitis 
was diagnosed in 23 (10.2%) children, in 
5/23 (21.7%) of them uveitis was mani-
fest, symptomatic (red eye syndrome). 
Uveitis was diagnosed in 18/168 (10.7%) 
Sakha and 4/49 (8.2%) Russian children 
(p=0.603) and 1/8 (12.5%) of a child from 
an ethnic group other than Sakha and 
Russian. Anterior uveitis was recorded 
in 15 children (65.2%), panuveitis in 2 

children (8.7%), and information on the 
type of uveitis was missing in 6 (26.1%) 
children. Manifest uveitis occurred pre-
dominantly (p=0.098) in patients with 
ERA - 4/5 (80%) and in one (20%) case 
in OA variant, chronic asymptomatic uve-
itis occurred in patients with OA (=9/18, 
50%), ERA (n=5/18, 27.8%) and polyar-
thritis (n=4/18, 22.2%). Manifest uveitis 
was more common in boys (80%) than 
girls (44.4%) and was highly associated 
with HLA B27 antigen (80%, p=0.034). 
According to anatomical classification, 
all cases of manifest uveitis were anterior 
uveitis. All cases of manifest uveitis were 
reported in Sakha patients, and no cases 
were among Russian patients.  

Among patients with JIA and uve-
itis, there were 11 (47.8%) girls and 12 
(52.2%) boys, the median age of debut 
of JIA associated with uveitis was 9 years 
(5; 12 years). The median age of arthritis 
in boys was 9.0 (6.0; 12.0) years com-
pared to girls 8.0 (3.0; 13.0; p=0.371) 
years, the median age of uveitis in boys 
was 11.5 (7.5; 15.0) years compared to 
girls 10.0 (4.0; 13.0; p=0.216) years. The 
age of JIA debut was similar (p=0.678) in 
children who developed 8.0 (5.0; 12.0) 
years and those who did not develop 
uveitis, 9.0 (5.0; 12.0) years. Three pa-
tients (13%) had uveitis diagnosed in 
association with arthritis, three patients 
(13%) developed uveitis before the de-
velopment of arthritis, and 17 patients 
(74%) developed uveitis after the debut 
of the joint syndrome. Uveitis de novo 
was detected in 4/23 children (17.4%). 
Uveitis was bilateral in 56.5% of pa-
tients (13 patients). Among children with 
uveitis, oligoarthritis was most common 
10/23 (43.5%), ERA 9/23 (39.4%) and 
less common polyarthritis 4/23 (17.4%). 
ANF was found in 7/23 (30.4%) children 
with uveitis and 28/41 (68.3%) children 
without uveitis (p=0.459). HLA B27 an-
tigen was found with equal frequency 
(p=0.748) in the group of children with 
uveitis 9/23 (39.1%) and without, 79/198 
(39.9%); however, children positized 
for HLA B27 antigen had an older age 
of arthritis debut 12.0 (9.0;13.0) vs. 6.0 
(3.0;9.0) years (p=0.023) and uveitis 
12.0 (11.0;17.0) vs. 8.5 (5.0;12.0) years 
(p=0.027). Panuveitis occurred in one 
child with polyarticular and one child with 
oligoarticular variants of JIA, whereas an-
terior uveitis occurred with approximately 
olinaconic frequency in patients with oli-
goarticular (53.3%) and enthesitis-asso-
ciated (40.0%) variants of JIA and rarely 
(6.7%) with polyarticular variants. 

The frequency of uveitis did not sig-
nificantly depend on the category of JIA. 
Uveitis occurred in 9/99 (9.1%) children 
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with ERA, 4/33 (12.1%) children with 
polyarticular variant and 10/76 (13.2%) 
children with oligoarticular variant of JIA 
(p=0.713). The highest age of arthritis 
12.0 (9.0; 13.0) years and uveitis 12.0 
(11.0; 17.0) years was in patients with 
ERA, the lower age of arthritis 9.5 (4.8; 
12.5) years and uveitis 11.5 (9.0; 14.5) 
in children with polyarticular variant and 
the least age of arthritis 4.5 (3.0; 8.0, 
p=0.043) years and uveitis 6.0 (4.0; 10.0, 
p=0.021) years was in children with oli-
goarticular variant of JIA (Figure a, b).

No cases of uveitis were recorded 
among children with psoriasis and pso-
riatic arthritis. Uveitis was most common 
among patients with ERA 9/99 (39.1%), 
oligoarthritis -10/76 (43.4%). No cor-
relation of involvement of specific joints 
with the risk of developing uveitis was 
found. Among laboratory tests, patients 
who developed JIA at debut had a higher 
(p=0.034) hemoglobin level of 123 (113; 
140) g/L compared to children without 
uveitis - 116 (106; 126) g/L. No differenc-
es in other markers of inflammation in the 
debut of JIA were found.  

Complicated course of uveitis was de-
tected in 7/23 (30.4%) children, including 
2 (100%) children with panuveitis and 
4/15 (26.7%) children with anterior uveitis 
(p=0.042). The most frequent complicat-
ed course of uveitis was in children with 
the oligoarticular variant of JIA (71.4%), 
with no association with HLA B27 anti-
gen carriage (14.3% of positive cases). 
Complicated uveitis was less common 
in Sakha children (22.2%) than in Rus-
sian children (60.0%). Cataract devel-
oped in 6/23 (26.1%) children; it was the 
most frequent variant of the complicated 
course of uveitis, 6/7 (85.7%). Surgical 
treatment was performed in 5/23 (21.7%) 
children with uveitis: cataract extraction 

with implantation of artificial lens - intra-
ocular lens (n=2). Retinal detachment oc-
curred in one girl and corneal dystrophy 
was diagnosed in one child.  

Analysis of therapy and outcomes 
of patients with JIA and uveitis. Initially, 
22 children (95.6%) received methotrex-
ate. Cyclosporine was added to metho-
trexate therapy in 6 children (26%) - in 
three children (13%) due to high activi-
ty of joint syndrome, in one child (4.3%) 
methotrexate was changed to cyclospo-
rine due to intolerance, in two patients 
(8.7%) cyclosporine was added to thera-
py due to diagnosed uveitis. One child is 
now on combination therapy with meth-
otrexate and cyclosporine, and the sec-
ond child is receiving cyclosporine with 
tofacitinib. One child (4.3%) is receiving 
cyclosporine monotherapy.  

At the present time, 5/22 children 
(22.7%) receive methotrexate mono-
therapy; the episodes of uveitis in these 
children were one-time and were treated 
with topical Glucocorticosteroids . Cure 
of uveitis against the background of ther-
apy with topical GCS and methotrexate 
in five children was noted at 3-4 weeks of 
treatment. No recurrences of uveitis were 
detected.  

A total of 16 children (69.5%) with 
JIA-associated uveitis received bD-
MARDs therapy. Conversion to geneti-
cally engineered therapy in the majority 
was due to the severity of arthritis and 
recurrent course of uveitis. In 6 (37.5%) 
children, conversion to genetically en-
gineered biological products (“GEBPs”) 
was due to the severity of arthritis and 
recurrent uveitis, including three de novo 
uveitis: etanercept was prescribed due to 
the severity of arthritis, then adalimumab 
therapy was initiated due to recurrent/se-
vere uveitis. Recurrent and severe uveitis 

was the reason for transfer to GEBPs in 
8 (50.0%) children - all receiving adalim-
umab. Transfer to GEBPs due to the se-
verity of arthritis was due to two children 
(12.5%) - one child receiving adalimum-
ab, the other child receiving etanercept, 
a single episode of uveitis, and de novo 
uveitis.  Methotrexate intolerance and se-
verity of arthritis was the reason for trans-
fer to GEBPs in two children (9.1%) - one 
girl (ANF-positive, HLA B27-negative) 
receives adalimumab, the second child 
receives tofacitinib in combination with 
cyclosporine. Tofacitinib is the third drug 
(after adalimumab, abatacept, due to 
exacerbation of joint syndrome on each 
of the drugs). Remission of uveitis was 
achieved on adalimumab after 4 weeks, 
arthritis of the first degree of activity re-
mains on tofacitinib therapy.

Adalimumab was received by 14 
(87.5%) patients, out of the total num-
ber of children treated with biological 
DMARDs: 9 children (56.2%) are on 
combined therapy with methotrexate and 
adalimumab, adalimumab was added for 
combined indications - due to the sever-
ity of the course of arthritis and recurrent 
uveitis. Monotherapy with adalimumab 
was given to 4 children (25%), in whom 
methotrexate was discontinued due to 
remission.  Remission of active uveitis on 
adalimumab therapy was achieved in 12 
out of 14 patients receiving adalimumab 
(86%) in 2 (2; 8) weeks from the begin-
ning of treatment. 

One girl is receiving mofetil mycophe-
nolate in combination with adalimumab. 
Mofetil mycophenolate was prescribed 
by ophthalmologists due to the severity of 
uveitis; the joint syndrome appeared lat-
er. After the onset of the joint syndrome, 
the uveitis recurred and adalimumab was 
added to the therapy. The child is HLA 

b

Age of debut of arthritis (a) and uveitis (b) in the study group

а
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B27 positive and ANF negative. At pres-
ent, the uveitis is sluggish, and remission 
has been achieved for arthritis. 

One patient receives combined thera-
py - methotrexate with etanercept, uveitis 
was de novo, there was one episode of 
uveitis, it was quickly resolved against 
the background of GCS and combined 
therapy, which was a reason not to can-
cel etanercept therapy. Among the pa-
tients with JIA-associated uveitis receiv-
ing biological DMARDs concomitant ther-
apy with non-biological DMARDs 12/16 

patients (75%), 10 patients (83,3%) re-
ceived methotrexate at a dose of 15 mg/
m2 per week, one patient (8,3%) received 
cyclosporine A at a dose of 3 mg/kg/day, 
one patient (8,3%) received mycopheno-
late mofetil 600 mg/m2 x 2 times per day. 

Remission of uveitis was achieved 
in 13/16 (81.3%) children on the back-
ground of bDMARDs therapy. Three chil-
dren (18.7%) were observed with sub-
acute and sluggish uveitis. Remission 
of arthritis was achieved in 9 patients 
(56.3%), and 7 patients (43.8%) had low-

grade arthritis. The age of debut of arthri-
tis, uveitis, and the time between arthritis 
and uveitis did not influence the likelihood 
of achieving remission for uveitis. 

Uveitis remission was more frequent 
in uncomplicated uveitis (93.8% vs. 
71.4%), was associated with joint syn-
drome remission (70% vs. 33.3%), and 
was more frequently recorded among pa-
tients with enthesitis-associated (45.0%) 
oligoarticular (40.0%) and less frequently 
among patients with polyarticular (15.0%) 
variants of JIA. Remission of uveitis was 

The characteristics of the patients with uveitis associated with juvenile idiopathic arthritis
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1 7 11 М S ND + EAA A ND MTT>GKS+MTT>MTT - MTT - + + -
2 3 4 F R ND - OA C PAN MTT>CsA>GCS+CsA>CsA +(AE) CsA AF, OS + + -
3 3 5 F U ND - OA C ND MTT>MTT+CsA+GCS>MTT+CsA - MTT+CsA - + + -

4 12 13 М S + + EAA A A MTT>GCS+MTT+ADA> 
MTT+ADA - MTT+ADA - + + -

5 8 10 F R - - OA C A MTT>GKS+MTT>MTT - MTT - + + -

6 9 12 М S + + EAA C A MTT>MTT+GCS+ADA>
MTT+ADA>ADA +(REM) ADA - - + -

7 8 8 F S + - PA C A MTT>MTT+CsA>GCS+MTT+CsA>CsA>ADA +(AE) ADA - - + -
8 4 4 F R ND - OA C A MTT>GKS+MTT>MTT - MTT AF,KAT + + -
9 16 17 М S - + EAA A A MTT>GKS+MTT>MTT - MTT - - + -

10 5 6 М R - + EAA C ND MTT>MTT+GKS>MTT+ADA - MTT+ADA CAT,AF + + -
11 5 6 М S + - OA C A MTT>GKS+ADA>ABA>TssA+TOC>TssA+TOF +(AE) TsSA+TOF DR - + -

12 11 13 F S ND - PA C ND MTT>MTT+CsA>GCS+MTT+CsA>MTT+ADA - MTT+ADA - + + -

13 9 9 М S - - OA C A GKS+MTT> MTT+ADA - MTT+ADA ArtF, KAT, 
DR + + -

14 10 10 М S + + EAA A A MTT>MTT+GKS>MTT+ADA - MTT+ADA - - + -
15 14 16 F S + - PA C PAN MTT>MTT+GKS>MTT+ADA - MTT+ADA CAT - - -
16 16 17 М S - + EAA C A MTT>MTT+GKS>MTT+ADA - MTT+ADA - + + -

17 14 14 F S - - OA C A GKS>GKS+MMF>MMF+ADA - MMF+ADA KAT, RSH, 
ArtF + - -

18 4 4 F S + - OA A A MTT>MTT+GKS>MTT+ADA - MTT+ADA - - - -
19 13 12 F S - + EAA C A GKS>MTT - MTT - + + -
20 1,5 10 F S ND - PA C ND MTT>MTT+CsA>ETA> GKS+ADA>ADA +(AE) ADA - + + +
21 7 12 М S - - OA C A MTT>MTT+ETA>GCS+MTT+ADA>MTT+ADA - MTT+ADA - + + +
22 12 17 М S - + EAA C ND MTT>MTT+ETA> GCS+ MTT+ETA>MTT+ETA - MTT+ETA - - + +

23 3 6 М S - - OA C A MTT>MTT+ETA> GCS+MTT+ADA>
MTT+ADA>ADA +(REM) ADA - + + +

Abbreviations: ADA - adalimumab, ANF - antinuclear factor, ArtF - artifacia, AF - aphakia, GCS - glucocorticosteroids, DR - corneal dystrophy, 
G - female, CAT - cataract, M - male, MMF - mofetil mycophenolate, MTT - methotrexate, ND - no data, NE - ineffectiveness, NA - adverse 
events, A - acute (manifest) uveitis, OA - oligoarthritis, RD - retinal detachment, A - anterior uveitis, PA - polyarthritis, PAN - panuveitis, 
REM - remission, R - Russian/a, RSH - retinoschisis, S - Sakha, TOF - tofacitinib, U - uzbek, C - chronic uveitis, CsA - cyclosporine A, EAA 
- enthesitis-associated arthritis.
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recorded in all male patients and 72.7% 
of girls (p=0.052), and in all HLA B27 an-
tigen carriers (100% vs. 78.6%) was not 
related to the type of uveitis manifesta-
tion: the remission rate in acute manifest 
uveitis was 80% and in chronic uveitis 
88.9%. Among the types of uveitis, re-
mission was more often recorded among 
patients with anterior uveitis (86.7%) and 
less often among patients with panuveitis 
(50.0%).

Uveitis de novo. Four children 
(17.4%) developed de novo uveitis 
against the background of etanercept 
therapy. Children with de novo uveitis 
had a younger age of arthritis - 5.0 (2.3; 
9.5) years compared to the other chil-
dren 9.0 (5.0; 13.0) years (p=0.180) and 
a comparable age of uveitis debut 11.0 
(8.0; 14.5) years compared to the other 
children 10.0 (6.0; 13.0) years (p=0.654). 
All cases of this uveitis developed in chil-
dren receiving etanercept therapy. Uve-
itis de novo was only in Saha children 
and accounted for 2.4% of the total num-
ber of Sakha children with JIA (p=0.297). 
When patients with de novo uveitis were 
categorized by JIA subtypes, one patient 
had EAA, one had polyarticular variant, 
and two had oligoarticular variant JIA. In 
all cases, the de novo uveitis was chron-
ic uncomplicated nonmanifest nonman-
ifest anterior uveitis. All patients were 
seronegative for ANF, no correlation with 
HLA B27 antigen carriage was found 
(p=0.601). Remission was achieved in all 
cases of de novo uveitis. 

The first patient had JIA debut at the 
age of 1.5 years, uveitis developed 8.5 
years after JIA debut at the age of 10 
years, the child was on baseline therapy 
with methotrexate, which was discon-
tinued due to intolerance. Cyclosporine 
was prescribed, and etanercept was pre-
scribed in the sixth year of the disease 
due to joint syndrome activity. After 2 
years of etanercept therapy uveitis devel-
oped, adalimumab in combination with 
methotrexate was prescribed. The child 
is negative for HLA B27 antigen. The girl 
is currently in remission.  

The second child developed the de-
but of JIA at the age of 7 years. The boy 
received methotrexate therapy for three 
years, but etanercept was prescribed due 
to arthritis activity. After 2 years of therapy 
with etanercept and methotrexate, uveitis 
developed in the 5th year of the disease 
at the age of 12 years and adalimumab 
was prescribed. The child was negative 
for ANF and HLA B27. The patient is cur-
rently in remission. 

The third child (boy) developed JIA at 
age 12, methotrexate therapy was initi-
ated, etanercept was prescribed after 1 

month of illness due to high arthritis activ-
ity. The child received combined therapy 
with methotrexate and etanercept for six 
years. Uveitis developed in the 5th year 
of the disease at the age of 17 years and 
was quickly resolved with topical cortico-
steroids. The boy continues to receive 
etanercept in combination with metho-
trexate. The child is negative for ANF and 
positive for HLA B27 antigen. The patient 
is currently in remission for uveitis, and 
arthritis remains low grade.

The fourth child developed JIA at the 
age of 3 years and was treated with 
methotrexate for two years, then etaner-
cept was prescribed due to arthritis activi-
ty, but after 2 years of etanercept therapy, 
uveitis developed at the age of 6 years, 
which required the prescription of adali-
mumab. The child was negative for ANF 
and HLA B27 antigen. The patient is cur-
rently in remission. Detailed patient char-
acteristics are presented in Table.
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OF KLEBSIELLA PNEUMONIAE STRAINS
IN A MULTIDISCIPLINARY HOSPITAL

The study evaluated the prevalence and resistance of Klebsiella pneumoniae strains to an-
tibacterial drugs in a multidisciplinary hospital in Yakutsk. This study included 4580 Klebsiella 
pneumoniae strains isolated from patients of the Republican Hospital No. 2 - Emergency Medical 
Care Center in the period from 2016 to 2022. The analysis showed that the majority of Klebsiella 
pneumoniae strains detected in intensive care and surgical departments. The dynamics show 
an increase in the prevalence of Klebsiella pneumoniae strains and an increase in resistance to 
carbapenems, against the background of a high proportion of isolates producing extended-spec-
trum β-lactamases.
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Introduction. In recent years, the 
intensive growth of resistant Klebsiellа 
pneumoniae strains, especially nosoco-
mial isolates, to all clinically significant 
antibiotics has become a serious prob-
lem, which has determined their domi-
nant role among opportunistic patho-
gens [10]. 

Klebsiellа pneumoniae strains with 
multiple drug resistance, producing ex-
tended-spectrum beta-lactamases or 
carbapenemases, pose a serious clinical 
threat. The presence of carbapenemas-
es in bacterial strains is an important 
marker of extreme antibiotic resistance 
[1, 5, 6, 12].

In this regard, the relevance of study-
ing the prevalence and resistance of 
Klebsiella pneumoniae strains to antibac-
terial drugs in a multidisciplinary hospital 
is beyond doubt.

The aim of the study. To study the 
prevalence and resistance to antibacteri-
al drugs of Klebsiellа pneumoniae strains 

in the conditions of a multidisciplinary 
hospital of the Republican Hospital №2 – 
Emergency Medical Center.

Materials and methods. The study 
included 4580 strains of Klebsiella pneu-
moniae isolated from patients (urine, 
bronchoalveolar lavage (BAL), pleural 
fluid, wound discharge, peritoneal fluid) 
of the Republican Hospital №2 – Emer-
gency Medical Center in the period from 
2016 to 2022.

Since 2011, the laboratory has been 
a participant in multicenter studies of the 
Research Institute of Antimicrobial Che-
motherapy (RIAC) of the Federal State 
Budgetary Educational Institution of 
Higher Education “Smolensk State Medi-
cal University” of the Ministry of Health of 
the Russian Federation, the Interregional 
Association for Clinical Microbiology and 
Antimicrobial Chemotherapy (IACMAC), 
and the Alliance of Clinical Chemothera-
pists and Microbiologists.

Species identification was carried out 
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until 2020 on automatic PHOENIX ana-
lyzers (BD, USA), and in 2021–2022 on a 
VITEK-2 Compact analyzer (bioMerieux, 
France). Determination of sensitivity to 
antibacterial drugs was performed using 
an automated method on PHOENIX (BD, 
USA), VITEK-2 Compact (bioMerieux, 
France) analyzers, and also by the disk 
diffusion method on Mueller-Hinton agar 
using disks with antibiotics (BioRad, 
USA). Susceptibility testing was car-
ried out in accordance with the Clinical 
Guidelines for Testing the Susceptibility 
of Microorganisms to Antibacterial Drugs 
(EUCAST), with annual update. Beta-lac-
tamases were detected by the method of 
"double disks" with clavulanate - extend-
ed spectrum beta-lactamases (ESBL). To 
detect the production of carbapenemas-
es, the immunochromatographic express 
test NG-Test CARBA 5 (France) was 
used. 

Statistical processing and data analy-
sis were carried out using the AMRcloud 
resource (https://amrcloud.net/).

Results and discussion. During the 
analyzed period, a microbiological study 
of 40,251 samples (urine, bronchoal-
veolar lavage, pleural fluid, wound dis-
charge, peritoneal fluid) was carried out 
in the laboratory of clinical microbiology 
(bacteriology) of the Republican Hospital 
№2 – Emergency Medical Center. The 
proportion of samples without growth 
was 54.8% (24848 samples), samples 
with growth 45.2% (15403). A total of 
45305 strains of microorganisms were 
isolated and identified. Among them, the 
proportion of isolated strains of Klebsiella 
pneumoniae was 10.1% (4580 strains).

In dynamics from 2016 to 2022, the 
share of isolated Klebsiella pneumoniae 
strains increased from 10.2% to 15.9%. It 
should be noted that during the COVID-19 
pandemic, this indicator reached 18.6% 
in 2020 and 21.4% in 2021 (Figure 1). 

The frequency of occurrence of Kleb-
siella pneumoniae strains depended 
on the profile of the department. Thus, 
the highest rates were noted in resus-
citation departments (anaesthesiology 
department of intensive care - 25.9%, 
resuscitation department, intensive care 
for patients with acute cerebrovascular 
accidents (ACVA) - 15.3%). In surgical 
departments, the frequency of detection 
was: surgical department No. 2 – 9.2%, 
surgical department No. 1 – 8.3%, col-
oproctology department – 4.4%, burn 
department – 4%. In the therapeutic de-
partments, the majority of strains were 
detected in the neurological department 
for patients with acute cerebrovascular 
accident (13.3%) and the emergency de-
partment (5.6%). In other departments, 

the frequency of detection of Klebsiella 
pneumoniae strains ranged from 0.09% 
to 2.9%.

In 26.8% (N=1229) of cases, Klebsiel-
la pneumoniae was isolated from urine, 
in 23.6% (N=1085) from bronchoalveolar 
lavage, in 23% (N=1054) from sputum, 
and in 16.9% (N=775) from wound dis-
charge.

Figure 2 presents summarized data 
on the sensitivity of all studied Klebsiella 
pneumoniae isolates to some antibiotics. 
The total number of tested strains was 
4580. The highest level of susceptibility 
of the tested isolates was observed to 
imipenem (79.4% CI: 73.9-81.1), ami-
kacin (61.1% CI: 59.6-62.5) and mero-
penem (51.7% CI: 50.1-53.1). A high fre-
quency of resistance to III-IV generation 
cephalosporins was revealed: to cefotax-
ime (78.4% CI: 77.1-79.71), ceftazidime 
(77.7% CI: 76.5-78.9), cefepime (79. 6% 
CI:78.2-80.9).

The proportion of ESBL producers in 
all Klebsiella pneumoniae strains isolated 
in 2016–2022 was 48.6% (2230 strains 
out of 4580). The dynamics show a con-
sistently high proportion of ESBL produc-
ers (55% in 2016, 54.1% in 2017, 57.2% 
in 2018, 65.8 in 2019, 49.5% in 2020, 
26.2% in 2021, 57% in 2022), which have 
a broad resistance profile (Figure 3).

Data on the dynamics of resistance of 
Klebsiella pneumoniae strains to mero-
penem for the period from 2016 to 2022 
are presented in Figure 4. There is a 
rapid increase in meropenem-resistant 
strains from 20% (N = 54) CI: 15.7-25.3 
in 2016 to 46.6% (N = 335) CI: 43.0-50.3 
in 2022. During the COVID-19 pandemic, 
there was a sharp increase in the propor-
tion of meropenem-resistant strains: in 
2020 - 56.9% (N = 483) CI: 53.6-60.3 and 
in 2021 - 52.4% (N = 513) CI: 49.3-55.6.

According to multicenter studies, car-
bapenemase production is detected in 
349 (26.5%) Klebsiella pneumonia iso-
lates. The researchers also noted that the 
proportion of nosocomial isolates of en-
terobacteria producing carbapenemases 
increased from 7.8% in 2012–2013 to 
14.4% in 2015–2016 (p=0.0001). Car-
bapenemases of molecular class D of the 
OXA-48 group were detected in 11.4%, 
molecular class D of the NDM-1 group 
in 2.7%, and in 0.3% of Klebsiella pneu-
moniae in combination with OXA-48 and 
NDM-1 [3, 4]. 

In the laboratory of clinical microbiolo-
gy (bacteriology) of the Republican Hos-
pital №2 – Emergency Medical Center 
until 2021, the production of carbapen-
emases was not detected. In 2022, the 
production of carbapenemases was stud-

Fig. 1. Prevalence of Klebsiella pneumoniae in a multidisciplinary hospital in Yakutsk, 2016-
2022 (%)   

Fig. 2. Antibiotic susceptibility of the isolates of Klebsiella pneumoniae (%)
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ied in 20 strains of Klebsiella pneumoni-
ae that showed phenotypic resistance 
to meropenem. The results of the study 
showed that the most common were ser-
ine carbapenemases OXA-48 (16(80%)). 
In 20% (N=4) of cases, the simultaneous 
presence of OXA-48 and NDM genes 
was detected.

Thus, according to the monitoring re-
sults for the period 2016–2022, in the 
multidisciplinary hospital Republican 
Hospital №2 – Emergency Medical Cen-
ter in Yakutsk the prevalence of Klebsiella 
pneumoniae strains has increased. The 
majority of strains were detected in inten-
sive care and surgical departments. The 
proportion of isolates producing ESBL re-
mains consistently high, and an increase 
in carbapenem-resistant strains of Kleb-
siella pneumoniae is observed. Using 
meropenem as an example, the rapid in-
crease in the number of resistant strains 
of Klebsiella pneumoniae in the period 
2016-2022 is shown. Similar trends in 
the growth of the prevalence of Klebsi-
ella pneumoniae and the resistance of 
these microorganisms to antibacterial 
agents are observed in other territories of 
the Russian Federation, as well as in the 

world as a whole [2, 4, 7, 8, 9, 11]. This 
justifies the need to create and develop 
a well-designed infection control strategy, 
what has a great importance in effectively 
combating the spread of resistance.

Conclusion. In a multidisciplinary 
hospital, given the diversity of resistance 
mechanisms of Klebsiella pneumoniae 
strains, it is of great importance to con-
duct continuous microbiological monitor-
ing, expand methods for identifying and 
detecting resistance determinants, which 
will improve the effectiveness of antibac-
terial therapy.
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The comparative assessment of immune profile indicators in children under = benzo(a)pyrene and cold factor influence in a case-control study 
with the modeling and verification of obtained results in an in vivo experiment was performed. In the course of a case-control study in children 
under airborne benzo(a)pyrene exposure the signs of phagocytic leukocyte activity inhibition and specific haptenic hypersensitivity formation (IgG 
to benzo(a)pyrene) associated with blood contamination with benzo(a)pyrene were established. Revealed changes in the immune profile and 
xenobial biomedia composition in children under airborne benzo(a)pyrene exposure at a dose of 0.00761 mcg/(kg*day) in the subarctic urbanized 
area, it is comparable to its level in children living under the conditions of external environmental benzo(a)pyrene exposure at a dose of 0.08689 
mcg/(kg*day) in an urbanized area in a temperate climate zone (p>0.05). The results of the experimental study of the immunotropic effects of oral 
benzo(a)pyrene exposure at an average daily dose of 0.175 mcg/kg*day and cold factor influence (15.1±2.6 °C) in vivo also show the signs of 
phagocytosis inhibition in mice (OR=7.33 - 16.20, p<0.05). At the same time, the minimum values of phagocytosis percentage, phagocytic number 
and phagocytic index are observed with the combined benzo(a)pyrene and cold factor effect which confirms the hypothesis of immunotoxic ben-
zo(a)pyrene exposure effect modification by a cold factor

Keywords: benzo(a)pyrene; cold stress; children; immune profile; phagocytosis; in vivo experiment

Introduction. Polycyclic aromatic hy-
drocarbons (PAHs), such as benzo(a)
pyrene, are highly toxic environmental 
pollutants. Benzo(a)pyrene belongs to 
substances of the first hazard class pos-
sessing carcinogenic and immunosup-
pressive properties, capable of influenc-
ing both adaptive and innate immunity 
[1]. Phagocytosis is the one of key innate 
cellular immunity elements. According 
to the scientific literature, phagocytosis 
inhibition under benzo(a)pyrene influ-
ence may be the result of direct cytotoxic 
PAH effect [15], or an indirect benzo(a)
pyrene-dependent oxidative stress man-
ifestation [11].

Subarctic climatic conditions charac-
terized by extremely low air temperatures 
create an additional unfavorable back-
ground for the impact of various man-
made chemical factors, including benz(a)
pyrene, on public health, exacerbating 
their maladaptation and immunotoxic ef-
fects even with a low-dose exposure [3].

Therefore, the study of the phagocyto-
sis features under external environmen-
tal benzo(a)pyrene exposure in the Far 

North is particularly relevant in the terms 
of identifying sensitive immune chronic 
intoxication markers under the exoge-
nous chemical factor influence in special 
climatic conditions. In turn, experimental 
haptenic exposure modeling using the 
example of benzo(a)pyrene under cold 
stress in vivo can become an effective 
tool for verifying the results of children 
population studies in urbanized territories 
with the justification of the mechanism of 
immunotropic benzo(a)pyrene effects by 
the criterion of phagocytic leukocyte ac-
tivity [2, 9].

The aim of the work is to evaluate the 
parameters of the phagocytic leukocyte 
activity in children under combined ben-
zo(a)pyrene and cold factor exposure in 
the case-control study with verification of 
the results in an in vivo experiment.

Materials and methods. In the course 
of the case-control study the comparative 
analysis of the phagocytic leukocyte ac-
tivity, specific sensitization and xenobial 
biomedia composition features was per-
formed in 1254 preschool children (3-6 
years old) living in various climatic zones 
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of Eastern Siberia. During the study four 
groups of children living in different cli-
matic conditions were formed: Group A — 
525 children living in an urbanized area in 
the subarctic climatic zone (69°C); group 
B — 182 children living in a conditionally 
clean area in the subarctic climatic zone 
(69°C); group C — 374 children living in 
an urbanized area in a temperate climatic 
zone with a sharply continental climate 
(56°C); group D — 171 children living in a 
conditionally clean area in the temperate 
climate zone (51°C).

To determine the benzo(a)pyrene con-
centration in atmospheric air and in chil-
dren blood the HPLC method was used 
in accordance with the methodological 
guidelines of MUC 4.1.3040-12 and MUC 
4.1.1273-03.

The experimental study of phagocy-
tosis features under combined benzo(a)
pyrene and cold factor exposure in vivo 
was carried out on 48 heterosexual non-
linear laboratory mice which were also di-
vided into 4 groups: 3 observation groups 
and a control group. Observation group 1 
included 12 mice (6 males and 6 females) 
exposed orally to benzo(a)pyrene under 
standard vivarium conditions with an 
average air temperature of 23.6±3.1°C. 
The observation group included 12 mice 
(6 males and 6 females) kept under cold 
stress at an air temperature of 15.1±2.6 
°C. Observation group 3 included 10 
mice (6 males and 4 females) exposed 
to benzo(a)pyrene under cold stress. The 
control group consisted of 14 mice (6 
males and 8 females), which were kept in 
standard vivarium conditions. Subchronic 
oral benzo(a)pyrene exposure in mice at 
an average daily dose of 0.175 mcg/kg*-
day in observation groups 1 and 3 was 
modeled by intragastric administration 
through 0.5 ml probe of benzo(a)pyrene 
suspension (GSO 7515-98) based on 
isotonic sodium chloride solution at a 
concentration of 7 mcg/l once a day for 
21 days [1, 10]. At the end of the expo-
sure blood was taken from the hyoid vein 
in all mice. The study was conducted in 
accordance with the principles of the Hel-
sinki Declaration of the World Medical As-
sociation and the European Convention 
for the Protection of Vertebrates Used for 
Scientific Purposes (ETS No. 123).

For the comparative assessment of 
phagocytic leukocyte activity in the exam-
ined children and in an in vivo experiment 
tests based on the formalinized sheep 
erythrocytes absorption in vitro were 
used [8]. The level of specific benzo(a)
pyrene sensitization was determined by 
the IgG criterion to benzo(a)pyrene using 
an allergosorbent test with an enzyme 
label. ANOVA analysis was used using 

the Statistica 10.0 application software 
package for statistical data processing of 
the comparative phagocytosis indicators 
analysis. The results of the study are pre-
sented in the form of arithmetic mean (X) 
and standard error (SE). The data distri-
bution character was assessed using the 
Kolmogorov-Smirnov criterion. The para-
metric Tukey-Kramer criterion and the 

nonparametric Dunn criterion were used 
to assess the level of differences in mul-
tiple comparison reliability. The relation-
ship of changes in laboratory parameters 
with exposure to benz(a)pyrene and cold 
stress conditions was assessed by cal-
culating the odds ratio (OR) and its 95% 
confidence intervals (95%CI). The differ-
ences between the samples were con-

Average daily doses of airborne benzo(a)pyrene exposure of the child population
of territories in the subarctic and temperate climatic zones of Eastern Siberia,

mcg/(kg*day)

Group A (n=525) Group B (n=182) Group C (n=374) Group D (n=173) 

0.00761 0.00012 0.08689 0.00866

Note. Table 1-3: Groups of children living in: A - urban area in subarctic climate zone (69° 
С); B - relatively clean area in subarctic climate zone (69° С); C - Temperate zone urbanized 
territory with a very continental climate (56° С); D - Temperate zone area with a very 
continental climate (51° С).

Benzo(a)pyrene concentration in the blood of children living in the subarctic
and temperate climatic zones of Eastern Siberia, mg/dm3

Reverence level [4] Group A 
(n=525)

Group B 
(n=182)

Group C 
(n=374)

Group D 
(n=173)

0 0.00225±
0.00026

0.00114±
0.00032

0.00227±
0.00032

0.00110±
0.00027

Features of phagocytic leukocyte activity and the formation of specific haptenic 
sensitization in preschool children under airborne benzo(a)pyrene exposure 

in the subarctic and temperate climatic zones of Eastern Siberia

Group A 
(n=525)

Group B
(n=182)

Group C 
(n=374)

Group D
(n=173)

The percentage of phagocytosis, %
X±SE 50.074±0.458 63.052±0.845 46.650±0.590 59.654±0.779

p 0.001 0.001
OR (95%CI) 2.49 (1.73 – 3.59) 3.08 (2.13– 4.45)

Phagocytic number, c.u.
X±SE 0.983±0.016 1.351±0.031 0.895±0.015 1.222±0.029

p 0.001 0.001
OR (95%CI) 2.36 (1.65 – 3.39) 2.95 (2.05 – 4.27)

Phagocytic index, c.u.
X±SE 1.925±0.016 2.113±0.028 1.897±0.012 2.025±0.024

p 0.001 0.001
OR (95%CI) 2.23 (1.59 – 3.15) 2.04 (1.43 – 2.92)

IgG to benzo(a)pyrene, c.u.
X±SE 0.208±0.008 0.080±0.002 0.212±0.011 0.074±0.005

p 0.001 0.001
OR (95%CI) 4.08 (2.86 – 5.82) 5.65 (3.81 – 8.36)

Table 1

Table 2

Table 3
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sidered statistically significant at p<0.05. 
The work was approved by the LEС of 
the Federal Scientific Center for Medical 
and Preventive Health Risk Management 
Technologies (minutes of meeting No. 2 
dated January 17, 2022).

Results and discussion. As a result 
of environmental quality assessment 
in the territories where the surveyed 
children live it was found that benzo(a)
pyrene concentration in atmospheric air 
at observation points in an urbanized 
area in the subarctic climatic zone (ter-
ritory A) is 0.64 MPCC; in a conditionally 
clean subarctic area (territory B) – 0.012 
MPCC; in an urbanized area territories 
in the temperate climatic zone (territory 
C) – 7.33 MPCC; in the relatively clean 
territory of moderate latitude (territory 
D) – 0.71 MPCC [5, 6, 7]. The average 
daily benzo(a)pyrene dose affecting the 
children body living in a city in subarctic 
climatic zone (group A) is significantly 
higher than in children living in the rela-
tively clean area of middle latitude (group 
B) (p= 0.001). The average daily dose 
of benzo(a)pyrene affecting the urban 
child population in the temperate climate 
zone (group C) also exceeds not only the 
same indicator for children from the rela-
tively clean territory of the middle latitude 
(group B), but also for children from the 
city in the Subarctic (group A) (p=0.001) 
(Table. 1).

The level of blood contamination with 
benzo(a)pyrene in children in group 
A exceeds the same indicator in chil-
dren in group B and the reference level 
(p<0.05). The content of benzo(a)pyrene 
in the blood of children from group C is 
also higher than in children from group 
D (p=0.006). Nevertheless, the concen-
tration of benzo(a)pyrene in the blood 
of children living under the conditions of 
aerogenic exposure to this substance at 
an average daily dose of 0.00761 mcg/
(kg* day) in the urbanized territory of sub-
arctic climatic zone (group A) is compara-
ble to its content in the blood of children 
in a temperate climate zone with exter-
nal environmental exposure to benzo(a)
pyrene at a dose of 0.08689 mcg/ (kg*-
day) (p=0.98) (Table 2).

The results of comparative immune 
status analysis in children living under 
airborne benzo(a)pyrene exposure in 
subarctic and temperate climatic zones 
of Eastern Siberia indicate a decrease 
in the phagocytic activity of leukocytes 
which, in turn, may be associated with 
the formation of specific hypersensitivity 
to this carcinogen (Table 3). In particular, 
83.8% (n=440) of children from group A 
and 63.9% (n=239) of children from group 
C showed a decrease in the percentage 

of phagocytosis compared with groups 
B and D, respectively (p<0.05). 77.3% 
(n=406) of children from group A and 
79.7% (n=298) of children from group C 
showed a decrease in phagocytic num-
ber compared with similar indicators in 
groups B and D (p<0.05). In addition, 
70.3% (369) of children from group A and 
65.5% (n=245) of children from group C 
had a decrease in the phagocytic index 
compared with groups B and D (p<0.05). 
It is worth noting that the indicators of 
phagocytic activity of leukocytes in chil-
dren under the conditions of aerogenic 
exposure to benzo(a)pyrene at an aver-
age daily dose of 0.00761 mcg/(kg*day) 
in the urbanized territory of the subarc-
tic climatic zone (group A) were compa-
rable with those of children living under 
the conditions of external environmental 
exposure to benzo(a)pyrene at a dose of 
0.08689 mcg/(kg*day) in the temperate 
climate zone (group C). This indicates 
that the physical and haptenic factors 
that form immunosuppressive effects can 
enhance each other.

Inhibition of phagocytic protection in 
children who live in areas with high lev-
els of air pollution with benzo(a)pyrene 
is associated with the specific hypersen-
sitivity emergence to this polycyclic aro-
matic hydrocarbon (PAH). Studies have 
shown that 74.5% (n=391) children living 
in Subarctic cities (group A) and 92.8% 
(n=347) children from temperate cities 
(group C) have significantly higher levels 

of specific IgG to benzo(a)pyrene than in 
children from control groups (groups B 
and D) (p<0.05). The concentration of im-
munoglobulin G (IgG) to benzo(a)pyrene 
in the blood serum of children living in 
the urbanized territory of the Subarctic 
climatic zone, where the average daily 
dose of benzo(a)pyrene is 0.00761 mcg/
(kg*day) (group A), is comparable to the 
level of this indicator in children living in 
the temperate climatic zone belts, where 
the benz(a)pyrene dose is 0.08689 mcg 
/(kg*day) (group C). This indicates that 
the threshold for the formation of hapten-
ic sensitization in low temperature condi-
tions may decrease.

Oral benzo(a)pyrene exposure in mice 
at a dose of 0.175 mcg/kg*day in an in 
vivo experiment showed a decrease in 
the percentage of phagocytosis by 
26.4%, phagocytic number by 30.5%, 
phagocytic index by 8.8% relative to the 
control group (p<0.05). When exposed 
to the cold factor (15.1±2.6 C), mice 
showed a decrease in the percentage 
of phagocytosis by 39.3%, phagocytic 
number by 39.1%, phagocytic index by 
5% relative to the values of these indica-
tors in the control group (p<0.05). With 
the combined effect of benzo(a)pyrene 
at an average daily dose of 0.175 mcg/
kg*day and the cold factor (15.1±2.6°C), 
a maximum decrease in the percentage 
of phagocytosis was found by 52.7%, 
phagocytic number by 54.4%, phagocyt-
ic index by 9.4% relative to the control 

Features of phagocytic leukocyte activity in mice under the influence of benzo(a)pyrene 
and cold factor in an in vivo experiment

Control group 
(n=14)

Benzo(a)pyrene 
[0,175 mcg/kg*day] 

(n=12)

Cold factor 
[15,1±2,6°С] 

(n=12)

Benzo(a)pyrene 
[0,175 mcg/kg*day] 

+ Cold factor 
[15,1±2,6°С] (n=10)

Percentage of phagocytosis, %
X±SE 30.21±2.01 22.55±2.82 18.33±1.29 14.30±0.83

p – 0.039 0.001 0.001

OR (95%CI) – 8.10 
(1.23 – 53.20)

9.00 
(1.39 – 58.45)

16.20 
(1.57 – 167.75)

Phagocytic number, c.u.
X±SE 0.46±0.04 0.32±0.04 0.28±0.02 0.21±0.01

p – 0.009 0.001 0.001

OR (95%CI) – 6.67
(1.14 – 38.83)

7.50
(1.31 – 43.03)

10.00 
(1.44 – 69.26)

Phagocytic index, c.u.
X±SE 1.60±0.04 1.46±0.03 1.52±0.04 1.45±0.03

p – 0.043 0.386 0.031

OR (95%CI) – 7.33 
(1.27 – 42.30)

9.00 
(1.39 – 58.45)

12.50 
(1.85 – 84.45)

Table 4
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group (p<0.05), this demonstrates the 
manifestation of a synergistic effect of a 
combination of physical (cold factor) and 
chemical (benzo(a)pyrene) effects.

Phagocytosis is the most important 
link in innate cellular immunity, providing 
non-specific immune protection [17]. Inhi-
bition of the phagocytic leukocyte activity 
under benzo(a)pyrene influence is as-
sociated with oxidative stress and reac-
tive oxygen species cytotoxicity [12, 13]. 
Thus, cigarette smoke including benzo(a)
pyrene provokes oxidative macrophage 
damage, induces cell apoptosis and con-
tributes to a decrease in the phagocytic 
ability of macrophages associated with 
the oxidation of mannose-binding lectin, 
cell membranes lipoproteins damage, as 
well as the formation of less differentiated 
macrophage population due to their early 
maturation and aging [14].

Conclusion. During a comparative 
analysis of the immune status of children 
exposed to aerogenic benzo(a)pyrene 
effects (groups A and C), the case-con-
trol study revealed signs of phagocytosis 
inhibition and specific haptenic hypersen-
sitivity formation associated with blood 
contamination with benzo(a)pyrene. The 
results of the study showed that changes 
in the immune status in children living in 
airborne benzo(a)pyrene exposure at an 
average daily dose of 0.00761 mcg/(kg*-
day) in the Subarctic climatic zone (group 
A) are comparable to changes in chil-
dren living in a temperate climate zone 
(group C) when exposed to the dose is 
0.08689 mcg/(kg*day). This indicates 
that the combined effects of physical 
and chemical factors (haptens) enhance 
immunosuppression, as well as a lower 
threshold of sensitization to benzo(a)
pyrene at low temperatures. An experi-
mental study of the immunotropic effects 
of oral benzo(a)pyrene exposure at an 
average daily dose of 0.175 mcg/kg*day 
and cold factor influence (15.1±2.6°C) in 
vivo also revealed the signs of phago-
cytic leukocyte activity decrease in mice 
(OR=7.33 – 16.20, p<0.05). At the same 
time, the minimum values of percentage 
of phagocytosis, phagocytic number and 
phagocytic index are observed with the 
combined benzo(a)pyrene and cold fac-
tor effect which verifies the hypothesis 
of immunotoxic benzo(a)pyrene effect 

modification by cold factor exposure in 
subarctic climatic conditions. Thus, iden-
tified in the case-control study in a chil-
dren population sample and verified on 
an experimental model of phagocytosis 
inhibition under conditions of combined 
exposure to benzo(a)pyrene and cold 
factor confirm the hypothesis of immu-
nosuppression formation by a more than 
additive mechanism (synergistic effect), 
when both subarctic climatic conditions 
and the cold factor model in vivo benz(a)
pyrene were aggravated the immunotox-
ic benzo(a)pyrene effects.
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Introduction. According to the World 
Health Organization (WHO), dental caries 
and periodontal disease remain among 

the most prevalent health issues globally. 
In Russia, periodontitis rates vary by re-
gion, affecting 70–90% of the population, 
with severe forms found in approximately 
15% of the adult population [1].

Previous studies have shown that 
various non-modifiable risk factors have 
a detrimental impact on oral health. Re-
cently, attention has shifted to modifiable 
factors such as obesity, low education 
levels, and occupational exposure to 
harmful chemicals and aerosols [2, 3,17].

Oral health is crucial for overall health, 
with confirmed links between periodon-
titis and several systemic diseases, in-
cluding diabetes, coronary heart disease, 
chronic obstructive pulmonary disease, 
and rheumatoid arthritis [4, 7, 10, 13]. 
Additionally, the oral cavity, as a prima-
ry interface between the external envi-
ronment and the body, acts as an entry 
point for hazardous chemicals. These 
substances can accumulate in hard den-
tal tissues, oral mucosa, and periodontal 
structures [9, 14].

Workers handling equipment involving 
chemical reactions under high tempera-
tures and pressure, often using flam-
mable substances, are required to use 
respiratory protective equipment (RPE). 
Due to the potential impact of certain oral 
health issues on RPE use, stringent oral 
health standards are imposed on these 

workers. According to the Russian Min-
istry of Health Order No. 29N of January 
28, 2021, workers in hazardous industries 
must undergo an annual health examina-
tion, including a dental assessment.

The significance of this study lies in 
the high prevalence of oral diseases 
among workers in hazardous industries 
and the need to enhance oral health to 
maintain productivity.

Objective of the Study: To examine 
how occupational and non-occupational 
risk factors contribute to the development 
of dental diseases among workers in 
hazardous conditions. 

Materials and Methods: The study 
was conducted at the PJSC “Nizh-
nekamskneftekhim” enterprise during a 
periodic medical examination organized 
by specialists from the Ufa Research 
Institute of Occupational Health and Hu-
man Ecology. As part of the research, a 
clinical examination was carried out on 
188 ethylene oxide production operators 
(Group I) and 148 employees from the 
automation center, who formed the com-
parison group. Occupational monitoring 
materials were studied, and based on 
these, a workplace conditions assess-
ment was performed in accordance with 
Guidelines R 2.2.2006-05.

Dental examinations were conduct-
ed following the standard WHO-recom-
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IMPACT OF OCCUPATIONAL AND NON-
OCCUPATIONAL RISK FACTORS
ON THE DEVELOPMENT OF DENTAL 
PATHOLOGY AMONG CHEMICAL INDUSTRY

Objective: to examine how occupational and non-occupational factors contribute to the development of dental diseases among chemical indus-
try workers, especially those exposed to hazardous materials. Given the potential effects of chemical exposure on oral health and the need for strict 
oral health standards for workers in high-risk environments, this research seeks to provide an in-depth analysis of these impacts.

Materials and Methods:  This research was conducted at an ethylene oxide production facility during a periodic medical examination of 188 plant 
operators and 148 automation center employees as a comparison group. Dental health assessments followed the WHO-recommended protocol, 
including the OHI-S index, and a questionnaire capturing demographic and lifestyle factors. 

Results: Statistical analyses revealed that, while caries rates exceeded 90% in both groups, significant differences were observed in periodon-
tal disease severity (χ2=9,8; p=0,002). Chemical exposure to ethylene oxide, was associated with increased dental hypersensitivity (χ2=5,46; 
p=0,02) and greater clinical attachment loss (U=1113,0, p=0,026). Notably, severe chronic periodontitis was 2.4 times more prevalent among 
chemical industry workers compared to automation employees. The logistic regression highlighted workplace chemical exposure (OR=2,04 [95% 
CI: 1,09–3,77] p=0,023) and infrequent brushing as key risk factors (OR=1,80 [95% CI: 1,05–2,90] p=0,035). 

Conclusion:  These findings underscore the significant impact of chemical exposure on dental health, with airborne chemicals identified as 
primary occupational hazards. Protective equipment usage appears effective in minimizing some risks, but dental hypersensitivity and severe 
periodontitis remain prevalent. The study confirms similar associations between chemical exposure and dental health issues observed in other 
research but found no link between periodontal health and obesity or education level. Current preventive measures are insufficient in reducing high 
rates of dental pathology among chemical industry workers. This study highlights the need for a comprehensive, targeted prevention program at 
both individual and corporate levels to improve oral health outcomes.

Keywords: oral diseases, chemical industry, periodontitis, risk factors, smoking.
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mended protocol, which included gather-
ing complaints, medical and life history, 
and conducting external and intraoral 
examinations with a focus on periodontal 
health. Oral hygiene was assessed using 
the OHI-S index, as proposed by Green 
J.R. et al. (1964). The clinical examina-
tion also included a questionnaire as-
sessing employees' oral hygiene knowl-
edge and skills, education level, and 
harmful habits.

Data analysis was performed using 
IBM SPSS Statistics version 23.0 (SPSS 
Inc., Chicago, USA). Normality within 
groups was assessed using the Kolmog-
orov-Smirnov test, and the appropriate 
statistical methods were chosen based 
on the results. Differences were consid-
ered statistically significant at p < 0.05.

Results and Discussion. The struc-
ture and key characteristics of the stud-
ied groups of enterprise employees are 
presented in Table 1.

The results of statistical analysis re-
vealed no significant differences between 
the groups in terms of age characteris-
tics, work experience (ANOVA, p > 0.05), 
obesity prevalence (BMI > 30 kg/m²), or 
smoking (χ² test, p > 0.05). However, the 
proportion of individuals with higher ed-
ucation differed significantly between the 
groups: 24.5% in Group I and 70.3% in 
the comparison group (χ² = 67.63; p = 
0.001). 

The analysis of occupational moni-
toring data established that the leading 
harmful occupational factor was chemical 
exposure (table 2). 

Laboratory tests showed that the com-
position of air pollutants in the work area 
depended on the type of raw materials 
used and the substances circulating in 
the technological processes and pipeline 
systems. The most toxic of these pollut-
ants was ethylene oxide, classified as a 
second-level hazard. During hazardous 
gas-handling tasks, the permissible ex-
posure limit (PEL) was exceeded by up 
to 5.7 times.

According to the dental examination 
results, the average OHI-S index for 
both groups indicated a poor level of oral 
hygiene. The index was slightly higher 
among operators exposed to ethylene 
oxide than among automation center 
employees (3.10±1.05 vs. 2.88±0.91), 
although this difference was not statisti-
cally significant (p > 0.05, Mann-Whitney 
test). The examination also revealed sig-
nificant differences between the groups 
in the average number of remaining 
teeth. The average number for chemical 
production operators was 21.06±3.41 
teeth, significantly lower than in the au-
tomation center group, where the av-

Main characteristics of the studied groups

Indicator Group I, 
(n=188)

Comparison 
group (n=148) p-value

Male gender, (%) 100 100 -
Age, (years) 40.5±13.2 38.6±11.1 0.67
Work experience, (years) 16.7±11.8 16.1±10.8 0.89
Proportion of individuals with higher education, (%) 24.5±6.2 70.3±7.4 0.001*
Smoking, (%) 46.3±7.1 50.7±8.1 0.49
BMI> 30 (kg/m²), (%) 17.0±5.4 23.6±6.9 0.17

* Statistically significant differences compared to the comparison group (χ² test, p < 0.05). 

Working conditions of chemical production workers

Groups surveyed
Harmful production factor

Noise Chemical 
factor

Labor 
intensity Labor strain Final class

Group I (n=188) 3.1 3.3 2 2 3.3
Comparison group 
(n=148) 2 2 2 2 2

Frequency of certain dental diseases in workers from various industries, %

Disease nosology Group I (n = 188) Comparison group
(n = 148) p

Non-carious dental diseases
Wedge-shaped defect 9.0±4.0 10.8±5.0 0.72
Pathological tooth abrasion 8.4±3.9 7.4±4.2 0.87
Tooth hypersensitivity 34.6±6.8* 22.3±6.7 0.02

Oral mucosal diseases
Leukoplakia 4.8±3.1 2.0±2.3 0.30
Aphthous stomatitis 4.3±2.9 5.4±3.6 0.81
Desquamative glossitis 1.1±1.5 2.0±2.3 0.48

* - Statistically significant differences from the comparison group (χ² test, p < 0.05).

Results of logistic regression on risk factors affecting the development of destructive 
processes in periodontal tissues

Indicator Group I (n=188) OR 
(95% CI)

Comparison group (n=148) OR 
(95% CI)

Secondary education vs. higher 
education 1.36 (0.81–1.90) 1.25 (0.58–2.04)

Smokers vs. non-smokers 2.94 (1.58-5.49)* 2.51 (1.10-5.85)*
BMI > 30 vs. BMI ≤ 30 1.19 (0.60–2.44) 1.30 (0.85–1.89)
Brushing teeth < 2 times a day vs. ≥ 
2 times a day 1.80 (1.05-2.90)* 1.59 (0.94–2.70)* 

Chemical factor (Group I vs. 
comparison groups) 2.04 (1.09–3.77) *

Note: * - statistically significant differences

Table 1

Table 2

Table 3

Table 4
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erage was 23.54±2.38 teeth (U=884.0; 
p=0.002).

The prevalence of dental caries ex-
ceeded 90% in both groups, with no sta-
tistically significant differences observed 
(χ², p > 0.05). However, dental hypersen-
sitivity was diagnosed 1.4 times more fre-
quently among Group I workers (χ²=5.46; 
p=0.02) (Table 3).

Among inflammatory periodontal dis-
eases, chronic periodontitis was the most 
common, diagnosed in 84.0% of Group I 
workers and 78.4% of comparison group 
employees (χ², p > 0.05). Severe chronic 
periodontitis was observed in 23.9% of 
cases among Group I workers, more than 
twice the rate in the comparison group 
(10.1%) (χ²=9.8; p=0.002). The level of 
clinical attachment loss (CAL) was mea-
sured to assess the degree of periodontal 
tissue destruction. In the ethylene oxide 
production group, the average CAL was 
5.56±2.51 mm, significantly higher than in 
the automation center employees, where 
the CAL was 4.45±1.90 mm (U=1113.0, 
p=0.026).

Table 4 presents the results of logistic 
regression analysis examining the rela-
tionship between clinical attachment loss 
and independent factors such as educa-
tion level, smoking, body mass index, fre-
quency of tooth brushing, and exposure 
to chemical factors at the workplace.

The analysis indicated that work-
place exposure to chemical substances 
(OR=2.04 [95% CI: 1.09–3.77], p=0.023), 
smoking in Group I (OR=2.94 [95% CI: 
1.58–5.49], p=0.002, and in the compari-
son group OR=2.51 [95% CI: 1.10–5.85], 
p=0.029), as well as infrequent tooth 
brushing (less than twice a day) among 
ethylene oxide production workers 
(OR=1.80 [95% CI: 1.05–2.90], p=0.035) 
were significant risk factors for clinical at-
tachment loss.

The hygienic investigation showed 
that the primary negative occupation-
al factor affecting workers' health was 
harmful airborne chemicals in the work 
area. Despite the implementation of mod-
ern technological processes in the chem-
ical industry, the risk of adverse health 
effects from these substances remains. 
The highest concentrations of toxic sub-
stances were recorded during hazardous 
gas-handling tasks, where levels exceed-
ed the permissible exposure limits (PEL) 
substantially.

Despite working with sensitizing and 
potentially carcinogenic chemicals, the 
frequency of oral mucosal diseases 
among ethylene oxide workers was com-
parable to that of the automation center 
employees. This outcome may be at-
tributed to the effective use of personal 

respiratory protection equipment (RPE) 
by chemical industry workers.

The incidence of severe chronic peri-
odontitis was significantly higher among 
chemical industry workers compared 
to the comparison group. It is likely that 
pathological changes in periodontal tis-
sues are indirectly linked to the toxic ef-
fects of ethylene oxide on immune sys-
tem components, as immune response 
dysfunction can trigger inflammatory pro-
cesses in periodontal tissues [5, 15]. Se-
vere chronic periodontitis, characterized 
by considerable loss of tooth-supporting 
tissues, is currently the leading cause 
of tooth loss. Additionally, literature data 
indicate that patients with this condition 
often have associated dental hypersen-
sitivity, a finding corroborated by our re-
sults [12].

The high risk of destructive periodontal 
processes was associated with harmful 
habits, poor oral hygiene, and chemical 
exposure at work. Similar associations 
have been noted in previous studies [3, 
6, 8, 11].

One distinguishing feature of our re-
sults, differing from similar studies, is the 
lack of a relationship between obesity, 
education level, and periodontal health. 
On one hand, our findings may be partial-
ly explained by the centralized nutrition 
program at the chemical enterprise; on 
the other hand, our study compared the 
clinical periodontal status of workers with 
higher and secondary-special education, 
while other studies typically analyzed 
groups with high and low education lev-
els [16].

Limitations of the study. Our study 
has certain limitations that could impact 
the interpretation of the results. Specif-
ically, we did not investigate some pre-
dictors, such as microbiological, genetic, 
and immunological factors, which may 
influence the development of dental pa-
thology. Additionally, we did not measure 
ethylene oxide metabolites in workers' 
biological samples, which could have al-
lowed for a more precise assessment of 
chemical exposure levels on the body. 

Conclusions. The high levels of tooth 
loss, severe chronic periodontitis, and 
dental caries indicate the insufficiency 
of current preventive measures within 
the organized cohort of chemical indus-
try workers and highlight the significant 
role of occupational risk factors in the 
development of dental pathology. The 
findings underscore the need to establish 
a comprehensive oral disease prevention 
program for chemical industry workers, 
based on clinical and hygienic research 
results, and designed for implementation 
at both individual and corporate levels.
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Introduction. Age constitutes a 
non-modifiable risk factor for mortality 
associated with the novel coronavirus 
infection COVID-19. Large international 
studies examining treatment outcomes 
across various countries demonstrate 
a marked increase in mortality rates 
with advancing age [1-3]. In the Rus-
sian Federation in 2021, a significant 

85% of individuals with COVID-19 who 
died were aged over 60 years [4]. This 
fact can be attributed to multiple factors, 
including the escalation of comorbidi-
ties, age-related alterations in immune 
system functionality, frailty syndrome, 
diminished reserve capacity of organs, 
and some social dimension (e.g., resid-
ing in nursing homes). Among younger 
and middle-aged patients, risk factors 
for mortality encompass the presence of 
comorbidities, obesity and the severity 
of hypoxia [5,6]. The limited number of 
studies addressing risk factors for mortal-
ity in patients with COVID-19-associated 
pneumonia under the age of 60 under-
scores the relevance of this investigation. 

The aim of the research. To per-
form a comparative analysis of risk fac-
tors for mortality in patients younger and 
older than 60 years of age with severe 
COVID-19-associated pneumonia.

Materials and methods. Estimation 
of sample size and statistical power of 
the study. The sample was collected by 
random method, the sample size was 

calculated in G.Power 3.1 (Statistical 
power analysis program), with a mortal-
ity rate of 60%, study selection was two 
independent groups, general population 
(total number of patients for 2020-2022) 
– 1500 patients, α error was 0.05, the 
minimum number of 141 patients in the 
one sample was obtained. The power of 
the study was assessed on the AI Ther-
apy Statistics website, the introduced 
study characteristic was the method of 
comparison of two independent groups, 
α error was 0.05, sample size 1 (160 pa-
tients) and 2 (431 patients), obtained a 
power of 1.0.

Study protocol. The analysis includ-
ed 591 patients who had been treated 
in the ICU of the State Budgetary Insti-
tution of the Republic of Sakha (Yaku-
tia) “Yakut Republican Clinical Hospital” 
from March 2020 to December 2021. The 
data were extracted from “Database of 
main indicators of patients with severe 
COVID-19-associated pneumonia”, cer-
tificate №2023622084 from 23.06.2023. 
All patients were divided by age – group 
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FACTORS FOR MORTALITY IN PATIENTS
OF DIFFERENT AGE GROUPS WITH SEVERE 
COVID-19-ASSOCIATED PNEUMONIA

The study examines the risk factors for mortality in patients across various age groups through a retrospective analysis of 591 medical records 
of patients with severe COVID-19-associated pneumonia treated in the intensive care unit (ICU). Univariate and multivariate analyses were con-
ducted to identify risk factors for mortality in two distinct groups: patients under the age of 60 (group 1) and those aged 60 years and older (group 
2), and comparative analysis between these two groups was performed. Mortality in group 1 was observed to be 46.9%, whereas in group 2 it 
was 73.3%. Patients in group 2 exhibited a comparatively lower weight and body mass index (BMI), a higher number of concomitant diseases, 
and more severe assessments according to the APACHE II and SOFA scales. The clinical presentation on day 1 did not differ between the groups 
based on the following criteria: hypercoagulation (93.1% in group 1 and 93.3% in group 2, p=0.950), septic shock (11.9% in group 1 and 18.1% in 
group 2, p=0.080), acute kidney injury (AKI) (12.5% in group 1 and 16.7% in group 2, p=0.206), and multiple organ failure syndrome (MODS) (55% 
in group 1 and 52.2% in group 2, p=0.236). In group 1, a higher prevalence of acute liver failure was observed (25% vs. 5.1%, p<0.001), whereas 
group 2 exhibited a greater incidence of acute cerebral failure (ACF) (13.8% vs. 34.8%, p=0.001). Group 1 also demonstrated significantly elevated 
leukocytosis (p<0.001) and alanine aminotransferase (ALT) levels (p<0.001). Conversely, group 2 showed lower levels of lymphopenia (p<0.001), 
hypoalbuminemia (p<0.001), and platelet count (p<0.001), in addition to higher levels of blood urea nitrogen (p<0.001), creatinine (p<0.001), and 
brain natriuretic hormone (NTproBNP) (p=0.003). In patients under 60 years old with severe COVID-19-associated pneumonia, the independent 
risk factor for death was the development of MODS on the first day of admission in the ICU. For patients over 60 years old, independent risk factors 
for death were age, the presence of chronic kidney disease (CKD), the severity of hypoxia as determined by the PaO2/FiO2 ratio upon admission 
to the ICU, the development of MODS, septic shock, and acute cerebral disorder.
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1 with patients under 60 years old, group 
2 included patients from 60 years old 
and older. The study was approved by 
the local biomedical ethics committee of 
the Medical Institute of the North-Eastern 
Federal University named after M.K. Am-
mosov (№4, 07.10.2020). There were no 
missing data. 

Inclusion criteria: adult ICU patients 
18 years of age or older, with a diag-
nosis of U07.1 “COVID-19, virus iden-
tified” or U07.2 “presumed COVID-19, 
virus not identified”; presence of severe 
COVID-19-associated pneumonia in 
patients (chest CT scan showing >50% 
pulmonary parenchyma involvement ac-
cording to the adapted empirical visual 
scale – CT-3 and CT-4); patients' consent 
to participate in the study. Non-inclusion 
criteria: patients who died after admis-
sion to the ICU within 12 hours; patients 
without COVID-19; pregnant women, as 
well as early postpartum period of less 
than 2 months; patients without pneumo-
nia, as well as mild to moderately course 
(not severe) (as assessed by CT-0, CT-1 
and CT-2); presence of cancer pathology 
in stage 4 and/or specific cancer therapy 
(chemotherapy, radiotherapy, surgery) 
less than 3 months prior to COVID-19.  
Exclusion criteria: patients whose thera-
py did not comply with the current recom-
mendations for the treatment of patients 
with COVID-19; patients with acute surgi-
cal pathology, acute cerebrovascular ac-
cident, acute coronary syndrome (ACS) 
who were transferred to specialized med-
ical hospitals; patients with COVID-19 
vaccine prophylaxis; refusal to participate 
in the study. 

Statistical analysis was performed 
in SPSS version 26. The distribution of 
quantitative data was checked by as-
sessing skewness and kurtosis, then the 
non-parametric comparative analysis 
was selected using the Mann-Whitney 
U test, the median (Me) and interquartile 
range (IQR) were determined. Nominal 
data were analyzed using Pearson's χ2 
test, determination of odds ratio (OR) 
with 95% confidence interval (CI). Mul-
tivariate analysis was performed using 
Cox regression and hazard ratio (HR) 
determination. Survival analysis was 
performed by constructing Kaplan-Mei-
er curves. ROC analysis was performed 
for quantitative data and area under the 
curve (AUC), cut-off threshold and ROC 
were calculated.

Results and discussion. Group 1 in-
cluded 160 patients with a mortality rate 
of 46.9%, and group 2 included 431 pa-
tients with a mortality rate of 73.3%. The 
duration of treatment in the ICU was 5 
[3-11] days in group 1 and 7 [3-11] days 

in group 2 (p=0.01), and the total dura-
tion of hospitalization was 8 [5-15] and 12 
[7-17] days, respectively (p<0.001). The 
median onset of death according to the 
Kaplan Meier method for group 1 was 
11.0±0.7 (95% CI: 9.7-12.3) days, and 
for group 2 was 9.0±0.3 (95% CI 8.3-9.5) 
days (see Figure 1).

In the univariate analysis age was a 
risk factor influencing mortality. In group 
1, deceased patients were older, 55 [51-
57] years, than survivors, 52 [45-56] 

years (p=0.002). The AUC ROC for age 
was 0.643 (95% CI: 0.557-0.729), cut-off 
threshold 52.5 years, OR 2.4 (95% CI: 
1.2-4.4, p<0.001, Cramer's V test 0.209). 
In group 2, the age of non-survivors and 
survivors was 72 [66-80] and 68 [63-71] 
years, respectively (p<0.001), AUC ROC 
was 0.661 (95% CI: 0.606-0.716) and 
OR of mortality for patients older than 
68.5 years (cut-off threshold) were 2.4 
(95% CI: 1.6-3.7, p<0.001, Cramer's V 
test 0.193). 

Fig. 1. Kaplan-Meier curve. The red solid line is the median time (days) of death for group 1. The 
red dashed line is the median time of death (days) for group 2

Fig. 2. APACHE II and SOFA severity scores on admission to the ICU

Рис. 3. PaO2/FiO2 ratio and SpO2 on the admission to the ICU
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In both groups, median BMI was 
higher than normal range, but did not 
affect mortality in univariate analysis 
(p>0.05). Group 1 patients had more 
weight (p<0.001): median weight for 
group 1 was 87.5 kg [37.5-103.5], medi-
an BMI 31.6 [27.8-37.2], for group 2 was 
78.0 kg [67.0-88.5], 28.8 [25.7-32.5], re-
spectively.

The severity of the disease was as-
sessed using APACHE II and SOFA 
scales on admission and demonstrat-
ed higher scores in group 2 patients 
(p=0.009 and p=0.006, respectively) (see 
Figure 2). The severity of hypoxia on ad-
mission, as measured by PaO2/FiO2 ratio 
and SpO2, did not differ between groups 
1 and 2 (p=0.350 and p=0.313) (see Fig-

ure 3), and associated with mortality only 
in group 2: PaO2/FiO2 ratio was lower in 
those who died (p<0.001) 250 [131-333] 
versus 290 [184-333] in survivors, AUC 
ROC was 0.618 (95% CI: 0.560-0.677), 
cut-off threshold was 283, below which 
the odds ratio of mortality increases 2.1-
fold (95% CI: 1.4-3.2, p=0.001, Cram-
er's V test 0.162). SpO2 in group 2 pa-

Impact of comorbidities and clinical picture in first 24-hours in the ICU on mortality (univariate analysis)

Variables

Group 1 (n=160) Group 2 (n=431)
p-value for 
comparison

between group 
1and 2

Patients
proportion

%

Impact on mortality
(univariate analysis) Patients 

proportion
%

Impact on mortality
(univariate analysis)

p-value ОШ 95%ДИ p-value ОШ
95% ДИ

Chronic cardiovascular diseases 127 (79.4) р=0.52 - 426
(98.8) р=0.090 - <0.001*

Type 2 diabetes 56 
(35) р=0.561 - 169

(39.2) р=0.383 - 0.349

Chronic respiratory diseases 53
(33.1) р=0.288 - 193

(44.8) р=0.063 - 0.011*

Chronic kidney disease 61 
(38.1) р=0.151 - 221

(51.3) р=0.032* 1.5 
(1.1-2.4) 0.004*

Chronic brain diseases 35 
(21.9) р=0.168 - 158

(36.7) р=0.980 - 0.001*

CT-4 88
(55.0) р=0.067 - 254

(58.9) р<0.001* 2.6 
(1.7-4.0) 0.185

Septic shock 19
(11.9) р<0.001* 28.5 

(8.7-52.5)
78

(18.1) р=0.001* 3.3 
(1.6-6.8) 0.080

Hypercoagulation 149
(93.1) р=0.682 - 402

(93.3) р=0.748 - 0.950

Acute liver failure 40 
(25.0) р=0.022* 2.3 

(1.1-4.9)
22

(5.1) р=0.090 - <0.001*

Acute cerebral disorder 22
(13.8) р=0.002* 4.7

(1.6-13.4)
150

(34.8) р=0.003* 2.1
(1.3-3.4) 0.001*

Acute kidney injury 20
(12.5) р=0.027* 3.0

(1.1-8.3)
72 

(16.7) р=0.008* 2.5 
(1.3-5.1) 0.206

Multiple organ dysfunction syndrome 88
(55.0) р<0.001* 4.5 

(2.3-8.8)
225

(52.2) р<0.001* 2.5
(1.6-3.9) 0.236

Note: Pearson's chi-squared test was used, *- statistically significant.

Table 1

Fig. 4. Multivariate analyses by Cox regression for group 1 and 2
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tients was also lower in non-survivors 
82 [76-86] versus 85 [80-90] in survivors 
(p=0.002), AUC ROC was 0.596 (95% CI: 
0.536-0.656), cut-off threshold was 84.5, 
OR 2.0 (95% CI: 1.3-3.2, p=0.001, Cram-
er's V test 0.152).

A univariate analysis of the associa-
tion between mortality and comorbidities 
or the clinical presentation at 1 day in the 
ICU, as well as a comparative analysis 
of groups 1 and 2 are presented in Table 
1. Expectedly, there were more comor-
bidities in group 2 patients. The clinical 
presentation on day 1 in the two groups is 
similar except for acute liver failure (more 
in group 1) and acute cerebral disorder 
(more in group 2).

Further, multivariate analysis using 
Cox regression was performed to study 
the complex influence of variables and 
the times-to-event outcome, which in-
cluded risk factors for mortality accord-
ing to the results of univariate analysis: 
age, comorbidities and clinical compo-
nents on the first day of admission. As a 
result, the one independent risk factor of 
an unfavorable outcome in patients with 
severe COVID-19-associated pneumo-
nia under 60 years old was found – the 
development of MODS on the first day in 
the ICU. For group 2 patients indepen-
dent risk factors for mortality were iden-

tified – presence of CKD, development of 
MODS, septic shock, acute cerebral dis-
order, PaO2/FiO2 ratio and age (Figure 4).

Comparison of laboratory values at 
admission between groups, as well as 
the area under the curve for parameters 
statistically significantly associated with 
mortality in each group, are presented in 
Table 2.

In group 1, elevation of LDH, blood 
urea nitrogen, ferritin, fibrinogen and cre-
atinine demonstrated the highest prog-
nostic efficacy. In group 2, this referred 
to the increase of LDH, blood urea nitro-
gen, fibrinogen, thrombocytopenia and 
lymphocytopenia. As a result of com-
parison of Me±IQR values of laboratory 
parameters between groups, in group 2, 
the parameters reflected more severe 
organ and system damage. Severe lym-
phocytopenia indicates the severity of 
host immune response dysregulation [7]. 
Hypoalbuminemia in COVID-19, espe-
cially in older patients, is associated with 
impaired nutritional status and/or gastro-
intestinal lesions [8]. Decreased platelet 
quantity and quality, COVID-19-asso-
ciated thrombocytopathy, is caused by 
direct viral damage to megakaryocytes 
and platelets and increased consumption 
due to immunothrombosis [9]. NTproBP 
as a marker of left ventricular functional 

potential, an indicator of the severity of 
chronic heart failure, is naturally higher 
in the group of patients over 60 years 
old, and in COVID-19 its increase is 
an unfavourable marker [10.11]. Note 
that transaminases were slightly higher 
in group 1 patients, but only in group 2 
patients their increase was associated 
with mortality. Liver failure in COVID-19, 
whether caused by direct viral damage 
or secondary, as an indicator of the se-
verity of MODS, as well as the devel-
opment of toxic (drug-induced) hepatitis 
was characterized by transaminasemia, 
worsening hypoalbuminemia, secondary 
coagulopathy, and thrombocytopenia 
[12]. In the pathogenesis of acute kidney 
injury (AKI) in COVID-19, the main place 
is attributed to impaired renal perfusion 
– decreased renal blood flow of various 
etiologies: hypotension, hypoxia, ventila-
tor-associated damage, neurohormonal 
changes, etc. The presence of CKD and 
the development of ARF were strong pre-
dictors of mortality in COVID-19 [13].

Conclusions. A risk factor for mor-
tality in patients younger than 60 years 
of age with severe COVID-19-associat-
ed pneumonia was the development of 
MODS on the first day of admission (HR 
0.150 95% CI: 1.310-3.530, p=0.002). 
For patients older than 60 years, inde-

Table 2

Laboratory findings on admission to the ICU

Laboratory variable
[Reference Values]

Group 1 Group 2 p-value,
comparison groups 

1 and 2Me [IQR] AUC ROC Me [IQR] AUC ROC
Leukocyte count [<12×109/L] 11.84 [7.36-16.03] - 9.83 [6.86-13.54] - 0.020*
Lymphocyte [0,8-4,0×109/L] 0.96 [0.61-1.40] 0.623 0.79 [0.51-1.10] 0.610 <0.001*
Neutrophil [2,0-7,0×109/L] 9.36 [5.85-13.87] - 8.19 [5.75-11.44] - 0.260

Platelet count [100-300×109/L] 252 [186.5-322] - 227 [172-289] 0.619 <0.001*
Fibrinogen [2,4-4,3 g/L] 4.8 [3.8-5.9] 0.660 4.9 [3.8-5.8] 0.634 0.896
D-Dimer [0-250 mg/ml] 500 [304.4-1011.0] - 530.4 [293.4-975.3] 0.604 0.637

IL-6 [<10 pg/L] 138.0 [26.9-2678.0] - 246.5 [44.8-3194.0] 0.581 0.073
СRP [0,0-5,0 mg/L] 40.6 [7.0-131.0] - 34.9 [3.6-115.2] - 0.409

BUN [0,1-8,3 mmol/L] 6.95 [5.55-9.55] 0.719 8.60 [6.5-12.1] 0.617 <0.001*
Creatinin [44,0-80,0 µmol/L] 73.8 [63.1-90.0] 0.658 86.0 [70.6-109.0] 0.523 <0.001*

АSТ [<32,0 U/L] 36.5 [26.9-59.7] - 35.4 [25.9-58.5] 0.606 0.186
АLТ [<31 U/L] 42.0 [27.8-74.1] - 34.6 [21.4-57.0] 0.562 <0.001*

Albumin [38,0-54,0 g/L] 35.0 [31.9-38.0] 0.640 32.0 [29.0-35.7] 0.573 <0.001*
LDH [135,0-214,0 U/L] 531.0 [390.0-779.0] 0.754 487.5 [399.0-651.7] 0.704 0.568

Ferritin [10,0-120,0 mcg/L] 857.2 [444.5-1483.0] 0.686 858.0 [458.0-1466.8] 0.607 0.498
CPK [0-145,0 U/L] 74.5 [42.1-162.6] 0.652 76.4 [40.8-154.9] 0.568 0.640

NTproBP [0-125 pg/mL)] 190 [90-489] - 310 [129-690] 0.598 0.003*

Note: The Mann-Whitney U-test was used, *- statistically significant.
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pendent risk factors for mortality were 
age (HR 1.017 95%CI: 1.004-1.031, 
p=0.012), presence of CKD (HR 1.219 
95%CI: 1.012-1.529, p=0.048), severity 
of hypoxia as measured by PaO2/FiO2 ra-
tio at ICU admission (HR 0.988 95%CI: 
0.976-0.999, p=0.049), development of 
MODS (HR 1.389 95%CI: 1.018-1.911, 
p=0.043), septic shock (HR 1.738 95%CI: 
1.290-2.340, p<0.001) and acute cere-
bral disorder (HR 1.420 95%CI:1.053-
1.915, p=0.002). Patients older than 60 
years had more comorbidities and labo-
ratory tests indicated more severe dys-
regulation of host response, hypoxia and 
MODS, had higher APACHE II and SOFA 
scores, and higher mortality (for group 1 
– 46.9%, for group 2 – 73.3%). 
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FEATURES OF PLACENTAL DAMAGE 
IN PATIENTS WITH PERINATAL LOSSES 
DURING PREMERATE BIRTH AND ACUTE 
COVID-19

A morphological study of the placenta in patients with perinatal losses in preterm labor and 
acute COVID-19 of varying severity, manifested in the II and III trimesters of gestation, was per-
formed. It was found that the features of placental damage in patients with perinatal losses are 
statistically significant predominance of thrombosis, inflammatory changes and manifestations of 
placentitis SARS-CoV-2 in comparison with placentas of patients without perinatal losses.
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Introduction. Morphologic changes 
in the placentas of pregnant women with 
COVID-19 continue to be studied. Most 
studies indicate the detection of decid-
ual vasculopathy, massive perivorhinal 
fibrin deposition, thrombosis of the inter-
villous space and infarcts of the villi, the 
presence of fetal vascular abnormalities, 
chorangiosis, villitis of unclear genesis [1, 
4, 5, 8, 9, 14]. An increase in the num-

ber of syncytial nodules in placenta villi of 
pregnant women with mild to moderately 
severe COVID-19 symptoms has been 
found [2]. In cases of stillbirth in pregnant 
women with COVID-19, trophoblast ne-
crosis, a significant increase in perivillous 
fibrin deposition combined with chronic 
histiocytic intervillusitis (HI) have been 
noted in the placenta [6]. In the placen-
tas of pregnant women with antenatal 
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Morphological features of placenta in patients in study groups. abs. (%)

Parameter 1st group (n=22) 2nd group (n=29) р
Decidual arteriopathy 1 (4.5) 5 (17.2) 0.218
Sharply defined syncytiocapillary 
nodules. buds and membranes 7 (31.8) 12 (41.4) 0.484

Massive fibrinoid deposition 15 (68.2) 8 (27.6) 0.004*
Villus agglutination 12 (54.5) 9 (31.0) 0.091
Thrombosis of the intervillous space 14 (63.6) 6 (20.7) 0.002*
Villous infarctions 13 (59.1) 3 (10.3) <0.001*
Hemorrhages into the intervillous space 19 (86.4) 17 (58.6) 0.031*
Villus maturation disorder 10 (45.5) 13 (44.8) 0.964
Clusters of hyalinized avascular villi 12 (54.5) 3 (10.3) 0.001*
Chorangiosis 0 (0.0) 6 (20.7) 0.031*
Chorangiomatosis multifocal 1 (4.5) 9 (31.0) 0.030*
Thrombosis of villous vessels 13 (59.1) 3 (10.3) <0.001*
Villous swelling 8 (36.4) 9 (31.0) 0.689
Purulent inflammation 9 (40.9) 4 (13.8) 0.028*
Productive inflammation of fruit 
membranes 20 (90.9) 16 (55.2) 0.006*

Productive willusite 17 (77.3) 12 (41.4) 0.010*
Trophoblast necrosis 11 (50.0) 1 (3.4) <0.001*
Histiocytic intervillusitis 11 (50.0) 0 (0.0) <0.001*

Note: * - the differences are statistically significant
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fetal death (AFD), pronounced manifes-
tations of maternal vascular malperfusion 
(thrombosis of the intervillous space, 
massive fibrin deposition, infarcts and 
agglutination of villi, inflammatory chang-
es) are registered [3]. 

It is relevant to study the features of 
placental damage in patients with peri-
natal losses (PL) in preterm labor (PTL) 
during acute COVID-19.

The objective of the study: to eval-
uate the features of placental damage in 
patients with perinatal losses in preterm 
labor during acute COVID-19.

Materials and Methods. Based on 
data from a prospective cohort study of 
1368 pregnant women with confirmed 
COVID-19 admitted from April 2020 
to December 2021 for medical care at 
the COVID hospital in Chelyabinsk, a 
case-control study was conducted to 
analyze the features of placental dam-
age in adverse perinatal outcomes (PI) 
(stillbirth, early neonatal death of the 
newborn) in women with PR during acute 
COVID-19.

Pregnant women with PL in PTL during 
acute COVID-19 constituted the 1st study 
group (n=22). The 2nd study group (con-
trol group) included patients without PL in 
PTL during acute COVID-19 (n=29).

The following criteria were developed 
for inclusion in group 1 of the study: 
confirmed case of COVID-19 (U07. 1) 
in a pregnant woman, acute COVID-19, 
PTL at 22/0 to 36/6 weeks of gestation, 
perinatal fetal/newborn death (for group 
1) and no perinatal fetal/newborn death 
(for group 2), reproductive age of the 
woman, availability and accessibility of 
medical records to collect information 
for analysis, written informed consent of 
the patients for participation in the study 
and publication of its results in the open 
press. The criteria for non-inclusion in the 
study were as follows: on the part of the 
pregnant woman - multiple pregnancies, 
somatic diseases in decompensation, 
HIV infection, malignant and psychiatric 
diseases; on the part of the fetus - con-
genital malformations.

The afterbirths were subjected to 
careful macroscopic examination. Then, 
1 fragment each was dissected from the 
paracentral zone of the placental disk 
from the choroidal and basal plate sides; 
a 0.7 cm wide strip was cut from the ex-
traplacental membranes, which was then 
twisted into a roll. The obtained samples 
of the afterbirth were fixed in 10% neutral 
buffered formalin, dehydrated in alcohols 
of ascending concentration, embedded in 
paraffin, sections of 5 μm thickness were 
prepared, stained with hematoxylin-eosin 
and picrofxin according to Van Gieson. 

Placental abnormalities were assessed 
based on the classification of placental 
injuries proposed by the Amsterdam Pla-
centa Workshop Group (2014), including 
placental vascular abnormalities, inflam-
matory-immune abnormalities, and other 
placental injuries [10].

The study was approved by the ethi-
cal committee of the Federal State Bud-
getary Educational Institution of High-
er Professional Education “South Ural 
State Medical University” of the Minis-
try of Health of Russia (protocol No.8
of 20.09.2021).

Statistical processing of data was per-
formed with the help of IBM SPSS Sta-
tistics-19 statistical software package us-
ing standard methods of nonparametric 

statistics depending on the type of data 
(the Mann-Whitney test, the х2 test, the 
Fisher's exact test). Statistical hypothe-
ses were tested at the critical significance 
level of p≤0.05.

Results and Discussion. The age 
of the pregnant women was not statis-
tically significantly different, being 33.5 
(28;36.2) and 30 (27.5;35.5) years in 
groups 1 and 2, respectively (p=0.355).

PTL at 220-246 weeks were observed 
in groups 1 and 2 in 7/22 (31.8%) and 
0/29 (0.0%), respectively, in 250-276 
weeks in 8/22 (36.4%) and 9/29 (31, 
0%), in 280-316 weeks - in 2/22 (9.1%) 
and 8/29 (27.6%), in 320-336 weeks - in 
0/22 (0.0%) and 6/29 (20.7%), in 340-366 
weeks - in 5/22 (22.7%) and 6/29 (20.7%) 
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Features of placental damage in patients with perinatal losses during premature birth during acute 
COVID-19; a – accumulations of hyalinized avascular villi; b – hemorrhages in the intervillous 
space; c – thrombosis of the intervillous space; d – true placental infarction; e – productive 
intervillusite; f – histiocytic intervillusitis. Hematoxylin and eosin staining; magnification: x 100 – 
b, c; x 200 – a, d-f
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cases (p=0.002). Thus in the group with 
PL, extremely early PTL were predomi-
nant.

PL in study group 1 included cases of 
stillbirth (19/22 - 86.4%) and early neona-
tal death (3/22 - 13.6%) (p=0.001). The 
pattern of stillbirth was statistically signifi-
cantly dominated by AFD: 16/19 (84.2%) 
cases of AFD and 3/19 (15.8%) observa-
tions of intrapartum fetal death were re-
corded (p=0.004). All cases of early neo-
natal losses among live births against the 
background of acute COVID-19 in group 
1 were registered in patients with severe 
course of infection.

Data on morphologic changes of post-
partum in patients with PL on the back-
ground of acute COVID-19 in comparison 
with pregnant women without PL are pre-
sented in the Table.

As can be seen from the table, in the 
placentas of group 1 women statistically 
significantly more often compared with 
group 2 placentas, hyalinized avascular 
villi were registered (Fig., a), which indi-
cates the presence of fetal stromal vascu-
lar lesions, which are signs of fetal blood 
supply disorders. The absence of choran-
giosis signs in the placentas of group 1 
patients and insignificant manifestations 
of chorangiomatosis in combination with 
the severity of fibrinoid deposition and 
agglutination of villi with statistically sig-
nificant differences in comparison with 
the same parameters of group 2 women 
are noteworthy.

The revealed morphological features 
may indicate that against the background 
of acute COVID-19 in the placentas of 
patients with PP, compensatory chang-
es are not formed in time to counteract 
the increasing hypoxia, which may lead 
to adverse perinatal outcomes (PO). 
According to N. Jaiswal et al. [5], chor-
angiosis was recorded in 13/27 (48.1%) 
placentas from asymptomatic and mild 
COVID-19 (confirmed infection) pregnant 
women with favorable PO. In a study 
by E.D. Shanes et al. [7], chorangiosis 
was observed in 4/15 (26.7%) placentas 
from third trimester pregnant women with 
manifest or history of COVID-19, in 30% 
with no clinical symptoms. The authors 
observed favorable PO in all cases an-
alyzed. However, 1 case of fetal loss at 
16 weeks' gestation showed villous ede-
ma and retroplacental hematoma, with 
no evidence of chorangiosis or acute or 
chronic inflammation [7].

In group 1 patients, we observed pro-
nounced thrombosis processes in the 
placenta: hemorrhages in the intervillous 
space (Fig., b), thrombosis of the intervil-
lous space (Fig., c), and villous infarcts 
(Fig., d) were statistically significantly 

more frequent compared to the placentas 
of group 2 patients. Productive villusitis 
(Fig., e) and productive inflammation of 
fetal membranes as a consequence of 
hematogenous infection were statistically 
significantly predominant in group 1. Pu-
rulent inflammation was also statistically 
significantly more frequent in the placen-
tas of group 1 women.

G.B. Malgina et al. [3], C. Dubucs 
et al. [13] demonstrate the presence of 
thrombosis of the intervarsinal space, 
massive fibrin deposition, and inflamma-
tory changes in the placentas in cases of 
AFD.

Signs of SARS-CoV-2 placentitis (HI, 
trophoblast necrosis, massive fibrinoid 
deposition) were statistically significantly 
more frequently registered in the placen-
tas of group 1 patients (Fig., e). It should 
be noted that similar morphological 
changes in the placentas, as well as in-
tervillous hemorrhages and subchorionic 
hematomas in cases of stillbirth against 
the background of COVID-19 manifesta-
tion are noted by other researchers [6, 9, 
13]. Thus, in the study by D. Schwartz et 
al. [6], signs of HI and necrosis of syn-
cytiotrophoblast were detected in the pla-
centas of both stillborn (5 cases) and live-
born (5 cases) children in the presence 
of a positive result of syncytiotrophoblast 
testing for SARS-CoV-2 by immunohis-
tochemical analysis and/or RNA in situ 
hybridization. In cases of stillbirth, all pla-
centas were characterized by a marked 
increase in perivillous fibrin deposition, 
up to massive, in addition to HI and ne-
crosis of syncytiotrophoblast, which re-
sulted in placental/maternal malperfusion 
and contributed to fetal death. According 
to D. Schwartz et al. [9], of 68 cases of 
perinatal losses from pregnant women 
with confirmed COVID-19, all placentas 
showed increased fibrin deposition (in 
63 it was massive) and necrosis of syn-
cytiotrophoblast, in 66 - HI. Overall, the 
destructive state of the placenta due to 
SARS-CoV-2 placentitis included about 
77.7% of the tissue lesions. Among other 
morphologic features, the authors not-
ed the presence of multiple intervillous 
thrombi (25/68, 37%) and chronic villitis 
(22/68, 32%).

Some researchers [12] believe that 
morphologic changes in the placenta, 
called placentitis SARS-CoV-2, can be 
considered as a result of episodes of vi-
remia, which may have both infectious 
and immunopathologic basis. Diffuse 
destruction of the placenta with more 
than 75% of its tissue volume affected 
by SARS-CoV-2 placentitis leads to rap-
idly progressive placental dysfunction 
against a background of severe maternal 

and fetal malperfusion, resulting in fetal 
distress, ASP or neonatal death.

In the study by S. Stenton et al. [11], 
revealed signs of massive perivillous fi-
brin deposition, HI and varying degrees 
of necrosis of extravillous trophoblast 
in the placentas of women with stillbirth 
in the second and third trimesters from 
COVID-19-positive mothers with both the 
presence and absence of clinical symp-
toms of infection. 

Conclusion. Thus, the detected pla-
cental lesions during acute COVID-19 in 
patients with PTL and PL characterize 
multicomponent placental damage, in-
cluding both vascular and inflammatory 
changes, accompanied by impaired met-
abolic processes between mother and 
fetus, which leads to unfavorable PO. In 
the placentas of patients with PTL and 
PL there is a statistically significant pre-
dominance of thrombosis processes, in-
flammatory changes and manifestations 
of SARS-CoV-2 placentitis in comparison 
with the placentas of patients without PL.

1. Voropaeva E.E., Ishchenko L.S., Mikhai-
lova S.A. et al. Blagopriyatnyi iskhod kraine 
tyazhelogo techeniya novoi koronavirusnoi in-
fektsii COVID-19 pri beremennosti s total'nym 
porazheniem legkikh, ostrym miokarditom i in-
farktom miokarda [Favorable outcome of the 
extremely severe course of the new coronavi-
rus infection COVID-19 during pregnancy in the 
presence of overall lung damage, acute myo-
carditis, and myocardial infarction]. Akusherst-
vo i ginekologiya [Obstetrics and Gynecology. 
2021; (10): 179-186 (In Russ.).] doi: 10.18565/
aig.2021.10.179-186.  

2. Shchegolev A.I., Kulikova G.V., Lyapin V.M. 
et al. Kolichestvo sintsitial'nykh uzlov i ehkspres-
siya VEGF v vorsinkakh platsenty u rozhenitsy s 
COVID-19 zavisit ot tyazhesti zabolevaniya [The 
number of syncytial knots and VEGF expres-
sion in placental villi in parturient women with 
COVID-19 depends on the disease severity]. 
Byulleten' ehksperimental'noi biologii i meditsiny 
[Bulletin of Experimental Biology and Medicine. 
2021; 171(3): 399-403 (In Russ.).] doi: 10.1007/
с10517-021-05236-x. 

3. Malgina G.B., Grishkina A.A., Dyakova 
M.M. et al. Tromboz sosudov platsenty kak pri-
china antenatal'noi gibeli ploda u beremennykh s 
novoi koronavirusnoi infektsiei [Placental vessel 
thrombosis as a cause of antenatal fetal death 
in pregnant women with novel coronavirus infec-
tion]. Akusherstvo i ginekologiya [Obstetrics and 
Gynecology. 2022; (5): 162-170 (In Russ.).] doi: 
10.18565/aig.2022.5.162-170.   

4. Shchegolev A.I., Tumanova U.N., Serov 
V.N. Porazheniya platsenty u beremennykh s 
SARS-CoV-2-infektsiei [Placental lesions in preg-
nant women with SARS-CoV-2 infection]. Akush-
erstvo i ginekologiya [Obstetrics and Gynecol-
ogy. 2020; 12: 44-52 (In Russ.).] doi: 10.18565/
aig.2020.12.44-52.

5. N. Jaiswal [et al.]. COVID-19 as an inde-
pendent risk factor for subclinical placental dys-
function. European Journal of Obstetrics & Gy-
necology and Reproductive Biology. 2021; 259: 
7-11. DOI: 10.1016/j.ejogrb.2021.01.049. 

References



4’ 2024 73

6. Schwartz D.A. [et al.] Chronic histiocytic 
intervillositis with trophoblast necrosis is a risk 
factor associated with placental infection from 
coronavirus disease 2019 (COVID-19) and in-
trauterine maternal-fetal severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) 
transmission in live-born and stillborn infants. 
Archives of pathology & laboratory medicine. 
2021; 145(5): 517-528. DOI: 10.5858/ar-
pa.2020-0771-SA.

7. Shanes E.D. [et al.] Placental Pathology in 
COVID-19. American Journal of Clinical Pathol-
ogy. 2020; 154(1): 23–32. DOI: 10.1093/ajcp/
aqaa089

8. Menter T. [et al.] Placental pathology find-
ings during and after SARS-CoV-2 infection: fea-
tures of villitis and malperfusion.  Pathobiology. 

2021; 88(1): 69-77. DOI: 10.1159/000511324.
9. Schwartz D. A. [et al.] Placental Tissue 

Destruction and Insufficiency From COVID-19 
Causes Stillbirth and Neonatal Death From Hy-
poxic-Ischemic Injury. A Study of 68 Cases With 
SARS-CoV-2 Placentitis From 12 Countries. Ar-
chives Pathology & Laboratory Medicine. 2022; 
146(6): 660-676. DOI: 10.5858/arpa.2022-0029-
SA.

10. Redline R.W. Classification of placental 
lesions. American Journal of Obstetrics and Gy-
necology. 2015; 213 (Supl.4.): S21-S28.  DOI: 
10.1016/j.ajog.2015.05.056.

11. Stenton S. [et al.] SARS-COV2 placenti-
tis and pregnancy outcome: a multicenter expe-
rience during the Alpha and early Delta waves 
of coronavirus pandemic in England. EClini-

calMedicine. 2022; 47: 101389. DOI: 10.1016/j.
eclinm.2022.101389.

12. Schwartz D.A. [et al.] SARS-CoV-2 
placentitis, stillbirth, andmaternal COVID-19 
vaccination:clinicalepathologic correlations. 
American Journal of Obstetrics and Gynecol-
ogy. 2023; 228(3): 261-269. DOI: 10.1016/j.
ajog.2022.10.001.

13.  Dubucs C. [et al.]Severe placental lesions 
due to maternal SARS-CoV-2 infection associ-
ated to intrauterine fetal death. Human Pathol-
ogy.  2022; 121: 46-55. DOI: 10.1016/j.hump-
ath.2021.12.012.

14. Husen M. [et al.] Unique severe COVID-19 
placental signature independent of severity of 
clinical maternal symptoms.Viruses. 2021;13(8): 
1670. DOI: 10.3390/v13081670.



YAKUT MEDICAL JOURNAL
74

Introduction. According to the Feder-
al Center for the Prevention and Control 
of AIDS at the end of 2022, the number 
of HIV-infected people living in the Rus-
sian Federation (RF) reached 1,168,076 
people, and the average incidence rate 
in the country was 43.29 per 100 thou-
sand population. Altai Territory (AT) is 
one of 34 constituent entities of the Rus-
sian Federation, the incidence rate in 
which exceeds the average level in the 
country. In this subject, it is 65.5 per 100 
thousand population, which indicates the 
active spread of HIV infection in the Altai 
Territory in recent years.

In Russia, over time, not only the 
number of HIV-positive people changed, 
but also the "portrait" of a typical patient 
with HIV infection. If in the early 2000s 
the main vulnerable group were young 
people 15-30 years old, then by 2022 the 
age of the average patient increased to 
30-60 years, i.e. people at the most eco-
nomically active age have become sus-
ceptible to infection. At the same time, 
the route of infection through injection 
drug consumption (IDC), which has been 
dominant since the late 90s. of the last 
century, in the mid-tenths of this century 
began to yield to the heterosexual route 
of infection. As a result, by 2022, hetero-
sexual contacts have become the main 
method of transmission in the country. 
At the same time, almost 55% of HIV-in-
fected people in 2022 were women, while 
in previous years men predominated 

among HIV-infected patients: in 2010 and 
2014 (69.4% and 63.1%, respectively) [1-
3, 14, 15].

On the territory of the AT, a similar 
change in the portrait of a typical patient 
with HIV infection was noted. If in 2006 
only 17.8% of patients belonged to the 
age group of 30 years and older, then 
by 2014 this figure was already 47.1%. 
The proportion of HIV-infected women 
rose from 27.3% in 2006 to almost 35% 
by 2014 [13]. Although in 2014-2017 the 
main route of transmission in the AT re-
mained IDC (about 60%), there was a 
tendency towards a decrease in the pro-
portion of this route of infection relative to 
sexual [5, 13].

The genetic diversity of HIV-1 in the 
AT historically has features. In particular, 
back in 2017, it was shown that the re-
combinant form of HIV-1 CRF63_02A6 
(formerly called CRF63_02A1) dominates 
in the AT [5, 13], and only about a third 
of cases are associated with the genet-
ic variant of HIV-1 subsubtype A6, which 
has historically dominated in Russia from 
the late 90s to the present [6, 9, 10, 11, 
21]. This feature of the epidemiology of 
HIV infection is characteristic of the entire 
Siberian Federal District, where the re-
combinant form of CRF63_02A6 was first 
identified [16] and where it is currently the 
dominant genetic form of HIV-1 [18].

The coverage of people with HIV in-
fection with antiretroviral therapy in Rus-
sia is growing every year. So, at the end 
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Introduction: In the Altai Territory, there are the same trends in the change in the HIV epidemic as in Russia as a whole. Changing the 
"portrait" of a typical patient with HIV infection, as well as increasing coverage of patients with specific therapy, dictates the need to study the 
characteristics of HIV infection in the Altai Territory.

Purpose: analysis of the epidemiology of HIV infection in the Altai Territory in 2022, taking into account the genetic characteristics of circulat-
ing variants in the territory.

Materials and methods: An analysis of the main epidemiological indicators for HIV infection in 2022 was carried out. A collection of plasma 
samples from patients without therapy experience (n = 187) collected in 2022 in the Altai Territory was collected and analyzed. The genetic variant 
of HIV-1 was determined, an analysis of primary drug resistance was carried out in the Altai Territory in 2022.

Results: The article presents an analysis of epidemiological data indicating the continuation of changes in the structure of HIV-infected people 
in the Altai Territory, as in the Russian Federation as a whole (an increase in the proportion of the female population, the proportion of people 

over 30 years old, the dominance of the sexual transmission of infection). A high frequency of 
infection with the recombinant form of CRF63_02A6 was detected. At the same time, the Altai 
Territory is not distinguished by a high genetic diversity of HIV-1. A high frequency of drug resis-
tance (including a high level) to first-generation NNRTIs has been established.

Conclusion: The HIV epidemic in the Altai Territory reflects the main trends in HIV infection 
in the Russian Federation, including the situation with primary drug resistance. Meanwhile, the 
characteristics of the genetic diversity of HIV-1 in this territory require further study.

Keywords: HIV infection, sequencing, genetic diversity, drug resistance.
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of 2022, more than 835 thousand peo-
ple received antiretroviral therapy in the 
country [3].

The effectiveness of therapy is asso-
ciated with the degree of prevalence in 
the country of HIV-1 options resistant 
to antiretroviral therapy. Moreover, the 
identification of "primary" drug resistance 
(DR) in a virus circulating among patients 
without therapy experience (ART-naive) 
has the greatest prognostic value. In this 
case, not only the fact of the presence of 
DR is considered, but also the degree of 
stability, estimated by the Stanford Uni-
versity algorithm [8, 12, 20]. According 
to WHO recommendations, if the preva-
lence of DR in any class of drugs used 
in the country reaches 10%, all patients 
starting therapy should be tested for DR 
HIV-1 [5]. The results of a study of DR 
in the world showed that the level of pri-
mary DR to classic drugs of the class of 
non-nucleoside reverse transcriptase 
inhibitors (NNRTIs), primarily nevirap-
ine (NVP) and efavirenz (EFV), exceeds 
10%. For this reason, WHO does not rec-
ommend the use of first-generation NNR-
TIs in therapy regimens [11, 20]. Similar-
ly, the 2023 MoH guidelines suggest nu-
cleoside reverse transcriptase inhibitors 
(NRTIs), protease inhibitors (PIs), and 
HIV-1 integrase inhibitors (AIs) as pre-
ferred therapies. Of the NNRTI, only the 
2nd generation NNRTI elsulfavirin (ESV) 
is recommended [4]. This approach to 
the formation of therapy regimens has a 
basis: a study in 2023 showed that the 
prevalence of DR among patients without 
therapy experience in Russia reached 
12.7% by 2022 due, first of all, to resis-
tance to NNRTI (10%) [8, 20].

Finally, in addition to LN itself, the 
prevalence of LN mutations from the 
list of so-called surveillance mutations 
(SDRM) is assessed, whose presence 
in HIV-1 variants indicates a high risk of 
therapy failure [19].

Thus, surveillance of transmissible re-
sistance (in patients with a recent diagno-
sis of HIV infection and without therapy 
experience) is the most important issue 
of HIV epidemiology in every region of 
the country [7, 8, 17].

The purpose of this study was to an-
alyze the epidemiology of HIV infection 
in the Altai Territory in 2022, taking into 
account the genetic characteristics of cir-
culating variants in the territory.

Materials and methods. Analysis of 
epidemiological data. To assess the spe-
cifics of the epidemiology of HIV infection 
in the AT in 2022, the following docu-
ments were analyzed:

1. Form No. 2 "Information on infec-
tious and parasitic diseases in the Altai 

Territory for 2013-2022";
2. Report "On the state of sanitary and 

epidemiological well-being of the popula-
tion in the Altai Territory in 2022" FBUZ 
"Center for Hygiene and Epidemiology in 
the Altai Territory";

3. Statistics of the official website of 
the Altai Regional Center for the Preven-
tion and Control of AIDS and Infectious 
Diseases (https://altaids22.ru/).

Descriptive and evaluative epidemi-
ological research methods were used in 
the work. The analysis used calculation 
of absolute and relative values, calcula-
tion of confidence intervals (CI) by Wilson 
method with 95% confidence interval. 
Statistical analysis was performed using 
Microsoft Excel.

Analysis of HIV-1 variants in biolog-
ical samples. During 2022, a collection 
of blood plasma samples from patients 
collected in the AT was collected and an-
alyzed. Inclusion criteria:

1. Age 18 years or more;
2. Accommodation in the settlement of 

the AT;
3. Making a diagnosis of HIV infection 

in 2022;
4. Lack of experience in HIV therapy 

(ART-naive);
5. The level of viral load (VL, HIV-1 

RNA concentration) in blood plasma is 
more than 500 copies/mL (sensitivity limit 
for possible further genetic analysis).

Exclusion criteria:
1. Age at enrollment is less than 18 

years.
2. Permanent actual residence outside 

the AT;
3. Diagnosis of HIV infection earlier 

than 2022;
4. ART experience;
5. Undetectable VL or VL below 500 

copies/mL.
Collection of blood plasma, collection 

of concomitant epidemiological and clin-
ical information (age, sex, route of infec-
tion, information on residence, date of 
diagnosis, determination of the stage of 
HIV infection), determination of VL and 
the level of CD4-lymphocytes was car-
ried out on the basis of the Altai Regional 
Center for the Prevention and Control of 

AIDS and Infectious Diseases. Extraction 
of HIV-1 RNA from blood plasma, se-
quencing and analysis of the HIV-1 ge-
nome (a fragment of the pol gene encod-
ing protease, reverse transcriptase and 
HIV -1 integrase) and DR assessment 
were carried out on the basis of the  Cen-
tral Scientific Research Institute of Epide-
miology of Rospotrebnadzor.

To determine the level of VL, a set of 
reagents RealBest RNA HIV quantita-
tive (Vector Best, Novosibirsk, RF) was 
used, to obtain nucleotide sequences 
(sequences) of the HIV-1 genome, the 
Amplisens HIV-pol-NGS- test system 
was used (Central Scientific Research 
Institute of Epidemiology of Rospotreb-
nadzor, Moscow, RF) and MiSeq se-
quencing systems (Illumina, USA). Anal-
ysis of the viral genome (determination of 
the genetic variant of HIV-1 and detection 
of DR mutations) was carried out using 
the Mega v.6.0 program and online ser-
vices HIVBlast, and HIVdb program/

Results. Features of the epidemiolo-
gy of HIV infection in the Altai Territory in 
2022: 

In 2022, 1495 new cases of HIV infec-
tion were detected in the AT. At the same 
time, the main age group among these 
patients was people over 30 years old 
- 86.9% (Figure 1). The ratio of men to 
women was 61.8% and 38.2%, respec-
tively.

In 2022, the dominant vulnerable 
group was individuals infected through 
sexual contact 82.1%, while IDUs ac-
counted for only 17% of infections. Fi-
nally, 0.9% of infections were associated 
with perinatal mother-to-child transmis-
sion of HIV infection.

Social groups with the first diagnosis of 
HIV infection in 2022 in the Altai Territory 
were more represented by the non-work-
ing population - 70.8%. Employees and 
workers in industry and agriculture ac-
counted for 27.3% (Figure 2).

Analysis of genetic variants of 
HIV-1 circulating in the Altai Territo-
ry in 2022. The nucleotide sequences 
of the HIV-1 genome in blood plasma 
samples obtained from 187 HIV-infected 
persons diagnosed with HIV infection in 

Fig. 1. Age structure of the incidence of HIV infection in 2022 in the Altai Territory (in%)
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2022 were analyzed. The average age 
of patients on the day of sampling was 
42 years (from 18 to 72 years). The ratio 
of men and women was 100 to 87, i.e. 
53.5% to 46.5%, respectively. 161 pa-
tients (86.1%) were infected through sex-
ual intercourse, the remaining 26 patients 
(13.9%) were IDUs. Thus, the age and 
sex composition, as well as belonging to 
a vulnerable group of examined patients, 
are close to the average for HIV infection 
in the Altai Territory in 2022.

The mean VL was 5.95 Log copies/ml 
(DI95 5.73-6.10) and the CD4 cell con-
centration was 333 cells/μl (DI95 301-
364). The majority of patients (140/187, 
74.9%) were at stage 3 HIV infection, 35 
patients (18.7%) were at stage 4, and 
only 12 (6.4%) were at stage 2.

The dominant genetic variant of HIV-
1 in the examined sample collection 
was CRF63_02A6 (127/187, 67.9%). 
Subsubtype A6 included 59 samples 
(31.6%) and 1 sample (0.5%) included 
subtype B virus of the IDU-B genetic 
variant (Figure 3).

Analysis of primary drug resistance in 
the Altai Territory in 2022:

For 187 samples, nucleotide sequenc-
es of the pol HIV-1 gene region encoding 
protease (PR) and virus reverse tran-
scriptase (RT) were obtained (positions 
2253-3869, relative to reference strain 

HXB-2, GenBank number K03455). Nu-
cleotide sequences of the pol gene frag-
ment encoding integrase (IN) HIV-1 were 
also obtained for 181 samples (positions 
4230-5096). For another 6, nucleotide se-
quences of IN were obtained insufficient 
for reliable analysis of quality or extent. 
The results of the primary DR analysis 
for different drug classes are presented 
in Figure 4.

Resistance to efavirenz (EFV) and ne-
virapine (NVP) and rilpivirine (RPV) was 
the most frequently reported. To the last 
two, was high-level drug resistance. The 
incidence of resistance to other drugs 
did not exceed 4%, and DR itself in the 
overwhelming number of cases was low. 
Finally, the low incidence of DR for II 
drugs (0.55% for each drug) was asso-
ciated with one sample containing V151L 

replacement.
The frequency of SDRM mutations in 

the studied sample collection was ana-
lyzed(Figure 5).

No SDRM mutations to II drugs were 
detected. Of the most frequently detect-
ed, there was a K103N mutation detect-
ed in 7 (3.7%) samples and K103S in 
3 (1.6%) samples. Substitutions in this 
position cause high-level resistance to 
EFV and NVP. Also, 4 samples contained 
M41L replacement associated with 
low-level resistance to zidovudine (AZT). 
The remaining SDRM mutations did not 
exceed 1%.

Discussion. The analysis of epidemi-
ological data indicates a continuation of 
the trends outlined in past years. Despite 
the fact that the majority of HIV-infected 
people are men, the proportion of wom-

Fig. 2. The social structure of the incidence of HIV infection in 2022 in the Altai Territory (%)

Fig. 3. The result of phylogenetic analysis of 187 nucleotide sequences (PR-RT) of the HIV-1 performed using the maximum likelihood method 
using the GTR + G + I model of nucleotide substitutions in 500 independent constructions
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Fig. 4. The structure of primary drug resistance in the Altai Territory in 2022

en is steadily growing: from 27.3% and 
35% in 2006 and 2014, respectively [14, 
15], to more than 38% in 2022. By 2022, 
the main age group was people over 30 
years old (almost 87%), which is more 
than 1.8 times higher than the same in-
dicator in 2014 [15]. In the AT, a typical 
trend for Russia in recent years has also 
been noted towards an increase in the 
proportion of the sexual route of infection 
in relation to IDU, which dominated at the 
end of the last century. However, the fact 
that more than 70% of HIV-infected peo-
ple in AT in 2022 were unemployed in-
directly speaks to the marginalization of 
HIV infection in the region. At the same 
time, the low incidence of HIV infection 
among students in schools and univer-
sities (1.9%) and people under 20 years 
old (2.7%) indicates the effectiveness of 
HIV prevention in AT.

The high frequency of infection with 
the recombinant form of CRF63_02A6 
we have identified is typical of Siberia. 
However, if in 2017 CRF63_02A6 and 
subsbutype A6 accounted for 45% and 
37% of HIV infections, respectively [14], 
then in 2022 this ratio was 68.1% and 
31.4%, respectively. This indicates the 
further spread of the recombinant form 
of CRF63_02A6 in AA. At the same time, 
AT is not characterized by a high genet-
ic diversity of HIV-1. If in 2017 only 3/82 

(1.2%) of the sample belonged to sub-
type B and G [14], then in our collection 
only one sample (0.5%) belonged to the 
virus of the genetic variant IDU-B, first 
identified in Nikolaev (Ukraine) in the ear-
ly 2000s. and actively circulating in Rus-
sia in the past [5, 16, 18].

The high incidence of DR (including 
a high level) to first-generation NNRTIs 
identified by us is similar to that identified 
for Russia as a whole [8, 13,14]. There-
fore, the exclusion of these drugs from 
the basic ART regimens is quite justified 
for patients in the AT. Meanwhile, the low 
incidence of DR in other classes of drugs, 
especially II, indicates the potential high 
effectiveness of their use.

Conclusion. The HIV epidemic in the 
Altai Territory generally reflects the main 
trends in HIV infection in the Russian 
Federation, including the situation with 
primary drug resistance. Meanwhile, the 
features of the genetic diversity of HIV-1 
in this territory require further study.
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ARCTIC MEDICINE

Rotational shift work in the Arctic region's northern seas has a substantial influence on the physiological condition of the human body and has 
a high risk of reducing reserve capacities, particularly the immune system. Assessing immune homeostasis by identifying immune balance, spe-

cifically the levels of expression of lymphoproliferation and lymphoapoptosis markers that deter-
mine the body's susceptibility to diseases, is important for maintaining public health in the Arctic 
region's extreme climatic and professional environments. The aim of this study is to assess 
the ratio of lymphocyte phenotypes CD10, CD71, CD95 and the NLR index in men working on 
rotating shifts in the Arctic. Materials and Methods. The study comprised 65 healthy adults aged 
43,2±2,7 years: 45 males working rotating shifts of less than 3 months, 3 to 6 months, and more 
than 6 months, and 20 male residents (control). The neutrophil-to-lymphocyte ratio (NLR), lym-
phocytes with the CD10 marker to CD95, and lymphocytes with the CD71 marker to CD95 were 
estimated. Results. The median neutrophil to lymphocyte ratio (NLR) among rotating shift hy-
drographers is within the ideal normal range (1-2), regardless of shift duration, as in contrast to 
permanent residents, whose median NLR is stress-increased (2-3). In rotating shift workers, the 
CD10/CD95 ratio is balanced between 0.85 and 1.15, with evidence of a relative rise in CD10 
expression levels with shift durations of more than 6 months. In 65% of Arctic inhabitants, CD10 
expression levels are quite low. The CD71/CD95 ratio is balanced between 0.85 and 1.1, regard-
less of shift duration or permanent residence in the Arctic region. Conclusions. In the investigat-
ed hydrographers, fluctuations in the median NLR and the CD10/95 ratio are associated with the 
duration of the shift; the median CD71/95 ratio is least susceptible to fluctuations in both rotating 
shift workers and the control group; the CD71/95 ratio is stable, determines the immune balance 
of the surveyed, and can be used to assess the immune system's adaptability to Arctic conditions.

Keywords: Arctic, Immune balance, Lymphoproliferation, Lymphopoptosis, Rotational shift-
work, Hydrographers
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Introduction: Professional activity in 
the Arctic region is associated with sig-
nificant health risks related not only to 
the cold climate, poor sanitation, dete-
riorating water quality, and exposure to 
pollutants in the environment, but also 
to professional activities (rotational shift 
work), which affects both shift workers 
and the local population [11]. Harsh cli-
matic conditions, including hypoxia and 
stress, as well as extreme professional 
working conditions in the Arctic region 
lead to many health problems, including 
cardiovascular [1, 5] and bronchopulmo-
nary diseases (regional) [3, 4]. Extreme 
professional working conditions (rota-
tional shift work), along with the harsh 
environment in the northern seas, lead to 
reducing the reserve capacity of immune 
homeostasis [2, 6]. 

The neutrophil to lymphocyte ratio 
(NLR) is an easily available biomark-
er that demonstrates the balance be-
tween the two elements of the immune 
response, allowing for the assessment 
of adaptive immunity as well as the di-
agnosis of acute and chronic inflamma-
tion. However, even in the absence of 
defined cutoff levels, fluctuations in NLR 
over time might be valuable indicators of 
immune system failure. There is a sub-
stantial and independent link between its 
levels and an increased risk of mortali-
ty from any physiological reason [8, 13, 
‎14]. Neutrophil to lymphocyte ratio (NLR) 
serves as a valuable biomarker for pre-
dicting disease susceptibility by indicat-
ing systemic inflammation and potential 
defects in immune responses [17].

Maintaining a balance between 
lymphoproliferative and lymphoapop-
totic mechanisms is important for pre-
venting autoimmune manifestations and 
ensuring adequate homeostasis of the 
immune system. Any disruption of this 
balance can lead to autoimmune lymph-
oproliferative syndrome [‎9], chronic in-
flammation, and increased vulnerability 
to infectious diseases. The CD10 recep-
tor is found in a variety of hematopoietic 
tissues, including human lymphoid pro-
genitors, and plays a critical role in pro-
liferative processes. CD10 expression is 
required for the production of TGF-β1, 
deficiency of which is recognized to im-
pede cell proliferation and trigger apop-
tosis through upregulation of cell cycle 
inhibitors, including CD95 [12, 15, 18]. 
Expression of the marker (CD95) leads 
to proteolytic cleavage of NF-κB, a key 
transcription factor that promotes cell 
survival. This cleavage makes T cells 
more susceptible to apoptotic processes. 
In turn, NF-κB can modulate the expres-
sion of a marker (CD71), which plays an 

important role in cell proliferation and ac-
tivation [10, 16].

The aim of the work is to assess the 
ratio of lymphocyte phenotypes CD10, 
CD71, CD95 and the NLR index in men 
working on rotating shifts in the Arctic.

Materials and methods: The study 
involved 65 practically healthy individuals 
with an average age of 43,2±2,7 years, 
of whom 45 were men working on a ro-
tational basis in the northern seas (Bar-
ents Sea, White Sea) of the Arkhangelsk 
region of the hydrographic service of the 
Northern Fleet of the Russian Federation 
(ARHS NF RF). The investigated persons 
were divided into 3 groups depending on 
the duration of the shift: 14 people with 
a rotating shift duration of more than 6 
months, aged 44,7±2,9 years (95% con-
fidence interval (38,3-51,1)); 11 people 
with an average rotating shift duration of 
3 to 6 months, aged 41,2±2,9 years (95% 
confidence interval (34,5-48,7)); 20 peo-
ple with a short rotating shift duration of 
less than 3 months, aged 43,4±2,4 years 
(95% confidence interval (38,3-48,5)) [7]. 
The control group consisted of 20 male 
permanent inhabitants of the Arctic area 
of Arkhangelsk, aged 43,1±1,8 years 
(95% confidence interval (38,4-46,9)). 
They did not work on a rotating basis. 
All individuals participated in the study 
voluntarily; at the time of venous blood 
sampling, they had no acute or chronic 
diseases, as determined by the local clin-
ic physician for the control group and the 
Military Medical Commission of the ARHS 
SF of the Russian Federation for rota-
tional workers. The ratio of neutrophils to 
lymphocytes (NLR) using absolute neu-
trophil and lymphocyte counts. According 
to (Zahorec, 2021) [19], normal NLR val-
ues are in the range of (0.7-3.0), with op-
timal values in the range of (1.0-2.0), and 
stress ranges, which serve as an early 
warning of the possibility of developing a 
pathological condition or maladaptation, 
are (0.7-1.0) and (2.0-3.0), the ratio of the 
process of lymphoproliferation associat-
ed with the receptor (CD10) to the pro-
cess of lymphoapoptosis associated with 
the receptor (CD95), and the ratio of the 
process of activation and lymphoprolifer-
ation associated with the receptor (CD71) 
to the process of lymphoapoptosis as-
sociated with the receptor (CD95) were 
determined in peripheral blood. NLR was 
determined by counting the number of 
leukocytes in a Goryaev chamber, the 
percentage of neutrophils and lympho-
cytes in a stained blood smear according 
to Romanovsky-Giemsa, then calculating 
the absolute numbers of neutrophils and 
lymphocytes. Lymphocyte phenotypes 
(CD10, CD71, CD95) were determined 

by indirect immunoperoxidase reaction 
using monoclonal antibodies on lym-
phocyte preparations of the "dried drop" 
type using a peroxidase conjugate and 
staining with a chromogen solution for 
analysis in immersion microscopy of la-
beled cells in the field(s) of vision in a 
total amount of 500 cells using the lab-
oratory counter C-5. The work was car-
ried out in the Laboratory of Physiology 
of Immunocompetent Cells, Institute of 
Physiology of Natural Adaptations of N. 
Laverov Federal Center for Integrated 
Arctic Research of the Ural Branch of the 
Russian Academy of Sciences, Arkhan-
gelsk, Russia within the framework of 
State Assignment No. 122011700267-5. 
To conduct the study, a conclusion was 
obtained from the Ethics Committee of 
the Federal State Budgetary Scientific 
Institution Federal Research Center of 
N. Laverov Federal Center for Integrated 
Arctic Research of the Ural Branch of the 
Russian Academy of Sciences (Protocol 
No. 4 dated 10.02.2022).

Statistical processing of the results 
was performed using Microsoft Excel 
2016 and SPSS 24.0 for Windows. The 
median (Me) with a percentile interval 
of 25–75 (Q1; Q3) was used to indicate 
the content of the studied indicators, as 
well as the 95% confidence interval (CI) 
(lower limit (L) – upper limit (H)) to de-
termine the expected limits of the phys-
iological norm, and the Mann-Whitney 
criterion was used for comparative anal-
ysis between the groups. Differences in 
the compared indicators were considered 
reliable at a significance level of p <0.05.

Results and discussion: The median 
neutrophil to lymphocyte ratio (NLR) in 
rotating shift workers with shift durations 
of less than 3 months, 3 to 6 months, 
and more than 6 months was 1.32 (1.00; 
1.77), 1.54 (0.60; 2.96), and 1.19 (0.71; 
1.64), respectively (Table), which is within 
the optimal normal range (1-2) [19]. The 
values for shift durations of less than 3 
months and more than 6 months are sig-
nificantly lower than in the control group 
2.07 (1.69; 2.72) (p < 0.05), which is at 
the stress-increased level (2-3) due to a 
relatively low lymphocyte count in 50.0% 
of the investigated males

The frequency of recording high 
(stress) NLR levels increased from 15.0% 
for shift durations of less than 3 months to 
45.5% for shift durations of 3 to 6 months 
due to heterogeneous changes in the 
number of neutrophils and lymphocytes 
(either a relatively increased number 
of neutrophils or a relatively decreased 
number of lymphocytes), which led to an 
expansion of the 95% confidence interval 
(1.08–2.54).
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The frequency of recording high 
(stress) NLR levels decreases to 14.3% 
with a shift duration of more than 6 months 
due to a relative decrease in the number 
of neutrophils. It should be assumed 
that the rotating shift work system in the 
Arctic region affects the human body 
through a wide fluctuation in the levels 
of neutrophils and lymphocytes, thereby 
maintaining the state of the immune bal-
ance, the peak of which is achieved with 
a shift duration of 3 to 6 months with sub-
sequent recovery with a shift duration of 
more than 6 months. It was revealed that 
in rotating shift workers aged 43.5±2.9 
years, the neutrophil to lymphocyte ra-
tio (NLR) remains within optimal normal 
limits, unlike permanent residents of the 
Arctic region, presumably shift workers 
have a more labile adaptive immunity, 
which helps to quickly rebuild and, pos-
sibly, shortens the immune response of 
a healthy person in extreme conditions, 
which requires additional research. 

The median ratio of the lymphoprolif-
erative process associated with (CD10) 
to lymphocytes apoptosis process asso-
ciated with (CD95) is 1.02 (0.82; 1.20), 
0.94 (0.83; 1.06) and 1.00 (0.93; 1.31) in 
hydrographers with a shift duration of less 
than 3 months, from 3 to 6 months, and 
more than 6 months, respectively, which 
indicates a practically balanced status 
regardless of the shift duration, which is 
obviously higher than that of the control 
group 0.58 (0.43; 2.02), while the lack of 
statistical significance is due to the wide 
range of distribution of these indicators.

Based on the concept of immune bal-
ance and the 95% confidence interval of 
the obtained data, it is reasonable to be-
lieve that the optimal CD10/CD95 ratio in 
practically healthy men ranges from 0.85 

to 1.15. It is crucial to highlight that these 
limitations are broken in the group of per-
manent inhabitants of the Arctic area, 
which we believe is related to a relative-
ly low level of CD10 expression in 65% 
and a significant rise in CD10 expression 
in 35% of the control group. Along with 
this, it is worth noting that in hydrogra-
phers with a shift duration of more than 
6 months, the 95% confidence interval 
expands (0.90–1.42) due to a relative in-
crease in the level of CD10 expression, 
which indicates the onset of the develop-
ment of an adaptive immune response in 
conditions of rotational long-term shifts in 
the Arctic region.

The median of the ratio of the process 
of lymphoproliferation and activation as-
sociated with (CD71) to the process of 
lymphoapoptosis associated with (CD95) 
is 1.00 (0.72; 1.18), 0.89 (0.77; 1.00), and 
0.96 (0.87; 1.07) in hydrographers with a 
shift duration of less than 3 months, from 
3 to 6 months, and more than 6 months, 
respectively, which does not differ from 
the median in the control group 1.00 
(0.88; 1.18). Thus, it can be assumed that 
the CD71/CD95 ratio, regardless of the 
duration of the shift or residence in the 
Arctic region with the expected normal 
range from 0.85 to 1.1, according to the 
95% confidence interval, is an indicator 
of stable adaptation.

Therefore, within the cohort of inves-
tigated persons, variations in the median 
neutrophil to lymphocyte ratio (NLR) and 
the CD10/95 ratio exhibit a correlation 
with the duration of the rotational shift 
work; the median CD71/95 ratio demon-
strates the least vulnerability to variations 
in both the shift worker population and the 
control group; furthermore, the CD71/95 
ratio remains stable, serves to define 

the immune balance of the participants, 
and may function as an indicator of the 
adaptability of the immune response to 
extreme Arctic conditions.

1. Gmoshinsky I.V., Nikityuk D.B. Polyarnyj 
stress: mekhanizmy i modelirovanie v ehksper-
imente [Polar stress: mechanisms and modeling 
in the experiment]. Vestnik Rossijskoj akademii 
medicinskikh nauk [Bulletin of the Russian Acad-
emy of Medical Sciences. 2022; 77 (6): 447-457 
(In Russ.).] DOI: 10.15690/vramn2209.

2. Sergeeva T.B., Filippova O.E., Shashkova 
E.Yu. et al. Patent No. 2757754 C1 Rossijskaya 
Federaciya, MPK G01N 33/48. Sposob ocenki 
adaptirovannosti immunnoj sistemy po urovnyu 
limfoproliferacii cheloveka v usloviyakh Arkti-
ki: № 2020124877: zayavl. 17.07.2020: opubl. 
21.10.2021 [Russian Federation, IPC G01N 
33/48. Method for assessing the adaptabili-
ty of the immune system based on the level of 
human lymphoproliferation in Arctic conditions: 
No 2020124877: declared 17.07.2020: published 
21.10.2021]. zayavitel' Federal'noe gosudarst-
vennoe byudzhetnoe uchrezhdenie nauki Fed-
eral'nyj issledovatel'skij centr kompleksnogo 
izucheniya Arktiki imeni akademika N.P. Lavero-
va Ural'skogo otdeleniya Rossijskoj akademii 
nauk. [applicant Federal State Budgetary Sci-
entific Institution Federal Research Center for 
Comprehensive Study of the Arctic named after 
Academician N.P. Laverov, Ural Branch of the 
Russian Academy of Sciences (In Russ.).]. 

3. Staroded, A.S., Maidan, V.A., Tsvetkov, 
S.V. Vliyanie medikogeograficheskikh osoben-
nostej Krajnego Severa na processy adaptacii 
[The influence of medical and geographical fea-
tures of the Far North on adaptation processes]. 
Izvestiya Rossijskoj voenno-medicinskoj aka-
demii [Bulletin of the Russian Military Medical 
Academy. 2020; 39 (S3-5): 160-163 (In Russ.).]

4. Syurin S.A., Gorbane S.A. Osobennosti 
professional'noj patologii v Arkticheskoj zone 
Rossii: faktory riska, struktura, rasprostranen-
nost' [Features of professional pathology in the 
Arctic zone of Russia: risk factors, structure, 
prevalence]. Vestnik Ural'skoj medicinskoj aka-
demicheskoj nauki [Bulletin of the Ural Medical 
Academic Science. 2019: 16 (2): 237-244 (In 

References

Median (Me (Q1; Q3)) and 95% confidence interval (95% CI (L - H)) of immune parameters in hydrographers depending
on the duration of the shift

Parameter Statistical parameter
Rotating shift duration

Control4

n=20
Significance of the 

Mann-Whitney 
criterion

More than 6
months1 n=14

From 3 to 6 
months2 n=11

Less than 3
months3 n=20

NLR
Ме (Q1; Q3) 1.19 (0.71; 1.64) 1.54 (0.60; 2.96) 1.32 (1.00; 1.77) 2.07 (1.69; 2.72)

1 и 4. р=0.001
2 и 4. р=0.302
3 и 4. р=0.003

95% CI (L - H) (0.90 – 1.63) (1.08 – 2.54) (1.13 – 2.01) (1.79 – 3.10)

CD10/CD95
Ме (Q1; Q3) 1.00 (0.93; 1.31) 0.94 (0.83; 1.06) 1.02 (0.82; 1.20) 0.58 (0.43; 2.02)

1 и 4. р=0.107
2 и 4. р=0.173
3 и 4. р=0.224

95% CI (L - H) (0.90 – 1.42) (0.85 – 1.07) (0.85 – 1.14) (0.61 – 1.77)

CD71/CD95
Ме (Q1; Q3) 0.96 (0.87; 1.07) 0.89 (0.77; 1.00) 1.00 (0.72; 1.18) 1.00 (0.88; 1.18)

1 и 4. р=0.551
2 и 4. р=0.083
3 и 4. р=0.279

95% CI (L - H) (0.86 – 1.11) (0.81 – 0.99) (0.84 – 1.07) (0.95 – 1.13)



4’ 2024 81

Russ.).] DOI: 10.22138/2500-0918-2019-16-2-
237-244.

5. Khasnulin V.I., Artamonova O.G., Khasnu-
lina A.V., Pavlov A.N. Adaptivnye tipy mobili-
zacii prisposobitel'nykh rezervov organizma i 
ustojchivost' k arterial'noj gipertenzii na Severe 
[Adaptive types of mobilization of adaptive re-
serves of the body and resistance to arterial hy-
pertension in the North]. Ehkologiya cheloveka 
[Human ecology. 2014; 7: 24-29 (In Russ.).] 

6. Shurkevich N.P., Vetoshkin A.S., Simon-
yan A.A., Gapon L.I., Kareva M.A. Arterial'naya 
gipertenziya v usloviyakh vakhty v Arktike: os-
obennosti vzaimosvyazej zhestkosti arterij s 
markerami vospaleniya i nekotorymi metaboli-
cheskimi faktorami riska [Arterial hypertension 
in shift work conditions in the Arctic: features 
of the relationship between arterial stiffness, 
inflammation markers and some metabolic risk 
factors]. Rossijskij kardiologicheskij zhurnal 
[Russian Journal of Cardiology. 2023; 28 (4): 
5167 (In Russ.).] DOI: 10.15829/1560-4071-
2023-5167. 

7. Shchegoleva, L.S., Shashkova, E.Yu. Im-
munologicheskie pokazateli perifericheskoj 
venoznoj krovi u lic ehkstremal'nykh professij, 
rabotayushchikh v usloviyakh Arkticheskogo 
regiona (Arkhangel'skij rajon gidrograficheskoj 
sluzhby Severnogo flota) [Immunological pa-
rameters of peripheral venous blood in persons 
of extreme professions working in the Arctic 
region (Arkhangelsk region of the hydrographic 
service of the Northern Fleet)]. Svidetel'stvo o 
registracii bazy dannykh [Certificate of database 

registration No. RU 2024622546; Application 
No. 2024622205 dated 05/28/2024; published 
06/10/2024 (In Russ.).]

8. Buonacera, A., Stancanelli, B., Colaci, M., 
Malatino, L. Neutrophil to Lymphocyte Ratio: An 
Emerging Marker of the Relationships between 
the Immune System and Diseases. Int J Mol Sci. 
2022; 23(7): 3636. DOI: 10.3390/ijms23073636.

9. Casamayor-Polo, L., López-Nevado, M., 
Paz-Artal, E., Anel, A., Rieux-Laucat, F., Allen-
de, L.M. Immunologic evaluation and genetic 
defects of apoptosis in patients with autoim-
mune lymphoproliferative syndrome (ALPS). 
Crit Rev Clin Lab Sci. 2021; 58(4): 253-274. DOI: 
10.1080/10408363.2020.1855623.

10. Guégan, J.P., Pollet, J., Ginestier, C., 
Charafe-Jauffret, E., Peter, M.E., Legembre, P. 
CD95/Fas suppresses NF-κB activation through 
recruitment of KPC2 in a CD95L/FasL-inde-
pendent mechanism. iScience. 2021; 24(12): 
103538. DOI: 10.1016/j.isci.2021.103538.

11. Jensen, P.E., Hennessy, T.W., Kallen-
born, R. Water, sanitation, pollution, and health 
in the Arctic. Environ Sci Pollut Res Int. 2018; 
25(33): 32827-32830. DOI: 10.1007/s11356-018-
3388-x.

12. Mizerska-Kowalska, M., Sawa-Wejksza, 
K., Sławińska-Brych, A., Kandefer-Szerszeń, 
M., Zdzisińska, B. Neutral endopeptidase de-
pletion decreases colon cancer cell proliferation 
and TGF-β1 synthesis in indirect co-cultures 
with normal colon fibroblasts. Clin Transl Oncol. 
2021; 23(7): 1405-1414. DOI: 10.1007/s12094-
020-02537-x.

13. Pashinskaya, K.O., Samodova, A.V., Do-
brodeeva, L.K. Features of the immune system 
and levels of blood transport components in resi-
dents of the arctic of the Russian Federation. Am 
J Hum Biol. 2024; 36(10): e24136. DOI: 10.1002/
ajhb.24136.

14. Song, M., Graubard, B.I., Rabkin, C.S., 
Engels, E.A. Neutrophil-to-lymphocyte ratio and 
mortality in the United States general popula-
tion. Sci Rep. 2021; 11(1): 464. DOI: 10.1038/
s41598-020-79431-7.

15. Strasser, A., Jost, P.J., Nagata, S. The 
many roles of FAS receptor signaling in the im-
mune system. Immunity. 2009; 30(2): 180-92. 
DOI: 10.1016/j.immuni.2009.01.001.

16. van Uden, P., Kenneth, N.S., Webster, R., 
Müller, H.A., Mudie, S., Rocha, S. Evolutionary 
conserved regulation of HIF-1β by NF-κB. PLoS 
Genet. 2011; 7(1): e1001285. DOI: 10.1371/jour-
nal.pgen.1001285.

17. Wang, G., Lv, C., Liu, C., Shen, W. Neutro-
phil-to-lymphocyte ratio as a potential biomark-
er in predicting influenza susceptibility. Front 
Microbiol. 2022; 13: 1003380. DOI: 10.3389/
fmicb.2022.1003380.

18. Wang, S., Xiao, Y., An, X., Luo, L., Gong, 
K., Yu, D. A comprehensive review of the liter-
ature on CD10: its function, clinical application, 
and prospects. Front Pharmacol. 2024; 15: 
1336310. DOI: 10.3389/fphar.2024.1336310.

19. Zahorec, R. Neutrophil-to-lymphocyte ra-
tio, past, present and future perspectives. Bratisl 
Lek Listy. 2021; 122(7): 474-488. DOI: 10.4149/
BLL_2021_078.



YAKUT MEDICAL JOURNAL
82

I.V.Kononova

Introduction. Cervical cancer (CC) is 
a largely preventable disease, but, at the 
same time, it is one of the main caus-
es of women's death in the structure of 
malignant neoplasms (MN). The highest 
rates of CC incidence and mortality are 
observed in low- and middle-income 
countries [1]. According to the World 
Bank classification, which is updated 
annually on July 1, based on the values ​​
of gross national income per capita for 
the previous calendar year, the Russian 
Federation is currently included in the 
list of high-income countries [2]. How-
ever, the Russian rates of CC incidence 
and mortality, standardized by age, cal-
culated by the International Agency for 
Research on Cancer (IARC), are more 
than 2 times higher than similar indica-
tors in a group of high-income countries. 
The latest IARC data, calculated for 
2022, show CC incidence and mortality 
rates in Russia to be 17,6 and 6,4 cases 
per 100 thousand population, respec-
tively; while in the group of high-income 
countries these same rates are 6,5 and 
2,4 cases per 100 thousand population, 
respectively [3]. Previous studies have 
shown, that in the state upper-level 
territorial entities (SE, subjects) of the 
Russian Federation (RF), whose settle-
ments are fully or partially classified as 

a part of the Arctic zone (AZRF), the sit-
uation for CC incidence and mortality in 
2016-2020 was worse than in Russia as 
a whole [4].

New statistical indicators of cervical 
cancer in Russia and its regions have 
now been published for 2021 and 2022.   
Therefore, the aim of this study was a 
comparative analysis covering a longer 
period of time - 2016-2022. In addition 
to evaluating CC incidence and mortal-
ity, two of some main indicators of the 
quality for medical care for patients with 
CC were analyzed such as percent rate 
of deaths from CC in the first year from 
the date of diagnosis and relative quan-
tity of CC patients registered alive with 
clinics for 5 years or more [5]. Also the 
association between these indicators 
and indicators of the living standard of 
population has studied. Monitoring dis-
ease information is necessary to evalu-
ate decisions implemented in the public 
healthcare system, to adjust plans for 
improving their efficiency and to develop 
new strategies [6].

An increasing sample size is import-
ant to achieve greater statistical power 
and significance, which are more likely 
to contribute solving the stated objec-
tives [7].

Materials and research methods. 
Statistical indicators of CC were used as 
objects of the study, such as incidence 
and mortality, standardized in accordance 
with the world population distribution by 
age and calculated per 100 thousand 
people (ASIR and ASMR, respectively), 
percent rate of deaths from CC in the first 

year from the date of diagnosis (1yDR) 
and relative quantity of patients regis-
tered alive with clinics for 5 years or more 
(RA5yM). The indicators of the RF and 
its subjects, which settlements fully or 
partially belong to the AZRF, were stud-
ied: Arkhangelskaya (AO) and Murman-
skaya (MO) Oblasts, the Karelia (RKa), 
the Komi (RKo) and the Sakha (Yakutia) 
(RS(Ya)) Republics, Krasnoyarski Krai 
(KK), Nenetski (NAO), Yamalo-Nenetski 
(YaNAO) and Chukotski (ChAO) Autono-
mous Okrugs.

An average per capita money annual 
income of population (PCI) and its ratio 
to the annual subsistence minimum (PCI/
SM) were selected from the indicators of 
living standard of population.

The source of CC indicators were the 
books of the Moscow Research Institute 
of Oncology named after P.A. Herzen - a 
branch of the Federal State Budgetary 
Institution "National Medical Research 
Center of Radiology" of the Ministry of 
Health of Russia, published in the Inter-
net portal for medical and pharmaceutical 
workers [8], containing the data of state 
medical statistics form No. 7. The indica-
tors of living standard of population were 
extracted from the Internet portal of the 
Federal State Statistics Service [9].

The time interval for studying the data 
was 7 years - from 2016 to 2022. The 
choice of the beginning the period is due 
to a separation malignant neoplasms’ in-
dicators between the NAO and the AO, 
which occurred only in 2016. Before this 
time, the indicators of these SEs were 
combined.

COMPARATIVE ANALYSIS OF CERVICAL 
CANCER STATISTICS AND ITS 
ASSOCIATION WITH HOUSEHOLD INCOME 
OF THE POPULATION IN THE ARCTIC ZONE 
OF RUSSIA IN 2016-2022
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Taking into account the values of the cervical cancer (СС) statistics in the period 2016-2022 selected for the study - age-standardized inci-
dence and mortality per 100 thousand population, deaths in the first year from the date of diagnosis and the relative quantity of patients registered 
alive with clinics for 5 years or more, the situation with СС in the State Entities of the Arctic zone of Russia (SE AZRF), with the exception of the 
Yamalo-Nenets Autonomous Okrug,  tends to continue to deteriorate, especially compared to the all-Russian. The growth of the standard of living 
in Russia and SE AZRF, estimated by the values of per capita money income and its ratio to the subsistence minimum, did not show an associ-
ation with CC incidence and, unlike Russia as a whole, in SE AZRF is not associated with a significant decrease in CC mortality. The indicators 
of the standard of living in the six out of nine SE AZRF are positively correlated with the relative quantity of patients registered alive with clinics 
for 5 years or more. But in three SE AZRF, no association was found between CC indicators and the standard of living. Thus, at the current time, 
the population living in the TU AZRF continues to be in dire need of increasing the effectiveness of the healthcare system to fight against CC.
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Table 1

Annual values of CC indicators in RF and SEs AZRF in the period 2016-2022

Subject Index 2016 2017 2018 2019 2020 2021 2022
1 2 3 4 5 6 7 8 9

RF

ASIR 
M

(95% CI)
15.45

(15.21-15.69)
15.76

(15.51-16.01) 
15.80 

(15.56-16.04)
15.38 

(15.14-15.62)
13.67 

(13.43-13.91)
13.6

(13.36-13.84)
13.8

(13.56-14.04)

ASMR
M

 (95% CI)
5.26

(5.12-5.40)
5.18

 (5.04-5.32)
5.07

(4.93-5.21)
5.01

(4.87-5.15)
4.84

(4.70-4.98)
4.57 

(4.45-4.69)
4.67 

(4.55-4.79)

1yDR,% 14.6 14.3 13.8 13.5 12.6 11.9 11.9
RA5yM,% 65.3 65.4 65.9 66.5 66.4 67.5 69.1

NAO

ASIR 
M

(95% CI)
8.01

(0-19.48)
29.37 

(8.42-50.32)
31.38 

(12.54-50.22)
32.50

(12.14-52.86) 
25.15

(1.20-49.10) 20.76
(1.04-40.48)

10.98
(0-23.6)

ASMR
M

 (95% CI)
0.00

 (0.00-0.00)
18.98

(1.40-36.56)
6.53 

(0-15.64)
9.53 

(0-20.41)
5.39 

(0-12.88)
0.00

 (0.00-0.00)
6.6

 (0-15.75)

1yDR,% 12.5 0.0 14.3 9.1 0.0 0.0 0.0
RA5yM,% 68.2 66.7 54.7 52.5 55.4 53.5 55.7

AO

ASIR 
M

(95% CI)
18.32 

(15.13-21.51)
17.78 

(14.70-20.86)
23.69 

(20.06-27.32)
28.85 

(24.60-33.10)
15.16 

(12.30-18.02)
17.09

(14.03-20.15)
18.58

(15.09-22.07)

ASMR
M

 (95% CI)
7.22 

(5.30-9.14)
4.05 

(2.70-5.40)
3.81 

(2.44-5.18)
5.08 

(3.43-6.73)
4.94

(3.43-6.45) 
5.81

 (4.07-7.55)
4.62

 (3.05-6.19)

1yDR,% 11.4 15.2 17.7 9.8 8.2 15.2 11.5
RA5yM,% 68.2 69.3 67.0 66.6 67.0 66.8 67.1

MO

ASIR 
M

(95% CI)
16.26 

(12.93-19.59)
17.73 

(13.77-21.69)
20.76 

(16.96-24.56)
17.00 

(13.45-20.55)
13.57 

(10.43-16.71)
12.75

(9.71-15.79) 13.66 
(10.19-17.13)

ASMR
M

 (95% CI)
6.83

(4.65-9.01)
7.09 

(4.82-9.36)
5.21 

(3.43-6.99)
7.35

(5.04-9.66)
3.84 

(2.13-5.55)
5.11

(3.21-7.01)
5.08

 (3.16-7.00)

1yDR,% 11.7 18.1 20.5 12.6 10.2 9.6 13.4
RA5yM,% 62.3 60.3 59.1 61.9 64.2 65.8 69.1

RKa

ASIR 
M

(95% CI)
22.58

(17.64-27.52) 
19.94

(15.47-24.21)
20.06 

(15.69-24.43)
14.64

(11.13-18.15)  
13.26

(9.59-16.93)  
13.04 

(9.63-16.45)
16.34

(12.13-20.55)

ASMR
M

 (95% CI)
5.06

(2.98-7.14)
5.60

(3.48-7.72)
5.56

(3.38-7.74)
4.90

(3.02-6.78)
5.60

(3.48-7.72)
6.09

(3.91-8.27)
5.92

(3.65-8.19)

1yDR,% 9.4 13.5 11.8 11.6 11.8 16.1 14.8
RA5yM,% 69.5 70.8 72.1 75.6 78.5 81.0 82.7

RKo

ASIR 
M

(95% CI)
17.13

(13.76-20.50)
23.50 

(19.50-27.50)
16.77 

(13.26-20.28)
17.75

(14.30-21.20) 
12.10 

(9.20-15.00)
16.53

(13.22-19.84)
17.37 (13.55-

21.19)

ASMR
M

 (95% CI)
6.84 

(4.80-8.88)
4.89

(3.15-6.63)
 

5.59 
(3.79-7.39)

6.01 
(4.05-7.97)

5.35 
(3.57-7.13) 6.76

 (4.66-8.86)
6.44 

(4.38-8.50)

1yDR,% 9.4 13.6 8.6 14.4 11.6 15.1 11.3
RA5yM,% 69.9 68.9 71.0 72.8 74.8 77.7 80

YaNAO

ASIR 
M

(95% CI)
20.39 

(15.31-25.47)
15.96 

(10.88-21.04)
12.53 

(17.87-25.27)
12.69 

(8.95-16.43)
12.21 

(8.37-16.05)
15.25

(11.23-19.27)
17.06

(12.55-21.57)

ASMR
M

 (95% CI)
5.64 

(2.92-8.36)
4.13

(1.88-6.38) 
4.43 

(1.39-7.47)
4.03

(1.25-6.81)
5.22 

(2.77-7.67)
2.76

(1.05-4.47)
4.35 

(2.10-6.60)

1yDR,% 8.8 9.7 6.3 11.6 10.6 7.0 5.9
RA5yM,% 66.6 68.6 68.1 69.8 70.5 68.6 70.7
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Cancer localization is C53, according 
to the International Classification of Dis-
eases (ICD, International Classification 
of Diseases, version 2010).

To detect differences in variables that 
have a normal distribution, the T-test was 
used. For rest of, the Friedman two-fac-
tor rank analysis for multiple samples and 
the Wilcoxon signed-rank test for paired 
samples were used. To establish an as-
sociation between the values of two nor-
mally distributed variables, the Pearson 
coefficient (r) was chosen, and for the 
rest the Spearman coefficient (rho) was 
chosen.

Differences and associations were 
considered significant at p<0.05.

Results and their discussion. The 
analysis of CC indicators - ASIR, ASMR, 
1yDR and RA5yM using the one-sample 
Kolmogorov-Smirnov criterion showed 
that their distribution does not correspond 
to normal (0.997≥p≥0.330) in all SEs of 
the AZRF and in the RF in the period 
2016-2022. Annual values of CC indica-
tors are presented in Table 1. Two-fac-
tor Friedman rank analysis revealed 
the presence of significant differences 
between these indicators depending on 
SE: for the ranks of ASIR, the differences 
have p=0.003, for ASMR - p=0.016, for 
1yDR - p=0.004, for RA5yM - p=0.000. 
The ranks of CC indicators depending 
on the SE are shown in Figure1, the dis-
play has compiled in order of increasing 

values of ASMR ranks. Despite the fact 
that the 1yDR and the RA5yM indicators 
are used as indicators for evaluating the 
quality of oncological care, their values 
also depend on the quality of patient 
monitoring, the recording of deceased 
and withdrawn patients, as well as the 
timeliness of deregistration [5], and the 
rates of CC incidence may be associat-
ed with the quality of screening activities 
[10]. Therefore, in order to form a more 
clear vision of situation with CC in the 
SEs of Russia, whose territories classi-
fied as a part of the AZRF, CC ASMR was 
selected. 

The CC incidence rates in almost all 
territories of the AZRF, with the excep-
tion of the ChAO, exceeded the all-Rus-
sian level. The highest rank of ASIR was 
observed in the RS(Ya), the lowest – in 
the ChAO. Mortality rates, as well as, 
incidence rates of cervical cancer, in al-
most all SE AZRF, with the exception of 
one region - in this case, the Yamalo-Ne-
nets Autonomous Okrug, exceeded the 
all-Russian level. The highest rank of the 
ASMR was noted in the KK, the lowest 
– in the YaNAO. The 1yDR indicator had 
the highest level in the ChAO, the lowest 
– in the RS(Ya). Only in two regions – KK 
and the ChAO values were worse than 
the all-Russian ones. The ranking of an-
other indicator for assessing the quality 
of oncological care - RA5yM, in which a 
higher value was assigned a lower rank, 

showed that in four regions, such as 
KK, MO, NAO and RS(Ya), values were 
worse than the all-Russian indicator. The 
worst values of RA5yM indicator were in 
RS(Ya), the best – in RKa.

If in 2020, compared to 2016, CC in-
cidence in four SEs AZRF, such as RKa, 
RKo, RS(Ya) and YaNAO, as well as 
in Russia as a whole, significantly de-
creased [5], then in 2022, in contrast to 
the all-Russian indicator (T-test, p<0.05), 
there did not occur a significant decreas-
ing the incidence compared to 2016 in 
all SEs AZRF.  About similar picture ob-
served in the analysis of mortality rates 
from CC: if in 2020, compared to 2016, in 
two SE AZRF - MO and RS(Ya), as well in 
Russia as a whole, they significantly de-
creased, then in 2022 only the all-Russian 
ASMR showed a significant decrease 
compared to 2016 (T-test, p<0.05).

A decrease the 1yDR indicator in 2022 
compared to 2016, accompanied by ris-
ing the proportion of patients registered 
for 5 years or more (the RA5yM indica-
tor), has observed in Russia as a whole, 
and only in three SEs of the AZRF - YaN-
AO, KK and RS(Ya) (Table 1).

Taking into account the set of values of 
the CC indicators selected for the study, 
it is noticeable, that in the eight of nine 
territorial units of the AZRF, with the ex-
ception of the YaNAO, the situation with 
CC is worse than in Russia as a whole in 
the period 2016-2022 (Fig. 1).

End of table. 1

1 2 3 4 5 6 7 8 9

КК

ASIR 
M

(95% CI)
18.90 

(16.96-20.84)
21.06 

(19.04-23.08)
21.49 

(19.47-23.51)
21.03

(18.99-23.07)
19.71 

(17.75-21.67)
18.09

(16.19-19.99)
18.91

(17.01-20.81)

ASMR
M

 (95% CI)
6.61

(5.51-7.71)
6.80

(5.68-7.92)
6.40

(5.32-7.48) 
6.21

(5.15-7.27)
6.06

(4.98-7.14)
6.15 

(5.11-7.19)
6.22

(5.18-7.26)

1yDR,% 14.7 13.9 13.7 13.5 12.6 12.4 12.3
RA5yM,% 63.4 63.1 65.4 66.0 66.2 66.4 66.2

ChAO

ASIR 
M

(95% CI)
21.30 

(6.36-36.24)
13.11

(1.51-24.71)
9.01 

(0-19.20)
11.28

 (0.23-22.33)
11.76

 (0-25.89)
8.06

(0-19.29)
24.93

 (0-53.19)

ASMR
M

 (95% CI)
19.07 

(3.66-34.48)
3.11

(0-9.21)
4.78

(0-11.46)
5.51

(0-13.15)
6.07

(0-14.48)
12.25

(0-26.77)
6.8

 (0-16.54)

1yDR,% 37.5 25.0 60.0 0.0 0.0 100.0 50
RA5yM,% 50.0 60.0 69.8 73.3 67.4 78.9 74.4

RS(Ya)

ASIR 
M

(95% CI)
22.85 

(19.05-26.65)
20.20 

(16.63-23.77)
21.57 

(17.87-25.27)
18.38 

(14.95-21.81)
16.43 

(13.22-19.64)
19.56

(16.15-22.97)
18.57

(15.24-21.90)

ASMR
M

 (95% CI)
6.84

(4.74-8.94)
6.11

(4.13-8.09)
4.61

(2.96-6.26)
5.49

(3.67-7.31)
4.15

(2.58-5.72)
3.54

(2.13-4.95)
6.22

(4.36-8.08)

1yDR,% 6.8 13.6 10.4 7.6 9.6 5.8 6.3
RA5yM,% 54.7 53.7 53.8 57.0 57.0 57.2 59.4

Note. The abbreviations are explained in the text of the article. CI - confidence interval, M-average meaning.
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The values of population’ standard 
of living indicators included in the study, 
in Russia as a whole and in SEs of the 
AZRF in 2016-2022, PCI and PCI/SM 
have presented in Table 2. It is noticeable 
that during this period of time, the stan-
dard of living indicators rose. To deter-
mine their association with the indicators 
of cervical cancer, the Spearman correla-
tion coefficient was calculated, the results 
of which are shown in Table 3. The anal-
ysis showed that there are no statistically 
significant associations between the CC 
incidence (ASIR) and PCI, as well as with 
PCI/SM. Mortality rates (ASMR) from CC 
are associated with the PCI and PCI/SM 
only at the all-Russian level - that is, the 
income growth of the Russian population 
is interrelated with decreasing CC mortal-
ity, but a similar association has not been 
observed in any subject of the AZRF. The 
1yDR indicator is correlated only with PCI 
and only in the KK. The RA5yM indicator 
showed a greater number of links: with 
PCI and PCI/SM in the RKa, the RKo and 
the RS(Ya), and only with PCI - in the 
YaNAO, KK and the ChAO.  None of the 
indicators of CC had a significant asso-
ciation with the standard of living of pop-
ulation in the NAO, the AO and the MO.

Of course, the delayed impact of an 
increase the standard of living on the im-
provement in CC incidence and mortality 
rates in the AZRF cannot be expelled, 
but one also cannot ignore the influence 
of the environment on CC incidence and 
mortality rates.

Quite often, environmental damage 
results from economic processes in-
creasing living standards without taking 
into account ecological costs. It has also 
been established, that the CC incidence 
and mortality may be associated with so-
cial-demographic factors [11]. Using the 
example of skin cancer [12], which like 

CC, is caused by a human papillomavi-
rus, a connection CC incidence and mor-
tality with climatic and geographical fea-
tures is not excluded. All this and much 
more is the subject of further research. At 
present, it is clear that the all SEs AZRF 
continue to be in dire need of preventive 
measures to combat CC, including im-
munization against the human papillo-
mavirus, screening using modern meth-

ods, adjusting plans and developing new 
strategies for greater efficacy in early CC 
detection and treatment.

Conclusion. Thus, taking into ac-
count the values of the ASMR in com-
bination with the values of the ASIR, 
1yDR and RA5yM the CC situation has 
a tendency to continue deteriorate in 
the subjects of the AZRF, except for the 
YaNAO, in the period 2016-2022, espe-
cially as compared with the all-Russian 
indicators. A raise in standard of living in 
the AZRF, assessed by the PCI and PCI/
SM, did not show a relationship with the 
CC incidence, and unlike in Russia as 
a whole, is not associated with signifi-
cant decreasing of CC mortality. In three 
of the nine SEs, there is no one of the 
CC statistical indicators was associated 
with standard of living. In the remaining 
six SE AZRF, CC indicators are posi-
tively correlated mainly with the specific 
number of patients registered for clinic 
care for 5 years or more. At present, the 
population living in the AZRF continues 
to be in dire need of improving the effec-
tiveness of existing and developing new 
approaches in the healthcare system 
for the CC prevention, eradication and 
control.

The values of population’ standard of living indicators in RF and in SEs AZRF
in 2016-2022

2016 2017 2018 2019 2020 2021 2022

RF
PCI 30 717 31 714 33 138 35 233 35 934 39 934 47 386

PCI/SM 312.5 314.4 322.1 323.5 317.7 342.7 340.4

NAO
PCI 73 852 76 115 82 451 85 633 89 570 92 620 115 336

PCI/SM 379.5 366.1 402.4 428.3 410.0 416.8 453.7

AO
PCI 31 201 32 381 34 133 36 377 37 728 41 307 49 347

PCI/SM 255.4 276.8 287.9 286.3 281.1 298.1 305.6

МО
PCI 27 911 29 654 31 965 34 244 36 504 39 929 46 019

PCI/SM 285.0 289.9 302.1 281.1 283.0 298.0 295.3

RKa
PCI 33 118 34 001 36 243 37 913 39 601 42 603 50 840

PCI/SM 230.7 236.7 248.5 250.9 257.7 276.0 277.0

РКо
PCI 38 936 41 247 44 019 47 218 50 139 55 506 65 707

PCI/SM 273.4 274.1 283.7 276.6 276.2 292.5 300.7

YaNAO
PCI 75 414 79 805 84 067 89 655 96 553 104 323 120 010

PCI/SM 474.0 497.9 528.6 549.4 583.7 612.6 605.1

КК
PCI 27 851 28 777 29 972 31 694 32 801 36 004 43 183

PCI/SM 253.4 253.6 257.4 254.0 251.3 268.5 279.5

ChAO
PCI 69 211 74 940 81 206 86 234 92 980 104 178 138 161

PCI/SM 383.0 371.1 376.6 388.2 397.1 431.1 435.3

RS(Ya)
PCI 38 737 40 404 42 711 45 315 46 108 50 090 59 040

PCI/SM 241.3 244.1 258.7 263.7 259.8 272.7 280.9

Note. The abbreviations are explained in the text of the article. PCI measured in rubles per 
month

Table 2

The ranks of CC indicators depending on the SE AZRF
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The values of Spearman correlation coefficient (rho) between CC indicators
and the standard of living indicators in RF and in SEs AZRF in 2016-2022

ASIR ASMR 1yDR RA5yM

RF

rho with PCI -0.750 -0.964** -0.991** 0.964**

p 0.052 0.000 0.000 0.000
rho with PCI/SM -0.571 -0.893** -0.883** 0.929**

p 0.180 0.007 0.008 0.003

NAO

rho with PCI -0.107 -0.054 -0.591 -0.464
p 0.819 0.908 0.162 0.294

rho with PCI/SM 0.000 0.018 -0.256 -0.571
p 1.000 0.969 0.579 0.180

AO

rho with PCI -0.143 -0.036 -0.108 -0.468
p 0.760 0.939 0.818 0.289

rho with PCI/SM 0.214 -0.250 0.324 -0.468
p 0.645 0.589 0.478 0.289

МО

rho with PCI -0.643 -0.643 -0.321 0.750
p 0.119 0.119 0.482 0.052

rho with PCI/SM 0.107 -0.286 0.321 -0.036
p 0.819 0.535 0.482 0.939

RKa

rho with PCI -0.750 0.667 0.685 1.000**

p 0.052 0.102 0.090 0.000
rho with PCI/SM -0.750 0.667 0.685 1.000**

p 0.052 0.102 0.090 0.000

РКо

rho with PCI -0.321 0.107 0.357 0.964**

p 0.482 0.819 0.432 0.000
rho with PCI/SM -0.179 0.179 0.143 0.821*

p 0.702 0.702 0.760 0.023

YaNAO

rho with PCI -0.214 -0.429 -0.321 0.793*

p 0.645 0.337 0.482 0.033
rho with PCI/SM -0.464 -0.536 -0.250 0.667

p 0.294 0.215 0.589 0.102

КК

rho with PCI -0.357 -0.714 -1.000** 0.901**

p 0.432 0.071 0.000 0.006
rho with PCI/SM -0.143 -0.036 -0.607 0.432

p 0.760 0.939 0.148 0.333

ChAO

rho with PCI -0.107 0.214 0.234 0.857*

p 0.819 0.645 0.613 0.014
rho with PCI/SM -0.107 0.607 0.198 0.714

p 0.819 0.148 0.670 0.071

RSYa

rho with PCI -0.679 -0.429 -0.571 0.883**

p 0.094 0.337 0.180 0.008
rho with PCI/SM -0.321 -0.357 -0.607 0.883**

p 0.482 0.432 0.148 0.008

Table 3
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POSTOPERATIVE COGNITIVE 
DYSFUNCTION: DEFINITION, 
CLASSIFICATION AND RISK FACTORS

One of the common and current adverse events following surgery is postoperative cognitive dysfunction (POCD). At the same time, there are 
no unified temporal and clinical criteria for its classification, and approaches to diagnosis and treatment are predominantly empirical. Based on 
a literature review, the leading risk factors for the development of both postoperative delirium (POD) and POCD itself have been identified, and 
factors that can reduce the likelihood of cognitive impairment after surgery have been highlighted. The pathophysiological mechanisms contrib-
uting to the development of POCD are discussed. The authors have established that POCD and POD are significant clinical problems requiring 
interdisciplinary efforts and a comprehensive approach to diagnosis, treatment, and prevention.
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Introduction. According to Rosstat, in 
2022, 9,446 thousand surgical interven-
tions were performed in hospitals and 
5,360 thousand operations in outpatient 
clinics in Russia [1]. Given the projected 
increase in the proportion of elderly and 
senile people both in the world and in 
Russia, it can be assumed that the num-
ber of operations performed will increase. 
One of the common and current adverse 
events following surgery is postoperative 
cognitive dysfunction (POCD) — a cog-
nitive impairment that includes memory 
loss, attention deficit, executive dysfunc-
tion, and other cognitive changes occur-
ring in both the early and late postopera-
tive periods [43]. POCD is associated not 
only with medical but also with economic 
consequences. Thus, people with POCD 
have longer hospital stays, especially in 
intensive care units, are more likely to 
leave work, and have an increased risk of 
death within 1 year after surgery [8].

The purpose of this paper is to pro-
vide a comprehensive review of POCD, 
including its definition, classification, and 
consideration of risk factors, as well as 
prevention and treatment methods.

Definition and Classification. Liter-
ature review shows that there is no uni-
versally accepted classification for Post-
operative Cognitive Dysfunction (POCD). 

Brodier E. and Cibelli M. propose a pro-
visional classification of POCD: 1) post-
operative delirium (up to 7 days); 2) pro-
longed neurocognitive recovery (up to 30 
days); 3) postoperative neurocognitive 
disorder (up to 12 months) [12].

At the same time, many articles that 
will be referenced in this paper distin-
guish only postoperative delirium (POD) 
and POCD. The most comprehensive 
definition of POCD is provided in a 2024 
article by Varpaei H. and colleagues 
based on a critical literature analysis: 1) 
manifestation following the acute phase 
(4-6 weeks); 2) subtle to extensive cog-
nitive charge; 3) affects single or multiple 
cognitive domains; 4) reversible nature; 
5) duration from several days to several 
years. They also emphasize that POD is 
an acute state of fluctuating and altered 
consciousness caused by internal and/
or external factors, including acute con-
fusion and disorientation post-surgery, 
and requiring immediate medical atten-
tion. While POCD involves dysfunction 
of memory and executive functions, POD 
leads to dysfunction of attention and con-
sciousness [31].

It is possible that POD and POCD are 
components of a single continuum and 
are closely interconnected. POD is a risk 
factor for the development of cognitive 
impairments and dementia in the future, 
at least in elderly patients. For instance, 
Bickel H. and colleagues found that 
among patients aged 60 and older who 
underwent hip surgery, the occurrence 
of delirium increased the likelihood of 
persistent cognitive impairments (OR = 
41.2; 95% CI: 4.3–396.2) and the need 
for long-term care (OR = 5.6; 95% CI: 
1.6–19.7) [23].

Prevalence. A large-scale study on 
cognitive impairments following surgical 
intervention was conducted in China. A 

total of 8,783 patients were selected for 
the assessment of subjective cognitive 
impairments, and 5,700 patients were 
assessed for short-term memory. Cog-
nitive function was evaluated at 1, 3, 6, 
and 12 months postoperatively using 
the AD8 scale and the 3-Word Recall 
Test (TRT). The authors found that after 
non-cardiac surgeries, the frequency of 
abnormalities according to the AD8 scale 
increased from 2.2% at 7 days to 17.1% 
at 6 months, and then remained stable. 
The TRT revealed a U-shaped pattern 
in short-term memory changes, with the 
most pronounced impairments observed 
at 7 days (in 38.9% of patients) and 12 
months (in 49% of patients). Patients 
who underwent cardiac surgery exhibited 
similar patterns but with slightly more pro-
nounced impairments. The authors also 
identified factors associated with aggres-
sive cognitive decline following non-car-
diac surgeries, specifically: 1) sleep dis-
turbances with a Pittsburgh Sleep Quality 
Index index ≥ 16; 2) stay in the intensive 
care unit for 2 days or longer; 3) preoper-
ative symptoms of depression [34].

Gruber-Baldini A. and colleagues con-
ducted a study involving 674 patients 
aged 65 and older with hip fractures. By 
reviewing medical records and using the 
MMSE scale, the researchers identified 
a group of 486 individuals without cogni-
tive impairment prior to surgery. Postop-
eratively, 149 patients (30%) developed 
cognitive impairments, which persisted in 
40% of cases for at least 1 year [14].

Postoperative Delirium (POD) can 
develop in 4% to 53% of elderly patients 
following hip surgery. Delirium is not only 
a risk factor for the future development 
of dementia but also an independent risk 
factor for hospital mortality [39, 40].

Risk Factors. POCD is a multifactori-
al condition.
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Age. Age is one of the key risk fac-
tors for the development of POCD. A 
longitudinal study involving 1,064 pa-
tients aged 18 and older, who under-
went neuropsychological testing before 
surgery, at hospital discharge, and 3 
months postoperatively, showed that 
POCD was present in 36.6% of young 
adults, 30.4% of middle-aged patients, 
and 41.4% of elderly patients at hospital 
discharge. After 3 months, POCD was 
detected in only 5.7% of young adults, 
5.6% of middle-aged patients, and 
12.7% of elderly patients. The authors 
identified advanced age, lower educa-
tion level, and the presence of cerebro-
vascular diseases without residual defi-
cits as risk factors for the development 
of POCD [35]. POD is also associated 
with patient age. The frequency of de-
lirium increased by 12% for every 10-
year increase in age, reaching 22.2% in 
patients aged 65-75 years, 36% in pa-
tients aged 75-85 years, and 48.2% in 
patients aged 85-95 years [40].

According to Shnayder N.A., the prev-
alence of POCD in young patients with 
an unremarkable psychiatric and neuro-
logical history after upper and lower limb 
surgery under general anesthesia was 
12.8% (95% CI: 10.6-14.9%) [6].

Type of Surgery. POCD is most as-
sociated with cardiac surgeries. A me-
ta-analysis involving 91,829 patients 
showed that after coronary artery bypass 
grafting (CABG), cognitive impairments 
were observed in 43% of patients with-
in 4 days postoperatively, in 39% within 
1 month, in 25% within 4 months, and 
in 19% within 6 months. One year after 
CABG, the prevalence of cognitive im-
pairments was 25%, and within 5 years, it 
increased to 40%. According to the same 
study, POD was identified in 18% of pa-
tients following CABG [15]. Another study 
found that the risk of POCD within 1-2 
weeks was higher with traditional CABG 
compared to off-pump CABG (OR = 1.54 
[95% CI 1.04, 2.27]) [13].

After non-cardiac surgeries, POCD is 
identified in 11.7% (95% CI: 10.9-12.5) 
of patients after 3 months, which is sig-
nificantly lower than in cardiac surger-
ies [30]. Bordovsky S.P. and colleagues 
assessed the impact of spinal surgery 
under anesthesia on cognitive function 
in 20 middle-aged patients. Their results 
showed that 15% of patients developed 
POCD [3].

Scientists from the S.M. Kirov Military 
Medical Academy (Russia) propose to 
distinguish pathogenetic variants of brain 
damage during cardiac surgery: periop-
erative cerebral stroke, symptomatic de-
lirium of the early postoperative period, 

and delayed cognitive impairment. Ac-
cording to their data, postoperative cere-
bral dysfunction generally occurs in 44% 
of patients and more often when using ar-
tificial circulation than during operations 
on a beating heart [2].

Type of Anesthesia. A systematic re-
view that included 7 RCTs showed that 
the chance of developing POCD was 
higher in the general anesthesia group 
on the 1st and 3rd days postoperatively 
(OR = 3.86 [95% CI: 1.18-12.58] and OR 
= 2.0 [95% CI: 1.11-3.58], respectively). 
However, by the 7th day postoperatively 
and 3 months later, the relative odds of 
developing POCD did not differ based on 
the type of anesthesia [20].

A meta-analysis including 26 RCTs 
found no difference in the development 
of POCD in patients undergoing non-car-
diac surgery depending on the type of an-
esthesia (general or regional). The author 
concluded that the results do not support 
the concept that general anesthesia 
agents can cause brain damage after a 
single exposure [22].

A Cochrane review compared the de-
velopment of POCD in non-cardiac sur-
gical patients over 60 years of age who 
received inhalational anesthesia with 
sevoflurane, desflurane, isoflurane, or 
halothane, versus total intravenous an-
esthesia (TIVA) with propofol. The review 
found no evidence of differences in the 
incidence of POD, the risk of death within 
30 days, or the length of hospital stay de-
pending on the type of anesthetic agents. 
However, the authors found weak evi-
dence that TIVA with propofol may re-
duce the likelihood of POCD (OR = 0.52; 
95% CI: 0.31-0.87) [26].

Neurophysiological studies are used 
to monitor the depth of anesthesia. It 
has been reported that bispectral index 
(BIS) monitoring can reduce propofol 
administration by 21% and inhalational 
anesthetics by up to 30%. In the postop-
erative period, the monitoring group ex-
perienced less frequent development of 
delirium (15.6% vs. 24.1%) and POCD at 
3 months (10.2% vs. 14.7%) [11]. Howev-
er, a meta-analysis based on 4 high-qual-
ity studies did not reveal a significant cor-
relation between the depth of anesthesia 
and the development of POCD [46].

According to a meta-analysis, there 
is weak evidence of the protective ef-
fect of ketamine on the development 
of POCD (RR = 0.34, 95% CI [0.15, 
0.73]), while there is no data on its ef-
fect on the development of delirium [25]. 
Dexmedetomidine, according to a me-
ta-analysis, increases MMSE scores on 
the first postoperative day (SMD = 2.73, 
95% CI: 1.33–4.12) and reduces the in-

cidence of POCD (OR = 0.49; 95% CI: 
0.39–0.63) [19].

Education Level. A systematic review 
and meta-analysis of 15 studies involving 
5,104 patients confirms that a higher lev-
el of education reduces the risk of POCD. 
Each additional year of education was 
associated with a 10% reduction in risk. 
A categorical analysis revealed that indi-
viduals with secondary education were 
more likely to develop POCD compared 
to those with higher education (OR = 
1.71; 95% CI: 1.30-2.25) [16].

Comorbid Conditions. Metabolic 
disorders can also increase the risk of 
developing POCD. Fayncol I. and col-
leagues studied the association between 
metabolic disorders and the risk of devel-
oping POD and POCD in elderly patients. 
The study included 765 participants, of 
whom 19.5% developed POD and 10.1% 
developed POCD. In patients with meta-
bolic syndrome, the overall risk of POCD 
was 1.85 times higher (95% CI: 1.26–
2.70). Each 1 mmol/L increase in HDL 
levels reduced the risk of POCD (RR = 
0.47; 95% CI: 0.3-0.74), while each 1 kg/
m² increase in body mass index (BMI) in-
creased the risk of POCD by 1.09 times 
(95% CI: 1.02-1.16) [29].

A meta-analysis including seven stud-
ies and covering 2,673 patients showed 
that preoperative vitamin D deficiency 
increased the relative risk of developing 
POCD and POD by 1.54 times (95% CI: 
1.21-1.97) [10].

Alcohol abuse in elderly patients 
poses a risk for POCD, particularly as 
these patients demonstrated poorer per-
formance in visuospatial and executive 
function assessments [32].

Diabetes was associated with a 1.84-
fold (95% CI: 1.14-2.97) increase in the 
likelihood of POCD according to three 
RCTs. At the same time, arterial hyper-
tension and obesity were not associated 
with POCD [18].

Preexisting Cognitive Impairments. 
The presence of cognitive impairments 
before surgery can also increase the risk 
of developing POCD. Silbert B. and col-
leagues studied 300 patients scheduled 
for hip replacement surgery. All patients 
underwent a battery of eight neuropsy-
chological tests before surgery, and at 
7 days, 3 months, and 12 months post-
operatively. Preoperative cognitive sta-
tus, defined as a decline of more than 2 
standard deviations in two or more neu-
ropsychological tests, was classified as 
preexisting cognitive impairment (PreCI). 
POCD was identified in 25.3%, 14.9%, 
and 9.4% of patients with PreCI at 7 
days, 3 months, and 12 months, respec-
tively, whereas the corresponding rates 
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in patients without PreCI were 13.3%, 
7.1%, and 1.1%, respectively. Using lo-
gistic regression, the authors found that 
the relative risk of developing POCD at 3 
months increased by 2.41 times (95% CI: 
1.06-5.49) in the presence of PreCI [36].

The risk of POD also increases in pa-
tients with preexisting cognitive impair-
ment (OR = 2.53; 95% CI: 1.52-4.21). 
Postoperative delirium developed in 
8.7% of patients with preexisting mild 
cognitive impairment or dementia, com-
pared to only 2.6% of patients without 
cognitive impairment [33].

Pain. Morrison R. and colleagues con-
ducted a prospective cohort study involv-
ing 541 patients with hip fractures. A high 
risk of developing POD was identified in 
patients who received less than 10 mg 
per day of morphine sulfate equivalents 
compared to those who received high-
er doses of analgesics (RR = 5.4, 95% 
CI: 2.4–12.3). This risk was higher than 
in patients with preexisting cognitive im-
pairments (RR = 3.6; 95% CI: 1.8–7.2), 
abnormal blood pressure (RR = 2.3; 
95% CI: 1.2–4.7), and heart failure (RR 
= 2.9; 95% CI: 1.6–5.3) [37]. Liu X. and 
colleagues also reported that a pain level 
of ≥ 4 on the Visual Analog Scale (VAS) 
is associated with the development of 
POD [40]. According to Shah B.N. and 
colleagues, optimizing perioperative pain 
management using various anesthesia 
techniques can reduce the incidence of 
POD from 62% to 5% [5].

Laboratory Markers. Several factors 

have been associated with POD. High 
preoperative and postoperative erythro-
cyte sedimentation rates and preopera-
tive lactate levels were linked to a higher 
incidence of delirium [39]. According to 
the same study, delirium development 
was not influenced by levels of C-reac-
tive protein, postoperative lactate, PaO2, 
PaCO2, glucose, or hemoglobin. How-
ever, two other studies found that high 
preoperative levels of C-reactive protein 
were strongly associated with the devel-
opment of delirium [24, 28].

Brain Volume. A systematic review in-
cluding RCTs with 269 surgical patients, 
36 control group patients, and 55 healthy 
individuals provided weak evidence that 
reduced thalamic and hippocampal vol-
umes and decreased cerebral blood flow 
may be associated with POCD, while 
preoperative and postoperative white 
matter pathology (leukoaraiosis, lacunes) 
may be linked to POD [21].

Genetic Factors. Genetic factors re-
lated to POCD are not well-studied. We 
found one study indicating more pro-
nounced cognitive decline in men carry-
ing the ε4 allele of the APOE gene [42]. 
It is well-known that carrying the ε4 allele 
of the APOE gene is also a risk factor for 
developing Alzheimer’s disease, the most 
common neurodegenerative disorder [7].

NSAIDs and paracetamol. The use 
of nonsteroidal anti-inflammatory drugs 
(NSAIDs) and paracetamol may reduce 
the risk of POD not only by alleviating 
pain but also possibly by reducing neu-

roinflammation. A retrospective cohort 
study involving over 1.5 million individ-
uals showed lower odds of developing 
delirium with NSAIDs (OR = 0.85; 95% 
CI: 0.7-0.93) and COX-2 inhibitors (OR = 
0.82; 95% CI: 0.77-0.89) [41].

The pathophysiology of POCD and 
POD remains unclear. However, it has 
been established that following general 
anesthesia and surgery, specific bio-
markers of neuronal damage—such as 
light neurofilaments and tau protein—are 
detected in the blood plasma [9]. In pa-
tients who developed POD, a low level of 
Aβ42 in cerebrospinal fluid, a biomarker 
associated with Alzheimer’s disease, was 
also identified [17]. Experimental data 
suggest that anesthetics may affect the 
blood-brain barrier, lead to endothelial 
inflammation, and subsequently cause 
neuroinflammation with the release of 
pro-inflammatory mediators (cytokines, 
chemokines, etc.) and activation of sys-
temic immune competent cells [44]. This 
latter hypothesis might also explain the 
reduced risk of developing POD with the 
use of NSAIDs.

Diagnosis. Currently, there are no 
standardized criteria for diagnosing 
POCD, which likely contributes to the 
variability in reported prevalence rates of 
cognitive impairments following surgical 
procedures.

To assess cognitive decline, screening 
tools such as the MMSE, MoCA, TMT-A, 
TMT-B, Wechsler Memory Scale, and 
others are recommended [31].

Risk and protective factors and consequences of postoperative delirium and postoperative cognitive dysfunction. Abbreviations: NSAIDs – nonste-
roidal anti-inflammatory drugs, ESR – erythrocyte sedimentation rate, CRP – C-reactive protein, POD – postoperative delirium, POCD – postoper-
ative cognitive dysfunction, ICU – intensive care unit.
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It is undoubtedly important to evalu-
ate cognitive functions prior to surgery to 
predict the risk of developing POD and 
POCD. However, given time constraints, 
conducting neuropsychological testing on 
all patients may be impractical. The AD8 
scale has been proposed as a brief tool 
to differentiate between mild dementia 
and normal aging. This scale assesses 
memory, orientation, thinking, and daily 
activities. It was found to be comparable 
to scales with up to 55 questions, and a 
score of 2 or higher with 74% sensitivity 
and 86% specificity effectively differen-
tiated between participants with CDR 0 
and CDR 0.5, in other words, between 
those without dementia and patients with 
very mild dementia [45].

Treatment. The most important 
strategy for preventing POD involves 
non-pharmacological methods, includ-
ing sensory enhancement (e.g., glass-
es, hearing aids), mobility improvement 
(walking at least twice a day), cognitive 
stimulation, simple communication stan-
dards, nutritional and fluid replacement, 
sleep improvement, proper medication 
management, and daily rounds by an in-
terdisciplinary team to reinforce interven-
tions [39]. Late mobilization of patients 
is a risk factor for delirium; it has been 
established that delaying ambulation 
increases the likelihood of POD by 1.7 
times daily [47].

In cases of POD, the first step is to as-
sess and address potential causes, such 
as infection, pain, dehydration, metabolic 
disturbances, constipation, or urinary re-
tention [37].

Pharmacological approaches include 
the use of antipsychotics. However, re-
cent reviews indicate that administering 
antipsychotics not only fails to reduce the 
severity of delirium but also doubles the 
risk of death [27]. Thus, the optimal ap-
proach is to minimize the risk of devel-
oping POD and ensure adequate pain 
management for patients.

Regarding POCD, there is no data on 
effective treatment methods. The ques-
tion remains whether basic anti-dementia 
therapy can be used.

Conclusion. POCD and POD repre-
sent significant clinical issues that require 
a comprehensive approach to diagnosis, 
treatment, and prevention. The develop-
ment of POCD is associated with numer-
ous factors, and effective management 
necessitates interdisciplinary efforts.

Figure illustrates the main risk and 
protective factors associated with POD 
and POCD, as well as their medical and 
social consequences.

Understanding and timely detection of 
POD and POCD are crucial for improv-

ing the quality of life in patients following 
surgical procedures. Modern diagnostic 
and treatment methods can significantly 
reduce the risk of developing these con-
ditions. Continued research in the field 
of cognitive impairments after surgery 
is necessary, and the knowledge gained 
should be incorporated into clinical prac-
tice, particularly considering the limited 
research in the Russian Federation over 
the past 10 years.
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PANCREATIC CANCER MICROBIOME

Pancreatic cancer is one of the most lethal types of malignancies, with a very low survival 
rate (5-7%), which is related to the difficulty of early diagnosis and the aggressive nature of the 
disease. The progression of tumours and the process of metastasis are linked to a number of 
factors, one of which is the tumour microbiome. The microbiota plays a role in the formation of 
an immune-tolerant environment, which contributes to cancer development by inducing angio-
genesis, chemoresistance, immune cell suppression, tumour invasion and metastasis. Modifi-
cations in the composition of tumour-associated microbes and alterations in immune function 
may ultimately influence the progression and outcome of the disease. Enhancing our under-
standing of the composition and pathways of microorganisms in tumours, such as pancreatic 
cancer, will facilitate the identification of predictive factors and potential therapeutic targets. 
The objective of this review to synthesise the current knowledge about the composition of the 
microbiota and its origins in pancreatic tumours.

Keywords: microbiome, pancreatic cancer, tumour microenvironment
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Introduction. Microorganisms have 
been identified as a contributing factor in 
the development of 20% of human ma-
lignant tumours. The microbiota plays a 
significant role in the tumour microenvi-
ronment, influencing oncogenesis and 
tumour progression at the local level. Of 

the 1012 different microbial species that 
have been identified to date, only 11 have 
been categorised as human carcinogens 
by the International Association of Can-
cer Registries [1, 2].

Pancreatic cancer (PDAC) is a highly 
invasive malignant disease with a five-
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year survival rate of less than 9% (3). A 
number of risk factors have been identi-
fied as contributing to the development of 
PPC, including smoking, obesity, diabe-
tes, chronic pancreatitis, and bacterial or 
viral infections. An additional critical fac-
tor is the occurrence of multiple genetic 
mutations, including KRAS (present in 
85-100% of pancreatic cancers) and mu-
tations in suppressor genes such as p16 
(also known as CDKN2A), TP53, SMAD, 
and genes involved in the repair of dam-
aged DNA, such as hMLH1 [5].

The pancreas has traditionally been 
regarded as a sterile organ, with the 
prevailing view being that the majori-
ty of microbes are unable to survive in 
pancreatic juice, which contains a multi-
tude of proteases and is highly alkaline. 
Nevertheless, subsequent studies have 
documented the presence of bacterial 
DNA in pancreatic tissue samples from 
76% of patients with PDAC and 15% of 
healthy individuals. A 1000-fold increase 
in the number of bacteria in intrapan-
creatic tissue was observed in patients 
with PDAC in comparison to normal 
pancreatic tissue [7, 8]. The mean rel-
ative proportions of a number of taxa 
differed between patients with PDAC, 
those with benign pancreatic neoplasms 
and a healthy cohort. The microbiome 
of pancreatic tumours is specific but in-
dependent of tumour localisation in the 
pancreas.

The objective of this review is to pro-
vide a comprehensive summary of the 
latest research on the composition and 
diversity of the pancreatic tumour micro-
biota over the past decade. This review 
encompasses not only the bacterial com-
ponent of the intratumoural pancreatic 
microbiome but other aspects as well 
as pathways of microorganisms to the 
pancreas and their impact on pancreatic 
cancer progression. The following key-
words were used to search for relevant 
literature: microbiome pancreatic cancer, 
pancreatic microbiota, pancreatic myco-
biome, pancreatic viriome, tumour mi-
croenvironment. Fifty-five articles were 
selected for inclusion in this review, com-
prising clinical trials, meta-analyses, ran-
domised controlled trials, and systematic 
reviews.

Pathways for microbial invasion 
into the PDAC. The sources of intratu-
moural microorganisms are diverse. The 
invasion of tumours by intraluminal mi-
croorganisms can occur when the tumour 
formation process results in mucosal de-
struction, thereby creating an opening 
for microorganisms to enter the tumour 
mass. Haematogenous spread can result 
in the transfer of microorganisms from 

the oral cavity and intestine to tumour 
foci [12-15]. 

The microbiota isolated from the pan-
creas exhibits similarities to the oral mi-
crobiota. A certain number of Clostridium 
species that originally colonised the oral 
cavity can be found in normal pancreatic 
tissues [17]. Compared with non-cancer-
ous patients, patients with ampullary can-
cer or ductal adenocarcinoma of the pan-
creas have a significantly reduced num-
ber of Lactobacillus, while oral bacteria 
such as Porphyromonas, Clostridium and 
Prevotella are more abundant [18].

Additionally, bile is linked to bacterial 
colonization of the pancreas. A study of 
chronic pancreatitis and pancreatic can-
cer demonstrated that 29 pancreatic juice 
samples obtained from 20 patients with 
pancreatic cancer and 16 patients with 
duodenal or bile duct cancer, via drain-
age tubes following pancreatectomy, ex-
hibited positive results for enterococcal 
DNA [6]. Furthermore, Enterococcus and 
Enterobacter species have been identi-
fied in bile samples, with Enterococcus 
faecalis detected in pancreatic tissue 
from patients with chronic pancreatitis 
and pancreatic cancer [6]. 

Additionally, bile duct obstruction and 
liver injury impact the microbiome. Bile 
duct obstruction and liver damage as-
sociated with PDAC disrupt the gut mi-
crobiome, leading to a decrease in many 
normal gut bacteria [19]. It has been 
postulated that bile microbiota, such as 
Escherichia coli, may affect the pancreat-
ic microbiota. Some specific bacteria are 
capable to migrate from the gallbladder 
to the pancreas and induce a Th1-type 
immune response, which has a protec-
tive effect on the growth of PDAC. [20, 
21] Furthermore, numerous clinical fac-
tors, including proton pump inhibitors, 
have been demonstrated to influence 
the composition of the microbiome in the 
pancreas and increase the risk of pancre-
atic cancer.

Approximately 25% of the pancreat-
ic cancer microbiome is constituted by 
bacteria originating from the gut, which 
are absent in normal adjacent tissue. 
This indicates that the gut microbiome 
is able to specifically colonise pancreat-
ic tumours. This assertion was validated 
by Riquelme and colleagues, who trans-
ferred the microbiome of advanced-stage 
PDAC patients into the intestines of 
mice. Following a designated period, the 
researchers observed the presence of 
human donor bacteria within the mice's 
tumours. The donor bacteria constituted 
less than 5% of the intratumoural micro-
biome. Moreover, notable alterations in 
the bacterial constitution of the mouse 

intratumour microbiomes were observed 
following transplantation. These findings 
indicate that the gut microbiome has the 
capacity to modulate the intratumoural 
microbiome, and that such modifications 
can be achieved by modifying the intratu-
moural bacterial composition.

The sources and mechanisms of mi-
croorganism’s invasion in pancreatic 
tumours are now being progressively 
investigated, thereby furthering our un-
derstanding of the dynamics and be-
haviour of the intratumoural microbiota 
in cancer tissues. A comparison of the 
intratumoural microbiota composition 
with microbiota from other body sites can 
identify key microorganisms associated 
with different tumours, thereby offering 
valuable insights for cancer prevention 
strategies. The molecular mechanisms of 
how microbes penetrate the tumour mi-
croenvironment remain a fascinating and 
important area of research.

Microbiota of the pancreatic cancer 
Bacteria. Investigations have demon-
strated that the composition of bacteria 
in pancreatic cancer tissue differs from 
that observed in normal pancreatic tis-
sue. Pushalkar et al. [7] sequenced the 
16S region of ribosomal RNA (rRNA) in 
12 pancreatic ductal adenocarcinoma tis-
sues and identified 13 different types of 
bacteria. The most prevalent were Prote-
us (45%), Bacteroides (31%), Firmicutes 
(22%) and Actinobacteria (1%), present 
in all samples. Furthermore, members 
of the genera Pseudomonas and Eliza-
bethkingia were present in considerable 
quantities. Geller et al. [25] identified 
the class Gammaproteobacteria as the 
most prevalent group in pancreatic can-
cer tissues, with Enterobacteriaceae and 
Pseudomonas representing the majority. 
This suggests that the bacteria colonise 
the pancreas and are part of the tumour 
microenvironment in pancreatic cancer.

Gnanasekaran et al. discovered that 
Porphyromonas gingivalis is capable of 
surviving within pancreatic cancer cells, 
a process that is facilitated by hypoxia, 
a prominent feature of pancreatic can-
cer. The proliferation of tumour cells was 
found to be associated with the level of 
intracellular persistence, and infection of 
tumour cells with P. gingivalis resulted in 
enhanced growth in vivo.

The relationship between Helicobacter 
pylori and pancreatic cancer remains a 
topic of contention in the scientific com-
munity. To date, case-control studies, pro-
spective cohort studies and meta-anal-
yses have demonstrated that H. pylori 
infection is associated with an elevated 
risk of developing PDAC [29, 30]. Nev-
ertheless, some studies have indicated 
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that there is no correlation between these 
two factors (31). In a Swedish study, the 
presence of H. pylori DNA was identified 
in pancreatic tumour tissue and/or sur-
rounding tissues in 60% of patients with 
pancreatic cancer, indicating a potential 
role for H. pylori in the development of 
this disease [32]. Additionally, H. pylori 
DNA has been undetected in pancreatic 
juice and tissue samples from patients 
with chronic pancreatitis and PDAC, in-
dicating that H. pylori does not directly 
colonize the pancreas and may indirectly 
contribute to pancreatic carcinogenesis. 
Further investigation is required to ascer-
tain whether H. pylori colonize the pan-
creas and the impact of such colonization 
on the immune microenvironment of pan-
creatic tumours.

Recent studies have demonstrated a 
correlation between the intratumoural mi-
crobiota and the survival of patients with 
PDAC. The alpha diversity of the tumour 
microbiome in patients with long survival 
is significantly higher than in patients with 
short survival. Furthermore, patients with 
high alpha diversity have been observed 
to significantly increase overall survival. 
Therefore, tumour alpha diversity can 
be used as a predictor of survival in pa-
tients with surgically resected prostate 
cancer. The enrichment of Proteobacte-
ria (Pseudomonas), Saccharopolyspora 
and Streptomyces was observed in tu-
mour tissues of patients with long surviv-
al, whereas non-dominant bacteria were 
identified in patients with short survival 
[24, 34].

Fungi. The limited abundance of intes-
tinal fungi and the absence of a well-char-
acterised reference genome have re-
sulted in the fungal flora's influence on 
pancreatic cancer progression being a 
relatively new and understudied area of 
research. The migration of certain fungi 
from the gut to the pancreas has been 
linked to the development of pancreat-
ic cancer [35, 36]. A study conducted in 
Taiwan demonstrated that infection with 
Candida fungi can significantly elevate 
the risk of cancerous growths. These fun-
gi are capable of producing compounds 
such as nitrosamines - carcinogenic sub-
stances that play a role in causing oral 
cancer. An earlier study indicated that 
Candida albicans can promote cancer 
development through a pro-inflammatory 
response mediated by an increase in cy-
tokine production and adhesion molecule 
expression.

Aykut et al. conducted an experiment 
in which fungal strains labelled with 
green fluorescent protein (GFP) were 
injected into the intestines of mice. The 
fungi migrated into the pancreas within 

30 minutes, indicating that they can col-
onise the pancreas. In human pancreatic 
tumours and mouse models, the number 
of fungi was 3,000 times higher than in 
normal pancreatic tissues, and species 
composition also differed. For example, 
the most abundant species in the mouse 
pancreas was Malassezia, whose rela-
tive abundance was significantly higher 
compared to the intestine.

The binding of mannose-binding lectin 
(MBL) by pathogenic fungi in pancreatic 
tumour tissue has been observed to acti-
vate the complement C3 cascade, there-
by promoting the progression of pancre-
atic cancer. MBL is a soluble lectin of the 
innate immune system, produced by the 
liver and secreted into the bloodstream. 
Its function is to activate the complement 
lectin pathway, enhance the phagocyto-
sis of microorganisms by leukocytes, and 
regulate inflammation. The complement 
system plays an important role in regulat-
ing the immune response, and its interac-
tion with cancer cells has been observed 
to promote various processes associated 
with tumour growth, including prolifera-
tion, epithelial-mesenchymal transition, 
migration and invasion [43, 44]. MBL 
recognises the carbohydrate structure 
produced by Malassezia and activates 
the C3 protein, triggering an inflammato-
ry immune response via the complement 
cascade. Complement activation stimu-
lates cell proliferation and migration and 
promotes tumour growth [45]. Deletion of 
MBL/C3 in the extratumoural compart-
ment or knockdown of C3aR in tumour 
cells can suppress tumour growth. There-
fore, further studies of the fungal flora as 
a potential prognostic tool for early diag-
nosis of this cancer are warranted.

Viruses. Viruses are a component of 
the microbiota that may have a signifi-
cant impact on the process of pancreatic 
oncogenesis. Many viruses have been 
implicated in carcinogenesis, including 
human papillomavirus (cervical cancer), 
Epstein-Barr virus (nasopharyngeal car-
cinoma), and hepatitis viruses (liver can-
cer). 

A recent study by the Pan-Cancer 
Analysis of Whole Genomes Consortium, 
which examined whole genome sequenc-
ing data from 38 cancer types, found a 
high prevalence of known tumour-asso-
ciated viruses [46]. In pancreatic cancer 
in particular, the most common viruses 
found in the tumour were roseoloviruses, 
lymphocryptoviruses and gamma retrovi-
ruses.

It is noteworthy that there is a poten-
tial association between hepatitis B vi-
rus (HBV) and hepatitis C virus (HCV) 
and pancreatic cancer. HBV and HCV 

are hepatotropic viruses, meaning that 
they are specific to the liver and can also 
be detected in the pancreas. The pre-
cise pathophysiological mechanisms by 
which these hepatotropic viruses enter 
the pancreas remain unclear. The po-
tential mechanisms include anatomical 
proximity of the pancreas and liver, com-
mon origin of the blood vessels and bile 
ducts of these organs, common origin of 
hepatocytes and pancreatic cells from 
multipotent endodermal cells, and risk of 
transformation when cultured under spe-
cific conditions (in the pancreas). Further-
more, chronic inflammatory changes may 
occur, with the potential for progression 
to metaplasia and subsequent malignant 
transformation. Additionally, HBV-DNA 
integration at the cellular level, chromo-
somal instability and alterations in gene 
expression have been observed [48, 49].

Some researchers have identified the 
presence of hepatitis B virus (HBV) in pan-
creatic acinar cells and pancreatic juice, 
with a correlation between this presence 
and the development of pancreatitis [50]. 
Furthermore, research has demonstrated 
that individuals with hepatitis B or C virus 
(HBV or HCV) infection exhibit an elevat-
ed risk of developing pancreatic cancer 
compared to those without hepatitis [51, 
52]. The potential mechanisms by which 
HBV and HCV contribute to pancreatic 
cancer may include persistent chronic in-
flammation and alterations in tissue elas-
ticity. Some researchers have proposed 
that the HBx protein expressed by HBV 
may induce carcinogenesis via the PI3K/
AKT signalling pathway. Nevertheless, 
this induction can only account for a lim-
ited aspect of the underlying mechanism, 
and further research is required to inves-
tigate the intrinsic links between viruses 
and pancreatic cancer.

Human papillomavirus (HPV) has 
been linked to various cancers, includ-
ing cervical, anal and oral cancers [54]. 
Recently, the HPV-16 strain of HPV was 
detected in mucinous neoplastic cysts of 
the pancreas, indicating a potential role 
in the carcinogenesis of pancreatic can-
cer [55].

Impact of the intratumoural mi-
crobiome on tumour progression of 
PDAC. The bacterial composition and 
diversity of normal and cancerous pan-
creas differ, as do the compositions of 
the pancreatic microbiome in early-stage 
disease and in advanced-stage PDAC. 
These findings suggest that cancer pro-
gression is associated with changes in 
the microbiome.  In particular, the prev-
alence of Malassezia species was mark-
edly elevated in PDAC, and the introduc-
tion of Malassezia fungi, but not Candida, 
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Aspergillus or Saccharomyces species, 
into the mycobiome of Kras-ablated mice 
markedly accelerated the progression of 
pancreatic cancer [41]. 

Using of mouse models has demon-
strated that bacterial colonisation in pan-
creatic cancer can reset immune toler-
ance and promote tumour progression via 
bacterial metabolites [7, 25]. Conversely, 
research has indicated that certain mi-
croorganisms present in tissues (e.g., 
Alphaproteobacteria, Sphingobacteria, 
and Flavobacteria) may facilitate an an-
titumour immune response by enhancing 
the recruitment and activation of CD8+ 
T cells, which is associated with a fa-
vourable prognosis. It is noteworthy that 
long-term survival in pancreatic cancer 
is linked to heightened bacterial diversity 
within tumours, along with elevated num-
bers of mature CD8+ T cells and granular 
B cells [24]. There is compelling evidence 
that the tumour microbiota plays a pivot-
al role in development and progression. 
Consequently, the investigation of thera-
peutic strategies targeting these microor-
ganisms represents a significant frontier 
in scientific inquiry.

Conclusion. The PDAC microbiome is 
associated with the occurrence, progres-
sion, response to treatment, and survival 
period in pancreatic cancer. Modulation 
of the pancreatic microbiome, either via 
its elimination or augmentation, is asso-
ciated with enhanced survival in patients 
with PDAC, augmented responsiveness 
to chemotherapeutic agents and reduced 
tumour burden. 

The mechanism of the effect of the 
microbiome on the tumour microenvi-
ronment, as well as immunotherapy ap-
proaches, requires further investigation 
to provide additional evidence to explain 
the complex relationship between the mi-
crobiome and PDAC. Appropriate studies 
targeting the microbiome may provide 
insights into the mechanisms of the de-
velopment and progression of PDAC, im-
prove treatment efficacy, and improve the 
overall prognosis of patients.
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O.A. Ananina

MULTIPLE PRIMARY NON-HEREDITARY 
MALIGNANT NEOPLASMS

Multiple primary malignant tumors are independent occurrence and development of two or more neoplasms in one patient. In this case, not only 
different organs of different systems can be affected, but also paired organs, as well as one organ multicentrically. Carcinogenesis is based on a 
multistage process of changes, malignant transformation and progression, which includes DNA damage and dysfunction of the immune system. 
Damage to certain parts of genes involved in mitosis, cell death or DNA repair is reflected in an increase in the mutation load. After accumulation 
of a sufficient number of mutations, control over cell function is disrupted, which leads to the development of cancer. In recent years, an increase 
in the frequency of multiple primary neoplasms has been noted. The review presents the main risk factors that to one degree or another affect the 
development of polyneoplasia.
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Definition of multiple primary ma-
lignant tumors, study history. Primary 
multiple tumors are the simultaneous or 
sequential occurrence of tumor growth 
points that are pathogenetically unrelat-
ed to each other [8]. The term multiple 
primary malignant tumors or neoplasms 
(MPMTs, MPMN) refers to the presence 
or consideration of only tumor growth 
points with a malignant phenotype [28].

The problem of MPMTs development 
is multifaceted and very complex. The 
urgency of studying the regularities of 
the development of polyineoplasias is 
gaining momentum, including due to a 
significant increase in their prevalence: 
in Russia, from 2015 to 2023. The inci-
dence of  MPMTs and the proportion of 
patients with polyneoplasias from the to-

tal number of cancer patients increased 
by 97.0% (from 26.8 to 52.8 0/0000) and 
56.8% (from 4.4 to 6.90/0000) [1].

The first mention of MPMTs is consid-
ered to be the case description of con-
secutive occurrence of both mammary 
glands carcinomas and uterus by the 
London surgeon D. Pearson in 1793 [6]. 
In 1889, the German surgeon T. Billroth 
was the first to propose the criteria for 
PMMT, which O. Goetze adapted for clini-
cal practice in order to uniformly accumu-
late data [6, 7]. The first Russian study to 
analyze world literature data on MPMTs 
was performed by G.G. Nepryakhinym 
with an attempt to classify them. In 1974, 
V.G. Bebyakin (Table) proposed a clas-
sification that included benign formations 
[6]. From the very first classification to the 

Multiple primary tumors classification (V.G. Bebyakin)

Classification feature Tumor type

I By combination
(mani-festation type)

1 benign
2 benign and malignant
3 malignant

II By detection sequence

1 synchronous
2 metachronous
3 synchronous-metachronous
4 metachronous-synchronous

III By functional relationships
1 functional-dependent
2 hormone-dependent
3 unsystematic

IV By tissue affiliation
1 one tissue affiliation
2 different tissue affiliation

V By histological structure
1 one histological structure
2 different histological structure 

VI By localization
1 single and paired organs
2 the same system different organs

different systems organs
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present, the criteria for MPMTs  remained 
approximately the same: tumors must 
have a malignant phenotype, be located 
separately from each other, and must not 
be metastases of one  tumor [7, 4].

Interpretation of the MPMTs is based 
on two main recommendations: The 
Surveillance, Epidemiology, and End 
Results (SEER) Program, as revised in 
2012, and the 2005 International Agency 
for Research on Cancer (IARC) classifi-
cation used in most European countries 
[27]. Both recommendations are aimed at 
uniform presentation of MPMTs statistics 
with a general definition of the time inter-
val for metachronism characterization (6 
months or more) and indicateаниемthat 
tumors prone to multipleтиorgan damage 
should not be registered as primary multi-
ple neoplasms (Kaposi's sarcoma, leuke-
mias and lymphomas). [27, 23].

Etiology and pathogenesis of mul-
tiple primary malignant tumors. From 
the point of several authors view, the 
phenomenon of MPMTs occurrence, 
can be largely explained from the per-
spective of the “tumor field” theory of W. 
Willis (1967).  Theory describes the oc-
currence likelihood of malignant growth 
multiple points as a result of the  “field” 
creation by one carcinogen, as a result 
of which several sites may appear malig-
nant growth [7].

Risk factors for the development of 
MPMTs can be divided into hereditary 
and non-hereditary. Hereditary causes in-
clude at least 29 familial tumor syndromes 
[29] with the most common combinations 
of gastrointestinal polyneoplasia [18, 19], 
which, however, are themselves among 
the most frequently diagnosed.

In addition to standard screening for 
Lynch syndrome by comparing the Am-
sterdam II criteria or other original criteria, 
one of the predictors was the phenotype 
of microsatellite instability on histological 
examination [2].

Non-hereditary neoplasms are caused 
by the influence of urbanization and in-
dustrialization, habitual intoxications 
(alcohol, smoking), immunodeficiency 
states, oncovirus infections, radio-, che-
motherapy of the first neoplasms, ex-
ternal sources of ionizing radiation and 
the presence of a malignant neoplasms 
history. However, it is noted that in these 
cases, patients must have predisposing 
genetic characteristics [7, 5, 41].

The diagnostic and therapeutic ca-
pabilities in modern oncology are ex-
tensive, which undoubtedly affects the 
survival rate of cancer patients [32] and 
the risk of the emergence of other sites 
of tumor growth. It has been shown that 
the presence of one malignant neo-

plasm in the anamnesis increases the 
chance of developing a subsequent tu-
mor by 23%, and in the case of two or 
more – by 47% [7, 10].

The MPMTs development is en-
hanced by carcinogenic environmental 
agents that contaminate through inha-
lation, water and nutritional routes, the 
regular impact of which, especially on 
city residents, is associated with the re-
peated development of tumor transfor-
mations [11].

Scientists attribute the carcinogenic 
role of chemotherapy and radiation thera-
py to the associative factors of MPMTs [7, 
9, 42] with an increase in the likelihood 
of polyneoplasia up to 5-8% 5 years af-
ter treatment with a significant increase 
in risk with the simultaneous use of these 
methods [9].

A correlation has been identified be-
tween the development of a “second” 
tumor in organs anatomically adjacent to 
the affected organ and local radiation ex-
posure to the tumor, for example, with the 
development of rectal carcinoma during 
radiotherapy for prostate cancer [33]. 
However, a large meta-analysis involv-
ing 1.6 million women with breast cancer 
who underwent radiation therapy did not 
confirm a statistically significant risk of 
developing lung cancer [33].After treat-
ment of breast cancer patients with cyclo-
phosphamide, cisplatin and tamoxifen, a 
dose-dependent increase in the likelihood 
of inducing the development of recurrent 
malignant endometrial tumors within 5 
years was shown [44]. А dose-depen-
dent increase in the likelihood of inducing 
the development of recurrent malignant 
tumors (kidney carcinoma, bladder car-
cinoma and leukemia) has been shown 
аfter treatment with cyclophosphamide. 

It was noted that the degree of occur-
rence risk, including recurrent tumors, 
in association with alcohol consumption 
is dose-dependent. Studies on the role 
of alcohol (low - up to 12.5, moderate - 
12.5-50 and high - more than 50 g/day) in 
carcinogenesis have demonstrated an in-
creased risk of developing squamous cell 
carcinoma of the esophagus (regardless 
of the consumption volume), colorectal 
cancer (with moderate and high con-
sumption) and insignificantly for breast 
cancer [15, 43, 12, 13, 37].

The main target sites for malignant 
neoplasms caused by smoking are: the 
oral cavity, pharynx, larynx and lungs [37, 
36, 17, 35]. Carcinogenesis occurs even 
after treatment of the first tumor - through 
nicotine derivatives benzopyrene and ni-
trosamines, which cause mutations in the 
k-ras and p53 genes: nitrosamines are 
stronger ligands of n-cholinergic recep-

tors than nicotine itself [37, 35]. Smokers 
have a higher risk of developing meta-
chronous tumors than never smokers, 
with a proven dose-dependence [14, 31].

The mutual potentiation of various fac-
tors of carcinogenesis was noted using 
the example of the radon influence, as-
bestos fibers and smoking on lung tissue. 
Increasing the duration of carcinogenic 
substances exposure to lung tissue en-
hances their de novo mutagenic activity 
(spontaneously arising under DNA repli-
cation during cell division) with the induc-
tion of persistent resistance to apoptosis 
and infiltration clones tumor [39, 24].

For many years, the carcinogenic po-
tential of viruses has been studied, with 
an increasing likelihood of their influence 
on the re-development pathology cancer. 
Oncoviruses include: hepatitis B and C 
viruses, Epstein-Barr virus, T-cell leuke-
mia virus 1, human papillomavirus (HPV), 
herpes virus-8, Merkel cell polyomavirus 
[5, 34, 26, 20, 40]: from 400 HPV types 
known, the carcinogenic role of 12 has 
been proven: 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59 [40, 30].

By binding to the DNA of the host 
cell, HPV realizes its oncogenic potential 
through the E6 and E7 proteins. E6 caus-
es degradation of p53, E7 - pRB, thereby 
blocking one of the apoptosis mecha-
nisms [30]. At the same time, heteroge-
neity by gender was noted - with a higher 
risk of developing a subsequent tumor in 
men. A statistically significant probability 
of developing “recurrent” tumors were 
cancers of the esophagus, larynx, nasal 
cavity, lungs and bladder [16]. Howev-
er, the authors emphasize the likelihood  
of developing increased risk MPMTs of 
these localizations due to the patients 
habitual intoxication (alcohol and smok-
ing). Among those not associated with 
modifiable risk factors, MPMTs should be 
noted data on a significant increase in the 
developing polyneoplasia risk in patients 
with esophagus squamous cell carcino-
ma [21].

One of the most important application 
points in the MPMTs carcinogenesis is  
psychological stress, first described by 
G. Selye, accompanying the oncological 
patient life, is a decrease in the immune 
system reactivity, DNA repair systems in-
hibition , apoptosis and acceleration ag-
ing cellular [22, 3, 38, 25].

Conclusion. At the moment, literature 
data indicate mainly the similarity  risk 
factors influence on the development of 
both single and multiple tumor process-
es with continued influence on the body: 
there is still no comprehensive informa-
tion about the polyneoplasia predictors 
special characteristics, the relationship 
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between the influence of hereditary and 
non-hereditary carcinogenesis mecha-
nisms. It is interesting to conduct a de-
tailed non-hereditary mechanisms syner-
gy study and its molecular basis, which 
will allow us to identify specific tumor 
markers with the forming risk groups 
possibility for the development of primary 
multiple tumors for the further necessary 
preventive measures development, tak-
ing into account the additional examina-
tion methods during observation use.
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E.V. Tomtosova, E.K. Rumyantsev, V.M. Nikolaev,
N.K. Chirikova

PHYTOCHEMICAL ANALYSIS AND 
ANTIOXIDANT PROPERTIES OF EXTRACTS 
OF PLANTS OF THE ROSACEAE FAMILY

The article presents data on the content of biologically active compounds and total antioxidant capacity of extracts of plants of the family Ro-
saceae - Crataegus dahurica Koehne ex Scheid., Sanguisorba officinalis L., Rosa acicularis Lindl. growing in Yakutia. The quantitative content 
of flavonoids, phenylpropanoids, and the total content of phenolic compounds was analyzed in water-ethanol extracts of leaves from the studied 
plants, according to Folin-Chokalteu. It was shown that among the plants, a high content of flavonoids (2.51 mg%) and total phenolic compounds 
(42.34 mg%) were found in Rosa acicularis extracts, while phenylpropanoids (2.26 mg%) were predominant in Sanguisorba officinalis leaves.

To evaluate the total antioxidant capacity, the chemiluminescence assay method was used in a horseradish peroxidase, hydrogen peroxide, and 
luminol system. The highest antioxidant capacity values were found in Rosa acicularis leaf extracts (9.77 units), which correlates with the increased 
content of phenolic compounds in this plant. Rosa acicularis leaves are more promising for searching for sources of antioxidants.

Keywords: plant extracts, antioxidants, total antioxidant capacity, phenolic compounds, phenylpropaniodes, flavonoids, chemiluminescence.

УДК 577.19

Introduction. Rosaceae is an import-
ant family of plants that includes many 
species containing valuable biologically 
active substances: tannins, polysaccha-
rides, flavonoids, etc. The Rosaceae 
family includes about 100 genera distrib-
uted worldwide [43]. In Russia and CIS 
countries, the family is represented by 
about 55 genera [8], of which 25 genera 
and 93 species grow in Yakutia [9].

Some of the most common species 
of plants of the Rosaceae family grow-
ing in the central part of Yakutia are 

Crataegus dahurica Koehne ex Scheid., 
Sanguisorba officinalis L., Rosa acicu-
laris Lindl. Medicinal raw materials of 
the above plant species are used in folk 
medicine in many nations, and they are 
also included in the State Pharmaco-
poeia of the Russian Federation. Mod-
ern research notes that these plants 
contain a unique composition of bio-
logically active substances with strong 
antioxidant activity and a wide range of 
other pharmacological properties. Cra-
taegus dahurica leaves contain signifi-
cant amounts of hyperoside, quercetin, 
and vitexin [45]; Sanguisorba officinalis 
leaves contain gallic, chlorogenic, and 
ellagic acids as well as catechins [33]; 
Rosa acicularis leaves are rich in phe-
nolic compounds such as ellagotannins 
and flavonoids [39].

One of the most essential features of 
phenolic compounds is their synergis-
tic action. The interaction of flavonoids 
and phenylpropanoids enhances their 
antioxidant and anti-inflammatory ef-
fects [55]. Thus, the combination of hy-
peroside, vitexin, and chlorogenic acid 
results in enhanced antioxidant action. 
Such synergistic effects make phenolic 
compounds promising components for 
use in complex preparations aimed at 
combating oxidative stress and inflam-
matory processes [26]. Oxidative stress 
is considered an important pathogenetic 

link in the development of more than 200 
diseases [22,28].

In connection with those mentioned 
above, nowadays, the task of searching 
for local medicinal plant raw materials 
with a high content of phenolic com-
pounds with the best antioxidant activity 
to inhibit oxidative processes becomes 
the most urgent.

The work aimed to evaluate the anti-
oxidant capacity of aqueous-alcoholic ex-
tracts of leaves of plants of the Rosaceae 
family: Crataegus dahurica, Sanguisorba 
officinalis, and Rosa acicularis.

Materials and methods. Water-eth-
anol extracts from leaves of wild plants 
- Crataegus dahurica, Sanguisorba offi-
cinalis, and Rosa acicularis collected in 
Yakutia were used as research objects. 
The collection and storage of raw plant 
materials were carried out according to 
the requirements of the State Pharma-
copoeia of the Russian Federation. Plant 
raw materials were stored at 18°C in a 
place protected from light. Extraction was 
carried out with 60% ethyl alcohol at a ra-
tio of 1:30.

Spectrophotometric studies were 
carried out on the spectrophotometer 
SF-2000 (OKB Spektr, St. Petersburg): 
the method of quantitative determina-
tion of phenolic compounds according 
to Folin-Chokalteu [29], the method of 
quantitative analysis of flavonoids using 
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aluminum chloride [1,2], and the meth-
od of quantitative analysis of phenylpro-
panoids [4].

The total antioxidant capacity of leaf 
extracts of the studied plants was eval-
uated using chemiluminescence analysis 
in a horseradish peroxidase, hydrogen 
peroxide, and luminol system. Chemilu-
minescence was recorded on a chemi-
luminometer Lum-1200 (Russia) using 
the attached software PowerGraph 3.3 
[10]. All experiments were performed in 
fourfold repetition. The results were sta-
tistically processed using the Statistica 
10 program. Differences between groups 
were evaluated using the Mann-Whitney 
U-test. Correlations were determined us-
ing Spearman rank correlation. A value 
of p<0.05 was considered a statistically 
significant difference.

Results and discussion. As a result 
of spectrophotometric and chemilumi-
nescent studies, data on the quantitative 
content of phenolic compounds, phenyl-
propanoids, flavonoids, and total antiox-
idant capacity in the leaves of C. dahuri-
ca, S. officinalis, R. acicularis growing in 
Yakutia were obtained. It was found that 
leaves of C. dahurica, S. officinalis, and 
R. acicularis plants contain various bio-
logically active substances.

Phenolic compounds of plants belong 
to the group of secondary metabolites 
involved in adaptation processes [24]. In 
the human body, phenolic compounds of 
plant origin play an essential role in main-
taining health by exerting antioxidant 
action, reducing blood coagulation, re-
ducing capillary fragility and permeability, 
and improving metabolic processes. [44].

The results of the present work 
showed that the total content of phenolic 
compounds in the leaves of the studied 
plants varies depending on the plant spe-
cies (Table 1). We observed the highest 
content of phenolic compounds in R. 
acicularis, 42.34±0.21 mg%. At the same 
time, almost 1.4 and 2.0 times less were 
found in the leaves of S. officinalis and C. 
dahurica compared to R. acicularis.

Phenylpropanoides are phenolic com-
pounds containing one or more phenyl-
propane moieties in their structure. Most 
phenylpropanoids are known to have an-
tioxidant and immunomodulatory proper-
ties [7].

The content of phenylpropanoides 
in the studied plants was carried out 
in terms of caffeic acid. A high level of 
phenylpropanoides in the leaves of S. 
officinalis was observed, was equal to 
2.26±0.08 mg%, which was about 1.2 
and 1.6 times higher than in other ana-
lyzed plants R. acicularis and C. dahuri-
ca, respectively.

Flavonoids have a polyphenolic struc-
ture antioxidant, and antibacterial, antivi-
ral properties [11].

The quantitative content of flavonoids 
in the studied plants was measured using 
the specific redemption ratio of the dom-
inant flavonoid (in terms of rutin, querce-
tin, and hyperoside). The high flavonoid 
content was observed in the leaves of R. 
acicularis - 2.51±0.09 mg%, and low, 2.3, 
and 2.4 times less, C. dahurica and S. of-
ficinalis, respectively.

The chemiluminescence method was 
used to estimate the total antioxidant ca-
pacity of plant water-alcoholic extracts. 
The method is based on the registration 
of chemiluminescence kinetics occurring 

in the system: hydrogen peroxide, horse-
radish peroxidase, and luminol, accord-
ing to the mechanism shown in Figure.

In this system, hydrogen peroxide 
served as a source of reactive oxygen 
species, horseradish peroxidase was an 
inducer of free-radical oxidation, and lu-
minol was used as a substrate that emits 
a photon during oxidation. Adding the 
studied plant extracts to the system led 
to a decrease in the intensity of chemilu-
minescence due to the neutralization of 
reactive oxygen species by antioxidants 
present in the samples. Chemilumines-
cence was recorded using a chemilumi-
nescence analyzer under fixed tempera-
ture and time conditions. The results were 

Phytochemical analysis of leaf extracts of the studied plants. M±δ

Object of research
Phenolic

compounds.
mg%

Phenylpropanoides. 
mg% Flavonoids. mg%

Crataegus dahurica 22.84±0.15 1.40±0.04 1.08±0.04
(converted into hyperoside)

Sanguisorba officinalis 29.61±0.32 2.26±0.08 1.06±0.05
(converted into quercetin)

Rosa acicularis 42.34±0.21 1.91±0.05 2.51±0.09
(converted into rutin)

Note: The values of phenylpropanoides are given in terms of caffeic acid. 

Table 1

Mechanism of chemiluminescence reaction in the system of luminol and hydrogen peroxide in 
the presence of horseradish peroxidase

Total antioxidant capacity of leaf extracts of the studied plants, М±δ

Object of research Crataegus dahurica Sanguisorba officinalis Rosa acicularis
AOC•10-6, relative units 7.23±0.31 8.37±0.25 9.77±0.38

Note: AOC is total antioxidant capacity.

Table 2
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expressed through a decrease in the light 
sum of chemiluminescence, which direct-
ly correlated with the antioxidant activity 
of the samples.

The study of the total antioxidant ca-
pacity of water-alcohol extracts of C. 
dahurica, S. officinalis, and R. acicularis 
leaves showed that all samples have an-
tioxidant activity (Table 2). R. acicularis 
extract showed high antioxidant capacity 
(9.77±0.38 units), while in S. officinalis 
and C. dahurica extracts, the antioxidant 
capacity was 1.16 and 1.35 times less, 
respectively.

The correlation analysis showed that 
the total antioxidant capacity was signifi-
cantly correlated with the total content of 
phenolic compounds (r=0.98; p=0.000...). 
In the plants we studied, the total content 
of phenolic compounds probably makes 
a greater contribution to the antioxidant 
capacity.

The data of the present study indicate 
that R. acicularis contains more phenolic 
compounds and flavonoids than C. da-
hurica and S. officinalis. The literature re-
veals that the main phenolic compounds 
in R. acicularis leaves are ellagic acid, 
kaempferol, and quercetin [39].

Randomized clinical trials have shown 
that ellagic acid, due to its antioxidant and 
anti-inflammatory properties, can reduce 
symptoms of some diseases: depression 
in patients with multiple sclerosis [25], 
improved sleep quality in patients with 
irritable bowel syndrome [36], reduced 
metabolic disorders in women with poly-
cystic ovary syndrome [31], and affected 
oxidative stress and inflammation in pa-
tients with type 2 diabetes [23].

It was shown that kaempferol inhibits 
apoptosis in acute liver failure and tumor 
diseases [37,56]. An experimental model 
of hypoxia in vitro showed that kaemp-
ferol in mouse neurons provides protec-
tion against ferroptosis by activating the 
Nrf2 signaling pathway [57]. 

Studies by foreign authors using 
molecular docking have established 
that quercetin is a potent inhibitor of 
the RNA-dependent RNA polymerase 
SARS-CoV-2 and also inhibits the main 
protease 6LU7 of the virus (SARS-
CoV-2), thereby preventing the process 
of its replication [18].

Studies by foreign authors show that 
the high content of phenylpropanoids in 
S. officinalis leaves is mainly due to cou-
maric and ferulic acids [61]. 

Coumaric acid is a promising adjuvant 
therapy compound. In vitro studies on 
the glioblastoma (U87Mg) model showed 
that it stops the cell cycle in the G2/M 
phase and activates apoptosis [40]. Also, 
coumaric acid exhibits protective proper-

ties in rat ovarian tissues under cispla-
tin-induced oxidative stress [14].

Ferulic acid exhibits antithrombotic, 
neuroprotective, and anti-inflammatory 
properties [34]. Studies have empha-
sized its low toxicity due to its metabo-
lization ability in the human body [54].

Recent studies have shown that feru-
lic acid alleviates anxiety and depression 
by regulating changes in the gut micro-
biome, highlighting its potential use as a 
novel antidepressant [17]. In addition, fe-
rulic acid has been found to alleviate sci-
atica in rats by inhibiting neuroinflamma-
tion through the TLR4/NF-κB pathway, 
promoting sciatic nerve repair [60].

Although C. dahurica leaf extract, 
showed low antioxidant capacity and 
low values of total phenolic compounds, 
phenylpropanoids and flavonoids, is a 
valuable subject for further study be-
cause it contains flavonoids: hyperoside 
and vitexin. Hyperoside has been known 
to exhibit neuroprotective properties. 
However, recent studies have shown that 
it can reduce β-amyloid toxicity by reduc-
ing neuronal death in vitro and in vivo 
models [19,50]. Vitexin has anti-inflam-
matory and antioxidant properties [49].

Thus, the comparative phytochemical 
analysis showed that the water-ethanol 
extract of R. acicularis leaves contained 
the highest concentration of phenolic 
compounds and flavonoids. In contrast, 
the water-ethanol extracts of S. officinalis 
leaves had a high content of phenylpro-
panoids. Extracts of C. dahurica leaves 
were characterized by a low content of 
phytochemicals considered by us. Total 
antioxidant capacity showed the highest 
results in R. acicularis leaf extracts, com-
pared to S. officinalis and C. dahurica leaf 
extracts.

Conclusion. The present work has 
shown that R. acicularis leaves are a 
promising object for further studies relat-
ed to the effect of water-ethanol extracts 
of plants on model systems in vitro, in 
studying the processes of free radical 
oxidation of lipids, as well as possibly 
activation of the immune system and 
apoptosis, in various diseases since ex-
tracts of this plant showed high values 
of antioxidant capacity (9.77±0.38 units) 
and flavonoid concentration (2.51±0.09 
mg%), compared to S. officinalis and C. 
dahurica.

1. Gosudarstvennaya farmakopeya Rossiys-
koy Federatsii: v 3 t. [State Pharmacopoeia of 
the Russian Federation: in 3 volumes] XIV izd. T. 
1. Moskva: MZ RF [Moscow: Ministry of Health 
of the Russian Federation. 2018. P. 1245 (In 
Russ.).]

2. Gosudarstvennaya farmakopeya Rossi-
yskoy Federatsii: v 4 t. [State Pharmacopoeia 
of the Russian Federation: in 4 volumes] XV 
izd. T. 1. Moskva: MZ RF [Moscow: Ministry of 
Health of the Russian Federation. 2020. P. 980 
(In Russ.).]

3. Zverev Ya.F., Bryukhanov V.M. Flavonoi-
dy kak perspektivnye prirodnye antioksidanty 
[Flavonoids as Promising Natural Antioxidants]. 
Byulleten' meditsinskoy nauki. [Bulletin of Medi-
cal Science. 2017. №1 (5) (In Russ.).]

4. Kurdyukov E.E., Vodopyanova O.A., Mi-
tishev A.V. Metodika kolichestvennogo opre-
deleniya summy fenilpropanoidov v syr'e stevia 
[Quantitative Determination Method for Total 
Phenylpropanoids in Stevia Raw Material]. Kh-
imiya rastitel'nogo syr'ya. [Chemistry of Plant 
Raw Materials. 2020; 3: 115–121 (In Russ.).]

5. Mashkovsky M.D. Lekarstvennye sred-
stva. [Medicinal Products. Moskva [Moscow]: 
2008. P. 1206. (In Russ.).]

6. Nikolaeva O.A. Raznoobrazie rozotsvet-
nykh (Rosaceae) v prirodnykh soobshchestvakh 
na territorii Yakutskogo botanicheskogo sada 
[Diversity of Rosaceae in Natural Communities 
within the Territory of the Yakut Botanical Gar-
den]. Nauka i obrazovanie [Science and Educa-
tion. 2017; 3 (In Russ.).]

7. Kurkin V.A., Varina N.R., Avdeeva E.V., 
Ruzaeva I.V.  Fenilpropanoidy kak klass prirod-
nykh biologicheski aktivnykh soedineniy – or-
ganoprotektorov [Phenylpropanoids as a Class 
of Natural Biologically Active Compounds – Or-
ganoprotectors] Farmatsiya i farmakologiya. 
[Pharmacy and Pharmacology. 2023; 11 (5): 
399–411 (In Russ.).] DOI: 10.19163/2307-9266-
2023-11-5-399-411.

8. Flora SSSR. [Flora of the USSR] T. 30 / 
Pod red. V.L. Komarova i B.K. Shishkina. Mosk-
va; Leningrad: Izd-vo AN SSSR, [Moscow; Len-
ingrad: Publishing House of the USSR Academy 
of Sciences. 1964 (In Russ.).]

9. Kuznetsova L.V., Zakharova V.I., Sosina 
N.K. et al. Flora Yakutii: geograficheskiy i eko-
logicheskiy aspekty [Flora of Yakutia: Geograph-
ical and Ecological Aspects. Novosibirsk: Nau-
ka; 2010. P. 13  (In Russ.).]

10. Vladimirov G.K., Sergunova E.V., Izmay-
lov D.Yu., Vladimirov Yu.A. Khemilyuminestsent-
naya metodika opredeleniya obshchey antioksi-
dantnoy emkosti v lekarstvennom rastitel'nom 
syr'e [Chemiluminescent Method for Determin-
ing Total Antioxidant Capacity in Medicinal Plant 
Material]. Vestnik RGMU [Russian State Medical 
University Bulletin. 2016; 2 : 65–72 (In Russ.).] 
DOI: 10.24075/brsmu.2016-02-10.

11. Ahmad A, Kaleem M, Ahmed Z, Shafiq 
H. Therapeutic potential of flavonoids and their 
mechanism of action against microbial and viral 
infections-A review. Food Res Int. 2015;77:221-
235. doi:10.1016/j.foodres.2015.06.021.

12. Alscher RG, Hess JL. Antioxidants in 
Higher Plants. 1st ed. Boca Raton, FL: CRC 
Press; 2017:135-171.

13. An L, Zhai Q, Tao K, et al. Quercetin induc-
es itaconic acid-mediated M1/M2 alveolar mac-
rophages polarization in respiratory syncytial vi-
rus infection. Phytomedicine. 2024;130:155761. 
doi:10.1016/j.phymed.2024.155761.

14. Ayazoglu Demir E, Mentese A, Kucuk H, 
Turkmen Alemdar N, Demir S. p-Coumaric acid 
alleviates cisplatin-induced ovarian toxicity in 
rats. J Obstet Gynaecol Res. 2022;48(2):411-
419. doi:10.1111/jog.15119.

15. Cao P, Wang Y, Zhang C, et al. Quercetin 
ameliorates nonalcoholic fatty liver disease (NA-
FLD) via the promotion of AMPK-mediated hepat-
ic mitophagy. J Nutr Biochem. 2023;120:109414. 
doi:10.1016/j.jnutbio.2023.109414.

References



YAKUT MEDICAL JOURNAL
102

16. Vladimirov GK, Sergunova EV, Izmailov 
DY, Vladimirov YA. Chemiluminescent Meth-
od for Determining Total Antioxidant Capac-
ity in Medicinal Plant Material. Vestnik RGMU. 
2016;2:65-72. doi:10.24075/brsmu.2016-02-10.

17. Deng L, Zhou X, Tao G, et al. Ferulic acid 
and feruloylated oligosaccharides alleviate anx-
iety and depression symptom via regulating gut 
microbiome and microbial metabolism. Food 
Res Int. 2022;162(Pt A):111887. doi:10.1016/j.
foodres.2022.111887.

18. Derosa G, Maffioli P, D'Angelo A, Di 
Pierro F. A role for quercetin in coronavirus 
disease 2019 (COVID-19). Phytother Res. 
2021;35(3):1230-1236. doi:10.1002/ptr.6887.

19. Fan H, Li Y, Sun M, et al. Hyperoside 
reduces rotenone-induced neuronal injury 
by suppressing autophagy. Neurochem Res. 
2021;46(12):3149-3158. doi:10.1007/s11064-
021-03404-z.

20. Flora of the USSR. Vol. 30 / Edited by 
Komarov VL, Shishkin BK. Moscow; Leningrad: 
Publishing House of the USSR Academy of Sci-
ences; 1964.

21. Kuznetsova LV, Zakharova VI, Sosina 
NK, et al. Flora of Yakutia: Geographical and 
Ecological Aspects. Novosibirsk: Nauka; 2010. 
13 p.

22. García-Sánchez A, Miranda-Díaz AG, 
Cardona-Muñoz EG. The role of oxidative 
stress in physiopathology and pharmacological 
treatment with pro- and antioxidant properties 
in chronic diseases. Oxid Med Cell Longev. 
2020;2020:2082145. doi:10.1155/2020/2082145.

23. Ghadimi M, Foroughi F, Hashemipour 
S, et al. Randomized double-blind clinical trial 
examining the Ellagic acid effects on glycemic 
status, insulin resistance, antioxidant, and in-
flammatory factors in patients with type 2 dia-
betes. Phytother Res. 2021;35(2):1023-1032. 
doi:10.1002/ptr.6867.

24. Gill SS, Tuteja N. Reactive oxygen spe-
cies and antioxidant machinery in abiotic stress 
tolerance in crop plants. Plant Physiol Bio-
chem. 2010;48(12):909-930. doi:10.1016/j.pla-
phy.2010.08.016.

25. Hajiluian G, Karegar SJ, Shidfar F, et al. 
The effects of Ellagic acid supplementation on 
neurotrophic, inflammation, and oxidative stress 
factors, and indoleamine 2,3-dioxygenase gene 
expression in multiple sclerosis patients with 
mild to moderate depressive symptoms: A ran-
domized, triple-blind, placebo-controlled trial. 
Phytomedicine. 2023;121:155094. doi:10.1016/j.
phymed.2023.155094.

26. Hajimehdipoor H, Shahrestani R, 
Shekarchi M. Investigating the synergistic anti-
oxidant effects of some flavonoid and phenolic 
compounds. Res J Pharmacogn. 2014;1:35-40.

27. Hutchinson J. The Genera of Flowering 
Plants. Vol. 1. Oxford: Oxford University Press; 
1964.

28. Hybertson BM, Gao B, Bose SK, McCord 
JM. Oxidative stress in health and disease: the 
therapeutic potential of Nrf2 activation. Mol As-
pects Med. 2011;32(4-6):234-246. doi:10.1016/j.
mam.2011.10.006.

29. Ighodaro OM. Molecular pathways as-
sociated with oxidative stress in diabetes melli-
tus. Biomed Pharmacother. 2018;108:656-662. 
doi:10.1016/j.biopha.2018.09.058.

30. Kattoor AJ, Pothineni NVK, Palagiri 
D, Mehta JL. Oxidative stress in atheroscle-
rosis. Curr Atheroscler Rep. 2017;19(11):42. 
doi:10.1007/s11883-017-0678-6.

31. Kazemi M, Lalooha F, Nooshabadi MR, 
et al. Randomized double-blind clinical trial eval-
uating the Ellagic acid effects on insulin resis-
tance, oxidative stress and sex hormones levels 

in women with polycystic ovarian syndrome. 
J Ovarian Res. 2021;14(1):100. doi:10.1186/
s13048-021-00849-2.

32. Kurdyukov EE, Vodopyanova OA, Miti-
shev AV. Quantitative Determination Method for 
Total Phenylpropanoids in Stevia Raw Material. 
Chem Plant Raw Mater. 2020;3:115-121.

33. Lachowicz S, Oszmiański J, Rapak A, 
Ochmian I. Profile and content of phenolic com-
pounds in leaves, flowers, roots, and stalks of 
Sanguisorba officinalis L. determined with the 
LC-DAD-ESI-QTOF-MS/MS analysis and their 
in vitro antioxidant, antidiabetic, antiprolifera-
tive potency. Pharmaceuticals. 2020;13(8):191. 
doi:10.3390/ph13080191.

34. Long T, Wu Q, Wei J, et al. Ferulic acid 
exerts neuroprotective effects via autophagy 
induction in C. elegans and cellular models of 
Parkinson's disease. Oxid Med Cell Longev. 
2022;2022:3723567. doi:10.1155/2022/3723567.

35. Mashkovsky MD. Medicinal Products. 
Moscow; 2008. 1206 p.

36. Mirzaie Z, Bastani A, Hesami S, et al. 
Improving Effect of Ellagic Acid on Sleep Qual-
ity and Gastrointestinal Symptoms in Patient 
With Irritable Bowel Syndrome: Randomized 
Double-Blind Clinical Trial. Turk J Gastro-
enterol. 2021;32(11):937-944. doi:10.5152/
tjg.2021.20344.

37. Ni X, Shang FS, Wang TF, et al. Ellagic 
acid induces apoptosis and autophagy in co-
lon cancer through the AMPK/mTOR pathway. 
Tissue Cell. 2023;81:102032. doi:10.1016/j.
tice.2023.102032.

38. Nikolaeva OA. Diversity of Rosaceae in 
Natural Communities within the Territory of the 
Yakut Botanical Garden. Science and Educa-
tion. 2017;3.

39. Olennikov D, Chemposov VV, Chirikova 
N. Metabolites of prickly rose: chemodiversi-
ty and digestive-enzyme-inhibiting potential of 
Rosa acicularis and the main ellagitannin ru-
gosin D. Plants. 2021;10(12):12525. doi:10.3390/
plants10112525.

40. Oliva MA, Castaldo S, Rotondo R, et al. 
Inhibiting effect of p-Coumaric acid on U87MG 
human glioblastoma cell growth. J Chemoth-
er. 2022;34(3):173-183. doi:10.1080/112000
9X.2021.1953888.

41. Pérez-Torres I, et al. Oxidative stress, 
plant natural antioxidants, and obesity. Int 
J Mol Sci. 2021;22(4):1786. doi:10.3390/
ijms22041786.

42. Kurkin VA, Varina NR, Avdeeva EV, Ru-
zaeva IV. Phenylpropanoids as a Class of Natu-
ral Biologically Active Compounds – Organopro-
tectors. Pharm Pharmacol. 2023;11(5):399-411. 
doi:10.19163/2307-9266-2023-11-5-399-411.

43. Potter D, Eriksson T, Evans R, et al. 
Phylogeny and classification of Rosaceae. 
Plant Syst Evol. 2007;266(1):5-43. doi:10.1007/
s00606-007-0539-9.

44. Rana A, Samtiya M, Dhewa T, Mish-
ra V, Aluko RE. Health benefits of polyphe-
nols: A concise review. J Food Biochem. 
2022;46(10):e14264. doi:10.1111/jfbc.14264.

45. Sagaradze VA, Babaeva E, Ufimov R, 
Trusov NA, Kalenikova E. Study of the variability 
of rutin, vitexin, hyperoside, quercetin in "Cra-
taegi folium cum flore" of hawthorn (Crataegus 
L.) species from Russian flora. J Appl Res Med 
Aromat Plants. 2019;15:100217. doi:10.1016/j.
jarmap.2019.100217.

46. Seo CS, Jeong SJ, Yoo SR, Lee NR, 
Shin HK. Quantitative analysis and in vitro 
anti-inflammatory effects of gallic acid, ellag-
ic acid, and quercetin from Radix Sanguisor-
bae. Pharmacogn Mag. 2016;12(46):104-108. 
doi:10.4103/0973-1296.177908.

47. Shishmareva T, Shishmarev V, Olennikov 
D. Phenolic compounds of Sanguisorba officina-
lis (Rosaceae) growing in Eastern Siberia. Chem 
Plant Raw Mater. 2021:139-150. doi:10.14258/
jcprm.2021018281.

48. Singleton VL, Orthofer R, Lamue-
la-Raventós RM. Analysis of total phenols and 
other oxidation substrates and antioxidants by 
means of Folin-Ciocalteu reagent. Methods En-
zymol. 1999;299:152-178.

49. Song J, Wang H, Sheng J, et al. Vitexin 
attenuates chronic kidney disease by inhibiting 
renal tubular epithelial cell ferroptosis via NRF2 
activation. Mol Med. 2023;29(1):147. doi:10.1186/
s10020-023-00735-1.

50. Song LL, Qu YQ, Tang YP, et al. Hy-
peroside alleviates toxicity of β-amyloid via 
endoplasmic reticulum-mitochondrial calci-
um signal transduction cascade in APP/PS1 
double transgenic Alzheimer's disease mice. 
Redox Biol. 2023;61:102637. doi:10.1016/j.re-
dox.2023.102637.

51. State Pharmacopoeia of the Russian 
Federation: in 3 volumes. 14th ed. Vol. 1. Mos-
cow: Ministry of Health of the Russian Federa-
tion; 2018. 1245 p.

52. State Pharmacopoeia of the Russian 
Federation: in 4 volumes. 15th ed. Vol. 1. Mos-
cow: Ministry of Health of the Russian Federa-
tion; 2020. 980 p.

53. Teleanu DM, Niculescu AG, Lungu II, 
et al. An overview of oxidative stress, neuroin-
flammation, and neurodegenerative diseases. 
Int J Mol Sci. 2022;23(11):5938. doi:10.3390/
ijms23115938.

54. Tuli H, Chaudhary A, Jaswal VS, et al. Fe-
rulic Acid: A Promising Therapeutic Phytochem-
ical and Recent Patents Advances. Recent Pat 
Inflamm Allergy Drug Discov. 2019;13(1):25-35. 
doi:10.2174/1872213X13666190621125048.

55. Wang B, Gao Y, Chen L, et al. Chemi-
cal constituents, antioxidant and gastrointestinal 
transit accelerating activities of dried fruit of Cra-
taegus dahurica. Food Chem. 2018;246:41-47. 
doi:10.1016/j.foodchem.2017.11.011.

56. Wang H, Chen L, Zhang X, et al. Kae-
mpferol protects mice from d-GalN/LPS-induced 
acute liver failure by regulating the ER stress-
Grp78-CHOP signaling pathway. Biomed Phar-
macother. 2019;111:468-475. doi:10.1016/j.bio-
pha.2018.12.105.

57. Yuan Y, Zhai Y, Chen J, et al. Kaempferol 
ameliorates oxygen-glucose deprivation/reoxy-
genation-induced neuronal ferroptosis by acti-
vating Nrf2/SLC7A11/GPX4 Axis. Biomolecules. 
2021;11(7):923. doi:10.3390/biom11070923.

58. Zhang H, Chen J, Cen Y. Burn wound 
healing potential of a polysaccharide from San-
guisorba officinalis L. in mice. Int J Biol Mac-
romol. 2018;112:862-867. doi:10.1016/j.ijbio-
mac.2018.01.214.

59. Zhang L, Koyyalamudi SR, Jeong SC, et 
al. Antioxidant and immunomodulatory activities 
of polysaccharides from the roots of Sanguisorba 
officinalis. Int J Biol Macromol. 2012;50(1):123-
129. doi:10.1016/j.ijbiomac.2011.10.018.

60. Zhang D, Jing B, Chen ZN, et al. Feru-
lic acid alleviates sciatica by inhibiting neuroin-
flammation and promoting nerve repair via the 
TLR4/NF-κB pathway. CNS Neurosci Ther. 
2023;29(4):1000-1011. doi:10.1111/cns.14060.

61. Zhu H, Chen G, Chen SN, et al. Char-
acterization of polyphenolic constituents from 
Sanguisorba officinalis L. and its antibacterial 
activity. Eur Food Res Technol. 2019;245(1):1-
12. doi:10.1007/s00217-019-03276-2.

62. Zverev YaF, Bryukhanov VM. Flavonoids 
as Promising Natural Antioxidants. Bull Med Sci. 
2017;1(5).



4’ 2024 103

Introduction. The psycho-emotion-
al state of a person is affected not only 
by physical and social factors, but also 
by appearance. With the development 
of quality of life and medicine in modern 
society, both women and men pay spe-
cial attention to their appearance. Today, 
thanks to the development of genomic 
association studies (GWAS), research-
ers can accurately identify specific loci, 
genes and proteins associated with aging 
and appearance [35].

The condition of the skin plays an im-
portant role in appearance. Unlike others, 
the skin is the main organ through which 
the body interacts with the environment 
and its aging is most noticeable. Aging 
is determined by internal factors such as 
changes in hormone levels, decreased 
ability to repair deoxyribonucleic acid 
(DNA), accumulation of mutations in DNA 
caused by free radicals or ultraviolet (UV) 
radiation, and external environmental 
factors such as air pollution, lack of nutri-
ents and vitamins in the diet, exposure to 
UV radiation, smoking, etc. [13].

According to researchers, the ex-
ternal parameters of skin aging have a 
strong ethnic and genetic basis. It has 
been found that different populations 
have different characteristics of the skin 
and its aging, for example, among repre-
sentatives of the Caucasian race, there 
is an earlier onset and more pronounced 
signs of wrinkling and sagging skin than 
among representatives of other races. 
There are also differences in the severity 
of wrinkles in different areas of the face 
among Chinese, Japanese, Thai and Eu-
ropean women [26]. It is also known that 

skin color and phototype influence the 
degree of photoaging, with people with 
a dark phototype typically having more 
“hypertrophic reactions” such as deep 
wrinkles, coarsening, and lentigines, 
while people with a light phototype typi-
cally have fewer wrinkles with epidermal 
atrophy, focal depigmentation, and dys-
plastic changes such as actinic kerato-
sis, non-melanoma, and melanoma skin 
cancer [17].

Clinical manifestations of skin aging 
include dehydration, loss of elasticity, 
increased extensibility and the appear-
ance of wrinkles [2]. Wrinkles are a typ-
ical symptom of skin aging caused by 
loss of elasticity, which is determined by 
a decrease in the amount of collagen as-
sociated with the elasticity of the dermal 
tissue of the skin. Collagen is closely as-
sociated with skin elasticity, as it protects 
against external irritants and provides 
it with tension and strength. The use of 
an increasing number of molecular ge-
netic methods and the identification of 
genes predisposing to skin aging using 
GWAS allows for the development of 
personalized skin care recommendations 
based on nutrigenomics and cosmetolo-
gy. Thus, in the study by Naval J et. al. 
(2014), 13 SNPs were selected in genes 
encoding proteins that play a role in skin 
properties associated with aging, namely, 
susceptibility to oxidative stress, elas-
ticity and hydration, and genotyped in 
a sample of 120 women. Based on the 
collective contribution of a set of polymor-
phisms to the biochemical and metabolic 
properties of the skin, they identified 10 
genotypic groups with different skin care 
needs [33].

Genes associated with photoaging.
UV radiation exposure is a major risk fac-
tor for skin inflammation, immune chang-
es and premature skin aging and is also a 
major risk factor for cancerous degenera-
tion [8]. Photoaging depends primarily on 

the degree of sun exposure and pigmen-
tation (melanin production), which con-
tributes to protection from UV radiation 
[34]. Important regulators of melanogen-
esis are α-melanocyte-stimulating hor-
mone (αMSH) and adrenocorticotropic 
hormone (ACTH) [1]. Melanocytes, which 
are stimulated by α-MSH, modulate pig-
ment metabolism via the melanocortin 1 
receptor protein (MC1R) and synthesize 
the black pigment eumelanin, which has 
photoprotective properties [8]. Sever-
al studies have linked mutations in the 
melanocortin-1 receptor gene (MC1R) 
to phenotypic traits such as tanning [29, 
30], fair skin, freckles, and photoaging 
[17, 43], as well as an increased risk 
of melanoma, other skin cancers, and 
breast cancer [28].

Also, pigmentation is affected by the 
interferon regulatory factor 4 (IRF4) gene, 
which influences the expression of the 
gene encoding the pigmentation enzyme 
tyrosinase (TYR). The rs12203592 poly-
morphism of the IRF4 gene is associated 
with tanning and skin aging characteris-
tics, the risk of sunburn, and malignant 
skin tumors [36].

In the study by Sigrid et al. (2013) 
established the association of SNP 
rs322458, which is closely linked to the 
intronic SNP of the STXBP5L gene, with 
skin photoaging. They also found that 
this SNP affects the expression of the 
FBXO40 gene in the skin, which is re-
sponsible for regulating the cell cycle and 
response to DNA damage [4].

UV radiation promotes various muta-
genic and cytotoxic DNA lesions, which 
are detected and repaired by activation 
of complex multiprotein pathways [11]. 
X-ray repair cross-complement protein 1 
(XRCC1) is involved in DNA repair and 
plays a role in the repair of single-strand 
breaks induced by ionizing radiation. 
SNP rs25487 in the XRCC1 gene af-
fects the central domain of the enzyme 
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required for activation of base excision 
repair (BER), which in turn leads to hy-
persensitivity to ionizing radiation [39].

In the study, Rahmouni M et al. (2022) 
identified new metabolic pathways and 
genes, some of which are likely to de-
termine skin aging, such as the WNT7B, 
PRKCA, and DDB1 genes [23]. The 
WNT7B protein, encoded by the WNT7B 
gene, is responsible for establishing the 
cortico-medullary axis of epithelial orga-
nization. The PRKCA gene (protein ki-
nase C alpha) is involved in cell prolifer-
ation and cell growth arrest by positively 
and negatively regulating the cell cycle. 
The DDB1 gene encodes a large sub-
unit of the DNA damage binding protein, 
regulating numerous important process-
es in the cell, including DNA repair and 
replication, chromatin remodeling, and 
more [22].

Genes Associated with Skin Elas-
ticity. The main proteins that affect the 
elasticity and firmness of the skin are ex-
tracellular matrix proteins (collagen, elas-
tin and fibrin). The genes encoding these 
proteins play a key role in the synthesis, 
remodeling and degradation of collagen 
and elastin.

In the COL1A1 gene, single nucleo-
tide polymorphisms (SNPs) have been 
described that can alter the expression 
of COL1A1 and, therefore, affect the 
properties of type I collagen. Among the 
various polymorphisms in the COL1A1 
gene, the most frequently studied poly-
morphism is the +1245G/T polymorphism 
(rs1800012), located in the first intron of 
the COL1A1 gene, affecting the proper-
ties of type I collagen and leading to sus-
ceptibility to injury [24] and the formation 
of wrinkles on the skin [19].

Elastin is the main component of elas-
tic fibers that provide reversible stretch-
ability to connective tissue. Mutations in 
the elastin gene (ELN) can lead to distur-
bances in elastin metabolism, which leads 
to fragmentation of elastin and, thus, to a 
decrease in skin elasticity. In the studies 
of Tung et al. (2013), it was found that the 
elastin gene polymorphism rs7787362 
may be associated with a decrease in the 
expression of functional elastin, which in 
turn contributes to the development of 
striae [21]. However, in further studies of 
this polymorphism, Kasielska-Trojan et 
al. (2018) and Pietrusiński et al. (2019) 
did not reveal differences in the distribu-
tion of alleles between women with and 
without striae [10, 38].

Matrix metalloproteinases (MMPs) are 
zinc-dependent proteolytic enzymes that 
promote the degradation of the extracel-
lular matrix. Matrix metalloproteinase 1 
(MMP-1) and matrix metalloproteinase 

3 (MMP-3) can degrade extracellular 
matrix collagen types I, II, and III, which 
contributes to skin aging. The MMP-1 
gene is located on the long arm of chro-
mosome 11 (11q22.3), spans 8 kb, and 
is expressed in a wide variety of normal 
cells such as fibroblasts, chondrocytes, 
endothelial and epithelial cells, as well 
as in various tumor cells [7]. The MMP3 
gene encodes matrix metalloproteinase 
3, also known as stromelysin-1. The 
rs3025058 polymorphism in this gene af-
fects the expression of MMP-3 and can 
lead to increased collagen degradation 
[18], which in turn negatively affects the 
elasticity and health of the skin. Thus, in 
the study by Vierkötter A et al. (2015), an 
association was established between the 
rs1799750 polymorphism of the MMP-1 
gene and the rs3025058 polymorphism 
of the MMP-3 gene with skin aging [31].

Genes associated with skin hydra-
tion. The skin is the main organ that 
performs a barrier function to maintain 
homeostasis and also regulates water 
loss [25]. In cold conditions, the skin re-
sponds by constricting blood vessels to 
protect the body from losing excess heat. 
Sustained low temperatures reduce se-
bum secretion, which leads to dryness 
and irritation of the skin. Disturbances in 
the complex interactions of genes of en-
vironmental and host susceptibility, skin 
barrier function and the immune system 
can lead to the development of dermatitis 
[12].

The FLG gene encodes profilaggrin, a 
protein necessary for the formation and 
hydration of the skin barrier. Various mu-
tations of the FLG gene significantly pre-
dispose Europeans to atopic dermatitis 
[16] and ichthyosis, but they are usually 
specific to different populations, so a low 
incidence of European mutations was 
found in African American, Japanese 
and Iranian populations [15]. In a recent 
study of Europeans from Central Russia, 
Churnosov M et al. (2022) found an asso-
ciation between atopic dermatitis and ten 
FLG gene polymorphisms (rs61816761, 
rs12130219, rs77199844, rs558269137, 
rs4363385, rs12144049, rs471144, 
rs6661961, rs10888499, rs3126085), 
which have different effects on 38 genes 
in different tissues and organs [37].

Aquaporin 3 (AQP3), a member of the 
aquaglyceroporin subfamily, is expressed 
in the epidermis and suprabasal layers 
and functions in the transport of water 
and glycerol, thereby playing an import-
ant role in skin hydration [3]. AQP3 has 
been attributed key roles in various pro-
cesses underlying keratinocyte function 
and differentiation [6]. Also, decreased 
AQP3 expression in vitiligo skin may 

contribute to the pathogenesis of vitiligo 
through impaired keratinocyte differentia-
tion and adhesion along with decreased 
keratinocyte survival, which may contrib-
ute to melanocyte death, thereby having 
a potential role in hypopigmentation [45]. 
AQP3 plays an important role in various 
skin diseases such as psoriasis, vitiligo, 
atopic dermatitis, non-melanoma skin 
cancers, basal cell and squamous cell 
carcinomas, bullous pemphigus, dyshi-
drotic eczema, acrokeratoderma and 
may also play a role in scleroderma [5].

The ability to maintain proper skin 
hydration levels in Caucasians is influ-
enced by the rs17553719 polymorphism 
of the AQP3 gene, while in Asians it is 
influenced by the rs71625200 polymor-
phism of the FLG gene, rs2496253 poly-
morphism of the TCHH gene, rs4278906 
polymorphism of the ADAM17 gene and 
rs11103631 polymorphism of the FCN1 
gene [27].

Trichohyalinin (TCHH) is involved in 
the interfilament crosslinking of keratin 
intermediate filaments and functions as 
a major reinforcement protein for the cell 
membrane barrier structure, associated 
with various hair or epidermal growth dis-
orders such as trichothiodystrophy and 
keratinization diseases of the skin [46]

ADAM17 (disintegrin and metallopro-
teinase 17) is a membrane-anchored 
metalloproteinase that cleaves mem-
brane-bound tumor necrosis factor (TN-
F)-α, affecting the epidermal barrier [42].

FCN1 gene encodes the plasma 
protein ficolin-1, classified in the immu-
noglobulin superfamily, plays a critical 
role during infection and inflammation, 
promoting the destruction of pathogens, 
thereby participating in the inflammatory 
response and immune defense mecha-
nisms of the skin barrier [32]

Genes associated with antioxidant 
capacity. The skin, due to its location, 
is involved in many important process-
es in the body, including redox reactions 
and circadian rhythms [40]. Excessive 
amounts of reactive oxygen species in 
the skin cause degradation of the dermal 
extracellular matrix and are character-
ized by increased oxidative damage [9]. 
To counteract the increased potential for 
oxidative stress, skin cells have sever-
al lines of defense, including protective 
enzymes such as catalases (CATs), glu-
tathione peroxidases (GPxs), and su-
peroxide dismutases (SODs), as well as 
low-molecular-weight antioxidants such 
as vitamins A, C, and E; melatonin; and 
glutathione (GSH) [40]. 

The rs4880 polymorphism of the 
SOD2 gene is characterized by the re-
placement of alanine with valine and is 
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associated with a decrease in enzyme 
activity, which manifests itself in a de-
crease in the antioxidant defense of the 
cell [41]. In the study by Soerensen M et 
al. (2009) established an association of 
the rs4880 polymorphism of the SOD2 
gene and rs1050450 of the GPX1 gene 
with life expectancy, functional and cog-
nitive abilities in old age [44]. In the study 
of Katsarou M-S et al. (2018) of ten poly-
morphisms of 8 genes involved in oxida-
tive stress, it was found that residents of 
the Caucasian race from the south-east-
ern region of Europe may have higher 
protection against oxidative stress than 
northern, central, north-western and 
south-western Europeans [20].

In the study of Sepetiene R. et al. 
(2023) from the Lithuanian Universi-
ty of Health Sciences found significant 
correlations of genetic variants of CAT 
(rs1001179), GPX1 (rs1050450), NQO1 
(rs1800566), IL1Beta (rs1143634) and 
COL1A1 (rs1800012) with liver enzymes 
ALT and AST, as well as with white blood 
cell count, highlighting their potential role 
in maintaining liver health and supporting 
the immune system [19].

Conclusion. Currently, there is no 
consensus on the definition of the degree 
of skin aging and methods for assessing 
its condition, except for visual ones. Since 
the degree of pigmentation and elasticity 
of the dermis are individual characteris-
tics, the use of a genetic approach to skin 
care can affect the rate and efficiency of 
penetration, absorption and sensitization 
of cosmetics and drugs.

Understanding the influence of genet-
ic features on skin properties in combi-
nation with environmental factors and 
lifestyle can become a valuable tool for 
the design and creation of personalized 
skin care products, preventive medical 
and cosmetic correction of signs of ag-
ing, and can also become an effective 
and affordable method for treating many 
skin diseases in the future.
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THYROID HORMONE LEVEL IN MEN
AND WOMEN OF SOUTH YAKUTIA 
DEPENDING ON THE TYPE OF WATER 
CONSUMED

 In order to compare the level of thyroid hormones and antibodies depending on the use of 
filtered or untreated water, a survey of residents of the Aldan district of South Yakutia was con-
ducted. As a result of the study, more pronounced changes in the level of thyroid hormones were 
revealed in women of Aldan. The frequency of violations of low levels of T3free, T3total, T4free is 
noted in people who use filtered water, which requires additional comparative study of the chem-
ical composition of purified and untreated water consumed by the population. 
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the Aldan district. The highest level of soil 
contamination is recorded in the city of 
Aldan [4]. An additional factor influencing 
morbidity is the radiation factor [6].

In drinking water sources and in the 
indoor air of the Aldan district, there is 
an increased level of radon, which enters 
the water, soil and air from radium and is 
associated with the geological structure 
of the region. It should be noted that ac-
cording to data obtained by specialists of 
the Territorial Administration of Rospo-
trebnadzor in the Republic of Sakha 
(Yakutia) in the Aldan district, in different 
seasons of 2017, the specific activity of 
radon in the water of water intake wells in 
the city of Aldan was higher and amount-
ed to 54-181 Bq / l, in the city of Tommote 
(including the Alekseyevsk microdistrict) 
- 55-99 Bq / l.

The problem of wastewater treatment 
in industrial areas (Aldan, Ust-Nera, 
Chersky) continues to be relevant, since 
treatment facilities do not cope with the 
task and do not provide a good degree of 
purification.

The endocrine system is one of the 
central links in the adaptation process. 
Therefore, the assessment of the endo-
crine system provides important prognos-
tic information on pre-clinical diagnostics 
of health disorders. [5, 3, 9].

Changes in the hormonal profile of the 
pituitary-thyroid system can cause the 
development of various diseases, en-
docrine pathology, so timely diagnostics 
and prevention remain relevant.

The aim of the study was to assess the 
level of thyroid hormones in residents of 
the Aldan district who consume filtered 
and untreated water.

Materials and methods of research: 
A survey of 173 people of working age 
of the Aldan district was conducted: 116 
people from the city of Aldan (58 men and 
58 women, the average age was 44 (33; 
52) and 39 (32; 45), respectively, from the 
city of Tommot 57 people (7 men and 50 
women), the average age of men was 62 
(41; 64), women 48 (37-59) years. The 
study was approved by the decision of 
the Local Ethics Committee at the Fed-
eral State Budgetary Scientific Institution 
"Yakutia Scientific Center for Clinical and 
Medical Research". The study partici-
pants were informed in advance about 
the goals and nature of the study, and all 
of them provided written voluntary con-
sent for its implementation.

Blood sampling was performed before 
11 a.m., with a 12-hour interval from the 
last meal. Determination of the concen-
tration of hormones free triiodothyronine 
(T3free), total triiodothyronine (T3total), 
total and free thyroxine (T4total and 

T4free), thyroid stimulating hormone 
(TSH), thyroglobulin (TG), antibodies 
to thyroglobulin (anti TG), antibodies to 
thyroid peroxidase (anti TPO) was per-
formed in blood serum by a solid-phase 
enzyme immunoassay (TIFA) on a Uni-
plan photometer using Vector Best kits 
(Russia), according to the manufacturer's 
instructions.

Statistical data processing was per-
formed using the IBM SPSS Statistics 
23 software package. The data are pre-
sented as median (Me) and interquartile 
range [Q25; Q75]; for categorical indica-
tors, as absolute and relative values - n 
(%). The nonparametric Mann-Whitney 
U-test was used to compare two inde-
pendent samples. The normality of dis-
tribution was tested using the Kolmog-
orov-Smirnov method. Differences were 
considered statistically significant if the 
level of significance was p < 0.05.

Results and discussion. Statistical 
analysis of hormone levels by ethnici-
ty and place of residence showed that 
the average hormone levels in men and 
women from Aldan and Tommot varied 
within the normal range, except for T3to-
tal, the level of which was shifted to the 
lower limit of the norm. Women from Al-
dan had higher free T3 levels, by 15.9% 
(p=0.012) compared to women from Tom-
mot and by 16.4% (p=0.015) compared 
to men from Aldan. Women from Tommot 
had the highest total T4 levels, by 15.2% 

(p=0.000) compared to women and men 
from Aldan and 20.8% (p=0.000), respec-
tively. Free T4 level in women from Tom-
mot, it was also higher in comparison with 
women (p=0.000) and men (p=0.005) 
from Aldan. In women from Aldan, free 
T4 was increased by 9.1% (p=0.003) in 
comparison with men from Aldan and by 
19.3% (p=0.003) in comparison with men 
from Tommot.

In men of Aldan and Tommot, the aver-
age hormone level did not differ, but was 
lower in comparison with women (Table).

The levels of TG, TSH, Anti-TPO and 
Anti-TG by gender distribution and place 
of residence did not differ significantly.

Analysis of the frequency of hormonal 
disorders by place of residence and gen-
der showed that in Aldan the number of 
women with thyroid hormone levels be-
low the norm is higher and amounted to: 
T3total. (11) 19.3%, T3free. (21) 36.2%, 
T4free. (14) 24.1%, in Tommot - T3total 
in (16) 32.0%, T3free. in (4) 8%, T4free. 
in (2) 4.0%, respectively. An increase in 
the concentration of T3free. above the 
norm was detected in one woman in Al-
dan (1.7%), T3total. in one woman 2% in 
Tommot. The level of T4total was high-
er than the norm in two (3.4%) women 
in Aldan and in (5)10% in Tommot. In 
men in Aldan, the level of T3total, T3free, 
T4free below the norm was detected in 
(19)32.8%, (8)13.8%, (4)6.9%, in Tom-
mot only T3total was found in (1)14.3%.

Thyroid hormone levels in men and women cities of Aldana and Tommot

Indicators

Aldan Tommot 
Men
n=58

Women
n=58

Men
n=7

Women
n=50

1 2 3 4
T3total

(1.3-3.0 n/mol/L)
1.46

(1.16; 1.72)
1.49

(1.42; 1.62)
1.48

(1.29; 1.87)
1.48

(1.18; 1.85)

T3free
(4-8.6 pmol/L) 

4.72
(4.20; 5.73)

5.65
(4.51; 6.39) 
р=0.0151-2

р=0.0122-4

4.11
(3.29; 4.68)

4.75
(4.36; 5.23)

T4total
(52-155 nmol/L)

93.57
(88.97; 100.24)

100.31
(98.77; 129.47)

92.54
(84.44; 114.16)

118.28
(92.39; 135.44)

р=0.0001-4

р=0.0002-4

T4free
(10.3-24.5 pmol/L)

15.31
(13.68; 16.97)

16.84
(15.85; 18.75)

р=0.0031-2 
р=0.0032-3

13.58
(10.01; 16.73)

17.04
(15.31; 18.07)

р=0.0051-4

р=0.0002-4

TG(<50ng/mL) 1.94
(0.76; 3.92)

9.8
(3.10; 12.37)

1.12
(0.16; 7.42)

5.73
(2.78; 10.66)

TSH(0.4-5.0 mIU/L) 1.60
(1.11; 2.79)

1.55
(1.15; 2.57)

1.78
(1.09; 2.61)

1.77
(1.10; 2.32)

Anti-TPO
(up to 30 U/ml) 

0.27
(0.00; 1.94)

0.00
(0.00; 1.83)

0.42
(0.00; 2.25)

0.00
(0.00; 2.45)

Anti-TG
(up to100 IU/ml)

2.88
(0.57; 5.78)

3.75
(2.88; 4.62)

2.88
(0.42; 10.02)

4.33
(2.30; 6.49)
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The TG level was elevated in (4) 6.9% 
of women and (1) 1.7% of men only in 
Aldan. Elevated TSH levels were detect-
ed in one woman (1.7%) from Aldan and 
the second from Tommot (2%). Anti-TPO 
concentrations were higher than normal 
in (5) 8.6% of women in Aldan and (8) 
16.0% in Tommot. Changes in almost all 
hormonal parameters were noted in one 
woman in Aldan, a decrease in the level 
of total T3, free T3, and free T4, and an 
increase in the levels of TG, TSH, and 
Anti-TPO, who was previously diagnosed 
with primary hypothyroidism. Among res-
idents of Tommot, T3 free and free T4 
values below normal were noted in one 
woman. Increased hormone levels were 
noted in two women, one with total T3 
and total T4, and the other with total T4, 
free T4. and Anti-TPO diagnosed her with 
grade 1 nodular goiter.

Statistical analysis of changes in hor-
mone levels depending on the place of 
residence and type of water consumed 
showed that the average level of T3total, 
T3free, TG, TSH, Anti-TPO and Anti-TG 
in residents of Aldan and Tommot varied 
within the normal range and did not differ 
significantly. However, residents of Tom-
mot, who consumed both filtered and un-
treated water, had higher levels of T4total 
and T4free, compared to the data of resi-
dents of Aldan (Fig. 1, 2).

The concentration of T4free in res-
idents of Tommot who consume filtered 
water was increased by 7.3% (p=0.000) 
compared to those in Aldan who con-
sume untreated water and by 15.2% 
(p=0.000) filtered water (Fig. 1). In resi-
dents of Tommot who consume untreated 
water, the level of T4total was increased 
by 5.3% (p=0.041) and 9.6% (p=0.015) 
compared to residents of Aldan who con-
sume untreated and filtered water, re-
spectively. Tommot residents who drink 
filtered water have a T4total level. was in-
creased by 13.8% (p=0.012), compared 
with residents of Aldan drinking untreated 
water and by 17.8% (p=0.000) drinking 
filtered water (Fig. 2).

The analysis of the frequency of oc-
currence of changes in the pituitary-thy-
roid axis depending on the type of water 
consumed showed that low hormone lev-
els were more often observed in people 
drinking filtered water, in residents of the 
city of Aldan T3total in 30.8%, T3free in 
29.7%, T4free in 16.5%, in residents of 
the city of Tommot in 33.3%, 6.7% and 
2.2%, respectively.

In women of the European North, low 
values of T3total were observed with an 
increase in the content of T3free and a 
decrease in the level of adaptation poten-
tial, also in the Caucasian population with 

adaptation stress, significant changes in 
the thyroid status were revealed, man-
ifested by a decrease in the concentra-
tions of T4total and an increase in TSH 
and T3free, in comparison with the sed-
entary aboriginal population [3].

According to literary data, thyroid dis-
eases in residents of the Penza region 
had a positive correlation with the content 
of minerals in water and soil [8].

In healthy residents of the Arkhan-
gelsk region, low values of the thyroid 
index ITI, T3free and T3 /T4 free ratios 
were found in individuals with an in-
creased level of anti-TPO and anti-TG, 
which indicates a decrease in the index 
of tissue conversion of thyroxine into 
its more biologically active metabolite 
against the background of higher activity 
of the thyroid gland, which is confirmed 
by higher levels of T4 [1].

Thus, more pronounced changes in 
the level of thyroid hormones were not-

ed in women of Aldan. The frequency of 
violations of low levels of T3free, T3total, 
T4free is noted in people drinking filtered 
water, which requires additional compar-
ative study of the chemical composition 
of purified and unpurified water con-
sumed by the population.
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Fig. 1. Level of thyroid hormones in city residents. Aldan and Tommot depending on the type of 
water used.
Note: **-p<0.00 in comparison with residents of Aldan drinking untreated water; ++-p<0.000 in 
comparison with residents of Aldan drinking filtered water.

Fig. 2. T4 total level. (nmol/l) among residents of the city Aldan and Tommot depending on the 
type of water used.
Note: * - p < 0.05 in comparison with residents of Aldan drinking untreated water;  + -р<0.05 in 
comparison with residents of Aldan drinking filtered water; ++-p<0.000 in comparison with resi-
dents of Aldan drinking filtered water.
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S.I. Sofronova, A.N. Romanova

Arterial hypertension (AH) is current-
ly the most common cardiovascular pa-
thology, and its prevalence is increasing 
every year [1, 14]. There is also a steady 
increase in the prevalence of non-alco-
holic fatty liver disease (NAFLD) world-
wide, according to preliminary data, af-
fecting more than a quarter of the adult 
population [3, 15]. NAFLD, same as AH, 
is a predictor of metabolic syndrome, of-
ten having common pathophysiological 
mechanisms of development. As for the 
effect of NAFLD on the risk of hyperten-

sion, it remains unclear and widely dis-
cussed in the scientific community [8, 16]. 
The NHANES cross-sectional multicenter 
study [16] and meta-analysis of a large-
scale 11-cohort study in the pre-pandem-
ic period revealed a correlation between 
the development of hypertension and 
the risk of developing NAFLD [6, 9, 11, 
12]. However, the causal relationship be-
tween them remains unclear.

The aim of the study was to identi-
fy the relationship of non-alcoholic fatty 
liver disease in patients with arterial hy-
pertension with certain risk factors for 
cardiovascular diseases in the territory of 
southern Yakutia.

Materials and methods of research. 
An expeditionary survey of people of 
working age of non-indigenous nationali-
ty in southern Yakutia was conducted with 
the participation of general practitioners 

and specialists, as well as specialists of 
the auxiliary service. A total of 200 people 
were invited to the study from the list of 
employees of an enterprise, 174 of them 
participated, the response rate was 87%.

98 people with established essential 
hypertension were selected for further 
study. Blood pressure levels of ≥ 140/90 
mmHg or constant use of antihyperten-
sive drugs were assessed as hyperten-
sion according to clinical recommenda-
tions for the diagnosis and treatment of 
hypertension [1, 14].

For further research, two groups of 
people with elevated BP were formed: 
the main group (case), consisting of 
people with diagnosed hypertension in 
combination with NAFLD (29 people) and 
the control group (control) - hypertension 
without NAFLD (n=69).

Exclusion criteria: hypertension of the 
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TO CERTAIN CARDIO-METABOLIC RISK 
FACTORS

A study was conducted by type "case" (n=29) and "control" (n=69) among the non-indigenous population in south Yakutia with arterial hyper-
tension (AH) in the presence and absence of non-alcoholic fatty liver disease (NAFLD). The groups were comparable in age. Patients in the main 
group had statistically significantly high systolic blood pressure, average BMI and WC values compared with patients without NAFLD. In hyperten-
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3rd grade, 3rd stage, secondary arterial 
hypertension, other liver diseases (viral 
hepatitis, cirrhosis of the liver, liver can-
cer, alcoholic hepatitis), diabetes melli-
tus, oncological diseases.

The research was guided by the ethi-
cal principles of the Helsinki Declaration 
of the World Medical Association (2008), 
as well as the protocol of the Bioethics 
Committee at the Yakutsk Scientific Cen-
ter for Complex Medical Sciences.

The diagnosis of "Non-alcoholic fatty 
liver disease" was made on the basis of 
an ultrasound examination of the liver on 
an empty stomach and the report of a 
general practitioner. The echo signs were 
distal attenuation of the echo signal, dif-
fuse increased echogenicity of the liver 
compared to the kidneys, blurred or de-
pleted vascular pattern. The exceptions 
were alcoholic liver damage, chronic viral 
hepatitis and cirrhosis. We were guided 
by the clinical recommendations for the 
diagnosis and treatment of NAFLD in 
2022 [3].

The body mass index (BMI) or Que-
telet II index was calculated using the 
formula: BMI (kg/m2) = body weight (kg)/
height (m2). Overweight was established 
at a BMI value of ≥25 and <30 kg/m2, 
obesity at a BMI of ≥ 30 kg/m2 [4]. 

To identify the type of obesity and its 
severity, waist circumference (WC) is 
measured. WC is measured in a stand-
ing position, patients should only wear 
underwear. The measurement point is 
the midpoint of the distance between the 
apex of the iliac crest and the lower later-
al edge of the ribs. It does not necessarily 
have to be at the navel level. WC > 94 cm 
in men and > 80 cm in women, it can be 
assumed that the patient has abdominal 
type of obesity [2].

Laboratory research methods includ-
ed: determination of lipid metabolism 
(total cholesterol (TC), low-density lipo-
proteins (LDL), high-density lipoproteins 
(HDL), triglycerides (TG)), and blood glu-
cose.

Russian clinical guidelines were used 
to determine the frequency of lipid me-
tabolism disorders. Lipid metabolism dis-
orders in 2023 [5]. Fasting hyperglycemia 
(HG) was established at a glucose level 
of ≥ 6.0 mmol/L.

Statistical processing of the obtained 
results was carried out using the IBM 
SPSS Statistics program (26.0). Qualita-
tive variables are described by absolute 
and relative frequencies (%), quantitative 
variables are described using the mean 
and standard error of the mean, as well 
as the median (Me) and interquartile 
range (Q25-Q75). Frequency compar-
ison was performed using Spearman's 

χ2 test with Yates correction, odds ratio 
(OR) and 95% confidence interval (95% 
CI). Spearman's coefficient was used to 
analyze the correlation. The statistical 
significance of the differences (p) was 
assumed to be less than 0.05. The pre-
dictive significance between quantitative 
indicators was also carried out using lo-
gistic regression and ROC analysis.

Results and discussion. A compara-
tive analysis of clinical and demographic 

indicators of patients with AH with NAFLD 
(main group) and without NAFLD (con-
trol) was carried out. The results of the 
analysis are shown in Table 1. The com-
parison groups were comparable in age. 
But at the same time, patients in the main 
group had statistically significantly high 
systolic blood pressure, average BMI and 
WC values compared to patients without 
NAFLD, showing the importance of com-
bination with comorbid pathology. Our 

Clinical and demographic characteristics of patients with hypertension

Indicator Main group
(AH+NAFLD)

Control group
(AH) P

Age, years, Me (Q25; Q75) 49 (42.5; 54) 49 (40.5; 57) 0.792
Gender m/f,n (%) 11/18 (37.9/62.1) 30/39 (43.5/56.5) 0.611
Stage 1 AH, n (%) 5 (17.2) 21 (30.4)

0.177
Stage 2 AH, n (%) 24 (82.8) 48 (69.6)
Grade 1 AH, n (%) 7 (24.1) 26 (37.7)

0.195
Grade 2 AH, n (%) 22 (75.9) 43 (62.3)
SBP, mmHg (M±m) 152.07±2.45 143.33±2.63 0.048
DBP, mmHg,(M±m) 91.21±1.52 88.48±1.27 0.217
BMI, kg/m2, (M±m) 34.07±0.82 29.51±0.56 <0.001
WC, cm, (M±m) 106.45±1.91 94.90±1.47 <0.001

Note: SBP – systolic blood pressure, DBP – diastolic blood pressure

Table 1

Table 2

Average median values of blood metabolic indicators in hypertensive patients
with and without NAFLD

Indicators
Main group (n=29) Control (n=69)

P
Me Q25; Q75 Me Q25; Q75

TC 5.01 4.85; 5.61 5.01 4.84; 6.04 0.205
LDL 2.61 1.81; 3.11 2.37 1.45; 2.35 0.833
HDL 1.62 1.36; 1.87 2.01 1.51; 2.47 0.003
TG 2.18 1.56; 2.88 1.58 1.15; 2.80 0.539

glucose 5.3 4.8; 6.0 5.2 4.9; 5.7 0.818

Comparative analysis of lipid-metabolic disorders in hypertensive patients
with and without NAFLD

Indicators Main group 
n(%) Control n(%) χ2 TC [95%CI] Р

HCS 15 (51.7) 35 (50.7) 0.008 1.041 [0.437-2.479] 0.928
LDL HCS 19 (65.5) 29 (42.0) 0.776 2.621 [1.063-6.463] 0.036

Hypo-α-CS 2 (6.9) 1 (1.4) 2.042 5.037 [0.438-57.880] 0.153
HTG 21 (72.4) 32 (46.4) 5.574 3.035 [1.183-7.784]) 0.018
HG 11 (37.9) 21  (30.4) 1.375 1.397 [0.563-3.465] 0.241

Table 3
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data are consistent with literary sources, 
where the risk of developing NAFLD in-
creases with BMI and WC [15, 16].

For correlation analysis, we have car-
ried out a parallel of the strength and di-
rection of the relationship between sys-
tolic blood pressure (SBP) and anthropo-
metric data in hypertensive patients, de-
pending on the presence or absence of 
comorbidity. The correlation with anthro-
pometric indicators was determined in 
both comparison groups. In both the main 
group and the control group, SBP and di-
astolic blood pressure (DBP) were statis-
tically significantly correlated with BMI: in 
patients with hypertension with NAFLD 
(r=0.425, p=0.022; r=0.418, p=0.024; re-
spectively); in the control group (r=0.264, 
p=0.028; r=0.263, p=0.029; respectively).

In the AH+NAFLD group, the vast ma-
jority of patients had a BMI exceeding 
30 kg/m2, which was 82.8% (n=24), 5 
people or 17.2% were overweight. As for 
people with isolated hypertension, 52.2% 
of them were obese in BMI (n=36), 20 
people or 29% - overweight, the remain-
ing 13 people or 18.8% of them had a 
normal BMI. The risk of developing obe-
sity in the main group was more than 4 
times higher (OR 4,400 [95% CI 1,505-
12,867] (p=0.018).

A positive correlation with waist cir-
cumference was obtained in both groups, 
the strongest in the group of hypertensive 
patients with NAFLD (r=0.436, p<0.001), 
average strength in the group of hyper-
tensive patients without NAFLD (r=0.241, 
p=0.036). AO was observed in all per-
sons of the main group (100%), in the 
control group - in the majority (82.6%), 
the differences between them were sta-
tistically significant (χ 2=5,747, p=0.017).

Thus, the key link influencing the asso-
ciation of hypertension with NAFLD was 
obesity, both in BMI and abdominal type 
with a significant difference. Our results 
confirm the results of large-scale studies 
of NHANES [16] and PROSPERO [13]. 

To determine the comorbid effect of 
NAFLD on hypertension, we conducted 
a comparative analysis of metabolic dis-
orders in hypertensive patients with and 
without NAFLD. 

The average concentrations of meta-
bolic indicators in the compared groups 
were characterized (Table 2). In hyper-
tensive patients with NAFLD, the median 
concentrations of TC, LDL cholesterol, 
and TG were statistically slightly high-
er than those of the control groups. The 
median TG in the main group exceeded 
the reference values. The median HDL 
cholesterol was statistically significantly 
lower in the main group compared with 
the control.

Further analysis was carried out to 
determine whether the existing essential 
hypertension is aggravated by comor-
bid pathology on the part of the liver. As 
shown in Table 3, metabolic disorders 
were most often detected in the group of 
hypertensive patients with concomitant 
comorbid pathology, and had statistically 
significant differences in the incidence of 
atherogenic fractions of dyslipidemia, in 
particular with respect to LDL HCS and 
HTG (p<0.05). If the overall medians of 
these indicators did not have significant 
differences, then exceeding their refer-
ence values in the main group showed 
the effect of NAFLD on the risk of aggra-
vation of atherosclerosis and possible 
vascular complications in the future.

A correlation analysis of SBP with the 
lipid and carbohydrate spectrum was car-
ried out. In the main group, significant cor-
relations of SBP were obtained only with 
TC (r=0.368, p=0.049), the conjugacy with 
other blood parameters was insignificant: 
TG (r=0.137, p=0.479), HDL (r=0.041, 
p=0.834), HDL (r=0.301,p=0.112), blood 

glucose (r=0.305, p=0.108). In hyperten-
sive patients without NAFLD, SBP had 
no significant correlation with any indica-
tor of lipid and carbohydrate metabolism 
(p>0.05).

To assess the prognostic significance, 
determine the causal relationships be-
tween hypertension, risk factors and 
NAFLD, a sensitivity and specificity anal-
ysis of models or ROC analysis was per-
formed.

To analyze the relationship with the 
development of NAFLD in hypertensive 
patients, a logistic regression of ROC 
analysis with anthropometric indica-
tors and levels of systolic and diastolic 
blood pressure was performed (Fig.1). 
The area under the curve with good in-
formativeness is most sensitive for WC, 
whose AUC (AreaUnderCurve) was 
0.776±0.052 [95% CI: 0.674-0.877], with 
statistical significance (p<0.001), and 
for BMI with AUC]0.753±0.051 [95% CI: 
0.654-0.852] (p<0.001). The average 
quality of the predictive power of the 
models was obtained for systolic and di-

Fig. 1. ROC curve of dependence of BMI, WC, BP in predicting the risk of NAFLD

Fig.2. ROC curve of parameters of lipid and carbohydrate metabolism in predicting the risk of 
NAFLD
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astolic blood pressure, where the AUC 
was 0.693±0.055 [95% CI: 0.586-0.801] 
(p=0.003), and 0.626±0.059 [95% CI: 
0.512-0.741] (p=0.049), respectively.

As for the indicators of lipid and carbo-
hydrate metabolism, as shown in Figure 
2, no prognostic significance was ob-
tained with respect to the risk of devel-
oping NAFLD, except for TG with satis-
factory informativeness, where the AUC 
was 0.608±0.061 [95% CI: 0.489-0.727] 
(p=0.092).

Thus, the ROC analysis showed the 
prognostic significance of risk factors 
such as BMI, WC, TG and blood pressure 
levels with the risk of developing NAFLD 
in patients with hypertension. 

Conclusion. NAFLD, having common 
pathophysiological mechanisms of devel-
opment with hypertension, exacerbates 
the course of the disease, since hyper-
tension itself is a predictor of the devel-
opment of complications from the cardio-
vascular system. This confirms that in the 
group of comorbid patients, significantly 
high rates of systolic blood pressure, BMI 
obesity, abdominal obesity, LDL HСS 
and HTG were noted. Sedentary lifestyle 
and overeating create conditions for the 
epidemic spread of obesity and, conse-
quently, NAFLD. NAFLD itself, by potenti-
ating hypertension, can lead to the devel-
opment of metabolic syndrome and type 
2 diabetes mellitus, and an increase in 
mortality from cardiovascular disasters. 
Long-term NAFLD under the influence of 
a number of factors can sooner or later 
lead to the development of steatohepati-
tis, liver fibrosis, decompensated cirrho-
sis and further hepatocellular carcinoma. 
Programs are needed to raise aware-
ness of the presence of NAFLD, timely 
implementation of a strategy for lifestyle 
changes, weight loss, increased physical 
activity among the population, a diet with 
a reduced content of carbohydrates and 
fats, hepatoprotective treatment, which 
may help, if not reverse, then slow down 
the course of the disease.
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Introduction. Bland-White-Garland 
syndrome (SBUG) is a rare congenital 
heart disease in which the left coronary 
artery (LCA) departs not from the left 
coronary sinus, but from the trunk of the 
pulmonary artery (PA) (ALCAPA – abnor-
mal left coronary artery arising from the 
pulmonary artery). SBUG is more often 
observed in female patients who die in 
early infancy or in adulthood from sud-
den death [3]. In 1886, H. St. J. Brooks 
made the first description of the congen-
ital anomaly of LCA, then A.I. Abrikosov, 
the founder of the Russian and Sovi-
et schools of pathological anatomy, in 
1911. For the first time, at an autopsy in 
a 5-month-old child, he discovered and 
described this pathology [6]. Further in 
1933, E. Bland, P.D. White and J. Gar-
land presented clinical and electrocardio-
graphic (ECG) signs of this defect [8]. 

The risk factors and causes of the 
formation of this congenital anomaly in 
the fetus are still debatable. According to 
L.A. Bokeria, the incidence of congenital 
anomalies of the coronary arteries (CA) 
is 1.3% among patients who underwent 
coronary angiography (CAG). SBUG ac-
counts for 0.25-0.5% of all anomalies [1]. 

There are 4 variants of this anomaly, 
when the LCA, the right coronary artery 
(RCA), both the LCA and the RCA or the 
accessory coronary artery can depart 
from the PA. Depending on the variant 
of the coronary artery anomaly, damage 
to three segments of the myocardium to 
which non-oxygenated blood is delivered 

is characteristic. SBUG undergoes 3 main 
pathophysiological phases in its devel-
opment: in the 1st phase in the prenatal 
period, high pressure in the PA ensures 
adequate blood flow to the LCA; the 2nd 
phase is critical, associated with a drop in 
pressure in the PA and the development 
of intercoronary anastomoses; Phase 3 
is characterized by high systolic pressure 
in the RCA than in the abnormal LCA [4].

The clinical picture depends on the 
type of SBUG. The "infantile" type pro-
ceeds with "angina pectoris" with the ap-
pearance of sudden anxiety, tachypnea, 
cough, pallor, acrocyanosis in the child. 
Seizures can also be provoked by crying, 
defecation. The increasing deterioration 
of myocardial blood flow in a child leads 
to unstable angina and myocardial infarc-
tion (MI). After undergoing it, ischemic 
cardiomyopathy develops. In 85-90% of 
cases, children without radical surgical 
treatment do not live up to a year [9]. If 
this life-threatening period passes, then 
stabilization of the condition may occur. 
In the "adult" type of SBUG, sudden car-
diac death often occurs, often without 
previous signs of heart failure. 

We present our clinical observation of 
SBUG in a young patient. The patient has 
received informed consent to the publica-
tion of the medical history.

Clinical observation. Patient S., 36 
years old, was urgently delivered by am-
bulance to the Republican Cardio-vascu-
lar Center (RCvC) in September 2022. 
From the anamnesis of the disease, it 
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BLAND-WHITE-GARLAND SYNDROME: 
CLINICAL FEATURES OF THE COURSE 
AND TREATMENT IN A YOUNG PATIENT

Bland-White-Garland syndrome (SBUG) is a rare, high–risk fatal outcome in infancy and sudden death in adults, an anomaly of the divergence 
of the left coronary artery (LCA) from the pulmonary artery (PA) (ALCAPA - abnormal left coronary artery arising from the pulmonary artery). In 
85-90% of cases, children without radical surgical treatment do not live up to a year. In our clinical case, in a 36-year-old patient, the disease 
debuted with recurrent ventricular arrhythmias, Imaging diagnostic methods coronary angiography, spiral computed tomography, magnetic res-
onance imaging of the heart revealed in the patient, in addition to the pathology of the LCA, individual anatomical features of the coronary bed, 
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CLINICAL CASE 

which provided adequate myocardial perfusion and maintained sufficient myocardial reserve. A 
combined operation was performed on a patient at the "Federal Center for Cardiovascular Sur-
gery" of Khabarovsk: prosthetics of the LCA trunk with a vascular prosthesis "Vascutek PTFE" 
№ 6. Plastic surgery of the pulmonary trunk (PT) with a patch from the autopericardium. Mitral 
valve repair (MV) on the "MedInj" support ring № 28. The postoperative period was uneventful. 
The period of dynamic observation was 22 months. Currently, the patient is in a satisfactory 
condition and is able to work. Given the different clinical variants of SBUG, specialists providing 
primary health care - district pediatricians, internists, cardiologists - should be wary of this rare 
but life-threatening congenital malformation.
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was found out that at night the husband 
found his wife unconscious with wheezing 
breathing. Immediately, calling an ambu-
lance, he began to perform indirect heart 
massage. Ventricular fibrillation (VF) was 
registered on the ECG. Cardiopulmonary 
resuscitation, defibrillation, and tracheal 
intubation were performed. According to 
the mother, up to 3 years old, she was 
worried about frequent seizures: her lips 
turned blue, and her heart periodically 
"stopped". She was sent to Meshalkin 
National Medical Research Center, No-
vosibirsk, where dilated cardiomyopathy 
(DCM), mitral valve insufficiency (MV) 2 
art. was diagnosed and a heart transplant 
was recommended. But from that time 
until the age of 16, seizures were rarely 
bothered. The patient is married. 1 preg-
nancy that ended in cesarean delivery at 
the age of 23.

The patient underwent emergen-
cy CAG: the type of blood supply is 
right-handed. The trunk of the LCA is not 
visualized in a typical place. The RCA is 
passable, hypertrophied, up to 6.5 mm 
in diameter; without signs of stenosis. 
There is a contrast between the anteri-
or interventricular branch (LAD) and the 
envelope branch (EB) due to intersystem 
overflows and discharge of contrast ma-
terial from the trunk of the LCA into the 
PA. 

According to the EHO-CG: Dilation of 
the left ventricular cavity (LV): CDS 6.4 
cm, CSS 4.9 cm. CDV 102 ml, CSV 52 
ml, IV 50 ml. MV: the valves are compact-
ed, regurgitation 3 art. Hypokinesis of the 
anterior, anterolateral, anterior chin wall 
in the basal and middle segments. The 
ejection fraction (EF) is 48% (Simpson).

On the 8th day, the patient lost con-
sciousness, and resuscitation measures 
were initiated. On an ECG - VF, defibrilla-
tion was performed with restoration of the 
sinus rhythm. Considering episodes of 
bradycardia, a temporary cardiac pace-
maker (TCP) was implanted.

To determine the anatomical and func-
tional state of the coronary bed, a mul-
tispiral computed tomography (MSCT) of 
the heart was performed in angiography 
with contrast: an increase in the size of 
RA, LA, LV. Trunk PA 2.9 cm; right PA - 1.9 
cm; left PA - 1.8 cm. LV: CDV 188.89 ml; 
CSV 89.5 ml; IV 99.38 ml. Hypokinesis 
in the anteroposteroid (13), apical-septal 
(14), basal lower lateral (15) segments. 
Hypoperfusion in the middle anterior (7), 
anterolateral (13) segments. The right-
hand type of blood supply. There are 2 
arteries extending from the right coro-
nary sinus: RCA and an additional twist-
ed branch along the front wall. The trunk 
of the LCA departs from the pulmonary 

trunk (PT). 3 permanent residence LAD, 
anterior branch (AB) and EB depart from 
the trunk. A branch departs from the EB 
into the left coronary sinus. The coronary 
arteries are hypertrophied, have a convo-
luted course, without signs of stenosis. 
There are no calcium inclusions. There 
are small collateral vessels from the de-
scending aorta (Fig 1).

In order to assess the severity of 
ischemic myocardial damage and its 
reversibility, valvular structures, and 
hemodynamic parameters, a magnetic 
resonance imaging of the heart was per-
formed: moderate expansion of LA, LV, 
and RA. The zone of hypokinesis in the 
area of segment 7. EF 39%; IV 66.8 ml; 
CO 5.5 l/min; CDV 172.6 ml; CSV 105.6 
ml. No pathological lag was detected 
during perfusion examination. On de-
layed scans after contrast administration, 
there is an accumulation of contrast in 
the area of the middle anterior segment 
(7) measuring 0.8-0.4 cm with local thin-
ning of the myocardium. In T1 mapping, 
the Epsilon value is 32.5% (the reference 
value is 30%).

Telemedicine consultations (TmC) 
were conducted with the Federal State 
Budgetary Institution "Meshalkin National 

Medical Research Center" of the Minis-
try of Health of the Russian Federation, 
Federal State Budgetary Institution "Fed-
eral Center for Cardiovascular Surgery" 
of the Ministry of Health of the Russian 
Federation Khabarovsk, Federal State 
Budgetary Scientific Institution "Tomsk 
National Research Medical Center of the 
Russian Academy of Sciences", Feder-
al State Budgetary Institution " National 
Medical Research Center of Cardiology 
named after Academician E. I. Chazov " 
of the Ministry of Health of the Russian 
Federation. A positive response was 
received from the "Federal Center for 
Cardiovascular Surgery" of Khabarovsk: 
surgical treatment in the volume of sur-
gical revascularization of the coronary 
basin is indicated. In October 2022, the 
patient underwent a combined operation: 
prosthetics of the LCA trunk with a vas-
cular prosthesis "Vascutek PTFE" № 6. 
Plastic surgery with an autopericardial 
patch. Plastic surgery of the mitral valve 
on the «MedInj» support ring № 28. On 
the control CAG: The trunk of the LCA: 
the prosthesis is passable. No occlusive 
stenotic lesion was detected in RCA, 
LAD, EB. Myocardial revascularization is 
not shown (Fig.2).

Fig. 1. Preoperative CT of the heart and CAG: А and B - the trunk of the LCA departs from the 
PA (yellow arrow), RCA (green arrow); C – enlarged RCA (green arrow) retrograde fills the LCA 
basin (yellow arrow) and the pulmonary artery (red asterisk). ВA is the ascending aorta, ЛA is 
the pulmonary artery

Fig. 2. Control CAG and SCT: A, B and C – prosthetic trunk of the LCA (yellow arrow) passes 
between the aorta and the pulmonary trunk, the support ring of the mitral valve (white arrow); 
D – RCA of a smaller diameter (green arrow), there is no retrograde filling of the LCA basin (red 
line), the shadow of the support mitral valve rings (white arrow). ВA is the ascending aorta, ЛA 
is the pulmonary artery

B CA
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The early postoperative period was 
uneventful. The observation period is 22 
months. He does not make any active 
complaints. The patient is able-bodied, 
committed to the prescribed therapy.

Discussion. The clinical picture of the 
"adult" type of SBUG is multifaceted, in-
cluding an asymptomatic course that can 
be detected during medical examinations 
[7.10]. In our patient, the manifestation 
occurred with VF paroxysms. Accord-
ing to the results of imaging diagnostic 
methods, individual features of the cor-
onary bed were identified, which provid-
ed adequate myocardial perfusion. An 
important fact is that the patient, despite 
LV remodeling, showed no signs of heart 
failure. In this regard, the functioning of 
Viessen-Tebesia vessels, which are lo-
cated intramurally and anastomose with 
both arterial and venous vessels, there-
by providing compensatory perfusion of 
ischemic myocardium, is not excluded 
[5]. The restoration of LV size and volume 
can be explained by the phenomenon of 
chronic hibernation with long-term coro-
nary mole deficiency [2].  

Conclusion: in SBUG, the only treat-
ment method is surgical restoration of 
arterial coronary blood flow to reduce 
the risk of fatal arrhythmias in ischemic 
LV remodeling. The example of this case 
demonstrates qualified treatment at all 

stages of medical care: 1 help, special-
ized ambulance, cardiac resuscitation, 
specialized cardiology, high-tech cardiac 
surgery, which were carried out accord-
ing to absolute vital indications. Given 
the various clinical variants of SBUG, 
specialists providing primary health care 
- district pediatricians, internists, cardiol-
ogists - should be wary of this rare but 
life-threatening congenital disease.
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The article presents a clinical case of oculocutaneous albinism type 1A. The albinism type 
and concomitant diseases are determined. Oculocutaneous albinism is an inherited autosomal 
recessive disorder which is characterized by hypopigmentation of the skin and hair besides oc-
ular albinism.
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Introduction. Albinism is inherited au-
tosomal recessive disorder which is as-
sociated with insufficiency or absence of 
melanin production in ectoderm that re-
sult in hypopigmentation of the skin, hair 
and eyes. The disorder is characterised 
by disturbance of melanin production in 
the melanocytes which results from ty-
rosinase inactivity [1,2,6]. Nowadays, the 
genetic researchers have revealed that 
almost all types of oculocutaneous albi-
nism (OCA) are inherited by autosomal 

recessive type, while ocular albinism is 
inherited only by X-linked type. Thus, the 
following classification was agreed:

-	 Tyrosine-dependent OCA (type 
1), which includes 1A – tyrosine negative 
and 1B – tyrosine positive;

-	 P-gene dependent OCA (type 
2), which includes A – P-gene depen-
dent oculocutaneous albinism (OCA), B 
– P-gene ‘partial’ albinism, C – ‘brown’ 
albinism;

-	 TRP-dependent OCA (type 3).
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Moreover, the classification contains 
such syndromic forms as the German-
sky-Pudlack syndrome, Chediak-Higashi 
syndrome, X-linked recessive ocular albi-
nism, syndromes with the skin hypopig-
mentation associated with or without 
deafness, ocular hypopigmentation and 
Angelman syndrome [3,4,9,13].

Today, 12 clinical genetic types of 
OCA are recognized. OCA type 1 is most 
common one. It has two subtypes: 1A is 
caused by complete absence of tyrosi-
nase activity and 1B is caused by partial 
reduction of tyrosinase activity [1,10,12]. 
The clinical manifestations of the both 
subtypes are almost similar, but the first 
one is considered to be more severe 
due to absence of positive prognosis 
with the increasing age. Thus, OCA 1A 
is characterized by a complete absence 
of melanin. The worldwide occurrence 
of the case is from 1:17000 to 1:20000. 
The tyrosinase works by hydrolizing the 
change in the amino-acid L-tyrosine to 
L-DOPA and then oxidizing L-DOPA to 
DOPA-quinone. Loss of that function re-
sults in inability to synthesize melanin. 
These children phenotypically have very 
pale skin, fair hair, light or red irises, 
they are susceptible to ultraviolet lights 
and should be lifelong cautious as they 
are at risk of skin cancer development 
[3,7,11].

Ocular pathology seems to be a most 
severe clinical manifestation of albinism. 
The affected individuals have visual prob-
lems manifested by hypopigmentation or 
lack of pigmentation of retina and iris, de-
crease of vision acuity, nystagmus, stra-
bismus, photophobia and misrouting of 
the optic nerves in optic chiasm [5,6,10].

No specific treatment of albinism is 
available, it is treated only symptomati-
cally. Treatment is focused on correction 
of the eyesight [eye care] and prevention 
of the skin disorders.

A clinical case: A female patient A., 
aged 12, Evenk by nationality, follows 
up regular care at the Medical genetic 
consultation center of the M.E. Nikolaev 
Republican hospital #1, National health 
center, from the age of 1, she has been 
followed up since 2012. She is regularly 
hospitalized to the Pediatric center of the 
M.E. Nikolaev Republican hospital #1, 
National health center, complaining of 
overweight, poor eyesight and absence 
of secondary sexual characters.

From a case history: The child is born 
from the third pregnancy. Weight at birth 
was 5000 gr, height was 57 cm. She was 
born with abnormal pale skin, fair hair, 
eyelashes and eyebrows, horizontal nys-
tagmus. The patient is overweight since 
her early childhood, the condition has 

been progressing in the last two years. 
She is prescribed permanent astigmatism 
eyeglasses, the lenses were corrected in 
April, 2023. She follows up regular check-
ups at her local polyclinic with diagnosis 
of partial atrophy of the optic nerve disk. 
Appetite is increased, sleep is disturbed. 
She has suffered from upper respirato-
ry diseases, viral infections of the upper 
respiratory tract and chicken-pox at her 
early childhood. No traumas and surger-
ies as well as allergies are registered. A 
full complex of medical examination was 
not carried out as it was impossible to go 
out from the residential community.

Objective medical status: height – 
152cm, weight – 69 kg, BMI=29.8 kg/
m2 (normal weight is 18.0 – 18.4); BMI 
SDS+2.7 (normal weight +-1.0 BMI SDS). 
She has proportional constitution. The 
head shape is round. Skin surfaces and 
visible mucous membranes, hair, eye-
lashes and eyebrows are hypopigment-
ed. Subcutaneous fat is utterly expressed 
in the region of the abdomen, skin de-
fects presented by the stretch marks are 
noticed on the abdomen and thighs. The 
muscles are hypotonic. The feet are val-
gus. The face is symmetrical. The neck 
is short and wide. No abnormalities are 
noticed in the chest. The abdomen is en-
larged. The liver and the spleen are not 
enlarged. The limbs are symmetrical. 
The sexual development is of the female 
character. Stool and urination are normal.

The following laboratory and instru-
mental investigations are carried out:

Complete blood count, 28.01.2024, 
anemia, lymphocytosis, monocytosis, 
neutrophilia. ESR by Panchenkov’s mi-
cromethod – 26 mm/hr (normal value is 
1-15 mm/hr). 

Biochemical blood test and hormone 
status, 23.11.2024, were within the nor-
mal values.

Blood test for growth hormone, 
23.01.2024, the insulin-like growth factor 
– 520.2 ng/mL (/normal values/ referen-
tial indices 123-396 ng/mL), somatotropic 
hormone – 0.16 ng/mL (normal value is 
0.12-8.08 ng/mL).

Glucose tolerance test: 7.00=4.72 
mmol/L; 8.00=9.79 mmol/L; 9.00=7.91 
mmol/L.

Electroencephalogram, 23.01.2024, 
showed bioelectrical activity of the brain 
according to the age. No pathology of ep-
ileptomorphic activity was revealed.

Ultrasound scan of the thyroid gland, 
24.01.2024, showed no abnormalities.

The digital X-ray of the hand, 
19.01.2024, taken in two projections, de-
termined that the bone age was 11-11.5.

The gynecological examination, 
14.01.2024, revealed mammae 1, axil-

laris 0, pubis 0, mensis 0. Puberty is re-
tarded.

She was consulted by the geneticist. 
The diagnostic report was: oculocutane-
ous albinism type 1A. The proband and 
her family members are recobmmended 
to be followed up at the medical genetic 
consultation center and use whole-ex-
ome sequencing (WES) or whole-ge-
nome sequencing (WGS).  

A genetic test by the method of seg-
uencing in the TYR gene revealed OC-
A1A, OMIM#203100. The test reported 
oculocutaneous albinism of 1A type.

The ophthalmologist consultation, 
19.01.2024, revealed that vision acuity 
with the correction was OD: 0.05sph+3.0, 
cyl-2.0 ах0=0.05; OS: 0.05sph +2.5 cyl-
1.0 ах0=0.07. Local status: eye fundus 
OU: pendular waveforms in the hori-
zontal plane with moderate slow phase, 
nystagmus angles at +15 degrees. The 
cover test shows that nystagmus alter-
nates and misalignment is neutralised, 
the movement of the open eye is com-
plete when the other one is closed. Eye-
lids show no abnormalities, the lacrimal 
points are within the norm. Conjunctiva 
is calm. Cornea is transparent. The front 
chamber is of medium depth. Moist of 
the front chamber is transparent. Pu-
pil is round, mydriasis medicamentosus 
is 6mm. Iris examination revealed the 
loss of iris pigment epithelium, iris tran-
sillumination is detected. The eye lens 
is transparent. Vitreos humor shows no 
abnormalities. Retina is bright pink colour 
with no pigmentation, the vessels are 
transilluminated, choroids. Medical de-
cision is lack of pigmentation in the iris 
and fundus, hypoplasia of fovea of the 3rd 
- 4th degree. Reduction of visual acuity is 
revealed. Diagnosis: OU – partial inherit-
ed descending atrophy of the optic nerve 
associated with albinism. There were 
noticed hypermetropy of the moderate 
severity and direct astigmatism. Conju-
gated secondary non-accomodative al-
ternating chiasmus is revealed.    

According to the results of investiga-
tions a clinical diagnosis was made. The 
main clinical diagnosis was oculocutane-
ous albinism type 1A, obesity of the 2nd 
-3rd degree. Concomitant diagnosis was 
partial inherited descending atrophy of 
the optic nerve associated with albinism. 
Hypermetrophy of the moderate degree, 
direct astigmatism were noticed. Conju-
gated secondary non-accomodative al-
ternating chiasmus was revealed.

Discussion. We have represented 
the clinical case of the congenital ocu-
locutaneous albinism type 1A. The child 
was followed up at the medical genetic 
consultation center since birth, but she 
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has passed a full genetic examination 
recently which determined the type of 
albinism. Moreover, a complete ophthal-
mological examination which revealed all 
eye disorders has been carried out for 
the first time.

According to the researches one third 
of such children with oculocutaneous al-
binism may suffer from speech inhibition. 
The disturbance in the vision may result 
in disturbed social and relational percep-
tions [8,14]. The patient shows no inhi-
bition in her intellectual ability, she pro-
gresses in studies.

It is known that albinism is a rare ge-
netic disorder which is characterized 
by inherited disorders of many kinds. 
Moreover, there are manifestations of 
the syndromic forms of albinism and this 
pathology is not well known. The genes, 
mutations in which seem to be possibly 
affected by the synthesis of melanin, are 
being studied. According to the research-
es there are eight forms of oculocutane-
ous albinism of different phenotypes.

Early diagnosis is important to iden-
tify the severity of the eye affection and 
due time optic correction, and to enhance 
the life quality. The patients with albinism 
should be regularly followed up by the 
ophthalmologist and the dermatologist 
for a lifelong period and if it is necessary 

they have to be followed up by the other 
medical specialists, too.

The children with albinism should also 
have special environment to live. Further 
difficulties might be associated with job 
finding and child bearing. Thus, the re-
search of this problem seems to be rele-
vant at all times. The study of the clinical 
symptoms and peculiar characteristics of 
the disorder will be of great interest for 
the practicing pediatricians and oculists.
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CLINICAL CASES OF ENDOSCOPIC 
REMOVAL OF ENDOBRONCHIAL TUMORS

Endoscopic removal of 2 cases of benign tumors and 1 malignant tumor of the bronchus was performed in the endoscopy department of the 
Republican Hospital No. 1 – National Center of Medicine named after M.E. Nikolaev. The choice of the technique was based on the histological 
conclusion and videobronchoscopy materials. 2 formations were removed by loop electroexcision and 1 by argonoplasmic coagulation. All patients, 
without exception, had airway clearance restored with adequate ventilation of previously switched-off lung sections. Endoscopic methods are highly 
effective in the treatment of patients with bronchial tumors.
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Introduction. The problem of identify-
ing and treating patients with tumors in 
the bronchi remains important. The main 
symptoms of obstruction and compres-
sion of local structures of the bronchial 
tree play a key role in the clinical picture, 
manifested by coughing, wheezing or 
chest discomfort. [8].

Lung cancer (RL) is the most common 
malignant tumor disease in the glob-
al population, constantly occupying the 
first place. According to the International 
Agency for Research on Cancer, more 
than a million new cases of RL are diag-
nosed worldwide every year [4]. At the 
same time, exophytic tumor growth oc-
curs in about 43% of cases [2].

Benign endobronchial tumors are par-

ticularly rare clinical manifestations with 
significant variability in etiology and man-
ifestation [3]. Bronchial lipomas and leio-
myomas are quite rare tumors. According 
to some studies, it is known that there 
are about 100 reports about bronchial 
lipomas in the world's literary records 
[5]. In contrast, leiomyomas occurring in-
side the lung parenchyma are relatively 
common, while endobronchial ones are 
extremely rare. Mainly, that both lympho-
ma and lung lymphoma usually exhibit 
benign clinical progression. [3]. The ra-
diological manifestations of these lesions 
are often vague, including atelectasis, 
bronchiectasis, recurrent pneumonia or 
mediastinal displacement, which makes 
it difficult to distinguish them from malig-
nant tumors [7, 8]. 

Of all diagnostic methods, the bron-
choscopic method is of the greatest im-
portance in the recognition of bronchial 
tumors. This method is an indispensable 
study that makes it possible to see direct 
or indirect signs of a tumor, get an idea 
of its localization, prevalence and mor-
phological structure. Over the past three 
decades, there has been a significant 
shift towards the adoption of endoscopic 
treatments for patients with certain types 
of benign tumors. These minimally inva-
sive procedures have emerged as the 
gold standard of radical treatment [1]. 
Endoscopic interventions play a key role 
in restoring bronchial patency and can 
be performed using either rigid or flexi-
ble bronchoscopes, or in combination 
with both [1]. Endobronchial treatment of 
central RL offers a viable alternative to 
traditional open surgery. This approach 
may be particularly suitable for cases as-
sociated with intraepithelial bronchial car-
cinomas of stage 0 (TisN0M0), in which 
additional interventions are not required. 
In addition, endoscopic treatment can be 
considered as the method of first choice 
when surgical intervention is not possi-

ble due to factors such as the patient's 
advanced age, concomitant diseases or 
multiple organ failure [6]. Currently, this 
is often the preferred option for airway 
obstruction caused by tumor growth, 
thereby alleviating associated symptoms 
and restoring airflow through the tracheo-
bronchial tract [1].

The aim of the study is to present the 
results of successful treatment of two 
cases of benign bronchial tumors and 
one case of malignant bronchial tumor. It 
should be noted that all three cases were 
observed one after the other with an in-
terval of about 1.5 months.

Materials and methods. Here are the 
cases of two endoscopic extractions of 
benign bronchial tumors and one remov-
al of a malignant bronchial tumor per-
formed for the first time in the Republican 
Hospital No. 1 – M.E. Nikolaev National 
Center of Medicine.

The first case: Patient A., 66 years 
old. It is known from the anamnesis that 
about 2 years ago, complaints of cough-
ing with sputum and shortness of breath 
during physical exertion first appeared. 
During the treatment of NKVI in 2022, the 
formation of the left main bronchus was 
revealed on CT of chest organs (CO). 
With a control CT scan of the CO, an in-
crease in the size of the formation was 
revealed after 1 year, the patient was 
referred for consultation to the Clinical 
and Advisory Department of the Clini-
cal Diagnostic Center of the Republican 
Hospital No. 1 - National Center of Med-
icine (RH№1-NCM). Bronchoscopy was 
performed on an outpatient basis: at the 
level of the left main bronchus, the bron-
chial lumen almost completely encircles 
a polypoid formation on a short leg, up 
to 2.0 cm in size. pale pink color. The pa-
tient was admitted to the hospital, where 
endobronchial ultrasonography was per-
formed under ETN and the formation on 
the pedicle was removed by electroexci-
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sion using a diathermic loop. Conclusion 
of the pathomorphological examination: 
histological picture of bronchial submu-
cosal lipoma. The postoperative period 
proceeded without any peculiarities, the 
patient was discharged a day later in a 
satisfactory condition.

The second case: Patient D., 56 years 
old. It is known from the anamnesis that 
a few months before hospitalization, 
there were complaints of coughing with 
difficult-to-separate sputum. She was 
sent to the Yakut Republican Oncology 
Dispensary, underwent a comprehensive 
examination, and a biopsy revealed leio-
myoma at the mouth of the upper lobe 
bronchus. On CT scan of the CO in the 
lingual segments of the left lung, a site 
of fibrosis of a severe nature, in the cen-
tral parts of which foci of calcification are 
determined, the left upper lobe bronchus 
has an air column defect associated with 
this consolidation. Sent for consultation 
in RB No. 1-NCM. She was hospitalized 
for endobronchial removal of the forma-
tion. On bronchoscopy, the mouths of the 
lingual bronchi (B4, B5) of the left lung 
are not traced, they are completely cov-
ered with a dirty pink color, up to 1.0 cm 
in size. spherical shape with a "false" leg 
formation. The consistency of the tumor 
is dense. The formation was partially 
removed at the first stage under intra-
venous anesthesia by endoscopic loop 
electroexcision. After 5 days, complete 
removal of the formation. The postoper-
ative period proceeded without any pe-
culiarities and a day after the last inter-
vention, the patient was discharged in a 
satisfactory condition.

Case of malignancy: Patient P., 73 
years old. He was on inpatient treatment 
in RH№1-NCM, where the patient under-
went stenting in the proximal third of the 
posterobasal branch of the right coronary 
artery for coronary sclerosis. The second 
stage, after 2 weeks, was aortofemoral 
bypass surgery. The postoperative period 

was smooth. Then the patient gradually 
developed a feeling of lack of air, vomit-
ing, increased blood pressure, and a rap-
id increase in respiratory failure. CT scan 
of the CO revealed an obturation of the 
right main bronchus. Fibrobronchoscopy 
with biopsy was performed, where a dirty 
gray tumor with endobronchial growth 
was determined, completely obstructing 
the lumen of the right main bronchus. 
After 2 days, for the purpose of recanal-
ization under ETA, a videobronchoscope 
was introduced through a rigid broncho-
scope No. 18, the formation in the area 
of the upper lobe bronchus spur was cut 
off by argonoplasmic coagulation. There 
were no complications after surgery. 
Histological examination: squamous cell 
carcinoma G2 with small foci of keratini-
zation. The patient was transferred to the 
Yakutsk Republican Oncological Dispen-
sary for further treatment.

Results and discussion. The proce-
dures were performed for the radical re-
moval of the tumor or for the purpose of 
palliative treatment to restore the patency 
of the bronchial tree. Tumor removal us-
ing a flexible bronchoscope through an 
intubation tube under general anesthe-
sia was performed in one patient, in one 
through tracheal intubation with a rigid 
bronchoscope, in one under intravenous 
anesthesia. Electroexcision of the tumor 
was applied in two patients, one had 
argonoplasmic excision, and in all cas-
es complete restoration of patency was 
achieved. There were no postoperative 
complications and no repeated interven-
tions were required.

Conclusion. These clinical cases 
demonstrate the effectiveness of en-
doscopic surgical methods in maintain-
ing respiratory function in patients with 
benign tumors. Taking into account the 
endobronchial nature of tumor growth, 
the use of endoscopic surgery made it 
possible to avoid traumatic resections, 
thereby improving the overall quality of 

life in these patients. In addition, endo-
scopic interventions in patients with ma-
lignant bronchial tumors contribute to the 
effective and relatively safe restoration of 
airway patency.
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PATHOLOGICAL FISTULA OF THE SMALL 
INTESTINE FORMED BY MAGNETIC 
FOREIGN BODIES

Magnetic foreign bodies of the gastrointestinal tract are not uncommon in children. A feature of the magnetic foreign bodies of the intestine is 
their tendency to stick together with each other with the development of intestinal perforation, intestinal fistulas or obstruction.  

The purpose of this article is to show the development of a serious complication of magnetic foreign bodies in a child without clinical manifes-
tations.

Foreign bodies of the gastrointestinal tract were discovered accidentally during an X-ray examination for another pathology. The duration of 
exposure to magnetic foreign bodies is unknown. The child's condition remained satisfactory. A fixed location of foreign bodies in the abdominal 
cavity was revealed, and the child underwent emergency and delayed surgery. The operation revealed a pathologically formed fistula between the 
lower horizontal branch of the duodenum and the initial section of the jejunum. The fistula was disconnected and the walls of the hollow organs 
were sutured. The patient was discharged with recovery.

Keywords: foreign bodies of the intestine, children, magnets 

УДК 616.34 – 007.274

DOI 10.25789/YMJ.2024.88.32

According to many authors [5], even a 
single magnetic foreign body cannot al-
ways be freely evacuated from the child's 
gastrointestinal tract. Multiple magnetic 
foreign bodies can cause serious compli-
cations in a short time [7]. Clinical symp-
toms of complications of magnetic for-
eign bodies of the intestine are non-spe-
cific, which can create difficulties in timely 
diagnostics for a long time. Rarely, such 
foreign bodies can proceed asymptomat-
ically, even with the development of for-
midable complications. The purpose of 
demonstrating a clinical case is to draw 
attention to the asymptomatic course of 
a pathologically formed interintestinal 
anastomosis.

Child K., 3 years old, underwent chest 
X-ray on 09/06/23 due to a positive re-
action to the Mantoux test. Since the 

film captured an image of both the chest 
and abdominal cavity, magnetic foreign 
bodies in the form of a "chain" in the pro-
jection of the mesogastrium were acci-
dentally discovered. The duration of the 
presence of foreign bodies in the intes-
tine is unknown, the parents do not re-
member swallowing magnets. The child's 
condition is satisfactory, he is active, has 
no complaints, the abdomen is soft, pain-
less, pathological formations in the ab-
dominal cavity are not palpable. Stool is 
self-acting.

With a referral diagnosis of foreign 
magnetic bodies in the small intestine, a 
child was admitted to the surgical depart-
ment of the Pediatric Center for inpatient 
examination and treatment on September 
8, 2023; he was delivered by ambulance 
from the Central District Hospital. The fol-
lowing diagnostic tests were performed: 
abdominal ultrasound did not reveal any 
pathological changes; fibroesophago-
gastroscopy revealed - congestive gas-
tropathy. A plain radiograph of the ab-
dominal cavity in a direct projection was 
performed upon admission: pneumatized 
loops of the large intestine are deter-
mined; a cluster of radiopaque shadows 
in the form of a chain is determined at the 
level of L3.4, each up to 4 mm in diam-
eter; there are no levels of fluid or free 
gas in the abdominal cavity. Conclusion: 
a bracelet-shaped chain of small foreign 
bodies in the projection of the abdominal 
cavity (Fig.). Complete blood count upon 
admission: L - 7.1; ER-4.15; HB-97 g / l; 
t/c – 263, p/y-1; s/y-36; eos-8; l/c-53; m/c-
2; ESR- 12 mm/h.

Taking into account the anamnesis, 
stable general status of the patient, ab-
sence of complaints, satisfactory state 

of health, soft painless abdomen without 
symptoms of peritoneal irritation, blood 
test without inflammatory changes, it was 
decided to prepare the child for delayed 
surgical treatment.

On 10.09.23, a control plain radiog-
raphy of the abdominal cavity was per-
formed - no changes. Over the week-
end, the child's condition was satisfac-
tory, active, no complaints, the abdomen 
is painless, stool is self-acting. The day 
before the operation, preparation was 
prescribed - table 1a, infusion therapy, 
40 minutes before the operation, periop-
erative antibiotic prophylaxis was per-
formed with ampicillin sulbactam at the 
rate of 150 mg / kg / day intravenously 
slowly. On 11.09.23, a midline laparoto-
my was performed, during revision be-
low the ligament of Treitz by 10 cm, a 
formed interintestinal fistula was found 
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between the lower horizontal branch of 
the duodenum and the initial section of 
the jejunum, foreign bodies were palpat-
ed in the lumen. Dissection of the fistu-
la was performed, foreign bodies were 
removed - round multi-colored magnetic 
balls with a diameter of 0.3 cm, linked 
together, in the amount of 34 pieces. 
Intraoperative X-ray control of the ab-
dominal cavity was performed - no other 
foreign bodies were found. The wall of 
the duodenum and jejunum was sutured 
with a two-row suture of PDS 4/0 thread. 
The surgical wound was sutured layer 
by layer, leaving drain tube in the area of ​​
fistula suturing. The postoperative peri-
od was uneventful, fasting for two days, 
drinking was started on the second day. 
On the third postoperative day, the pa-
tient was transferred to the general ward 
for mother's care, enteral loading was 
started, drain tube from the abdominal 
cavity was removed. He was discharged 
on the 11th postoperative day in a satis-
factory condition.

Discussion. Foreign bodies of the 
gastrointestinal tract are a common pa-
thology in young children and can cause 
serious complications, especially in the 
presence of multiple magnetic foreign 
bodies. The absence of specific clini-
cal symptoms prevents timely diagnosis 
of pathologically formed interintestinal 
anastomoses. According to the authors 
[1,3], an indication for surgical treatment 
is not only the increase in abdominal 
pain syndrome and signs of intestinal ob-
struction, but also the absence of natural 
movement of magnetic foreign bodies 

along the digestive tract. Treatment tac-
tics for swallowing magnetic balls depend 
on the localization, time from the moment 
they enter the lumen of the digestive tract 
and the presence of complications [6]. 
With fixed magnets in the digestive tract, 
the tactics should be active. The authors 
[1] proposed an algorithm of tactics in 
the presence of magnetic foreign bodies 
in the gastrointestinal tract of a child - in 
the case of an asymptomatic course of 
the disease, dynamic observation in a 
surgical hospital with X-ray control after 
4-6 hours is indicated. In the absence of 
advancement of magnetic foreign bodies, 
an urgent operation is indicated. Magnet-
ic foreign bodies are classified as phys-
ically active foreign bodies that have a 
compressive effect on the wall of a hollow 
organ [2, 4], as a result of which a patho-
logical interintestinal fistula can form in a 
short time.

Conclusions:
1. The presence of magnetic foreign 

bodies in the child's gastrointestinal tract 
should alert the patient to the possibility 
of developing surgical complications.

2. In the absence of clinical complaints 
from the abdominal cavity, the presence 
of fixed magnetic foreign bodies in the in-
testine according to X-ray examination is 
an indication for emergency-delayed sur-
gery and revision of the gastrointestinal 
tract.
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