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

SEASONAL VITAMIN D VARIATIONS
IN OSTEOPOROSIS PATIENTS

Objective: To study the seasonal variations of 25(OH) vit D in patients with osteoporosis. 
Materials and methods. We observed 396 patients diagnosed with osteoporosis/osteopenia aged 24 to 93 years. The diagnosis of OP was 

based on the clinical recommendations of Osteoporosis-2021 approved by the Ministry of Health of the Russian Federation. All patients underwent 
dual-energy X-ray absorptiometry using the Lunar DPX apparatus. Vitamin 25(OH)D3 levels were determined using the commercial 25-OH Vitamin 
D ELISA kit. For statistical data processing, the software packages "STATISTICA 10.0 for Windows" were used.

Results. We have found that during the year most patients have significant seasonal changes in the 25(OH) vit D level. The minimum value 
was recorded in January and December (respectively, 50.85 and 55.83 nmol/l). We found significant differences in the concentration of 25(OH) vit 
D between patients who were observed in June and patients who were examined in the remaining months (p<0.001); as well as between patients 
examined in August and patients observed in the spring months (p<0.05). Similar significance was observed between July and April (p=0.037). It 
was found that the highest percentage of patients with vitamin D deficiency was observed in April and reached 16.67%. In the period from June to 
September, the frequency of hypovitaminosis was significantly lower and amounted to 1.92–3.7%. It was found that with increasing age of patients 
there is a gradual decrease in the level of 25(OH) vit D blood (r = - 0.099, p = 0.049).

Findings. Based on the data obtained, it is recommended to carry out the prevention of vitamin D deficiency for the population of the Volgograd 
region. Prevention should be carried out from September to May, in accordance with international recommendations. These recommendations are 
especially relevant for older people.

Keywords: vitamin D, osteoporosis, cholecalciferol, vitamin D. 

УДК 616.72

Introduction. Currently, there are 
many publications in the scientific med-
ical literature on the possible role of vi-
tamin D metabolic disorders in various 
human pathologies [1, 2, 3, 5, 9]. Vitamin 
D3 (cholecalciferol) is a key player in hu-
man bone metabolism [7]. It is general-
ly accepted that the required amount of 
the vitamin is synthesized by skin cells 
under the influence of UV rays. Later, 
cholecalciferol is hydroxylated in the liver, 
followed by the formation of 25(OH) D3 - 
calcidiol, which is a deposited and trans-
port form of the vitamin. The tendency 
to study only one metabolite, 25(OH) vit 
D, is due to the fact that it is associated 
with indicators that reflect the state of the 
bone tissue. An analysis of the associa-

tions of serum vitamin D metabolites with 
bone mineral density (BMD) showed that 
only 25(OH) vit D was associated with 
higher BMD [6].

In many countries of the world, vitamin 
D deficiency is widespread, determined 
by the level of 25(OH) vit D less than 75 
nmol/l, sometimes reaching values below 
50 nmol/l [7]. This problem also exists 
in Russia, which is confirmed by var-
ious studies that have been carried out 
throughout the country. Worldwide, there 
is vitamin D deficiency in all age groups.

Osteoporosis (OP) is a metabolic dis-
ease of the skeleton, which is character-
ized by a decrease in bone mass, a vio-
lation of the microarchitectonics of bone 
tissue, which can lead to an increase in 
bone fragility, and, as a result, fractures 
with minor injuries [4]. All over the world 
there is a trend towards an increase in 
the incidence of fractures associated with 
osteoporosis, this is especially true for 
older people [4, 8, 10].

Considering the important protective 
role of vitamin D, it is important to study 
seasonal fluctuations in the level of vita-
min D in blood serum in order to optimize 
schemes for the prevention of deficiency 
of this factor.

Objective: study the seasonal fluctua-
tion of 25(OH) vit D in patients with oste-
oporosis.

Materials and methods. We observed 
396 patients diagnosed with OP/osteo-
penia aged 24 to 93 years, of which 376 
(94.95%) women and 20 (5.05%) men. 
The study lasted from January to Decem-
ber 2017 inclusive. The patients were 

examined at the Research Institute of 
Clinical and Experimental Rheumatology 
named after A.B. Zborowski". All patients 
lived in the Volgograd region. The diag-
nosis of OP was based on the clinical 
recommendations of Osteoporosis-2021 
approved by the Ministry of Health of the 
Russian Federation. There were 245 pa-
tients with a history of fractures, 151 with-
out fractures. All patients underwent du-
al-energy x-ray absorptiometry using the 
Lunar DPX apparatus. Vitamin 25(OH)D3 
levels were determined using the com-
mercial 25-OH Vitamin D ELISA kit. Sta-
tistical data processing was carried out 
using software packages "STATISTICA 
10.0 for Windows." Using the standard 
deviation (σ), we determined how much 
the 25(OH) vit D values deviated on aver-
age from the average in each month. Sig-
nificance of differences between groups 
were compared by methods of variation 
statistics (ANOVA). The results were con-
sidered statistically significant at p<0.05.

Results. We have found that most pa-
tients have significant seasonal chang-
es in 25(OH) vit D during the year. The 
maximum average values of the level of 
25(OH) vit D were observed in residents 
of the Volgograd region in June (90.38 
nmol/l), and the minimum value was re-
corded in January and December (re-
spectively, 50.85 and 55.83 nmol/l). The 
results are shown in table 1.

We compared the significance of dif-
ferences in the level of 25(OH) vit D de-
pending on the month in which the pa-
tients were examined. The results are 
presented in table 2.

DOI 10.25789/YMJ.2022.79.01
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From the data presented in Table 2, 
it can be seen that there were signif-
icant differences in the concentration 
of 25(OH) vit D between patients who 
were observed in June and patients who 
were examined in the remaining months 
(p<0.001); as well as between patients 

examined in August and patients ob-
served in the spring months (p<0.05). 
Similar significance was observed be-
tween July and April (p=0.037).

In order to identify the number of 
patients in need of drug prevention of 
hypovitaminosis D, we calculated the 

number of patients with vitamin D defi-
ciency.

Although January and December have 
the lowest mean 25(OH) vit D values, 
there were no patients deficient in that 
month (table 3).

From the data presented in Table 2, it 
can be seen that the highest percentage 
of patients with vitamin D deficiency was 
observed in April and reached 16.67%. 
In the period from June to September, 
the frequency of hypovitaminosis was 
significantly lower and amounted to 
1.92–3.7%.

We also studied the relationship of 
25(OH) vit D with gender and age of pa-
tients. We found that with increasing age 
of patients, there is a gradual decrease 
in the level of 25(OH) vit D in the blood (r 
= - 0.099, p = 0.049), see Figure 1.

We did not find significant differences 
between the sex of patients and the value 
of vitamin D (the level of 25(OH) vit D in 
men 62.1 ± σ, in women 66.8 ± σ).

We have studied the relationship be-
tween the level of 25(OH) vit D and the 
presence of bone fractures. The results 
are presented in table 4.

Table 4 shows that there are no sig-
nificant differences in the level of 25(OH) 

Table 1

Table 2

Variation in 25(OH) vit D depending on the month

Month Number of 
observations

Mean
25(OH) vit D (µ)

Standard deviation
25(OH ) vit D (σ)

January 10 50.85 10.56
February 16 65.55 32.25
March 54 57.02 27.67
April 36 53.51 37.18
May 49 57.71 34.18
June 43 90.38 56.65
July 48 69.71 30.93

August 52 73.89 37.97
September 27 70.53 24.97

October 19 65.94 18.95
November 34 67.59 34.18
December 8 55.83 16.3

Total 396 66.58 36.44

Reliability of differences in the level of 25(OH) vit D among residents of the Volgograd region, depending on the month of the survey

Month

Ja
nu

ar
y

Fe
br

ju
ar

y

M
ar

ch

A
pr

il 

M
ay

Ju
ne

Ju
ly

A
ug

us
t

Se
pt

em
be

r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

January
(n=10) 0.302 0.611 0.833 0.575 0.001 0.124 0.059 0.132 0.274 0.187 0.766

Febrjuary
(n=16) 0.302 0.396 0.256 0.440 0.016 0.682 0.409 0.654 0.974 0.848 0.525

March
(n=54) 0.611 0.396 0.643 0.921 <0.001 0.070 0.014 0.105 0.344 0.171 0.928

April
(n=36) 0.833 0.256 0.643 0.587 <0.001 0.037 0.008 0.058 0.214 0.095 0.866

May
(n=49) 0.575 0.440 0.921 0.587 <0.001 0.094 0.021 0.130 0.388 0.210 0.889

June
(n=43) 0.001 0.016 <0.001 <0.001 <0.001 0.005 0.023 0.022 0.012 0.005 0.011

July 
(n=48) 0.124 0.682 0.070 0.037 0.094 0.005 0.555 0.923 0.693 0.788 0.303

August
(n=52) 0.059 0.409 0.014 0.008 0.021 0.023 0.555 0.688 0.401 0.419 0.178

September 
(n=27) 0.132 0.654 0.105 0.058 0.130 0.022 0.923 0.688 0.664 0.746 0.301

October 
(n=19) 0.274 0.974 0.344 0.214 0.388 0.012 0.693 0.401 0.664 0.869 0.497

November 
(n=34) 0.187 0.848 0.171 0.095 0.210 0.005 0.788 0.419 0.746 0.869 0.396

December 
(n=8) 0.766 0.525 0.928 0.866 0.889 0.011 0.303 0.178 0.301 0.497 0.396
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vit D depending on the presence of bone 
fractures. These results may be ex-
plained by the fact that some patients re-
ceived medical treatment, including calci-
um and vitamin D supplements.

Findings. According to the literature, 
25(OH) vit D deficiency is currently a 
pandemic that affects virtually all age 
groups. We have identified significant 
seasonal fluctuations in 25(OH) vit D in 
the examined group of patients. With 
the help of statistical methods of analy-
sis, the influence of the seasonal factor 
on the level of 25(OH) vit D was proved. 
Despite the southern geographic loca-
tion and the high level of insolation in the 
summer months, according to the data 
obtained, we can conclude that there is 
a lack of vitamin D among residents who 
live in the Volgograd region.

Note that there were no statistically 
significant differences between the av-
erage values of vitamin D levels in the 
summer months, accompanied by high 
solar activity (July-August) and the aver-
age values in the autumn months (Sep-
tember-November). Perhaps this fact is 
explained by the short time spent out-
doors on hot summer days, which does 
not contribute to sufficient production of 
endogenous 25(OH)D3.

In our opinion, when choosing how 
aggressive and preventive therapy tac-
tics should be in patients with OP in or-
der to compensate for a possible vitamin 
D deficiency, several facts should be tak-
en into account. Firstly, practitioners do 
not in all cases have the opportunity to 
examine the level of cholecalciferol, and 
even more so to track it in dynamics (for 
example, due to financial reasons). Sec-
ondly, patients with OP are, for the most 
part, elderly patients, which means they 
have a high comorbidity. Given the huge 
role of vitamin D deficiency in the devel-
opment and progression of a number of 
cardiological, rheumatological, broncho-
pulmonary and other diseases, in our 
opinion, patients with OP need earlier 
preventive therapy. Without laboratory 
confirmation of the normal content of 
vitamin D, relying only on the presence 
of sufficient insolation (summer months), 
it is unacceptable to draw conclusions 
about the sufficient level of vitamin D in 
patients with OP.

Based on the results, it is recom-
mended to carry out the prevention of 
vitamin D deficiency for the population 
of the Volgograd region. Prevention 
should be carried out from September 
to May, in accordance with international 
recommendations. These recommen-
dations are especially relevant for older 
people.

Table 3

The number of patients with vitamin D deficiency depending on the month
of observation

Month Total Patients Number of patients with 
vitamin D deficiency

Percentage of patients 
with vitamin D 

deficiency
January 10 0 0.00

February 16 2 12.50

March 54 3 5.56

April 36 6 16.67

May 49 6 12.24

June 43 1 2.33

July 48 1 2.08

August 52 1 1.92

September 27 1 3.70

October 19 1 5.26

November 34 1 2.94

December 8 0 0.00

Total 396 23

Correlation between patient age and 25(OH) vit D levels

Significance of differences between patients with a history of fractures
and vitamin D levels

In patients
with a history of n

25(OH) vit D (nmol/l)
Reliability

М σ
Persons with a history

of fracture 245 67.85 39.39 F=0.043
p= 0.834

No fracture history 151 65.80 34.55

Table 4
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Introduction. In the practice of oncol-
ogists, the determination of serum levels 
of tumor markers CA-125 (Cancer Anti-
gen-125) and HE4 is used in the screen-
ing and prognosis of uterine cancer.  An 
elevated level of CA-125 before surgery 
is accompanied by a poor prognosis for 
patients with endometrial carcinoma, 
which requires a higher frequency of 
postoperative examination of patients 
[6]. The HE4 (Human epididymis protein 
4) marker is highly sensitive and specif-
ic in detecting early forms of endometri-
al cancer; its level has been correlated 
with the lethality of patients with poorly 

differentiated RTM [5]. In recent years, 
there has been encouraging information 
about the promise of protein deglycase 
DJ-1, also known as PARK7 (Parkin-
son's disease-associated protein 7), for 
the diagnosis of uterine cancer. DJ-1 is 
a multifunctional protein that activates 
proliferative cell processes and plays an 
important role in the pathogenesis and 
progression of cancer by modulating 
the tumor suppressor PTEN. The asso-
ciation of the level of DJ-1 in the blood 
with the course of the disease is associ-
ated by the authors with an increase in 
the expression of genes encoding this 

О.I. Kit, N.V. Kovalenko, А.Yu. Maksimov, Е.V. Verenikina,
S.V. Ryzhkov, А.А. Demidova

DIFFERENTIAL INFORMATIVENESS
OF SERUM ONCOMARKERS
FOR DETECTION OF RARE FORMS
OF UTERINE BODY CANCER

Aim. The aim of the study was to conduct a comparative analysis of the preoperative level 
of the concentration of tumor markers CA-125, HE4 and DJ-1 in the blood serum in endometrial 
and non-endometrial cancer of the uterine body. 

Materials and methods. 249 patients with endometrial carcinoma (EC), 33 patients with 
serous (SC) and 24 patients with clear cell carcinoma (CCC) of the uterine body of stages II-
IV according to FIGO were examined. Prior to the start of specialized antitumor treatment, the 
concentration of CA-125, HE4 and DJ-1 proteins was determined in blood serum by enzyme 
immunoassay. 

Results. In patients with EC, SC and CCC the blood levels of CA-125 and HE4 tumor mark-
ers were elevated relative to the reference normal range, but did not differ significantly between 
the groups (p>0,05). A comparative analysis showed that a statistically significant difference 
between the groups was found only for the DJ-1 marker. In patients with EC, the mean blood 
level of DJ-1 corresponded to 521,4±12,8 pg/ml and in rare forms of uterine body cancer it was 
higher. With CCC the concentration DJ-1 was 984,2±19,2 pg/ml and in SC – 998,5±23,7 pg/ml. 

Conclusion. For the differential diagnosis of endometrial and non-endometrial cancer of the 
body of the uterus, preoperative measurement of the concentration of DJ-1 in the blood is infor-
mative. 

Key words: uterine body cancer, endometrial carcinoma, serous uterine body cancer, clear 
cell uterine body cancer, tumor markers.
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protein in cells of poorly differentiated 
uterine body cancer and in non-endome-
trial carcinomas [3,7]. As is known, type 
II uterine cancer has a poor prognosis 
due to the high degree of malignancy [1]. 
Information about the degree of differen-
tiation and the histological type of EC is 
mainly obtained from the morphological 
study of endometrial biopsy specimens 
before surgery. However, the results of 
histological examination of preoperative 
biopsy specimens of the endometrium 
and surgical specimens of uterine can-
cer in patients at high risk (G3 or non-en-
dometrial forms of uterine cancer) do 
not match in a third of cases [4,8]. This 
mismatch can lead to incorrect surgical 
tactics. In this regard, oncologists need 
laboratory preoperative support in as-
sessing the risk of progression of uterine 
cancer by determining the concentration 
of molecular markers in the blood. This 
will expand the possibilities of identifying 
patients with an unfavorable prognosis 
regarding the course of the disease. The 
aim of the study was to conduct a com-
parative analysis of the preoperative lev-
el of the concentration of tumor markers 
CA-125, HE4 and DJ-1 in the blood se-
rum in endometrial and non-endometrial 
cancer of the uterine body. 

Materials and methods. 249 patients 
with endometrial carcinoma (EC), 33 pa-
tients with serous (SС) and 24 patients 
with clear cell carcinoma (CCС) of the 
uterine body of stages II-IV according to 
FIGO were examined. The stages of uter-
ine body cancer were determined based 
on the results of the revision of the or-
gans during the operation and the results 
of the histological examination of surgical 
tissue samples according to the FIGO 
classification. The inclusion criteria for 
the study were: a histologically confirmed 
diagnosis of endometrial adenocarcino-
ma, clear cell or serous uterine body can-
cer; lack of specialized anticancer treat-
ment before surgery. Exclusion criteria: 
decompensation of concomitant somatic 
diseases, oncological diseases of other 
localization, hormonal treatment before 
hysterectomy. All patients signed a vol-
untary informed consent to participate in 
the study. The study was approved by the 
Local Ethics Committee of the National 
Medical Research Center for Oncology 
of the Russian Ministry of Health. 

All patients underwent extirpation of 
the uterus with appendages. Pelvic and 
lumbar lymph node dissection, omentec-
tomy were performed according to indi-
cations.  

Blood samples were collected the day 
before surgery by venipuncture of the 
cubital vein on an empty stomach. Blood 

was placed into test tubes with S-Mon-
ovette® Serum Gel (Sarstedt). Blood co-
agulation occurred at room temperature, 
samples were centrifuged at 3000 g for 
10 minutes. Next, three aliquots of 300 
μl were taken from the serum from each 
patient and stored at -80°C until the lab-
oratory step.  

Determination of DJ-1 concentration 
was carried out using enzyme immuno-
assay using specific test systems Cir-
cuLex Human DJ-1/PARK7 ELISA Kit 
(CycLex Co., Ltd. Japan) on an iMARK 
apparatus (Bio-Rad Laboratories, USA). 
Serum levels of CA-125 and HE4 were 
measured using electrochemilumines-
cence immunoassay using UniCel DxI 
800 (Beckman Coulter, USA) and Roche 
Cobas e411 (Roche Group Ltd, Swit-
zerland), respectively. The ARCHITECT 
Ca125 II diagnostic kit (CN 2K45-24, Ab-
bott) was used to measure CA-125, and 
the ARCHITECT HE4 test system (CN 
2P51-25, Abbott) was used to determine 
HE4.

Immunohistochemical evaluation of 
DJ-1 protein expression in the tissue of 
tumor samples was performed on par-
affin sections 5 µm thick using standard 
technology. Anti-DJ-1 antibodies (An-
ti-DJ-1 antibody, 1:500, Cell Signaling 
Technology, Danvers, USA, 5933) were 
used for protein identification. Nuclear 
and nuclear/cytoplasmic staining was 

assessed using ranks 0,1,2,3: 0 - no 
staining, 1 point - the number of stained 
cells less than 10%, 2 points - 10-50%, 3 
points - ≥50%.  

Statistical data analysis was performed 
using Statistica 12.0 software (StatSoft, 
USA). We used descriptive statistics, 
analysis of variance, ROC analysis, com-
parison of shares using Pearson's test 
with a nonparametric correction. 

Results and discussion. General 
characteristics of patient clinical groups 
are presented in Table 1.

The mean age of patients with EC 
corresponded to 64,5±1,9 years, with a 
diagnosis of CCC – 63,4±2,4 years and 
SC – 65,7±2,1 years. The diagnosis of 
uterine body cancer in most patients, 
regardless of the histological type, was 
first made in the postmenopausal peri-
od. Groups of patients were formed with 
a similar distribution of stages of the 
disease, mainly included patients with 
stages II-III according to FIGO. Obesity 
was a common comorbidity and occurred 
in EC in 87,1% (n=217), CCC – 83,3% 
(n=20) and SC – 78,8% (n=26), which af-
fected the high values   of the index body 
weight. In the majority of observations in 
the three groups of patients, a moderate 
degree of differentiation of tumor cells 
was noted. However, in rare forms of 
uterine body cancer, low differentiation of 
tumor cells was more common (CCC – 

General characteristics of patients with uterine body cancer

Indicator EC (n=249) SС (n=24) CCС (n=33) р

Menopausal status, abs.(%):
pre-/perimenopausa
postmenopausa

31 (12.4)
218 (87.6)

1 (4.2)
23 (95.8)

2 (6.1)
31 (93.9)

0.29

Body mass index, kg/m2 (M±m) 31.4±1.8 29.7±1.5 29.4±1.9 0.83

Stage FIGO, abs.(%):
II
III
IV

134 (53.8)
75 (30.1)
40 (16.1)

9 (37.5)
10 (41.7)
5 (20.8)

16 (48.5)
12 (36.4)
5 (15.1)

0.61

Degree of differentiation, abs.(%):
G1
G2
G3

40 (16.1)
173 (69.5)
36 (14.4)

1 (4.2)
16 (66.6)
7 (29.2)

1 (3.1)
21 (63.6)
11 (33.3)

0.01

Myometrial invasion, abs.(%):
<50%
≥50%

65 (26.1)
184 (73.9)

4 (16.7)
20 (83.3)

2 (6.1)
31 (93.9) 0.027

Metastases to lymph nodes, abs.(%):
-yes
-no 

96 (38.6)
153 (61.4)

15 (62.5)
9 (37.5)

17 (51.5)
16 (48.5)

0.037

Note: Confidence probability p was determined by comparing three shares according to the 
Pearson test with Yates correction for continuity, quantitative indicators - according to the 
Kruskal-Wallis test.

Table 1
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29,2%, SR – 33,3%) compared with EC 
(14,4%). This circumstance affected the 
formation of statistically significant differ-
ences (p=0,01) depending on the degree 
of tumor differentiation. In rare forms of 
uterine body cancer, the tumor was more 
invasive compared to endometrial can-
cer (p=0,027). Metastases to the lymph 
nodes in CCC (62,5%) and SC (51,5%) 
were more common (p=0,037) compared 
with patients with EC (38,6%). 

The values of the initial concentration 
of oncomarkers in the blood serum of pa-
tients with cancer of the uterine body are 
presented in Table 2.

The concentration of CA-125 and HE4 
did not differ significantly in patients de-
pending on the histological type of uter-
ine cancer (p>0,05). Comparative anal-
ysis showed that the difference between 
the groups was found only in relation to 
the marker DJ-1 (p=0,004). In patients 

with EC, the mean blood level of DJ-1 
corresponded to 521,4±12,8 pg/ml, and 
in rare forms of uterine body cancer it 
was higher. With ССС, the concentration 
of DJ-1 was 984,2±19,2 pg/ml, and with 
SС – 998,5±23,7 pg/ml. 

The use of ROC analysis made it 
possible to clarify that before surgery, if 
the concentration of DJ-1 in the blood of 
patients with cancer of the uterine body 
exceeded the differential separation level 
of 852 pg/ml, the risk of detecting a rare 
form of cancer in the histological exam-
ination of surgical samples of the endo-
metrium was high (diagnostic sensitiv-
ity 86,7 %, diagnostic specificity 81,3%, 
p=0,001). 

Differences in the content of DJ-1 in 
the blood in endometrial and non-en-
dometrial carcinoma may be due to 
different intensity of protein expression 
in the tumor tissue. Immunohistochem-

ical study revealed that the nuclear 
expression of DJ-1 in tumor cells was 
observed more often (p=0,003) in EC 
(n=141, 56,6%) compared with patients 
with ССС (n=8, 33,3%) and SС (n=10, 
30,3%). On the contrary, cytoplasmic lo-
calization of the DJ-1 protein was more 
common (p=0,02) in SС (n=29, 87,9%) 
and ССС (n=20, 83,3%) in contrast 
to patients with EC (n= 168, 67,5%). 
Overexpression of the DJ-1 protein in 
surgical tumor samples was more often 
observed in SС (63,7%), ССС (41,6%) 
compared with patients diagnosed with 
EC (14,9%) (Table 3).

DJ-1 activates the PI3K/Akt/mTOR 
signaling pathway, promoting tumor 
growth, metabolism activation, cancer 
cell proliferation, enhancing their viabil-
ity, increasing metastatic potential, and 
avoiding cancer cells from apoptosis [2]. 
In rare forms of cancer of the body of the 
uterus, which differ from endometrial car-
cinoma in high metastatic potential and 
poor prognosis, the concentration of DJ-1 
in the blood was higher. The difference 
in serum DJ-1 concentration in patients 
depending on the histological type of tu-
mor is associated with different intensity 
of protein expression in the tumor tissue. 
The differential informativeness of the 
preoperative assessment of the level of 
DJ-1 in the blood before surgery in rela-
tion to the detection of forms of uterine 
body cancer with a high degree of malig-
nancy complements the diagnostic capa-
bilities of endometrial biopsy before the 
start of specialized treatment and makes 
it possible to rationally determine the tac-
tics of surgical intervention until a final 
conclusion about the histological type of 
tumor is obtained.

Conclusions
1. For the differential diagnosis of en-

dometrial and non-endometrial types of 
uterine body cancer, it is informative to 
measure the concentration of DJ-1 pro-
tein deglycase in the blood serum. 

2. In patients with an excess of DJ-1 
concentration in the blood above 852 pg/
ml, the risk of detecting a rare form of 
uterine body cancer with a high malignant 
potential is increased, which requires 
surgical treatment in specialized centers 
by a multidisciplinary team of qualified 
oncogynecologists and morphologists to 
develop the correct surgical tactics.

1. Braun M.M., Overbeek-Wager E.A., Grum-
bo R.J. Diagnosis and Management of Endo-
metrial Cancer. Am. Fam. Physician. 2016; 93: 
468–474.  

2. Wang W, Wang H, Xiang L, et al. DJ-1 is 
a new prognostic marker and predicts chemot-

Concentration of tumor markers in blood serum before surgery in patients
with uterine body cancer

Disease Statistic CA-125, U/ml HE4, pmol/ml DJ-1, pg/ml

EC (n=249)
M±m 37.9±1.2 77.8±2.6 521.4±12.8
Me 36 79 513

[25-75] 33-41 74-83 451-592

CCC (n=24)
M±m 40.9±1.5 87.4±2.9 984.2±19.2
Me 41 88 985

[25-75] 37-43 84-92 897-1124

SC (n=33)
M±m 42.5±1.6 88.3±3.3 998.5±23.7
Me 44 90 1005

[25-75] 39-47 86-95 864-1207
рEC-CCC
рEC-SC
рCCC-SC

рall

0.24
0.09
0.82
0.27

0.10
0.08
0.91
0.31

<0.001
<0.001

0.87
0.004

Note: M - the mean sample value, m - the error of the mean, Me - the median, [25-75] - the 
interquartile range, the confidence probability in multiple comparison between groups (p 
min) was determined using the Kruskal-Wallis test, pairwise comparison between groups 
were performed according to the Mann-Whitney test, adjusted for the number of compared 
pairs.

Table 2

Table 3

Evaluation of DJ-1 expression in surgical tumor specimens taking into account
the histological type of uterine body cancer

Tumor expression DJ-1, points EC (n=249)
abs.(%)

CCC (n=24)
аbs.(%)

SC (n=33)
аbs.(%) р

0 81 (32.5) 4 (16.7) 4 (12.1)
p<0.001 

(χ2=51.3)
1 56 (22.5) 1 (4.2) 1 (3.0)
2 75 (30.1) 9 (37.5) 7 (21.2)
3 37 (14.9) 10 (41.6) 21 (63.7)

Note: Confidence probability p was determined by comparing three shares of Pearson's test 
with Yates' correction for continuity.
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Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancers, 15-30% of which is squamous cell carcinoma, 54% is adenocar-
cinoma. The copy number variations (CNVs) as one of the factors affecting gene transcription activity is necessary to assess the role of genetic 
variation in pathological processes. The purpose of our study was to research the relative number of copies of 14 onco-associated genes: APC, 
AURCA, CCND1, GKN1, PIK3CA, NKX2-1, ERBB2, SOX2, EGFR1, BRCA1, BRСА2, TP63, CDKN2A, MDM2, in lung tissue samples as tumor 
markers of lung cancer. The study included 72 patients with Slavic and Crimean Tatar (Crimean) population, aged 46-78 (median 64) years with a 
diagnosis of lung cancer T1-1aN0-2M0-1 (stage I-IV). The relative copy number variation of genetic loci was assessed by the RT-qPCR method. 
In our study, statistically significant CNV change events (p<0.05) were recorded for the CCND1, GKN1, PIK3CA, EGFR1, SOX2, BRCA2, TP63, 
MDM2 genes in squamous cell carcinoma samples and NKX2-1 in lung adenocarcinoma samples. Thus, these genes can be used as differentiat-
ing and diagnostic biomarkers in NSCLC.

Keywords: lung cancer, copy number variations, squamous cell lung cancer, lung adenocarcinoma, biomarkers.

R.D. Al-Nsour, N.A. Petrusenko, V.V. Olekseenko,
A.Y. Maksimov, O.N. Stateshny

DNA COPY NUMBER VARIATIONS
(14 CANCER-ASSOCIATED GENES)
IN NON-SMALL CELL LUNG CANCERУДК 616-006.04

Introduction. Lung cancer is associ-
ated with poor prognosis and is the lead-
ing cause of cancer death [4]. Non-small 
cell lung cancer (NSCLC) accounts for 
85% of all types of lung cancer, 15-30% 
of which is squamous cell lung cancer, 
54% is lung adenocarcinoma [16]. De-
spite studies of various treatment op-
tions, patients diagnosed with NSCLC 
(all stages) have a mortality rate of over 
50% at 1 year and an overall 5-year sur-
vival rate of less than 18% [20].

The molecular basis of lung cancer is 
the gradual accumulation of genetic and 
epigenetic changes in the cell nucleus. 
These changes lead to a weakening of 
the DNA structure and its greater suscep-
tibility to subsequent mutations. Due to 
the tumor process in the cells, the mech-

anisms that control their division and 
location are violated. This is caused by 
disturbances in the regulation of the cell 
cycle (mutations of proto-oncogenes and 
suppressor genes) and disturbances in 
the processes of repair of damaged DNA. 
Further changes, such as increased ex-
pression of growth factors, sustained an-
giogenesis, avoidance of apoptosis (mu-
tations of anti-apoptotic and pro-apoptotic 
genes), limitless replicative potential and 
tissue invasion and metastasis, affect tu-
mor progression [14].

Among other changes, lung cancer is 
characterized by genomic instability lead-
ing to a high frequency of somatic mu-
tations and extensive genomic changes 
in individual genomes [9]. Change in the 
number of copies (English copy number 
variations, CNV) means a change in ge-
nomic DNA, characterized by a change 
in the DNA sequence numbers in the nor-
mal (diploid) genome. These DNA chang-
es can affect individual genes, chromo-
somal regions, or entire chromosomes. 
CNVs have been shown to be associat-
ed with lung cancer as well as a number 
of other malignancies [7]. Generally, in 
cancer, a decrease or increase in DNA 
copy number can affect tumor suppres-
sor genes and oncogenes, respectively. 
CNVs play an important role in the etiolo-

gy of the disease. Understanding the as-
sociation of CNV with diseases will help 
in the early detection and prognosis of 
the outcome of these diseases, and will 
also determine the most effective treat-
ment strategies for patients.

Purpose of the study. To study the 
copy number of 14 cancer-associated 
genes APC, AURCA, CCND1, GKN1, 
PIK3CA, NKX2-1, ERBB2, SOX2, 
EGFR1, BRCA1, BRCA2, TP63, CDK-
N2A, MDM2 in lung tumor tissue relative 
to conditionally healthy tissue as poten-
tial lung cancer tumor markers.

Materials and methods. The study 
included 72 Caucasoid patients living 
in the Republic of Crimea, aged 46-78 
years (median 64) diagnosed with lung 
cancer T1-1aN0-2M0-1 (stage I-IV), 
who underwent planned treatment at 
the Medical Academy named after S.I. . 
Georgievsky, Federal State Autonomous 
Educational Institution of Higher Educa-
tion “KFU named after W.I. Vernadsky" 
in 2015-2020 (Table 1). All patients vol-
untarily signed an informed consent to 
the processing of personal data and 
the transfer of information constituting a 
medical secret, as well as to the trans-
fer of biological material. The study was 
carried out in accordance with the ethical 
principles of biomedical research, reflect-

DOI 10.25789/YMJ.2022.79.03
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Table 1

ed in the Declaration of Helsinki of the 
World Medical Association.

Extraction of total DNA from paraffin 
blocks of tumor and apparently healthy 
tissue (tissue samples fixed in 10% buff-
ered formalin) was performed using the 
DNA-sorb-B kit (AmpliSens) [1]. The rel-
ative copy number variation of 14 genetic 
loci: APC, AURCA, CCND1, GKN1, PIK-
3CA, NKX2-1, ERBB2, SOX2, EGFR1, 
BRCA1, BRCA2, TP63, CDKN2A, and 
MDM2 was assessed by RT-qPCR. Each 
25 µl PCR mixture contained 10 ng of 
genomic DNA, 0.2 mM dNTP's, 600 nM 
forward and reverse primers, 2.5 mM 
MgCl2, 1x PCR buffer, 0.05 u/µl Thermus 
aquaticus DNA polymerase (Synthol ", 
Russia). EvaGreen (Biotium, USA) was 
used as a dye. Amplification of each of 
the samples was carried out in triplicate 
using a CFX96 thermal cycler (Bio-Rad, 
USA) according to the following program: 
95°C for 3 min, and 40 cycles at 95°C for 
10 s, 60°C for 30 s (reading the FAM op-
tical signal for EvaGreen) and 72°C for 
15 s. Analysis of primary RT-qPCR data 
was performed using Bio-Rad CFX Man-
ager (ver. 2.1) software [2]. GAPDH and 
B2M genetic loci were used as reference 
ones. Primer sequences for all genetic 
loci were designed using the NCBI Gen-
Bank database in the Primer-BLAST pro-
gram (Table 2).

The relative copy number variation of 
the genetic locus (RCQ) was calculated 
using the formula 2-ΔCt. The dose of the 
studied locus was considered equal to 
the diploid set (2n) if the tumor/normal 
RCQ ratio was ~1. If the RCQ tumor/
normal ratio was >1.5 or <0.5, the locus 
dose was considered increased (>3n) or 
decreased (<1n), respectively. Statisti-
cal analysis and assessment of the sig-
nificance of differences were performed 

using the Mann-Whitney test, chi-square 
test, OR with an indication of the confi-
dence interval (95% CI) and the upper 
and lower limits, using the Statistica v.10 
program. The results of the analysis were 
considered statistically significant for the 
Mann-Whitney test and chi-square at 
p<0.05.

Results and discussion. The results 
obtained in this study are illustrated in Ta-
ble 3 and Figure 1.

In our study, both an increase in the 
relative copy number and a loss for 
genes in lung tumor tissues relative to 
conditionally healthy ones were noted. 
Thus, for lung adenocarcinoma, a statis-
tically significant increase in the dose of 
genes was observed: NKX2-1 (p=0.049), 
SOX2 (p=0.041), BRCA1 (p=0.032), and 
losses for the TP63 gene (p=0.043). In 
squamous cell lung cancer, amplifica-
tion of genetic loci was noted: CCND1 
(p=0.007), PIK3CA (p=0.005), NKX2-
1 (p=0.006), ERBB2 (p=0.045), SOX2 
(p=0.039), TP63 (p= 0.005) (table 3, fig-
ure 1).

According to the obtained data on the 
relative copy number variation of genes, 
squamous cell carcinoma is character-
ized by a significant increase in the rela-
tive copy number for the CCND1, GKN1, 
PIK3CA, EGFR1, SOX2, BRCA2, TP63, 
MDM2 genes, occurring respectively in 
5.2; 5; 7.2; 3.4; 13.1; 4.8; 4.2; 4.8 times 
more often than with adenocarcinoma. 
And for adenocarcinoma of the lung, a 
characteristic increase in the relative 
copy number of the NKX2-1 gene is 3.3 
times more frequent than in squamous 
cell carcinoma (Table 4).

The PIK3CA, SOX2, and TP63 genes 
located in the chromosomal region 3q 
were amplified more frequently in squa-
mous cell carcinoma than in lung adeno-

carcinoma in this study. It is known that 
the most significant events in the course 
of carcinogenesis of squamous cell car-
cinoma include amplification of 3q and 
losses in the 3p and 9p chromosomal re-
gions. 3q amplification is also associated 
with tumor progression [15].

The frequency of SOX2 amplification 
in our study was 59.6% of cases of squa-
mous cell carcinoma, 10% of cases of 
adenocarcinomas. In their work, Erdem 
et al also showed that SOX2 amplifi-
cation was predominantly observed in 
squamous cell carcinoma with mutations 
in the TP53 gene, in addition, there was 
a correlation between SOX2 and T53 
mRNA levels in different samples [5]. 
SOX2, as a transcription factor, mainly 
manifests its oncogenic activity by chang-
ing gene expression. In this context, the 
study by Fukazawa et al. showed that 
SOX2 suppresses the expression of CD-
KN1A (a cell cycle inhibitor) and, through 
this mechanism, supports the growth of 
squamous lung tumor cells [6]. There is 
also evidence that high levels of SOX2 
amplification are associated with a better 
prognosis in squamous cell lung cancer 
[12].

In the present study, amplification of 
the PIK3CA gene was more often ob-
served in squamous cell lung cancer 
(64.3%). PIK3CA encodes the catalytic 
subunit p110 α of phosphatidylinositol 
3'-kinase (PI3K). PI3K is a protein kinase 
that phosphorylates phosphatidylinositol 
4,5-bisphosphate (PIP2) to form phos-
phatidylinositol 3,4,5-triphosphate (PIP3). 
PIP3 is the second messenger that acti-
vates protein kinase B (Akt), which is a 
serine/threonine-specific protein kinase. 
Akt inhibits apoptosis and promotes cell 
proliferation. The PIK3CA gene is on-
cogenic and its aberrant changes have 

Clinical characteristics of groups of patients with lung cancer

Characteristic Variables Lung adenocarcinoma (n=30), 
абс.(%)

Squamous cell lung cancer (n=42),
абс.(%)

Age of patients (years)

<50 3 (10) 3 (7.1)
51-60 4 (13.3) 12 (28.6)
61-70 16 (53.3) 23 (54.8)
>70 7 (23.3) 4 (9.5)

Sex men 19 (63.3) 33 (78.6)
women 11 (36.7) 9 (21.4)

TNM 

T1-1aN0-2M0 4 (13.3) 3 (7.1)
T2-2bN0-2M1 18 (63.3) 34 (81)

T3N0-2M0 5 (16.7) 4 (9.5)
T4N0-2M0 2 (6.7) 1 (2.4)

The degree of tumor differentiation
G1 2 (6.7) 2 (4.8)
G2 18 (60) 26 (61.9)
G3 10 (33.3) 14 (33.3)
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been noted in many types of cancer. For 
example, taking into account the muta-
tional status of PIK3CA with the CNV sta-
tus is important in predicting the outcome 
in patients with cervical cancer [13].

In our study, the TP63 gene was am-
plified in 64.3% of squamous cell carci-
noma tumors, the RCQ level (RCQ=1.96, 
p=0.005) was 3.6 times higher than in ad-
enocarcinoma. Thus, losses in the TP63 
gene were observed in lung adenocarci-
noma (RCQ=0.54, p=0.043). The TP63 
gene may be a differentiating marker for 
squamous cell lung cancer and lung ad-
enocarcinoma. It has been noted that the 
TP63 gene is often amplified or overex-
pressed in primary squamous cell carci-
nomas of the head and neck [11].

We observed a statistically significant 
increase in the dose of the BRCA1 gene 
(60%) in lung adenocarcinoma. The iden-
tification of inherited mutations in BRCA1 
and BRCA2 has led to the successful 
use of PARP inhibitory therapy in breast 
and ovarian cancer. Detection of germ-
line mutations in lung cancer may also 
be useful, similar to the benefit obtained 
from screening for pathogenic mutations 
in BRCA1 and BRCA2 [17].

In the present study, CCND1 gene 
was amplified in 69% of squamous cell 
tumors and its RCQ level was 1.4 times 
higher than in lung adenocarcinoma 
(p=0.007). CCND1 regulates over 35 
different transcription factors. The onco-

genic role of CCND1 has been demon-
strated in various studies, with overex-
pression of CCND1 noted in numerous 
human cancers, including thyroid cancer, 
adenocarcinoma of the lung, liver, co-
lon, and prostate [19]. CCND1 activates 

the MAPK/PI3K-AKT signaling pathway, 
and overexpression of the corresponding 
gene neutralizes the FGFR1 effect on 
MAPK/PI3K-AKT signaling, suggesting 
that FGFR1 partially inhibits the MAPK/
PI3K-AKT signaling pathway by down-

Table 2

Table 3

A panel of primers for identification the relative copy number of genes

№ Gene Chromosomal location F (forward) R (reverse)

1 APC 5q22 ATTCCCGGGGCAGTAAAGAG TGCCTCTCTTGTCATCAGGC

2 AURCA 20q13.2 TGAAATTGGTCGCCCTCTGG CTGAGCTGATGCTCCACTCC

3 CCND1 11q13.3 GGTGAACAAGCTCAAGTGGAAC CCGGCCAGGGTCACCTAA

4 GKN1 2p13.3 CAACAATGCTGGAAGTGGGC CAGGAGTCCCATCCGTTGTT

5 PIK3CA 3q26.3 GCTTGGGAGGATGCCCAAT GCTGTGGAAATGCGTCTGGA

6 NKX2-1 14q13.3 ACCAAGCGCATCCAATCTCA CCCTAGCGTGGAAAACCCAT

7 ERBB2 7p11.2 CAAGGACCACTCTTCTGCGT CTTGAATGGCAACGCTCCTC

8 SOX2 17q12 TTTGTCGGAGACGGAGAAGC CCGGGCAGCGTGTACTTAT

9 EGFR1 3q26.3-q27 GCCAAGTAAGGGCGTGTCT GGCCGAAGAACGAAACGTC

10 BRCA1 17q21.31 GTAGCCCCTTGGTTTCCGTG CCCTTTCCCGGGACTCTACT

11 BRCA2 13q13.1 TGCATCCCTGTGTAAGTGCAT ACGTACTGGGTTTTTAGCAAGC

12 TP63 3q28 GCACAAGGTTGATGTAAAGTGGC GGGATGCCTTTTGTAGCTCTTG

13 CDKN2A 9p21.3 GCCACATTCGCTAAGTGCTC CAAATCCTCTGGAGGGACCG

14 MDM2 12q15 TCTTTGGGACCCATCTACCCT AGAATGCTTTAGTCCACCTAACCTT

15 GAPDH GCTGAACGGGAAGCTCACT GCAGGTTTTTCTAGACGGCAG

16 B2M TGAGTGCTGTCTCCATGTTTGA ATTCTCTGCTCCCCACCTCT

Frequency of amplifications and gene losses in a group of patients
with non-small cell lung cancer

Gene
Adenocarcinoma (n=30) Squamous cell carcinoma (n=42)

RCQ>1,5
абс. (%)

RCQ<0,5 
абс. (%)

RCQ>1,5
абс. (%)

RCQ<0,5
абс. (%)

APC 12 (40) 3 (10) 10 (23.8) 2 (4.8)
AURCA 15 (50) 6 (20) 13 (31) 4 (9.5)
CCND1 9 (30) 3 (10) 29 (69) 0
GKN1 3 (10) 6 (20) 15 (35.7) 4 (9.5)

PIK3CA 6 (20) 3 (10) 27 (64.3) 4 (9.5)
NKX2-1 18 (60) 3 (10) 13 (31) 4 (9.5)
EGFR1 9 (30) 0 25 (59.6) 4 (9.5)
ERBB2 6 (20) 3 (10) 15 (35.7) 4 (9.5)
SOX2 3 (10) 3 (10) 25 (59.6) 0

BRCA1 18 (60) 3 (10) 15 (35.7) 8 (19.)
BRCA2 6 (20) 9 (30) 23 (54.8) 6 (14.3)
TP63 9 (30) 3 (10) 27 (64.3) 4 (9.5)

CDKN2A 15 (50) 3 (10) 23 (54.8) 4 (9.5)
MDM2 6 (20) 3 (10) 23 (54.8) 2 (4.8)
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Results of the statistical analysis of the search for associations between the relative copy number variation of genes in adenocarcinoma 
and squamous cell lung cancer

RCQ>1,5 RCQ<0,5

OR CI 95%
(lower - upper limit) χ 2, р OR CI 95%

(lower - upper limit) χ 2 , р

APC 2.133 0.770-
5.909

2.162.
p=0.142 2.222 0.348- 14.199 0.743.

p=0.389

AURCA 2.231 0.846-5.882 2.672.
p= 0.103 2.375 0.607- 9.295 1.606.

p= 0.206

CCND1 0.192 0.069-0.532 10.706.
p= 0.002 н/р н/р 4.383.

p= 0.037

GKN1 0.200 0.052- 0.771 6.171.
p= 0.013 2.478 0.632- 9.724 1.606.

p=0.206

PIK3CA 0.139 0.046- 0.415 13.825.
p<0.001 1.056 0.218- 5.105 0.005.

p= 0.947

NKX2-1 3.346 1.255- 8.921 6.023.
p= 0.015 1.056 0.218- 5.105 0.005.

p= 0.947

EGFR1 0.291 0.108- 0.788 6.120.
р= 0.014 н/р н/р 3.025.

p= 0.082

ERBB2 0.450 0.151- 1.345 2.818.
р= 0.094 1.056 0.218- 5.105 0.005.

р=0.947

SOX2 0.076 0.020- 0.289 18.060.
p<0.001 н/р н/р 4.383.

р=0.037

BRCA1 1.700 0.621-4.657 4.157.
P=0.042 0.472 0.114-1.953 1.107.

p=0.293

BRCA2 0.207 0.070-0.609 8.243.
p=0.005 2.571 0.802-8.242 2.620.

p=0.106

TP63 0.238 0.087-0.650 8.229.
P=0.005 1.056 0.218-5.105 0.005.

p=0.947

CDKN2A 0.826 0.323-2.112 0.159.
P=0.690 1.056 0.218-5.105 0.005.

p=0.947

MDM2 0.207 0.070-0.609 8.791.
p=0.004 2.222 0.348-14.199 0.743.

p=0.389

Note: statistically significant differences are highlighted in bold; n/r - not calculated, because there was no group with the studied trait for a 
certain gene in the sample.

Table 4

Показатели относительной копийности генов при немелкоклеточном раке легкого. * Ста-
тистически значимые различия от условно нормальной ткани с использованием критерия 
Манна-Уитни (р<0,05).

regulating CCND1. Yang et al showed 
that expression of the nuclear proteins 
CCND1 and FGFR1 is correlated and un-
regulated in squamous cell lung cancer. 
Also, CCND1 was not associated with 
overall survival in lung adenocarcinoma, 
but was associated with poor prognosis 
in squamous cell lung cancer [19].

In our study, the RCQ level of the 
ERBB2 gene was statistically significant-
ly higher by 1.9 times in squamous cell 
lung cancer. ERBB2 has been exten-
sively studied in breast cancer. Its ampli-
fication or overexpression of the encod-
ed protein has become a biomarker for 
anti-ERBB2 targeted therapy in breast 
cancer. However, mutations in this gene 
are also common in lung cancer. ERBB2 
consists of an extracellular domain that 
contains two -L receptor domains and a 
furin-like cysteine-rich domain, a trans-
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membrane domain (TMD) and an intra-
cellular structure that contains a tyrosine 
kinase domain (TKD) and a carboxy-ter-
minal tail. Wei et al showed that a non-
TKD mutation accounted for more than 
half of the ERBB2 mutations, a signifi-
cant proportion of which were oncogen-
ic. A mutation in the ERBB2 gene was a 
poor prognostic factor in non-small cell 
lung cancer. A mutation in the ERBB2 
gene that is not associated with TKD can 
also be used as a therapeutic target in 
ERBB2-targeted therapy [18].

A statistically significant increase in 
the relative copy number variation of the 
MDM2 gene occurred 4.8 times more 
often in squamous cell lung cancer than 
in adenocarcinoma. The MDM2 gene is 
an oncogene that promotes cell growth, 
survival, invasion, and therapeutic resis-
tance. MDM2 is a protein with multiple 
functions, of which the most widely stud-
ied function is E3 ubiquitin ligase. The 
main function of MDM2 is the regulation 
of p53. Clinical studies have shown that 
MDM2 gene amplification occurs in sev-
eral tumor types and tends to correlate 
with the presence of wild-type p53 [10].

The NKX2-1 gene in our study was 
amplified 3.3 times more often (60%) in 
lung adenocarcinoma. The NKX2-1 (TTF-
1) gene encodes thyroid transcription fac-
tor 1 (TTF-1), a homeodomain-containing 
transcription factor for lung morphogene-
sis and lung epitheliocyte differentiation. 
Hokari S. et al. in their study also showed 
that TTF-1 is expressed in 75-80% of 
cases of lung adenocarcinoma [8]. Thus, 
the NKX2-1 gene may be a marker that 
differentiates lung adenocarcinoma from 
squamous cell lung cancer.

Conclusions. The treatment of NS-
CLC has evolved over the past 10 years 
as a result of a better understanding of 
the heterogeneity of lung cancer and the 
molecular abnormalities that underlie 
this heterogeneity, with the consequent 
development of targeted therapies and 

immunotherapies that ushered in the era 
of personalized medicine [3]. Our study 
demonstrated statistically significant 
CNV (RCQ) change events for nine of 
the 14 studied genes that differentiat-
ed squamous cell carcinoma (CCND1, 
GKN1, PIK3CA, EGFR1, SOX2, BRCA2, 
TP63, MDM2) and lung adenocarcino-
ma (NKX2-1). Accordingly, these genes 
can be used as NSCLC biomarkers and 
promising targets for targeted therapy.

1. Petrusenko N.A., Verenikina E.V., Yakubova 
D.Yu., Timoshkina N.N. Biomarkery dlya immuno-
terapii nemelkokletochnogo raka legkogo [Muta-
tions in the BRCA1 / 2 genes in patients in the 
south of Russia with malignant neoplasms of the 
ovaries. Yakut Medical Journal. 2020: 4 (72); 87-
89 (In Russ.).] DOI 10.25789 / YMJ.2020.72.21.

2. Petrusenko N.A., Nikitina V.P., Spiridon-
ova D.A., Kecheryukova M.M. Mutacii v gen-
ah BRCA1/2 u pacientok yuga Rossii s zlok-
achestvennymi novoobrazovaniyami yaichnikov 
[Changes in the copy number of genes in ma-
lignant tumors of the cervix with endophytic and 
exophytic forms of growth. Modern problems of 
science and education. 2019. No. 3 (In Russ.).] 
URL: http://www.science-education.ru/ru/article/
view?id=28981 (date of access: 04/26/2021).

3. Kharagezov D.A., Lazutin Yu.N., Zlatnik 
E.Yu., Sagakyants A.B., Mirzoyan E.A., Milakin 
A.G., Stateshny O.N., Chubaryan A.V., Leyman 
I.A. Biomarkers for non-small cell lung cancer im-
munotherapy. South Russian Journal of Cancer. 
2021;2(3):31-41 https://doi.org/10.37748/2686-
9039-2021-2-3-4/

4. Duruisseaux M, Esteller M. Lung cancer 
epigenetics: From knowledge to applications. 
Semin Cancer Biol. 2018 Aug;51:116-128. doi: 
10.1016/j.semcancer.2017.09.005.

5. Erdem J.S., Skuag V., Bakke P., Gulsvik A., 
Haugen A., Zienolddiny S. Mutations in TP53 in-
crease the risk of SOX2 copy number alterations 
and silencing of TP53 reduces SOX2 expres-
sion in non-small cell lung cancer. BMC Can-
cer. 2016;16:28. https://doi.org/10.1186/s12885-
016-2061-3 .

6. Fukazawa T., Guo M., Ishida N., Yamatsuji 
T., Takaoka M., Yokota E., Haisa M., Miyake N., 
Ikeda T., Okui T., et al. SOX2 suppresses CD-
KN1A to sustain growth of lung squamous cell 
carcinoma. Sci. Rep. 2016;6:20113. doi: 10.1038/
srep20113.

7. Gamazon E.R., Stranger B.E. The Impact of 
Human Copy Number Variation on Gene Expres-
sion. Brief. Funct. Genom. 2015;14:352–357. doi: 
10.1093/bfgp/elv017.

8. Hokari S, Tamura Y, Kaneda A, et al. Com-
parative analysis of TTF-1 binding DNA regions 
in small-cell lung cancer and non-small-cell 
lung cancer. Mol Oncol. 2020;14(2):277-293. 
doi:10.1002/1878-0261.12608.  

10. Jabs V, Edlund K, König H, Grinberg M, 
Madjar K, Rahnenführer J, Ekman S, Bergkvist 
M, Holmberg L, Ickstadt K, Botling J, Hengstler 
JG, Micke P. Integrative analysis of genome-wide 
gene copy number changes and gene expression 
in non-small cell lung cancer. PLoS One. 2017 
Nov 7;12(11):e0187246. doi: 10.1371/journal.
pone.0187246.

11. Klein AM, de Queiroz RM, Venkatesh 
D, Prives C. The roles and regulation of MDM2 
and MDMX: it is not just about p53. Genes 
Dev. 2021;35(9-10):575-601. doi:10.1101/
gad.347872.120.

12. Lakshmanachetty S, Balaiya V, High 
WA, Koster MI. Loss of TP63 Promotes the 
Metastasis of Head and Neck Squamous Cell 
Carcinoma by Activating MAPK and STAT3 Sig-
naling. Mol Cancer Res. 2019;17(6):1279-1293. 
doi:10.1158/1541-7786.MCR-18-1355.

13. Li Q., Liu F., Zhang Y., Fu L., Wang C., 
Chen X., Guan S., Meng X. Association of SOX2 
and Nestin DNA amplification and protein expres-
sion with clinical features and overall survival in 
non-small cell lung cancer: A systematic review 
and meta-analysis. Oncotarget. 2016;7:34520–
3ENca. Onkol. Prak. Klin. 2014;10:199–211.

Rooney M., Devarakonda S., Govindan R. 
Genomics of squamous cell lung cancer. Oncol-
ogist. 2013;18:707–716. doi: 10.1634/theoncolo-
gist.2013-0063.

Siegel RL, Miller KD, Jemal A. Cancer statis-
tics, 2020. CA Cancer J Clin 2020; 70: 7–30. 

Turnbull C, Sud A, Houlston RS. Cancer 
genetics, precision prevention and a call to 
action. Nat. Genet. 2018;50:1212–1218. doi: 
10.1038/s41588-018-0202-0. 

Wei XW, Gao X, Zhang XC, Yang JJ, Chen 
ZH, Wu YL, Zhou Q. Mutational landscape and 
characteristics of ERBB2 in non-small cell lung 
cancer. Thorac Cancer. 2020;11(6):1512-1521. 
doi:10.1111/1759-7714.13419.

Yang Y, Lu T, Li Z, Lu S. FGFR1 regulates 
proliferation and metastasis by targeting CCND1 
in FGFR1 amplified lung cancer. Cell Adh Migr. 
2020;14(1):82-95. doi:10.1080/19336918.2020.1
766308.

Zappa C, Mousa SA. Non-small cell lung 
cancer: current treatment and future advanc-
es. Transl Lung Cancer Res. 2016 Jun;5(3):288-
300. doi: 10.21037/tlcr.2016.06.07.

Reference



YAKUT MEDICAL JOURNAL
16

The aim of this study is to conduct a comparative analysis of average irisin levels between 
female and male (with normal weight and obese) to assess sexual dimorphism. Circulating levels 
of irisin in the blood of 279 Yakuts (185 female, 94 male, average age 19.8 ± 2.03 years) were 
determined. A comparative analysis of irisin levels between male and female in three BMI groups 
(underweight, normal weight, overweight/obesity) was carried out. The average level of irisin in 
the blood plasma in female was 8.33 ± 2.74 mcg/mL, and in male 7.76 ± 1.86 mcg/mL. Sexual 
dimorphism (p = 0.02) was detected in Yakuts with normal weight, where the level of irisin was 
higher in women (8.42 = 2.92 mcg/mL) compared to men (7.51 = 1.61 mcg/mL). Conducted a 
comparative analysis of irisin levels between male and female based on global data, were includ-
ing this analysis are 2132 people. The age of the participants ranged from 18 to 61 years old. 
The meta-analysis was carried out for two different BMI groups: the first group included people 
with normal weight (18.5-24.9 kg/m2), the second group included people with varying degrees 
of obesity (>30 kg/m2). Comparative analysis of irisin levels in a large sample revealed statisti-
cally significant sexual dimorphism, where irisin levels were also higher in female compared to 
male, only in a sample of obese people (p = 0.02), in a sample of people with normal weight, no 
sexual differences were found (p = 0.09). Thus, the influence of obesity on sexual dimorphism 
was revealed. 

Keywords: irisin, obesity, adipose tissue, Yakut population.
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Introduction. During the previous 
decade, adipose tissue and skeletal 
muscles were recognized as endocrine 
organs secreting hormones adipokines 
and myokines, respectively. It is be-
lieved that there is a certain relationship 
between muscles and adipose tissue 
[24], which may be crucial for the regu-
lation of body weight and metabolism, 
but specific metabolic pathways and 
mediators remain unclear [12]. Irisin is a 
short-lived myokine and is produced by 
proteolytic cleavage of fibronectin type 
III domain-containing protein (FNDC5) in 
response to the activation of gamma co-
activator 1 of the alpha receptor activated 
by the proliferator peroxisome (PGC-1 α) 
[1]. Although irisin is primarily known as 
a myokine, it can also be an adipomyok-
ine, since it is produced in adipocytes [1]. 
There are several factors known to affect 
the levels of irisin circulating in the blood, 
such as physical activity and diseases 
such as obesity and type 2 diabetes mel-
litus (DM2). 

Irisin is mainly produced by skeletal 
muscles during aerobic exercises (run-
ning, swimming and treadmill workouts) 
[19-23, 33]. With intense physical exer-
tion, an increase in the concentration of 
irisin occurs after 30-60 minutes [23], but 
after 90 minutes of training, irisin levels 
no longer increase [2]. In addition, pro-
longed training leads to a general de-
crease in the level of circulating irisin, 

so athletes have rather low levels com-
pared to people who lead a sedentary 
lifestyle [5]. 

On the other hand, irisin can be pro-
duced by adipocytes, and numerous 
studies show that the levels of irisin circu-
lating in the blood are significantly higher 
in obesity and in a prediabetic state [13, 
15, 16, 18, 25, 31]. It is believed that in 
obesity and in a prediabetic state, irisin 
may be involved in general cycles of 
compensatory mechanisms, in which the 
recorded increased amount of irisin is ex-
plained by its increased secretion in an 
attempt to increase energy consumption 
due to browning of white adipose tissue or 
other, as yet unidentified effects in skele-
tal muscles [4, 23, 28]. Sesti et al., [27] 
suggested that in obesity, an increased 
level of irisin is an adaptive mechanism 
for preserving beta cells from overload, 
and can compensate for impaired insulin 
sensitivity. However, in T2D, irisin levels 
begin to decrease over time and become 
significantly lower in the decompensation 
stage than in people without diabetes [4, 
14, 34]. This pattern is probably related to 
the dysfunction of β-cells, due to the de-
pletion of their adaptive abilities to insulin 
resistance [3, 9].

Sexual dimorphism of irisin levels re-
mains an open question, as there are 
many contradictory results. Some stud-
ies do not find differences in irisin levels 
between male and female [4, 5, 10-13, 
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21, 34]. However, in some studies, the 
authors observed a slight sexual dimor-
phism, where female had elevated levels 
of irisin, unlike male [2, 6-8, 30, 32].

In this regard, the purpose of this study 
is to conduct a comparative analysis of 
average irisin levels between female and 
male (normal weight and obesity) to as-
sess sexual dimorphism.

Materials and research methods.
Sample. The research sample comprised 
279 people: 185 females and 94 males 
(with a mean age of 19.8±2.03 years). 
They presented no health issues at the 
time of the study and had completed a 
questionnaire in which they specified 
their sex, ethnicity, and age. All partici-
pants gave written informed consent for 
participation in the study. This study was 
approved by the local Biomedical Ethics 
Committee at the Yakut Scientific Center 
of Complex Medical Problems, Siberian 
Branch of the Russian Academy Scientif-
ic of Medical Sciences, Yakutsk, Russia 
(Yakutsk, Protocol No. 16, and 13 De-
cember 2014).

Anthropometric measurements. An-
thropometric parameters (body weight 
in kilograms, height in centimeters) were 
measured for all participants by standard-
ized methods. Body mass index (BMI) 
was calculated by dividing body mass by 
the square of the body height. The sam-
ple was divided into three groups by BMI 
[29]: underweight (≤18.49 kg/m2), normal 
weight (18.5–24.99 kg/m2), and over-
weight/obese (≥25 kg/m2).

Irisin levels test. Fasting plasma irisin 
levels (mcg/mL) were determined with 
the human irisin sandwich enzyme-linked 
immunoassay (ELISA) “Irisin ELISA Bio-
Vendor” (BioVendor – Laboratorni me-
dicina A.S., Czech Republic). The con-
centration of irisin in the samples was 
measured at the wavelength of 450 nm 
on a VICTOR X5 Multilabel Plate Reader 
(Perkin Elmer Inc., Waltham, MA, USA).

Search criteria for publications for 
comparative analysis. For this analysis, 
they carried the main search for suitable 
studies out in the electronic databases 
PubMed-Medline. The following search 
strings were used: "irisin AND obesity OR 
body mass index OR BMI AND sex differ-
ences". The last search was carried out 
on 04/06/2022. Details of each study in-
cluded were collected in a pre-designed 
form. Thus, data were collected: first au-
thor, publication date, serum or plasma, 
age of participants, unit of measurement 
(mcg/mL or ng/mL), manufacturer of the 
ELISA kit, study location, sample size, iri-
sin levels (mean average ± standard de-
viation). Comparative analysis was per-
formed using The RevMan 5.3 software 

(The Cochrane Collaboration, UK). The 
difference in blood irisin levels between 
female and male was assessed using the 
total inverse variance. Heterogeneity was 
assessed using the Q-test based on the 
χ-square analysis and the I2 test (p<0.10 
denoted significance). The criteria for in-
clusion of studies in this analysis were 
as follows: studies should have been 
controlled, cross-sectional, prospective 
or clinical, studies should have studied 
serum/plasma levels of irisin in male and 
female aged 18 years and older with nor-
mal weight (18.5-24.9 kg/m2) and/or obe-
sity (>30 kg/m2). The exclusion criteria 
were as follows: studies with participants 
under the age of 18, studies with sick 
individuals, in vivo and in vitro studies, 
review publications, studies on laborato-
ry animals, lack of sufficient information 
on irisin concentrations, lack of BMI data, 
duplicate study.

Literature search and relevant re-
search. A literature search in electronic 
databases revealed 622 publications. Af-
ter applying different filters (sample age, 
and unit of measurement of irisin in the 
blood) 325 articles were excluded. The 

full texts of 297 articles were reviewed, 
and this resulted in the exclusion of 292 
articles. As a result, 5 publications [4, 8, 
10, 17, 34] met the inclusion criteria and 
were included in the final analysis (Fig-
ure 1).

Statistical analysis. The obtained data 
were analyzed using Statistica 13.5, a 
statistical software program (TIBCO Soft-
ware Inc., Palo Alto, CA, USA). Values 
of p ≤ 0.05 were considered statistically 
significant. Quantitative results are re-
ported as the mean ± standard deviation. 
The Kolmogorov–Smirnov test was per-
formed to test the normal distribution and 
homogeneity of the data was examined. 
The association of BMI with irisin levels 
was assessed with the correlation anal-
ysis. Comparative analysis of the three 
BMI groups between males and females 
was performed with the Mann–Whitney U 
test for the underweight and overweight/
obese groups and with the Student’s t-test 
for the individuals with normal weight. 

Results and discussion. The plasma 
irisin concentration was 8.33 ± 2.74 mcg/
mL in females and 7.76 ± 1.86 mcg/mL 
in males. Table 1 presents characteristics 

Fig. 1. Block diagram of the selection of publications for comparative analysis.
Note: Representation of the process by which relevant studies were retrieved from databases, 
selected, or excluded (PRISMA) [35]
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of the sample (n = 279), stratified by BMI 
into three groups – underweight, nor-
mal weight and overweight/obese. Men 
showed significantly higher indicators of 
weight and height than women (p=0.01) 
in all three groups. Males with a normal 
weight displayed a significantly higher 
BMI than females (p = 0.03). The level 
of circulating irisin in the "normal weight" 
group was significantly higher in women 
(8.42 ± 2.92 mcg/mL) compared to men 
(7.51 ± 1.61 mcg/mL; p=0.02).

To verify the insignificant sexual di-
morphism found by us in irisin levels, we 
conducted a comparative analysis using 
literature data. A total of 2132 individuals 
were included in the comparative anal-
ysis, the sample sizes varied from 7 to 
537 in individual studies. All the studies 
were published between 2014 and 2022. 
The age of the participants ranged from 
18 to 61 years. The meta-analysis was 

carried out for two different BMI groups: 
the first group included people with nor-
mal weight (18.5-24.9 kg/m2), the sec-
ond group included people with varying 
degrees of obesity (>30 kg/m2). Detailed 
characteristics of these studies are given 
in Table 2.

Comparative analysis of normal 
weight individuals showed that there is a 
tendency of elevated irisin levels in wom-
en (p=0.09) (Figure 2A), heterogeneity in 
this group was average (I2=53%). Stron-
ger (p=0.02) sex differences were found 
in the group of people with obesity of 1 
and 2 degrees, where the average levels 
of irisin were significantly higher in wom-
en than in men, the degree of heteroge-
neity was also average (I2=54%) (Figure 
2B).

The results obtained in an expanded 
sample of individuals with normal weight 
probably indicate the presence of minor 

sexual dimorphism in irisin levels at nor-
mal weight. With obesity of varying se-
verity, this sexual dimorphism deepens, 
which indicates the role of irisin as an 
adipomyokine, since it is the adipokines 
secreted by adipose tissue that have a 
clear sexual dimorphism. For example, 
women, unlike men, have higher levels of 
adiponectin, leptin and visfatin [26]. The 
sexual dimorphism we found in irisin lev-
els in Yakuts with normal weight may be 
associated with a high content of adipose 
tissue at normal BMI, but this requires 
further research. 

Conclusion: In the Yakut population, 
among the group of people with nor-
mal weight, sexual differences in irisin 
levels were found, in female irisin was 
significantly higher (8.42±2.92 mcg/ml) 
compared with male (7.51±1.61 mcg/
ml; p=0.02). The analysis of irisin levels 
in 2132 people revealed statistically sig-

Characteristics of study subjects by BMI and sex

Characteristics
Underweight (n = 36)

p1
Normal Weight (n = 214)

p2
Overweight/Obese (n = 29)

p1

F (n = 25) М (n = 11) F (n = 144) М (n = 70) F (n = 16) М (n = 13)
Weight (kg) 44.88 ± 3.71 50.45 ± 3.42 0.01 55.53 ± 5.8 66.19 ± 7.44 0.01 72.75 ± 11.13 81.46 ± 8.3 0.01
Height (cm) 160.24 ± 5.14 170.36 ± 5.89 0.01 160.92 ± 6.03 173.33 ± 5.98 0.01 162.19 ± 4.96 174.69 ± 6.64 0.01

BMI (kg/m2) 17.45 ± 0.73 17.39 ± 0.91 0.868 21.42 ± 1.62 22 ± 1.89 0.03 27.56 ± 2.88 26.64 ± 1.49 0.539
Irisin (mcg/mL) 7.88 ± 1.96 8.52 ± 2.64 0.904 8.42 ± 2.92 7.51 ± 1.61 0.02 8.27 ± 1.96 8.48 ± 2.16 0.965

Note: 1 Mann–Whitney U test; 2 Student’s t-test; F–females; M–males. Data represent the mean ± std.dev.

Table 1

Table 2

Characteristics of publications included in the comparative analysis

№
Authors of the 

article and year of 
publication

Serum or 
plasma Age, years

Unit of 
measure

ment
ELISA kit Country n Female, mcg/

mL n Male, mcg/
mL

GROUP I

1 This work Plasma 19-30 mcg/mL BioVendor, Czech 
Republic Russia 142 8.43±2.94 60 7.65±1.66

2 Jameel et al.,
2014 [34] Plasma 34-39 mcg/mL AdipoGenen, Swit-

zerland Australia 21 6.6±1.83 28 7.1±2.12

3 Oelmann et al.,
2016 [10] Plasma 40-61 mcg/mL AdipoGenen, Swit-

zerland Germany 537 1.97±1.19 430 1.89±1.12

4 Choi et al.,
2019 [4] Serum 51-66 mcg/mL BioVendor, Czech 

Republic S.Korea 187 4.6±3.8 213 4.2±2.3

Всего N=887 N=731
GROUP II

5 D’Amuri et al., 2022 
[8] Plasma 37.2 ± 9.1 mcg/mL AdipoGenen, Swit-

zerland Italy 7 6.48 ±1.96 9 4.76 ±1.25

6 Klangjareonchai
et al., 2014 [17] Serum 58-64 mcg/mL AdipoGenen, Swit-

zerland Thailand 73 3.08+1.03 25 2.67±0.6

7 Choi et al.,
2019 [4] Serum 51-66 mcg/mL BioVendor, Czech 

Republic Germany 200 4.4 ±2 200 4.3 ±1.8

Total N=280 N=234
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nificant sexual dimorphism: irisin levels 
were higher in women compared to men, 
in a sample of obese individuals (p=0.02). 
No sexual differences were found in the 
sample of persons with normal weight 
(p=0.09). Thus, it was revealed that sex-
ual dimorphism in irisin levels manifests 
itself with obesity.

The work was done within Yakutsk sci-
entific center for complex medical prob-
lems "Study of the genetic structure and 
burden of hereditary pathology of popula-
tions of the Republic of Sakha (Yakutia)", the 
base part of a state assignment of the Minis-
try of Science and Higher Education of the 
Russian Federation (FSRG-2020-0016).
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 The incidence of acute cholecystitis, to date, remains at the same level and amounts to 1.6 cases per 100,000 people. Mortality in this patholo-
gy ranges from 4 to 26%. There is no doubt that changes occur in any pathology, both in the local and in the general link of immunity, acute chole-
cystitis is no exception. The most significant deviations are observed in humoral immunity. Based on this, these criteria can be used to improve the 
diagnosis of acute destructive cholecystitis. The aim. To evaluate changes in the humoral link of immunity in patients with acute destructive chole-
cystitis. Materials and methods: A single-stage study of 105 patients with various clinical and morphological variants of acute calculous cholecystitis 
(acute catarrhal cholecystitis (n=35); acute phlegmonous cholecystitis (n=35); acute gangrenous cholecystitis (n=35)), comparable in age, gender 
and concomitant pathology and time of surgical intervention, was conducted. When patients were admitted to the hospital with suspected acute 
cholecystitis, the activity of the following immunogram parameters was determined in the first 2 hours: IgA, IgG, IgM and total immunoglobulin. 
Statistical processing of the obtained results was carried out using the SPSS Statistics 10.0 program in compliance with the principles of statistical 
analysis adopted for research in biology and medicine. The results. As a result of the study, an increase in the level of IgA in a subgroup of patients 
with acute gangrenous cholecystitis (subgroup № 3) to 139.5 IU/ml was found, which is 1,3 times higher than the reference level (p<0,05), 1.1 times 
less (p<0,05) than the values of the clinical comparison group, and 1.1 times higher (p≤0.05) values obtained in subgroups with catarrhal (sub-
group № 1) and phlegmonous (subgroup № 2) acute cholecystitis. It was revealed that the concentration of IgG in subgroup № 3 reaches 196,6 
IU/ml, which exceeds the indicators in other groups, relative to the norm values by 1,4 times (p≤0,05), comparison group by 1,4 times (p≤0,05), 
subgroup № 1 by 1,6 times (p≤0,05), subgroup № 2 1,2 times (p≤0,05). In the subgroup with acute gangrenous cholecystitis, it was found that the 
concentration of IgM is 190,4 IU/ml, which is higher than in other groups: the clinical comparison group by 1,6 times (p≤0,05), subgroup № 1 by 1,5 
times (p≤0,05), subgroup № 2 by 1,2 times (p≤0,05). Conclusions. The study found that in destructive forms of acute cholecystitis, an increase in 
IgG was recorded by 1,6 times in comparison with the group of patients with non-destructive cholecystitis (p<0,05), as well as IgM by 1,3 times in 
comparison with the group of patients with non-destructive cholecystitis.

Keywords: cholelithiasis, acute cholecystitis, prognosis, destructive forms, cholelithiasis, diagnosis, humoral immunity, IgA, IgM, IgG.

A.A. Yashnov, S.L. Lobanov, O.G. Konovalova,
Y.S. Khanina, M.A. Burtseva, A.N. Nikolaev
THE ROLE OF HUMORAL IMMUNITY IN THE 
COMPLEX DIAGNOSIS OF DESTRUCTIVE 
FORMS OF ACUTE CHOLECYSTITISУДК 616.366-089

DOI 10.25789/YMJ.2022.79.05

FSBI HE Chita State Medical Academy: 
YASHNOV Alexey Alexandrovich – Ph.D., 
assistant department, alexyashnov@mail.
ru (https:// orcid.org/0000-0001-6881-4455), 
LOBANOV Sergey Leonidovich – Prof., 
head of the department, slobanov15@mail.
ru (https:/orcid.org/0000-0003-1665-3754), 
KONOVALOVA Olga Gennadyevna – Ph.D., 
associate professor, assistenty@yandex.
ru (https:/orcid.org/0000-0002-5601-9558), 
KHANINA Yuliya Sergeevna – Ph.D., asso-
ciate professor, assistenty@yandex.ru (https:/
orcid.org/0000-0001-6881-4455); BURTSE-
VA Maria Alexandrovna – surgeon, SIH City 
Clinical Hospital 1 Chita, burseva94@mail.
ru (https:/orcid.org/0000-0003-0497-5086); 
NIKOLAEV Alexey Nikolayevich – medical 
surgeon of the KMZ Chita, alexei.nikolaevn@
yandex.ru (https://orcid.org/00-0001-5463-
5405)

Acute cholecystitis still remains an 
important and still unresolved issue of 
emergency surgery. The continuing high 
incidence of this nosology (1,6 cases per 
100 thousand) and postoperative mortali-
ty (0,9-1%) explain the need to search for 
new prognostic criteria that will increase 
the sensitivity and specificity of known 
and publicly available diagnostic meth-
ods for acute destructive cholecystitis [9].

Undoubtedly, changes in local and 
general immunity accompany the pathol-
ogy of the organs of the hepato-pancre-
ato-duodenal zone, affecting the cellular 
and humoral link [1,2,3]. At the same 
time, a number of both domestic and for-
eign authors indicate that in patients with 
calculous cholecystitis, which is accom-
panied by stagnation and thickening of 

bile, there is an increase in the concen-
tration of immunoglobulins [2, 5]. In her 
study, N.M. Kozlova points out that the 
pathology of the biliary system is char-
acterized by an increase in all classes 
of immunoglobulins [4]. The liver serves 
as the main source of utilization of serum 
IgA, which is captured by hepatocytes 
and secreted into bile, which explains 
the increase in this immunoglobulin in 
bile "sludge" [6,8,10]. In the works of L.G. 
Levkoeva, G.A. Eliseeva, devoted to the 
study of the level of CEC in blood plas-
ma in patients with chronic cholecystitis, 
no significant changes were found [6]. At 
the same time, there are no data in the 
literature that reliably show changes in 
humoral immunity in acute destructive 
cholecystitis.
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The aim. To evaluate changes in the 
humoral link of immunity in patients with 
acute destructive cholecystitis

Materials and methods. A simultane-
ous study of 105 patients with various clin-
ical and morphological variants of acute 
calculous cholecystitis (acute catarrhal 
cholecystitis (n=35); acute phlegmonous 
cholecystitis (n=35); acute gangrenous 
cholecystitis (n=35)), comparable in age, 
gender and concomitant pathology and 
time of surgical intervention (Tab.1.). The 
study group included patients operated 
on (laparoscopic cholecystectomy) about 
acute calculous cholecystitis at the age 
of 30 to 70 years. Exclusion criteria from 
the study group: patients suffering from 
cholelithiasis complicated by mechanical 
jaundice, aged <30 years and > 70 years. 
The clinical comparison group consisted 
of 35 patients suffering from chronic cal-
culous cholecystitis aged 30 to 70 years, 
whose examination revealed no patholo-
gy of the stomach, duodenum, operated 
by the standard method of laparoscopic 
cholecystectomy. Exclusion criteria from 
the clinical comparison group: patients 
suffering from chronic calculous chole-
cystitis, acute calculous cholecystitis, 
aged <30 and >70 years, whose exam-
ination revealed pathology of the stom-
ach, duodenum.

During admission to the hospital with 
suspected acute cholecystitis, the activity 
of the following immunogram parameters 
was determined in the first 2 hours: IgA, 
IgG, IgM. The immunoglobulin content 
was assessed using a set of reagents 
"Diagnostic monospecific sera against 
IgG (H+L), IgA (H), Ig M(H) human, dry".

Statistical processing of the obtained 
results was carried out using the SPSS 
Statistics 10.0 program in compliance 
with the principles of statistical analysis 
adopted for research in biology and med-
icine. The results are given in an average 
value with an average quadratic error (M 
± m). To study the relationships between 
the studied parameters, a paired Pear-
son correlation analysis was performed. 
The distribution of degrees of freedom 
was evaluated by the chi-square criterion 
for evaluating qualitative data in three or 
more independent groups. When com-
paring the average values of a quanti-
tative trait in three or more independent 
groups, with a normal distribution of data 
in all groups, a one-factor analysis of 
variance (ANOVA) was performed. The 
Friedman criterion was used to compare 
three or more related samples, the data 
in which do not obey the law of normal 
distribution. The Mann–Whitney criterion 
was used for paired comparison of inde-
pendent samples [7].

The results. As a result of the study, 
there was no pronounced increase in Ig 
A indicators in subgroups of patients with 
destructive forms of acute cholecystitis. 
In patients of the clinical comparison 
group, the average concentration of Ig A 
reached the level of 146,8 IU/ml, which 
exceeds the average reference value 
by 1,4 times (p<0,05). At the same time, 
in the subgroup of patients with acute 
catarrhal cholecystitis, the IgA index in 
blood plasma was 128,7 IU/ml, which is 
1,2 times higher (p<0,05) than the av-
erage value of the norm and 1,2 times 
lower (p<0,05) than the level of this im-
munoglobulin in the clinical compari-
son group. In the subgroup with acute 
phlegmonous cholecystitis, the average 
concentration of IgA was 129,2 IU/ml, 
which corresponds to the concentration 
in patients with acute catarrhal cholecys-
titis, but at the same time, it is 1,2 times 
lower than similar indicators in the clinical 
comparison group (p<0,05) and 1,2 times 
higher than the average reference index 
(p<0,05). In the subgroup of patients with 

acute gangrenous cholecystitis, the IgA 
index was 139,5 IU/ml, which is 1,3 times 
higher than the reference level (p<0,05), 
1,1 times less (p<0,05) than the values 
of the clinical comparison group, and 1,1 
times higher (p<0,05) than the values 
obtained in the subgroups with catarrh-
al and phlegmonous acute cholecystitis 
(Figure 1).

When assessing the sensitivity of this 
criterion, it was revealed that the highest 
sensitivity and specificity in the diagnosis 
of: acute catarrhal cholecystitis has an Ig 
A index of <130 IU/ml (Sensitivity 71,4% 
[CI 66,1 -76,7]; Specificity 97,1% [CI 94,4-
99,8]); acute phlegmonous cholecystitis 
– <130 IU/ml (Sensitivity 65,7% [CI 58,8 
-72,6]; Specificity 97,1% [CI 94,4-99,8]); 
acute gangrenous cholecystitis - >150 IU/
ml (Sensitivity 40% [CI 27,7-53,3]; Speci-
ficity 68,6% [CI 62,2-75]) (Figure 2).

It was revealed that when a destruc-
tive process appears in the gallbladder, 
IgG indicators increase. In the clinical 
comparison group, the indicator was 
138,4 IU/ml, which does not exceed the 

Distribution of patients depending on age and gender / Distribution
of patients depending on age and gender

Patient subgroups

Quantity people, %
Up to 30 years 

old
30 to 50 years 

old Over 50

M AND M AND M AND

Acute catarrhal cholecystitis (n=35) 3
(8,6)

5 
(14,3)

4
(11,4)

16
(45,7)

1
(2,9)

6
(17,1)

Acute phlegmonous cholecystitis (n=35) 2
(5,7)

7
(20)

5
(14,3)

14
(40)

3
(8,6)

4
(11,4)

Acute gangrenous cholecystitis
(n=35)

4
(11,4)

3
(8,6)

7
(20)

13
(37,1)

1
(2,9)

7
(20)

Chronic calculous cholecystitis
(clinical comparison group)

(n=35)
2

(5,7)
4

(11,4)
4

(11,4)
17

(48,6)
3

(8,6)
5

(14,3)

Total (n=140) 11 
(7,9)

19
(13,5)

20
(14,3)

60
(42,9)

8
(5,7)

23
(15,7)

Fig. 1. Ig A index in the study group (IU/ml)
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norm. At the same time, in a subgroup 
of patients with acute catarrhal cholecys-
titis, the IgG concentration corresponds 
to 126 IU/ml, which does not exceed 
the norm. In patients with acute phleg-
monous cholecystitis, this indicator is 
160,1 IU/ml, which is 1,1 times higher 
(p<0,05) than the reference value, 1,2 
times higher (p<0,05) than the indica-
tors in the clinical comparison group and 
1,3 times higher (p<0,05) than the val-
ues obtained in the subgroup of acute 
catarrhal cholecystitis. In subgroup № 
3, the IgG concentration reaches 196,6 
IU/ml, which exceeds the indicators in 
other groups, relative to the norm values 
by 1,4 times (p≤0,05), the comparison 
group by 1,4 times (p≤0,05), group № 1 
by 1,6 times (p≤0,05), group № 2 by 1,2 
times (p≤0,05) (Figure 3).

It was found that the highest sensitivity 
and specificity in the diagnosis of acute 
catarrhal cholecystitis is IgG - 100-130 
IU/ml (Sensitivity 65,7% [CI 58,8 -72,6]; 
Specificity 68,6% [CI 62,2-75]); acute 
phlegmonous cholecystitis – 160-200 
IU/ml (Sensitivity 45,7% [CI 38,8-52,6]; 
Specificity 91,4% [CI 86,1-96,7]); acute 
gangrenous cholecystitis - 160-200 IU/ml 
(Sensitivity 62,9% [CI 55,1-70,7]; Speci-
ficity 91,4% [CI 86,1-96,7]) (Figure 4).

As a result of the study, it was found 
that when destruction occurs in the gall-
bladder, Ig M indicators also increase. In 
patients in the clinical comparison group, 
the indicator was 117,5 IU/ml, and in 
subgroup No. 1 -131 IU/ml, which is with-
in the normal range. At the same time, 
in the subgroup with acute phlegmonous 
cholecystitis, this indicator was 161,3 IU/
ml, which is 1,2 times higher (p<0,05) 
than the average norm, 1,4 times higher 
(p<0,05) than in the clinical comparison 
group and 1,2 times higher (p<0,05) than 
the concentration of this immunoglobu-
lin in a subgroup with acute catarrhal 
cholecystitis. In the subgroup with acute 
gangrenous cholecystitis, the concen-
tration of IgM is 190,4 IU/ml, which is 
higher than in other groups: the clinical 
comparison group by 1,6 times (p≤0,05), 
subgroup №. 1 by 1,5 times (p≤0,05), 
subgroup № 2 by 1,2 times (p≤0,05) 
(Figure 5).

Sensitivity and specificity in the diag-
nosis: acute catarrhal cholecystitis has 
an IgM index from 100-130 g/l (Sensi-
tivity 54,3% [CI 49,7 – 58,9]; Specificity 
5,7% [CI 0-12,6]); acute phlegmonous 
cholecystitis – 160-200 g/l (Sensitivity 
54,3% [CI 49,7 – 58,9]; Specificity 97,1% 
[CI 94,4-99,8]); acute gangrenous chole-
cystitis - 160-200 g/l (Sensitivity 71,4% 
[CI 66,1-76,7]; Specificity 97,1% [CI 
94,4-99,8]) (Figure 6).

Fig. 2. ROC curve of Ig A indices obtained in patients with acute calculous cholecystitis: A - <130 
IU/ml; B- 130-150 IU/ml; C->150 IU/ml

Fig. 3. Ig G index in the study group (IU/ml)
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Conclusions: The study found that in 
destructive forms of acute cholecystitis, 
there is an increase in IgG by 1,6 times in 
comparison with the group of patients with 
non-destructive cholecystitis (p<0,05), as 
well as an increase in the level of Ig M by 
1,3 times in comparison with the group of 
patients with non-destructive cholecysti-
tis. There was no change in IgA indicators 
in patients with destructive cholecystitis 
in the study.
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V.M. Nikolaev, N.M. Krasnova,  E.K. Rumyantsev,
E.S. Prokopyev, A.F. Kravchenko, S.I. Sofronova, D.A. Sychev
ASSOCIATION OF DELETION 
POLYMORPHISMS GSTT1 AND GSTM1 
WITH INCREASED ACTIVITY
OF HEPATIC TRANSAMINASES
IN THE BLOOD OF PATIENTS RECEIVING 
ANTI-TUBERCULOSIS DRUG THERAPY

Introduction. Tuberculosis is one of 
the most common infectious diseases 
worldwide. According to the World Health 
Organization, about 10 million people in 

the world get tuberculosis every year, 
about 1.4 million of them die, the mortality 
rate from this disease is about 14% [21]. 
Despite this, in the Russian Federation 
there is a stabilization and a persistent 
trend towards a decrease in morbidity 
and mortality from tuberculosis. In Russia 
in 2020, the incidence of tuberculosis was 
32.4 cases per 100,000 population [10]. 
Among patients diagnosed with active tu-
berculosis, the majority are patients with 
tuberculosis of the respiratory system. 
According to Vasilyeva et al., in 2022, the 
pandemic of a new coronavirus infection 
made its negative contribution to the clin-
ical structure of tuberculosis. There was 
an increase in the proportion of newly 
diagnosed tuberculosis patients with de-
struction of lung tissue, massive bacterial 
excretion and fibrous-cavernous tubercu-
losis [3]. Therefore, at present, along with 
anti-epidemic and preventive measures, 
effective anti-tuberculosis drug therapy 
plays an important role in the fight against 
the tuberculosis epidemic. 

According to approved clinical recom-
mendations, combined anti-tuberculosis 
therapy with isoniazid, rifampicin, pyra-
zinamide and ethambutol is prescribed 
for the treatment of patients with newly 
diagnosed tuberculosis with established 
sensitivity of mycobacterium tuberculo-
sis to isoniazid and rifampicin, as well 
as patients without bacterial excretion 
and the risk of developing multidrug 

resistance of the pathogen [6]. Anti-tu-
berculosis therapy with these drugs can 
cause a number of undesirable side ef-
fects, which can worsen the results of 
treatment. According to literature data, 
in the treatment of tuberculosis, unde-
sirable adverse reactions occur in 7 to 
69% of cases [42], the proportion of se-
rious adverse reactions reaches 22.2%, 
complete withdrawal of drug therapy 
is required in 7.4% of cases [16]. Hep-
atotoxic reaction (drug-induced liver 
damage) is the main adverse reaction 
to anti-tuberculosis therapy [5] and the 
reason for drug withdrawal [4]. Most of-
ten, in 10-20% of cases, the hepatotoxic 
reaction is manifested by a transient in-
crease in the activity of aminotransferas-
es in blood plasma [29]. There are many 
factors leading to the development and 
progression of the hepatotoxic effect of 
anti-tuberculosis drugs: age, gender, 
pre-existing liver diseases, ethnicity, 
chronic intoxication, etc. [37, 38, 40, 41, 
50]. 

Currently, the role of genes controlling 
the synthesis and operation of drug 
metabolism enzymes, in particular cy-
tochrome P450 isoenzymes (CYP2D6, 
CYP2C9, CYP2C19) and biotransfor-
mation phase II enzymes (N-acetyltrans-
ferase (NAT2), UDP-glucuronyltransfer-
ase (UGT), thiopurine methyltransfer-
ase (TPMT), glutathione S-transferase 
(GST), etc.). In recent years, the effect of 
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ti-tuberculosis therapy with isoniazid, rifampicin, pyrazinamide and ethambutol. Isoniazid is one of the most effective anti-tuberculosis drugs for 
the treatment of drug–sensitive tuberculosis, however, it has a wide range of undesirable side effects, including drug-induced liver injury. The 
enzyme glutathione S-transferase is involved in the detoxification of toxic metabolites of isoniazid. There are a number of studies in which the 
role of deletion genotypes GSTM1 and GSTT1 of the enzyme glutathione S-transferase has been investigated and established, both individually 
and in combination to increase the frequency of undesirable adverse reactions when using drugs. However, the data obtained are ambiguous and 
contradictory. In this regard, we have presented an article aimed at studying the effect of polymorphic genes GSTM1 and GSTT1 on the activity of 
alanine aminotransferase and aspartate aminotransferase in blood serum in patients with newly diagnosed tuberculosis of the respiratory system.
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polymorphism of drug transporter genes 
on drug pharmacokinetics has been 
studied: organic anion transporters (SL-
CO1B1, OAT-1, OAT-3), organic cation 
transporters (OST-1) and glycoprotein-P 
(ABCB1). It is the polymorphism of genes 
that determines the individual pharmaco-
logical response – resistance (low effica-
cy or lack thereof at all) or the develop-
ment of an adverse side reaction when 
using drugs, including anti-tuberculosis 
drugs [1].

Isoniazid is one of the most effective 
anti-tuberculosis drugs for the treatment 
of drug–sensitive tuberculosis, however, 
it has a wide range of undesirable side ef-
fects, including drug-induced liver injury. 
The hepatotoxicity of isoniazid is due to 
the high toxicity of the drug, whose chem-
ical structure contains the hydrazide 
group -C(O)-NHNH and its metabolites – 
hydrazine and acetylhydrazine [11]. 

In the body, isoniazid is metabolized 
by acetylation with the participation of the 
enzyme NAT2. Studies evaluating the 
metabolism of isoniazid in patients with 
tuberculosis have shown the presence 
of many single-nucleotide substitutions 
in the structural region of the NAT2 gene 
causing genetic changes in enzyme ac-
tivity [8], leading to a decrease or, con-
versely, an increase in the metabolic rate 
of isoniazid.

Currently, the effect of polymorphisms 
of genes of enzymes of the CYP2E1 and 
GST biotransformation system on the 
frequency of hepatotoxic reactions when 
using isoniazid is being established [11]. 

GST is an enzyme involved in the de-
toxification process. GST conjugates the 
sulfhydryl group of glutathione with xeno-
biotics or their metabolites formed in the 
first phase of biotransformation. Xenobi-
otics with different chemical structures, 
including isoniazid, undergo conjugation 
with glutathione. GST exist in several iso-
forms differing in tissue-specific expres-
sion. GSTT1 and GSTM1 are the most 
important enzymes of the GST family [1]. 
There are a number of studies in which 
the role of deletion genotypes GSTM1 
and GSTT1, both individually and in 
combination, has been investigated and 
established to increase the frequency of 
undesirable adverse reactions when us-
ing drugs [7]. However, the data obtained 
on the effect of carrying homozygous null 
genotypes GSTM1 and GSTT1 on the 
risk of hepatotoxic reactions induced by 
anti-tuberculosis drugs [14] are ambigu-
ous and contradictory. 

The aim of the study was to re-
search the effect of polymorphic genes 
GSTM1 and GSTT1 on the activity of 
alanine aminotransferase and aspar-

tate aminotransferase in serum in pa-
tients with newly diagnosed respiratory 
tuberculosis.

Material and methods of research. 
A retrospective comparative single-cen-
ter cohort study was conducted on a clini-
cal site in Yakutsk (hereinafter SBI RS(Y) 
SPC "Phthisiology"). The protocol of the 
study was reviewed and approved by the 
Ethics Committee at the SBI RS(Y) SPC 
"Phthisiology".

53 patients of Yakut nationality with 
newly diagnosed respiratory tuberculo-
sis, hospitalized in the therapeutic de-
partment of the State Budgetary Institu-
tion of the Republic of Sakha (Yakutia) 
"Science and Practical Center "Phthisi-
ology" named after E.N. Andreev" (group 
1) participated in the study. Among them 
were 23 (44%) women and 30 (56%) men 
aged 41.4±4.2 years. Inclusion criteria: 1) 
respiratory tuberculosis detected for the 
first time; 2) age of 18 years and older; 
3) intensive phase of anti-tuberculosis 
chemotherapy with mandatory inclusion 
of isoniazid; 4) signed informed consent 
of the patient. Exclusion criteria: general-
ized tuberculosis, HIV infection, the pres-
ence of malignant neoplasms, pregnan-
cy, duration of the intensive phase less 
than 60 days. In accordance with clinical 
recommendations, all patients in the in-
tensive phase of tuberculosis treatment 
received izoniazid at a dose of 5-10 mg/ 
kg/ day (no more than 600 mg/ day); eth-
ambutol at a dose of 15-25 mg/ kg/ day 
(no more than 2000 mg/day); rifampicin 
at a dose of 10 mg/kg/day (no more than 
600 mg / day); pyrazinamide at a dose of 
25-30 mg / kg / day (more than 2500 mg 
/ day) [6]. 

The control group (group 2) consisted 
of 74 conditionally healthy volunteers of 
Yakut nationality aged 41.7±3.2 years, 
41 (55%) men and 33 (45%) women who 
signed informed consent. 

For genotyping, DNA was isolated from 
whole blood by the standard two-stage 
method of phenol-chloroform extraction. 
DNA samples were sampled by deletion 
polymorphisms of the biotransformation 
genes: GSTT1 and GSTM1, which en-
code the glutathione S-transferase en-
zymes θ1 and μ1, respectively. Typing 
of samples by the GSTT1 and GSTM1 
genes was carried out using polymerase 
chain reaction (PCR) according to the 
method described in the work of Zehra et 
al. (2018). 

The results were visualized electro-
phoretically in 3% agarose gel, with the 
addition of ethidium bromide. The PCR 
results were viewed in transmitted UV 
light on a transilluminator. The presence 
of deletion polymorphisms of the GSTM1 

and GSTT1 genes was determined by 
the absence of the corresponding frag-
ments: 219 bp for GSTM1 and 459 bp 
for GSTT1. The presence of these frag-
ments indicates the presence of at least 
one normal (without deletion) copy of the 
genes. β-globulin with a 268 bp fragment 
was used as an internal control. Evi-
dence of successful PCR analysis was 
the presence of an amplification of 268 
bp, the β-globulin gene. 

The activity of ALT and AST in blood 
serum was determined once on an XL-
640 automatic biochemical analyzer 
(Erba Lachema, Czech Republic) us-
ing XL System Pack® reagents (ERBA 
Mannheim, Czech Republic). 8-9 ml of 
blood was taken from the ulnar vein in the 
morning on an empty stomach from all 
participants of the study and transfered 
into vacuum tubes without filler (Zhejiang 
Gongdong Medical Technology Co., Ltd, 
China) 

Statistical processing was carried out 
using the software package SPSS 11.5 
for Windows and Microsoft Excel. The 
data of the descriptive analysis are pre-
sented in the form of M ± m, where M is 
the average value, m is the standard er-
ror of the average value. The significance 
of the differences was assessed using 
the Mann-Whitney criterion. Comparison 
of genotype frequencies in groups of sick 
and healthy individuals was carried out 
using the Pearson chi-squared criterion. 
The differences were considered statisti-
cally significant at p <0.05. 

Results. Patients (group 1) and condi-
tionally healthy volunteers (group 2) were 
comparable in age (U=97.0; p=0.65) and 
gender (χ2 =0.45; p=0.2). 

Analysis of the association of dele-
tion polymorphisms of the GSTM1 and 
GSTT1 genes with tuberculosis showed 
that there were no differences in the 
frequencies of the GSTM1 and GSTT1 
genotypes, as well as between their com-
binations, between the study groups, pa-
tients and healthy ones (Table 1). 

In patients carrying the double dele-
tion genotype GSTM1(del)/GSTT1(del), 
the ALT level in the blood serum was 
significantly higher than in healthy volun-
teers with the same genotype. For other 
genotypes of the GST gene and its com-
binations, no significant differences were 
found among the 1st and 2nd groups (Ta-
ble 2). 

When comparing the activity levels of 
ALT and AST enzymes among patients, 
we found a significant increase in trans-
aminase activity (p=0.038 and p=0.047, 
respectively) in carriers of the double 
deletion genotype of the GSTM1 and 
GSTT1 genes, compared with carriers 
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of genotypes without deletions in these 
genes (Table 2). We have not established 
a comparison of ALT and AST activity 
in carriers of other variants of deletion 
genotypes and their combinations in the 
group of patients.

Discussion. The main pathways of 
isoniazid metabolism include the reac-
tion of acetylation by the enzyme NAT2 
to form N-acetylisoniazid, as well as hy-
drolysis by the enzyme amidase to form 
hydrazine and concomitant formation of 
isonicotinic acid. N-acetylisoniazide is 
hydrolyzed by amidase to the toxic me-
tabolite acetylhydrazine and isonicotinic 
acid. Acetylhydrazine can be further hy-
drolyzed by amidase to hydrazine and 
acetylated by NAT2 to diacetylhydrazine. 
The low activity of the enzyme NAT2 
leads to the accumulation of acetylhy-
drazine, which is oxidized with the partic-
ipation of the cytochrome P450 CYP2E1 
isoenzyme into toxic reactive metabolites 
[8]. Potentially dangerous electrophilic 
metabolites of isoniazid formed with the 
participation of the CYP2E1 enzyme can 
be neutralized by the GST enzyme by 
conjugation of the sulfhydryl group of glu-
tathione with metabolites [12] Conjuga-
tion with glutathione of dangerous metab-
olites facilitates their excretion from the 
body and, thus, reduces the likelihood of 
toxicity. 

In the human body, there are 7 class-
es of cytosolic GST enzymes (α, µ, π, θ, 
σ, ω, ζ), which include 17 isoforms of the 
enzyme, each encoded by a separate 
gene or a group of genes located on dif-
ferent chromosomes. GST isoenzymes 
are characterized by a wide substrate 
specificity, often their specificity overlaps. 
For example, GSTA-class isoenzymes 
are mainly bound to cumene hydroper-
oxide, GSTM-class – epoxides, GSTP-
class – ethacric acid [19], etc. 

The most studied genes are GSTM1 
and GSTT1, since their extensive dele-
tion polymorphisms of 16kb and 54-kb, 

respectively, are known, which lead to 
the complete absence of protein prod-
ucts. Deficiency of GST enzyme activi-
ty due to homozygous null mutations at 
the GSTM1 and GSTT1 loci modulates 
susceptibility to hepatotoxicity caused by 
drugs and xenobiotics.

Each organ has a unique set of GST 
isoenzymes. Thus, the GSTM1 gene is 
expressed in 116 tissues and cells, and 
the expression of the GSTT1 gene is 
found only in 9 human tissues, according 
to the database of the UniProt consortium 
[https://www.uniprot.org ]. Basically, both 
genes are expressed mainly in the liver, 
occupying a key position in the detoxifi-
cation and metabolism of a large number 
of xenobiotics. 

Some researchers have presented 
evidence that homozygous deletion mu-
tations of these genes increase the risk 
of liver damage caused by drugs such 
as troglitazone [22; 48], takrin [39], car-
bamazepine [46], etc. However, it is still 
unclear whether the null genotypes of 
GSTM1 and GSTT1 are genetic predic-
tors of liver damage when using anti-tu-
berculosis drugs. 

The available research on this prob-
lem is very contradictory. Thus, it has 

been established that homozygous zero 
polymorphism GSTT1 may be a risk fac-
tor for hepatotoxicity caused by anti-tu-
berculosis drugs in representatives of the 
Caucasian race [25]. At the same time, 
the presence of at least one functional 
allele of GSTM1 was significantly more 
common among groups with a higher 
degree of hepatotoxicity of anti-tubercu-
losis drugs in Brazilians [32]. In contrast, 
GSTT1 and GSTM1 were not associated 
with increased liver damage caused by 
anti-tuberculosis drugs in the populations 
of India, Korea [15; 24] and China [44]. It 
has been shown that the null genotype 
of the GSTT1 gene increases the risk of 
drug damage to the liver, in particular, 
due to the use of isoniazid [34].

It is likely that the contradictory data 
are associated with a high degree of het-
erogeneity in the frequencies of deletion 
genotypes of the GSTM1 and GSTT1 
genes among different ethnic populations 
in the world [35]. Deletion of GSTT1 was 
found in 20% of Caucasians and 80% 
of Asians. While the zero genotype of 
GSTM1 is detected in 38-67% of repre-
sentatives of the Caucasian race, in 33-
63% of East Asians and in 22-35% of Af-
ricans and African Americans [36]. 

Frequencies of polymorphic deletion genotypes GSTM1 and GSTT1 in patients
with respiratory tuberculosis and conditionally healthy volunteers

Polymorphic variants Group 1,
(n=53), n (%)

Group 2, 
(n=74), n (%) χ2 Significance 

level
GSTM1 (del) 22 (41) 29 (39) 0.07 0.79
GSTT1 (del) 27 (51) 32 (43) 0.73 0.39

GSTM1(del) / GSTT1 (del) 11 (21) 13 (17) 0.20 0.65
GSTM1(+) / GSTT1 (+) 15 (28) 26 (35) 0.20 0.65

GSTM1(+) / GSTT1 (del) 16 (30) 19 (26) 0.31 0.57
GSTM1(del) / GSTT1 (+) 11 (21) 16 (22) 0.01 0.90

Table 1

Table 2

ALT and AST activity in blood serum of patients receiving anti-tuberculosis therapy and healthy volunteers according
to deletion genotypes GSTM1 and GSTT1

Polymorphic variants
Group 1 (n=53) Group 2 (n=74) ALT AST

ALT, units/l AST, units/l ALT, units/l AST, units/l Significance level Significance level

GSTM1 (del) 69.22±33.29 38.04±6.97 27.88±2.79 29.69±4.52 0.18 0.52
GSTT1 (del) 60.61±23.87 41.74±10.28 31.41±4.37 31.91±5.09 0.51 0.51

GSTM1(del)/GSTT1 (del) 92.45±52.64* 42.86±10.35 24.83±4.56 23.83±1.84 0.04 0.54
GSTM1(+)/GSTT1 (+) 19.95±2.52 21.66±2.10 29.38±3.88 27.25±2.09 0.65 0.13

GSTM1(+)/GSTT1 (del) 36.12±11.64 40.89±16.76 34.42±6.50 29.28±3.31 0.68 0.21
GSTM1(del)/GSTT1 (+) 30.50±8.70 30.00±6.89 28.65±3.60 26.04±1.24 1.00 0.98

*р <0.05.
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Finally, a meta-analysis conducted 
by Li et al. (2013) showed that GSTM1 
polymorphism is associated with an in-
creased risk of hepatotoxicity associated 
with taking anti-tuberculosis drugs in the 
entire population, especially among East 
Asians. At the same time, there was no 
statistically significant association be-
tween GSTT1 polymorphism and the risk 
of hepatotoxicity. The authors of this work 
suggested that detoxification of antituber-
cular drugs takes place to a greater ex-
tent with the participation of the GSTM1 
enzyme, and the GSTT1 enzyme is only 
able to partially compensate for the ab-
sence of GSTM1. Researchers Tang 
et al. (2013), Yang et al. (2019) in their 
works came to similar conclusions. 

Unlike previous studies, our work has 
not established a clear relationship be-
tween the increase in ALT and AST lev-
els in carriers of the deletion genotype 
GSTM1 and/or GSTT1. However, in the 
group of patients with a recent diagno-
sis of pulmonary tuberculosis, the carrier 
of the double deletion genotype GST-
M1(del)/GSTT1(del) led to a significant 
increase in the activity of ALT and AST 
against the background of anti-tubercu-
losis therapy, compared with carriers of 
genotypes without deletions. 

Probably, in the Yakut population, the 
GSTM1 and GSTT1 genes are equally 
capable of participating in the detoxifi-
cation of drugs used in the treatment of 
tuberculosis. That is, in the absence of 
one enzyme, the other is fully capable of 
compensating for its absence. Since our 
study is preliminary, performed on a small 
set and needs further research. 

In addition, the results obtained in a 
group of healthy volunteers were interest-
ing. We observed a tendency to increase 
the levels of transaminases in the body 
of carriers of the deletion genotype of the 
GSTT1 gene, as well as in combination 
with GSTM1(+)/GSTT1(del). This is prob-
ably evidence that the GSTT1 gene has 
a greater affinity in detoxification of en-
dogenous metabolites in contrast to the 
GSTM1 gene. 

Thus, the preliminary results of our 
study showed that the carriage of a 
combination of deletion genotypes in 
the GSTM1 and GSTT1 genes statisti-
cally significantly increases the activity 
of ALT and AST in tuberculosis thera-
py in patients of Yakut nationality. An 
increase in ALT and AST levels in the 
blood indicates the likelihood of hepato-
cellular liver damage during anti-tuber-
culosis therapy in carriers of a combina-
tion of deletion genotypes (GSTM1(del)/
GSTT1(del)) of the enzyme glutathi-
one-S transferase.
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NEW POSSIBILITIES FOR THE TREATMENT 
OF NEOVASCULAR AMD.
THE REAL CLINICAL PRACTICE

The results of treatment of patients with neovascular age-related macular degeneration with a modern anti-angiogenic drug registered in Rus-
sia in November 2020 were analyzed. After three intravitreal injections in the recommended Treat&Extend regimen, the patients showed positive 
dynamics in both anatomical and functional parameters during the examination.

Keywords: age-related macular degeneration, retinal pigment epithelium detachment, subretinal fluid, anti-angiogenic therapy, intravitreal 
injection.
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Age-related macular degeneration 
(AMD) is one of the leading causes of vi-
sion loss in people over 50 years of age 
in the economically developed countries 
of the world, characterized by irreversible 
progressive damage to the central zone 
of the retina. The predicted number of 
people with age-related macular degen-
eration in the world by 2040 will increase 
up to 288 million [20].

In Russia, in 25% of cases, visual dis-
ability develops due to diseases of the 
fundus, AMD being one of the leading 
causes among them [12] .

In the Republic of Sakha (Yakutia) 
the incidence of AMD according to 2019 
was 195.9 per 100 thousand of the pop-
ulation. Despite the preservation of re-
strictive measures in connection with 
the prevention of the spread of a new 
coronovirus infection, in 2021 the inci-
dence of this pathology increased by 26 
%, which is associated with an increase 
in the availability of a diagnostic option - 
optical coherence tomography due to an 
increase in the number of tomographs in 
the RS (Yakutia) and specialists who own 
this research technique.

The neovascular form (“wet”) of 

age-related macular degeneration 
(nAMD) is characterized by the appear-
ance of pathological choroidal neovas-
cularization caused by the germination 
of newly formed blood vessels through 
defects in the Bruch's membrane under 
the retinal pigment epithelium or neu-
roepithelium. In the future, it is possible 
to accumulate intraretinal fluid (IRF), flu-
id under the retinal pigment epithelium 
(RPE), subretinal fluid (SRF) - between 
the neurosensory part of the retina and 
RPE. This can lead to rapidly progressive 
significant impairment of central vision 
and a pronounced decrease in the quality 
of life in general [5].

Modern advances in the treatment 
of nAMD are due to the active use of 
drugs that suppress neoangiogenesis 
[7, 10, 13, 17]. Antiangiogenic therapy 
can significantly improve the anatomical 
and functional parameters of patients 
with nAMD. Since this disease is chronic 
and requires long-term treatment, which 
creates a burden for the patient and for 
medical institutions, the selection of the 
optimal dosing regimen, which would re-
duce the number of necessary injections 
without loss of therapeutic effect, remains 
relevant [1, 4, 8], as well as the introduc-
tion of new modern drugs with these 
functions [2, 3].

In RS(Ya), angiogenesis inhibitors for 
the treatment of nAMD have been intro-
duced since 2012. In dynamics over the 
past three years, the number of intravit-
real injections of angiogenesis inhibitors 
(IVIs) has almost doubled by 49.3%, from 
659 in 2019 to up to 1300 in 2021, of 
which about 50% were performed in pa-
tients with nAMD.

In 2021 Brolucizumab (Vizkyu), a new 
molecule registered by Novartis in Rus-
sia in November 2020, was introduced to 
treat patients with nAMD at the State Au-
tonomous Institution of the Yakut Repub-
lican Ophthalmological Clinic (SAI RS 
(Ya) YROC). This is the next generation 
of anti - VEGF drugs , the variable do-

main of a monoclonal antibody. Its effect 
is based on the unique properties of the 
molecule: low molecular weight and high 
molar concentration contribute to the 
achievement of a therapeutic effect ex-
pressed in terms of speed and duration. 
Currently, the drug has been approved 
for use in more than 60 countries around 
the world [6,11,15,16,19].

Aim: to analyze the results of nAMD 
treatment in 17 patients of  YROC RS(Y) 
who received three loading IVIs with 
Brolucizumab in real clinical practice in 
2021.

Material and methods: In 2021 190 
intravitreal injections of Brolucizumab 
were performed in 129 patients in the 
hospital of the State Agrarian University 
of the Republic of Sakha (Yakutia) of the 
Yaroslavl Regional Clinic. Of these: 20% 
of patients previously not treated with an-
giogenesis inhibitors and 80% switched 
from another previously performed an-
giogenic drug. During the study period, 
out of 129 patients: 17 received three 
injections, 27 - two injections, 85 - one 
injection.

In the group of patients who received 
three injections, 41% were already treat-
ed with other angiogenesis inhibitors and 
intravitreal administration of Brolucizum-
ab was carried out in the Treat & Extend 
“treat and extend the interval” mode after 
3-4 months [9,14].

The functional response to the treat-
ment was assessed by the change in 
the maximum correctable visual acuity 
(MCVA), the anatomical response ac-
cording to the dynamics of the patho-
logical fluid in the retina: intraretinal fluid 
(IRF), subretinal fluid (SFR) and detach-
ment of the retinal pigment epithelium 
(RPE) [5,18].

The results of treatment on the exam-
ple of two of our own clinical observations 
are presented:

Case report No.1. The patient M., 72 
years old, in February 2019 addressed to 
the YROC  with complaints of decreased 

DOI 10.25789/YMJ.2022.79.07

ZAKHAROVA Ekaterina Kimovna – Can-
didate of Medical Sciences, Head of the De-
partment of the Yakut Republican Ophthal-
mologic Clinic RS(Ya), Associate Professor 
of the Basic Department of Ophthalmology of 
the Medical Institute, M.K. Ammosov Yakutsk 
State Medical University, katya1961@mail.
ru; LUTSKAN Ivan Petrovich – Candidate of 
Medical Sciences, Chief Physician of the Ya-
kut Republican Ophthalmologic Clinic RS(Ya), 
Associate Professor of the Department of 
Public Health and Public Health, General Hy-
giene and Bioethics of the Medical Institute, 
M.K. Ammosov Yakutsk State Pedagogical 
University, lutskan@mail.ru; POSKACHINA 
Tamara Romanovna – Candidate of Medi-
cal Sciences, Associate Professor, Head of 
the Basic Department of Ophthalmology of 
the Medical Institute, M.K. Ammosov Yakutsk 
State Medical University, doka14@list.ru

DIAGNOSTIC AND TREATMENT METHODS



3’ 2022 31

vision, the appearance of a dark "spot" in 
front of the left eye.

Visit No.1 (02/23/2019) OS: BCVA OS 
= 0.06 n/c; IOP OS - 29 mm Hg. Art. ac-
cording to Maklakov.

Fig. 1 a) OCT of the macular area of   
the left eye of the patient M.

b) OCT-angiography at the level of 
the outer retina; c) OCTA at the level of 
choriocapillaries  (Fig. 1a) revealed: SRF, 
intraretinal inclusions, subretinal neovas-
cular membrane (SNM), in the OCT an-
giography mode (Fig. 1b, 1c) - an exten-
sive loop-like vasculature in a coral-like 
shape in the outer retina.

Diagnosis: OS - AMD, type I choroidal 
neovascularization; OUG III "c", incom-
plete complicated cataract.

Since 2019 the patient underwent 11 
IVI Aflibercept in the left eye, then op-
erations: phacoemulsification (PE) with 
implantation of an intraocular lens (IOL) 
and non-penetrating deep sclerectomy 
(NPDS).

Visit No. 11 (24.07.2020) OS: BCVA 
OS = 0.3 n/c; IOP - 18 mm Hg. Art.

Fig. 2 a) OCT of the macular area of   
the left eye of the patient M.

b) OCTA at the level of the outer retina; 
c) OCTA at the level of choriocapillaries

As a result of the treatment, accord-
ing to OCT data (Fig. 2a), the following 
was observed: a decrease in the height 
of the neuroepithelium (NE), a decrease 
in intraretinal inclusions, a decrease in 
the height of the SNM , however, a thin 
layer of SRF ≤200 μm of subfoveal lo-
calization was preserved , according to 
OCT angiography (Fig. 2b, 2c) "mature 
vessels" were traced in the outer retina 
and the layer of choriocapillaries. The pa-
tient constantly saw a translucent "spot" 
in front of the left eye.

From April 2021 the patient received 
3 IVI Brolucizumab in the Treat & Extend 
mode once every three months. A month 
after the third injection at the control ex-
amination, a positive trend was revealed.

Visit No.15 (11/14/2021) OS: BCVA 
OS = 0.5 n/c; IOP - 17 mm Hg. Art.

Fig. 3 OCT of the macular area of   the 
left eye of the patient M.

No SRF was detected on OCT (Fig. 
3). The patient noted an improvement in 
vision, increased clarity, and the absence 
of a translucent “spot” in front of the left 
eye.

Case report No. 2. Patient K., 67 
years old. Complaints about the defor-
mation of the lines, a reading disability 

Visit No.1 (26.07.2021) OS: BCVA OS 
= 0.3 n/c.

Fig. 4. OCT of the macular area of   the 
left eye of the patient K.

OCT (Fig. 4): The foveolar profile is 

a

b

c

Fig 1. Patient M., A - 23.02.2019, B - 24.07.2020, C - 14.11.2021.  a - OCT of the left eye macular 
area, b - OCTA at the outer retina level, c - OCTA at the level of choriocapillaries
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deformed. The thickness of the retina is 
increased, NE detachment, detachment 
of the retinal pigment epithelium (RPE) 
with mixed reflectivity content, SNM is 
determined subfoveolarly, the RPE con-
tour is heterogeneous, intermittent.

Diagnosis: OS AMD, type I choroidal 
neovascularization.

3  bootstrap IVI Brolucezumab were 
conducted. At the control examination 1 
month after the third injection, a positive 
trend was revealed.

Visit No. 3 (24.09.2021 ) OS: BCVA 
OS = 0.5n/c.

Fig. 5 OCT of the macular area of   the 
left eye of patient K.

On OCT (Fig. 5), the deformation of 
the foveolar profile is significantly less, a 
flat detachment of the RPE with medium 
reflectivity content is preserved, the con-
tour of the RPE is inhomogeneous, and 
a discontinuous layer of photoreceptor 
articulation is traced.

Results and discussion: After 3 IVI 
Brolucizumab, all 17 patients noted a 
subjective improvement in vision: a de-
crease in line distortion, the disappear-
ance of the “spot” in front of the eye, or 
the “spot” became more transparent.

1. Improvement of the best cor-
rectable visual acuity (BCVA) by 1-2 
lines, in 75% of cases.

2. According to OCT data, 100% 
showed positive dynamics: the absence 
or a significant decrease in pathological 
fluid in the retina: IRF, SRF, and OPES.

3. When switching patients from 
injections of other angiogenic drugs, 
loading doses were not required, therapy 
was continued in the "treat and increase 
the interval" mode.

4. Of the 96 patients who received 
from 1 to 2 IVI Brolucizumab, according 
to the results of the  diagnostic study af-
ter 1 month, conducted in 62 patients, 
64% showed a positive trend according 
to OCT.

5. During the therapy of 190 IVI 
Brolucizumab, 129 patients did not ex-
perience any manifestations of local ad-
verse events in any case.

Conclusion: In all 17 patients who re-
ceived 3 IVI Brolucezumab, there was a 
positive trend in anatomical and function-
al parameters.

Taking into account the peculiarities of 
the region of the RS (Y): a vast territory, 
with an area of   3.1 million square km., 
low population density of 0.3 people per 
1 sq. km, which leads to non-compliance 
with the dosing regimen due to the large 
distance of patients from the clinic, the 
therapy with Brolucizumab allows switch-
ing to regimens with fewer visits, which 
will increase patient adherence to treat-
ment and preserve the visual functions of 
patients.

In the ongoing conditions of restrictive 
measures in connection with the preven-
tion of the spread of the new coronovirus 
infection COVID -19, the treatment of pa-
tients with Brolucizumab can reduce the 

burden on the patient and the healthcare 
system.
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Introduction. Melanoma is an ag-
gressive tumor that develops as a result 
of malignant transformation of melano-
cytes. The main localization of mela-
noma is the skin, but there are reports 
of primary melanoma of various organs 
[1]. According to the American College 
of Surgeons and the American Society 
of Oncology, during the period from 
1985 to 1994, out of 84836 cases of 
melanoma, the most common lesions 
were skin - 91.2%, eyes - 5.2%, mucous 
membrane of the gastrointestinal tract 
(GIT) - 1.3%, in some cases, the prima-
ry localization of the tumor was not ver-
ified - 2.2% [2].

Primary melanoma of the gastrointes-
tinal tract is an extremely rare malignant 
disease [3], for the reason that normally 
in the mucous of the digestive tract there 
are no melanocytes and they appear only 
when ontogenesis is disturbed. Current-
ly, there are several theories about the 
appearance of melanocytes in the co-
lon: some authors believe that primary 
intestinal melanomas arises from mela-
noblastic cells of the neural crests, which 
migrate to the distal ileum through the 
omphalomesenteric canal [4], accord-
ing to the others, these tumors develops 
from cells of the APUD system [5], either 
from neuroblastic Schwann cells of the 
enteric autonomic nervous system [6]. 
At the same time, a number of research-
ers believe that primary colon melanoma 
does not exist, and all founded cases are 
only metastatic foci from primary skin 
melanoma, which is asymptomatic or in 
remission [7, 8]. In this regard, the ques-
tion of the primary or metastatic origin of 
melanomas of the gastrointestinal tract is 
still open.

According to the world literature, 36 
cases of primary colon melanoma were 
described in 2018 [3]. Cases of non-pig-

mented melanoma of the gastrointestinal 
tract are even rarer [9], which makes it 
more relevant for studying. In the pre-
sented article, we will consider a clinical 
case about surgical treatment of a patient 
with primary non-pigmented melanoma 
of the transverse colon.

Patient T., aged 60, applied to the On-
cology Research Institute of the Tomsk 
National Research Medical Center in July 
2021 with complaints of recurrent pain 
in the mesogastric region. Examination 
during videocolonoscopy (July 08, 2021) 
revealed an exophytic tumor in the lumen 
of the transverse colon, narrowing the lu-
men of the intestine to a slit-like one (Fig. 
1). Histological examination revealed an 
undifferentiated tumor of the epithelioid 
cell type with solid structure.
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Primary colonic melanoma is a rare malignant tumor with an aggressive course and a poor prognosis. The extremely low incidence of this 
pathology is due to the fact that there are no melanocytes in the mucosa of the gastrointestinal tract, from which the tumor develops. The 
development of non-pigmented melanoma are even rarer. Due to the lack of clinical guidelines for the treatment of primary colonic melanoma, 
therapy is mainly carried out empirically. The article describes a clinical case that demonstrates the possibilities of surgical treatment of primary 
non-pigmented melanoma of the colon with satisfactory oncological results.

Keywords: primary non-pigment melanoma, colon, surgical treatment.

Fig. 1. Colonoscopy finding. Exophytic tumor 
in transverse colon

Fig. 2. Gross photograph. Tumor of the trans-
verse colon
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On August 24, 2021, after the stan-
dard preoperative preparation, the pa-
tient underwent video-assisted resection 
of the transverse colon with D3 lymph 
node dissection. Pathological examina-
tion of the colon resection specimen re-
vealed exophytic component up to 5 cm 
in diameter, obturating the intestinal lu-
men with lymph nodes in the mesentery 
of the intestine up to 1.5–2 cm in diam-
eter (Fig. 2). In the postoperative period 
there were signs of dynamic intestinal 
obstruction, that were treated by conser-
vative therapy.

According to postoperative histolog-
ical and immunohistochemical (IHC) 
studies (Fig. 3) we found out malignant 
non-pigmented melanoma of the trans-
verse colon with ulceration of the mucous 
membrane and spread to 1/3 of the mus-
cular plate. Tumor emboli in the lumen of 
the vessels and signs of neural invasion 
were not found. There were no tumor 
cells along the resection borders and in 
25 examined lymph nodes.

In the postoperative period, a detailed 
clinical examination and a comprehen-
sive examination showed no signs of tu-
mor lesions of the skin and eyes, as well 
as the brain, skeleton and parenchymal 
organs. Thus, based on the results ob-
tained, the final clinical diagnosis was 

formed: Pigmentless melanoma of the 
transverse colon, subcompensated ste-
nosis. Stage I, T2N0M0. Condition after 
video-assisted resection of the trans-
verse colon (August 24, 2021). Consid-
ering the stage of the tumor process and 
the radical nature of the operation per-
formed, adjuvant treatment was not per-
formed. On the 7th day after surgery, the 
patient was discharged from the hospital. 
At the control examination after 6 months 
(February 2022), there were no signs of 
disease progression.

Discussion. Nowdays, the diagnosis 
and treatment of melanoma of the co-
lon present definite difficulties, which is 
caused with the low cases of incidence 
and underexplored of this pathology. The 
leading role in the diagnosis of primary 
melanoma of the colon is assigned to 
the IHC study (positive result for protein 
S100, melan-A, HMB-45 and vimentin), 
if there are no specific lesion of the skin 
or eyes in patients history or in present, 
which account for up to 96.4% of all cas-
es of melanoma [2].

Currently, there are no clinical guide-
lines for the treatment of primary colonic 
melanoma. The main method of treat-
ment is surgical, which, in addition to 
removing the tumor, allows for adequate 
staging and to develop further treatment 

tactics. Radiotherapy in some cases can 
provide good local control, but does not 
lead to an improvement in patient surviv-
al. [1].

It is known that patients with primary 
colonic melanoma with a widespread pri-
mary tumor and lymph node involvement 
have a poor prognosis [2]. This situation 
requires an interdisciplinary approach to 
treatment, including surgery, chemother-
apy and possibly immunotherapy using 
modern anticancer drugs. [3, 10].

Conclusion. This clinical observation 
demonstrates the possibilities of surgi-
cal treatment in a patient with primary 
non-pigmented melanoma of the trans-
verse colon (T2N0M0).

Due to the fact that primary melano-
ma of the colon is a rare pathology, the 
diagnosis is established on the basis of 
the IHC study, as well as the results of 
a comprehensive examination aimed at 
excluding the metastatic nature of the 
gastrointestinal tract (lack of data on mel-
anoma of the skin and organs of vision). 
In the case of a localized tumor process, 
radical resections are performed, how-
ever, with locally advanced melanoma of 
the colon, especially with regional lymph 
nodes involved, a combination of surgical 
treatment with chemotherapy and/or im-
munotherapy is indicated.

Fig. 3. Microscopy. А) The growth of a tumor of a solid structure in the intestinal wall (Magnification × 20, hematoxylin-eosin) B) Medium-sized 
tumor cells with a clear even cytoplasmic membrane, sparse homogeneous eosinophilic cytoplasm and large moderately polymorphic nuclei with 
unevenly distributed clumpy and pulverized chromatin. (Magnification × 80, hematoxylin-eosin). An IHC study in tumor cells revealed an active 
diffuse expression of Melan A (C) and S100 (D)
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Introduction. The nasal septum is 
located on the facial region of the head 
in the middle part of the nasal cavity. It 
separates the two nasal passages and 

forms a scaffold to support the external 
nose. This structure has a mosaic devel-
opmental pattern and consists of bony 
structures, such as the perpendicular 
plate of the ethmoid bone above, the 
vomer below, and the tetrahedral carti-
lage in front. It develops from three main 
embryological sources: ectoderm, neu-
ral crest and mesoderm, which, by the 
end of the fourth week of gestation, form 
paired thickenings of the ectoderm in the 
embryo, forming the nasal cavity and its 
structures. [1, 2, 3, 4, 9, 11].

Deviations in the development of 
the nasal septum in the embryonic and 
postembryonic periods entail an in-
creased risk of otorhinolaryngological 
pathologies and cause a violation of the 
nasal airway function [2, 7, 8, 9, 11, 13]. 
Conditions arise where the biomechan-

ical aspects of air going through the na-
sal passages worsen. This leads to — in 
children in particular — chronic hypoxic 
conditions, an increase in the develop-
ment of infectious diseases of the up-
per respiratory tract, impaired olfactory 
function, and speech problems. These 
also include the common pathology of 
deviation, or curvature, of the nasal 
septum. With untimely diagnosis of this 
disorder, there may be violation in the 
circulation of the nasal discharge from 
the paranasal sinuses, which leads to 
a favorable environment for infectious 
agents and the development of sinuses 
inflammation (e.g., sinusitis, ethmoiditis, 
frontal sinusitis). Inflammation of the 
nasal mucosa can also cause chronic 
rhinitis, the development of polyps, and 
sleep apnea [4, 11].
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Dynamics in the development of otorhinolaryngological pathologies among Sakha Republic’s population has a positive upward trend, and one 
of the main reasons is the deformity of the nasal septum, which, according to some authors, makes up 56 to 95% of all treatment cases. Congenital 
deformities or developmental anomalies leading to deviation of the nasal septum in children with untimely diagnosis can lead to chronic inflamma-
tory processes in the mucous membrane of the cavity and paranasal sinuses. This causes a violation of the airway function of the upper respiratory 
tract and increased probability of infectious diseases. Diagnosis of these conditions in children under 6 years of age will prevent these consequenc-
es, as well as reduce the need for surgical treatment of septoplasty. This article discusses a method for describing the developmental patterns of 
the nasal septum as one of the practical methods for early diagnosis of children. The method uses computed tomography data of children of the 
indigenous population of the Sakha (Yakutia) Republic. We have analyzed the results of studies of multislice CT of the head in multiplanar mode 
for children aged 0 to 4 with a total of 48 patients. At the same time, the grouping of research subjects was based on gender (boys, girls) and age 
(by years). While analyzing the images, we used the linear dimensions of the nasal septum, including the length and height of the septum, as well 
as its angle of deviation. According to the results of the analysis, we found statistically significant correlations, which made it possible to conclude 
that there is a linear relationship between age groups and each of the indicators, as well as a decrease in the deviation angle of the nasal septum 
with age.

Keywords: developmental patterns; nasal septum; CT scan; anatomy; indigenous people; deviated nasal septum.
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To solve the problems described 
above, otorhinolaryngologists resort to 
surgical treatment of septoplasty [1, 2, 
4, 5]. The surgery aims to correct parts 
of the nasal septum under conditions as 
part of endoscopic intervention and to re-
store adequate air flow through the nasal 
passages in the postoperative period. In 
the preoperative period, the doctor needs 
to study in detail the structure and form 
of the nasal passages and the septa, 
assess the degree of deviation and de-
termine the appropriate surgical strategy. 
To do this, surgeons use the results of 
computed tomography, which allows vi-
sualizing problematic areas of the nasal 
septum in detail, as well as examining the 
anatomical zone in three planes (axial, 
frontal and sagittal) and using three-di-
mensional reconstruction of the nasal 
structures [10, 14].

As mentioned above, computed to-
mography is one of the main methods 
for diagnosing deviated nasal septum. 
Meanwhile, patients seek medical help 
for symptoms that are the result of a 
chronic inflammatory process occurring 
in the nasal cavity. While being examined 
by an otolaryngologist, patients learn for 
the first time that they have a deviated 
nasal septum. These data may indicate 
insufficient measures related to pre-
venting nasal cavity pathologies among 
the population and raises the issue of 
increasing the effectiveness of the mea-
sures to prevent them.

It is also worth noting that deviated na-
sal septum often occurs even in the em-
bryonic period of the child’s development, 
which may indicate congenital deviations 
or prerequisites for their occurrence. 
Considering that the growth and develop-
ment of human bone and cartilage struc-
tures occurs rapidly in the early period, 
we infer that the risk group for deviated 
nasal septum includes children, newborn 
to preschool age [6, 15].

In connection with the problems de-
scribed above, this article aims to study 
the developmental patterns of nasal sep-
tum structures in the indigenous inhabi-
tants of the Far North living in the Sakha 
Republic aged 0 to 4, to identify these 
patterns and to also identify the minimum 
necessary criteria for predicting and de-
termining nasal septum deviation in chil-
dren.

Materials and Methods. The study 
was conducted on the basis of the De-
partment of Radiation Diagnostics at the 
M.K. Ammosov Republican Hospital. 
We have studied skull from tomograms 
obtained using multispiral computed to-
mography with GE Optima CT660. In the 
course of a retrospective cohort study, we 

selected intravital tomograms of the fa-
cial skull of indigenous children aged 0 to 
4 in various gender samples. A total of 48 
children were studied, of which 16 were 
girls (30.7%) and 32 were boys (69.3%). 
The distribution by age was carried out 
with a breakdown by one year (Table 1). 
Within the group of boys, there were 13 
children less than one year of age (40.6% 
or 27.1% of the total), aged one to two 
years old — 7 children (21.9% or 14.6% of 
the total), aged two to three — 3 children 
(9.4% or 6.3% of the total), from three to 
four — 9 children (28.1% or 18.8% of the 
total). Among girls, the distribution went 
as follows: less than one year of age — 
3 children (18.75% or 6.3% of the total), 
aged one to two — 3 children (18.75% or 
6.3% of the total), aged two to three — 4 
children (25% or 8.3% of the total) and 
aged three to four — 6 people (37.5% or 
12.5% of the total).

The study included 48 results of mul-
tispiral CT scans of the brain and para-
nasal sinuses in standard mode and 
standard positions in patients undergoing 
routine examination or suspected head 
injury. The selection criteria included pa-
tients where, according to the results of 
computed tomography of the brain, there 
were no traumatic changes in the bones 
of the skull and nasal septum detected. 
The exclusion criteria had children with 
an anomaly in the development of the 
maxillofacial region, traumatic fractures 
of the bones of the nose and septum, as 
well as after surgery to correct deviated 
nasal septum. Image processing was 
carried out in DICOM (Digital Imaging 
and Communications in Medicine) based 
on the ArchiMed Radiological Information 
System (commercial license) using linear 
measurements in multiplanar two-dimen-
sional mode. All results were anonymized 
with the preservation of relevant informa-
tion, such as age and gender.

The measurement of the linear dimen-
sions of the nasal septum was carried out 
according to the following craniometric 
reference points [10, 12]: total length of 
the nasal septum between the piriform 
opening and the vomer edge (length of 
septum or LS); maximum length of the 
septum between the most anterior part 
of the nasal septum and the edge of 
the vomer (maximal length of septum or 
MLS); height of the nasal septum at the 
level of the intersection of its bone and 
cartilaginous parts or at the level of the 
middle third of the total length between 
the hard palate and the maximum upper 
point of the perpendicular plate of the 
ethmoid bone (septum height or SH); an-
gle of deviation of the nasal septum rela-
tive to the vertical line at the level in the 

middle third of the total length (septum 
deviation angle or SDA).

Further statistical processing was 
carried out using Microsoft Office Excel 
(shareware license), as well as using 
the Python programming language with 
NumPy and pandas libraries for static 
analysis. We assessed the correspon-
dence of the empirical distribution of the 
studied variables to the normal distri-
bution law using the Shapiro–Wilk test. 
During the analysis, it turned out that the 
results of the MLS parameter do not cor-
respond to the normal distribution, and 
we therefore decided to use the non-
parametric Kruskal–Wallis test. We also 
assessed the homogeneity of the vari-
ance using Levene’s test. We used non-
parametric analysis of variance (ANOVA) 
to assess the differences between the 
studied age groups. To conclude on the 
presence or absence of statistical signifi-
cance, we used the criterion of Р ≤ 0.05.

Results and Discussions. When 
measuring the craniometric parameters 
of the subjects’ nasal septum, we re-
vealed a statistically significant relation-
ship between the age groups (Table 1).

Considering the results without gender 
differentiation in the total sample, we no-
ticed a significant correlation between the 
age of the child and the following param-
eters: length of the nasal septum (0.69; 
p < 0.05), maximum length of the nasal 
septum (0.78; p < 0.05) and its height 
(0.83; p < 0.05). This may be because 
during this period of a child’s life that the 
structures that form parts of the facial 
skull and nasal cavity are actively de-
veloping, tending to threshold values of 
these areas’ parametric indicator ratios. 
With the child’s active growth in the first 
years of life, the biomechanical aspects 
of the nasal cavity’s structure, which form 
with the help of its septum, ensure ade-
quate air passage through the upper re-
spiratory tract.

We have also noticed a slight dif-
ference in linear measurements of LS, 
MLS and SH between boys and girls of 
the total sample in different age groups, 

Pearson Linear Correlation Values (rx. y) 
for Nasal Septum Depending on Patient’s 

Age at P<0.05 (N=48)

Parameter rx.y

LS 0.691319
MLS 0.779506
SH 0.828580

SDA -0.186490

Table 1
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which is confirmed by the data in Table 
2. When considering the results of the 
study of the length of the nasal septum 
(LS) among boys, we can note that the 
most pronounced values are at the ages 
of 3-4 (44.7 ± 4.48 mm at p < 0.05 and 
44.1±3.11 mm at p < 0.05, respectively). 
In the group of girls, a similar situation is 
observed, while the length of the nasal 
septum (LS) tends to lengthen from the 
ages of 2 (31.5±4.54 mm, p < 0.05) to 3 
(41.1 ± 1.54 mm, p<0.05), respectively.

Analysis of the maximum length of 
the nasal septum (MLS) and its height 
(SH ) showed an identical picture by 3-4 
years of age, due to an increase in the 
size of not so much the bone component 
of the septum as its cartilaginous part. At 
the same time, if the difference between 
the craniometric lengths of LS and MLS 
in the first year is about 6-7 mm, then 
between the second and third years it 
reaches about 11-12 mm. This may be 
caused by the active development of the 
tetrahedral cartilage of the nasal septum, 
which forms the framework of the ante-
rior nasal cavity, as well as maintaining 
the components of the external nose, and 
providing more effective inhaling and air 
going through the nasal passages.

According to W. Likus et al. [10], 
length dimensions of the bone and car-
tilage parts of the nose develop similarly. 
At the same time, we have recorded the 
size growth in indicators between age 
groups between the second and third 
years of life. When comparing our re-
sults of the study of nasal septum’s linear 
parameters in indigenous children aged 
0 to 4 with the results of W. Likus et al., 

who have studied Caucasian children of 
the same age group, we can trace lon-
ger linear dimensions of nasal septum in 
the second year of life in Sakha children 
(40.6 ± 6.44 mm) over those in Cauca-
sian children (31.90 ± 3.24 mm).

Conclusions. The correlation be-
tween the children’s age and the cra-
niometric data of the nasal septum has 
a statically significant linear relationship, 
where there is a positive trend in nasal 
septum size, especially by ages 3-4. Si-
multaneously with the growth of these di-
mensions, we can observe the decrease 
in nasal septum deviation angle, as evi-
denced by the negative Pearson correla-
tion values. This trend indicates an ade-
quate and comprehensive development 
of the nasal cavity, facial skull and nasal 
septum in children. Also noteworthy is 
the rapid growth of the cartilaginous part 
of the nasal septum by age 3, which is 
confirmed by the difference between in-
dicators, such as LS and MLS. This data 
demonstrates how this method of study-
ing the nasal septum based on CT results 
can be applied when detecting deviations 
in the septum’s development and using it 
to prevent naval cavity diseases.
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Results of Nasal Septum Measurements

LS (mm) MLS (mm) SH (mm) SDA (degrees)
Age, years Gender m±SD 95% CI m±SD 95% CI m±SD 95% CI m±SD 95% CI

0-1
Combined 35.0±4.04 31.17-35.48 42.25±2.87 40.53-43.59 22.35±1.67 21.01-22.79 10.80±2.68 8.73-11.59

Boys 33.70±4.38 30.22-35.51 42.80±3.19 40.15-44.01 22.30±1.77 20.62-22.76 11.80±2.77 8.81-12.16
Girls 35.00±0.58 33.9-36.77 41.70±0.83 39.89-44.04 23.10±0.70 21.06-24.54 7.90±2.08 3.57-13.89

1-2
Combined 40.6±6.44 33.73-42.95 46.60±5.63 43.69-51.75 26.3±2.74 23.93-27.85 7.45±3.57 5.56-10.68

Boys 41.60±5.92 35.16-46.1 51.10±5.31 44.86-54.68 26.10±2.10 23.53-27.42 7.10±4.21 4.22-12.00
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Girls 41.10±1.54 38.65-43.56 53.80±1.84 50.17-56.03 27.75±3.31 22.44-32.96 6.50±1.12 4.92-8.48

3-4
Combined 44.1±2.55 42.32-45.15 55.20±3.54 52.44-56.35 31.1±3.64 29.42-33.44 6.80±3.03 6.38-9.73

Boys 44.10±3.11 41.21-45.99 55.50±4.09 51.03-57.31 32.65±3.28 30.65-35.7 6.70±2.16 5.59-8.92
Girls 43.80±1.66 42.19-45.68 54.65±2.84 51.76-57.72 28.35±2.48 26.22-31.42 9.30±3.91 5.15-13.35

Note: m is median line; SD is standard deviation; CI is confidence interval.
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The article presents the results of a sociological study of the impact of preventive activity in the form of information and educational lectures 
on the attitude of students to the consumption of tobacco, alcohol and other drugs. Monitoring studies conducted from 2010 to 2017 demonstrate 
significant reduction in smoking and alcohol consumption among students of both sexes.
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Purpose of the study is examination 
the effectiveness of preventive measures 
carried out in the form of lectures among 
young students in the Republic of Sakha 
(Yakutia).

Materials and research methods. 
The study used data from sociologi-
cal surveys, in which representatives of 
young people took part (high school stu-
dents of general education schools and 
students of vocational and higher educa-
tional institutions). The sociological study 
"The effectiveness of lectures on the dan-
gers of tobacco and alcohol consumption" 
(n=648) consisted of two waves, stages. 
The first questionnaire survey recorded 
the situation with the consumption of al-
cohol, tobacco and other psychoactive 
substances in the social environment of 
students. The second survey was con-

ducted after the course of lectures and 
revealed the assessment of the lectures 
by the target audience, and also deter-
mined what attitudes were established 
in relation to the consumption of tobacco 
and alcohol. The study "Monitoring the 
consumption of psychoactive substances 
among young students" (n=1213) record-
ed the dynamics of the use of psychoac-
tive substances from 2010 to 2017.

Results and discussion. According 
to the results of surveys conducted af-

ter the course of lectures on the Shichko 
method among the first-year students of 
NEFU in 2015, the majority of students 
highly appreciated the work of lecturers, 
the average rating in almost all educa-
tional units corresponds to 4 (“good”) on 
a 5-point scale. According to the results 
of the study, it was revealed that the pro-
portion of students who decided to give 
up alcohol after the courses turned out to 
be 19.9% more than those who had not 
previously consumed alcohol. 

HEALTHY LIFESTYLE. PREVENTION

BASHARIN Karl Georgievich – Doctor of 
Medical Sciences, Professor of the Depart-
ment of Normal and Pathological Anatomy of 
the Medical Institute of  M.K. Ammosov NEFU, 
email: kbasharin42@mail.ru; ZHEGUSOV 
Yury Innokentievich – Candidate of Social 
Sciences, Senior Researcher of the Institute 
of Biological Problems of Permafrost SB RAS, 
email: sociolog_ykt@mail.ru); KOLESNIKO-
VA Elena Karlovna – Chairman of the Board 
of the Yakut branch All-Russian Public Organi-
zation for Support of Presidential Initiatives in 
the Field of Health Saving "Common Cause", 
email: elena_premudraya3000@mail.ru

Оценки качества прослушанных лекций студентами СВФУ им. М.К. Аммосова
(n=648)

Факультет/институт ФЛФ ИЗФИР ИЕН ИП АДФ ФЭИ МИ
Средний балл оценки курса лекций 4,2 4,2 4,6 4,2 4,3 4,3 4,4

Слушатели, принявшие решение
отказаться от потребления алкоголя, % 67,1 69,7 81,3 75,0 61,5 76,5 63,9

Table 1

Table 2

Эффективность курса лекций по методу Шичко среди студентов-первокурсников 
СВФУ им. М.К. Аммосова (n=648)

Данные опроса до проведения курсов Данные опроса после проведения курсов

Доля
потребителей 
алкоголя, %

Доля
не потребляющих 

алкоголь, %

Доля студентов, 
принявших решение 

отказаться
от алкоголя, %

Эффективность 
курса, %

49,3 50,7 70,6 +19,9



YAKUT MEDICAL JOURNAL
40

Monitoring studies show that the num-
ber of students who use tobacco and 
alcohol from 2010 to 2017 decreased 
significantly. This indicates that psycho-
logical and pedagogical methods aimed 
at preventing the use of psychoactive 
substances help to reduce the proportion 
of young people with bad habits. Thus, 
the number of smoking students during 
this period among women decreased 
by more than half, and among men by 
20.5%. With regard to alcohol consump-
tion, the number of non-drinking stu-
dents among both sexes increased by 
3.9 times. The number of those who con-
sume alcohol “once a week and more of-
ten” in the female population decreased 
by 4.6 times, in the male population by 
5.8 times.

Conclusion. Thus, the preventive 
measures carried out in general educa-
tion schools, colleges and universities 
over the course of several years have 
shown good results. The state policy to 
promote a healthy lifestyle in the region, 
the support of NGOs, and the accumulat-
ed experience of sobriety lecturers con-
tributed to improving the situation with 
tobacco and alcohol consumption among 
young students. In order to maintain and 
develop the results achieved, further ac-
tivation of the work of the authorities and 
the public on the prevention of the use of 
psychoactive substances is needed. It is 
also necessary to purposefully train lec-
turers - specialists in preventology, which 
will improve the quality and effectiveness 
of preventive measures.
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Рис. 1. Изменение количества курящих и некурящих студентов с 2010 по 2017 г. (n=1213)

Рис. 2. Изменение количества потребителей алкоголя среди студентов с 2010 по 2017 г. 
(n=1213)
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IMPLEMENTATION STAGES
OF THE COMPLEX PROGRAM
OF THE YAKUT SCIENTIFIC CENTER
FOR COMPLEX MEDICAL PROBLEMS ON 
IMPROVING THE MODEL OF SPECIALIZED 
MEDICAL CARE FOR PATIENTS
WITH NEURODEGENERATIVE DISEASES
IN THE REPUBLIC OF SAKHA (YAKUTIA)

Neurodegenerative diseases (NDD) are one of the most important medical and social problems of modern society, as they are characterized by 
a continuously progressive course, severe disability of patients and the absence, in the vast majority of cases, of etiotropic methods of treatment. 
A significant part of the diseases in this group is age-dependent and develops mainly in the elderly and senile age. The absence in the Republic of 
Sakha (Yakutia) (RS (Y) of a round-the-clock specialized hospital for the provision of medical care (MC) for patients with NDD is an urgent problem 
of regional healthcare. To date, the epidemiological situation of NDD in the RS (Y) remains insufficiently studied, despite The fact that the list of 
NDD under the code ICD-10 "G10-G37" is very wide and, according to annual reports, accounts for 75% of primary diseases of the nervous system. 
The article presents a comprehensive scientific program developed at the Federal State Budgetary Scientific Institution "Yakutsk Scientific Center 
for Complex Medical Problems" (FBSI YSC CMP). The program is aimed at improving and improving the existing model for providing specialized 
medical care to patients with neurodegenerative diseases (NDD) in the Republic of Sakha (Yakutia) (RS (Y). The comprehensive program includ-
ed 5 consecutive stages that made it possible to open on the basis of the Clinic of YSC KMP Center for Neurodegeneration diseases (CNDZ), in 
which patients can receive both outpatient and inpatient care. This improved organizational model for the provision of specialized medical care to 
patients with NDD in the Republic of Sakha (Yakutia) was created as a result of the integration of a medical research institution and regional health 
authorities.

Keywords: neurodegenerative diseases (NDD), Parkinson's disease (PD), Alzheimer's disease (AD), spinocerebellar ataxia (SCA), specialized 
medical care.

Introduction. Currently, one of the 
urgent problems of healthcare and social 
protection in Russia and the Republic of 
Sakha (Yakutia) is the issue of providing 
medical and social assistance to patients 
with NDDs at the outpatient hospital 
stage.  Due to the severity of their con-
dition, patients with NDDs belong to the 
group of the most difficult patients who 
are limited in receiving adequate med-
ical care.  The provision of high-quality 
medical and social care to patients with 
NDDs has its own defining features and 
requires the improvement of specialized 

care. It is known that neurodegenerative 
diseases (NDDs) are age-dependent and 
affect people of the older age group. For 
most of these diseases, the etiology and 
pathogenesis remain unclear, despite 
many years of scientific research in the 
world [2,3, 8]. According to the UN, the 
population aged 60 years and older in 
1960-2000 increased by more than 2 
times and amounted to 900 million peo-
ple, and by 2025 it will reach 2 billion and 
make up 20-30% of the total

population. According to these fore-
casts, by 2050, persons of older age 
groups will amount to 5-6 billion people, 
or 50% of the total population [5]. In Fig. 
1 and Fig. 2 it can be seen that life ex-
pectancy continues to increase (Rosstat 
2021), despite the decline in life expec-
tancy in 2020, associated with an in-
crease in mortality among the elderly due 
to the COVID-19 pandemic. This sug-
gests that the incidence of age-depen-
dent diseases, including NDDs, will grow 
both in Russia as a whole and in the Re-
public in particular.  Thus, the provision 
of specialized care at the outpatient and 
hospital stages will be one of the most im-
portant healthcare tasks.  

Features of the organization of spe-
cialized medical care (SMC). In the Re-

public, the percentage of NDDs is rel-
atively high among all diseases of the 
nervous system [7]. The most studied 
are spinocerebellar ataxia (SCA) type 1, 
oculopharyngeal myodystrophy (OPMD) 
[4], Charcot-Marie-Toute disease (CMT) 
[6], Parkinson's disease (PD) [8], amyo-
trophic lateral sclerosis (ALS) [1]. Yakutia 
is the territory with the highest prevalence 
of type 1 SCA in the world - 34.4 cases 
per 100 thousand population [10]. The 
situation of Alzheimer's disease remains 
unresearched, which ranks 1st in the 
world among NDDs [9], as well as vari-
ous genetic and inherited diseases of the 
nervous system common in Yakutia.

Patients with NDDs are practically de-
prived of medical care at the outpatient 
stage due to social maladaptation be-
cause they have problems with motor and 
speech activity, as well as impaired cog-
nitive functions. The lack of specialized 
round-the-clock hospitals for patients 
with NDDs makes inpatient medical care 
impossible for this category of patients. In 
addition, this problem is interdisciplinary 
in nature, since NDDs cause not only ner-
vous system disorders, but also disorders 
from other body systems, entailing viola-
tions of vital functions. All of the above 
requires the organization of a set of mea-
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sures in the field of practical health care 
and social services for citizens. 

Ways to solve the provision of spe-
cialized medical care. In Russia, there 
are examples of the opening of centers 
for the provision of specialized medical 
care to patients with NDDs in the system 
of the Ministry of Science and Higher Ed-
ucation, namely in scientific institutions 
that have medical clinics in which both 
medical care at the outpatient hospital 
stage and scientific research are carried 
out in parallel.

For example, specialized and high-
tech medical care for patients with neu-
rodegenerative diseases in Russia is 
provided by the Scientific Center of 
Neurology (SCN), Moscow [11], the N.P. 
Bekhtereva Institute of the Human Brain 
(IHB RAS), St. Petersburg [1 2]. In this 
article, we want to present a joint solution 
to this problem by the forces of a federal 
scientific institution - the Yakut Scientific 
Center for Complex Medical Problems 
(YSC CMP) and the Ministry of Health 
(MOH) of the Republic of Sakha (Yaku-
tia). Consolidation of medical science 
and regional healthcare will allow solving 
existing problems both in the organiza-
tion of SMC for patients with NDDs in 
the Republic and in scientific research of 
NDDs.    

Materials and methods of research.
For the organization of the Center for 
Neurodegenerative Diseases (CND) in 
the Clinic of the YSC CMP, a comprehen-
sive program was prepared, which con-
sisted of the following stages:

1. Analysis of the initial organiza-
tional model of neurological care for pa-
tients with neurodegenerative diseases 
in the Republic;

2. Studying the database of the 
YSC CMP Clinic to determine the poten-
tial possibilities of opening a CND;

3. Definition of the structure of the 
CND;

4. To propose an improved model 
for the organization of specialized medi-
cal care for patients with neurodegenera-
tive diseases at the Board of the Ministry 
of Health of the Republic;

5. To coordinate the opening of the 
CND with the Ministry of Health of the 
Republic and to prepare an order on the 
procedure for routing patients with NDDs 
according to the "neurology" profile at the 
outpatient hospital stage in the CND;

The materials for this study were the 
register of patients with SCA 1 and ALS, 
report data of district neurologists from 
2016-2018, regulatory documents of the 
Ministry of Health of the Russian Federa-
tion and the Republic. 

Clinical, comparative analysis and 
organizational modeling methods were 
used for the study. The clinical method 
included the study of the register of pa-
tients with SCA 1 and ALS, reports of dis-
trict neurologists of the republic on other 
NDDs, and this method was also used to 
determine the list of diseases and crite-

ria for selecting patients for hospitaliza-
tion in the newly created neurological 
department of the CND. The method of 
comparative analysis and organizational 
modeling included the study of the initial 
organizational structure of the provision 
of MP to patients with NDZ and the pro-
posed improved model, as well as the 
study of the base of the YANC KMP Clin-
ic, on which it was planned to organize 
the NDZ Center, as a new organization-
al model for the provision of specialized 
care to patients with NDZ.   

Results and discussion. At the first 
stage of the program, the initial organiza-
tional structure of providing medical care 
to patients with NDDs was studied, which 
revealed a number of shortcomings of 
both outpatient and inpatient specialized 
medical care.

Outpatient specialized medical care. 
In the Republic, for outpatient special-
ized care, patients can apply to munici-
pal clinics and the Medical and Genetic 
Center (MGC) of the Republican Hospital 

Fig.1. Life expectancy in the Russian Federation (Rosstat 2021) Fig.2. Life expectancy in the Republic of Sakha (Yakutia) (Rosstat 
2021)

Fig.3. The scheme of organization of specialized medical care for patients with neurodegenerative 
pathology before the opening of the CND in the Clinic of the YSC CMP
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Num. 1. Patients are referred to the neu-
rologist of the clinic through their GP 
and specialists in the order of the gen-
eral queue, repeat referrals and those 
who are on the register of patients with 
NDDs can apply immediately, bypassing 
these specialists. In the MGC, patients 
with NDDs are referred by a neurologist 
or GP. But due to specific neurodegen-
erative processes leading to motor and 
cognitive disorders, disorders of the psy-
cho-emotional sphere, this category of 
patients cannot receive sufficient assis-
tance at the outpatient stage, since they 
require a long examination by a neurolo-
gist at reception and to receive the pre-
scribed treatment on an outpatient basis 
is a difficult task for many patients. De-
spite the fact that by the order of the Min-
istry of Health of the Russian Federation 
in 2015, the time for outpatient admission 
by a neurologist of one patient was in-
creased to 22 minutes, still this time is not 
enough to process a patient with NDDs, 
which affects the quality of the patient's 
examination by a neurologist and the es-
tablishment of a preliminary diagnosis 1.   

Inpatient specialized medical care. In 
the Republic, there are 2 neurological 
hospitals in the healthcare system for 
round–the-clock stay, which are based in 
the Republican Hospital Num. 2 - Emer-
gency Medical Care Center (RH No. 
2-EMCC): 

1. Neurological department for pa-
tients with acute disorders of cerebral cir-
culation in the Regional Vascular Center 
(RCC) with 50 beds;

2. Department of General Neurology 
with 30 beds for emergency care of neu-
rological patients, of which 5 beds are 
allocated for patients with NDDs for the 
entire Republic. 

Patients with severe pain syndromes, 
seizures, acute inflammatory diseases 
of the nervous system, exacerbations 
of demyelinating diseases and other ur-
gent conditions. The available 5 beds in 
the neurological department of RH No. 
2-EMCC for patients with NDDs can-
not cover the needs for inpatient care 
throughout the Republic.

The study of annual reports of neurol-
ogists showed not only the lack of data 
on the primary incidence of such dis-
eases as Alzheimer's disease and other 
dementias, many hereditary diseases, 
including SCA1, myotonic dystrophy, 
OPMD, hereditary spastic paraplegia, 
dystonia, ALS and other diseases. There 
is no data on the amount of assistance 
provided (the number of requests per 
year, treatment in a hospital or at home, 
data on hospitalization). The severity of 
the condition of patients with NDDs is an 

undoubted obstacle to visiting outpatient 
clinics. 

Thus, in the Republic, if patients with 
NDDs have the opportunity to receive 
medical care at the outpatient stage, al-
though not in full, then the absence of 
round-the-clock hospitals for rehabilita-
tion or rehabilitation treatment deprives 
them of receiving medical care at the 
hospital stage. Taking into account the 
current situation, it became clear that 
there was a need to improve the existing 
organizational model for providing neuro-
logical care to patients with NDDs. 

At the second stage of the compre-
hensive program, the base of the YSC 
CMP Clinic was investigated in order to 
identify the real possibilities of creating a 
CND. Not only the material and technical 
base was studied, but also personnel is-
sues and issues of financing this catego-
ry of patients from the funds of the Territo-
rial Compulsory Medical Insurance Fund 
(TCMIF) were considered. It is known 
that medical organizations have sin-
gle-channel funding from TCMIF funds. 
The YSC CMP clinic occupies the 1st and 
2nd floors of a 4-storey building of a typi-
cal dormitory. The 1st floor is reserved for 
the clinic, and the 2nd floor is occupied 
by a round-the-clock hospital with 110 
beds, including (at the time of the study) 
a therapeutic department with 40 beds, of 
which 10 are neurological, a gynecologi-
cal department with 25 beds, a cardiology 
department with 35 beds. The Clinic has 
a physiotherapy department, a clinical di-
agnostic laboratory that serves the clinic 
and the hospital. In addition, the structure 
of the YSC CMP includes the department 
of medical genetics, which includes a lab-
oratory of hereditary pathology. MRI and 
radiation diagnostics in the Clinic are car-
ried out through the bilateral agreements 
with medical organizations that have this 
equipment. In general, if there is space 
to accommodate the proposed center for 
patients with NDDs, this issue could be 
successfully solved. 

When analyzing the amount of fund-
ing for the Clinic from the funds of the 
TCMIF, the administration of the YSC 
CMP found effective ways to solve the 
release of funds and direct them to 
solving strategic tasks for the further 
development of the YSC CMP Clinic. 
Firstly, it was decided to shut down the 
hospital's kitchen and turn to outsourc-
ing services for catering for patients. 
Secondly, the unprofitable bed fund of 
gynecological and cardiological depart-
ments was revealed. This was due to the 
fact that in the Republic in 2011, within 
the framework of the National Project 
"Health", a Regional Vascular Center 

(RVC) was opened on the basis of the 
RH No.2-EMCC equipped with the most 
modern equipment, designed to provide 
specialized high-tech round-the-clock 
medical care to patients with acute disor-
ders of cerebral circulation (ADCC) and 
acute coronary syndrome (ACS). Thus, 
patients with chronic ischemic heart dis-
ease, hypertension and other diseases 
of the heart and blood vessels, which be-
long to the "therapy" profile during hospi-
talization, began to enter the cardiology 
department of the YSC CMP Clinic, ex-
cluding patients with ACS. In addition, in 
Yakutsk, in March 2018, the Republican 
Perinatal Center (RPC) opened with a 
130-bed hospital (department of preg-
nancy pathology, obstetric physiology 
department, maternity department, de-
partment of pathology of newborns and 
premature babies), a consultative and 
diagnostic department for 150 visits per 
shift, a department of intensive care and 
intensive care for women and newborns, 
as well as the department of catamnesis 
for young children, etc. The opening of 
the RPC also affected the unprofitability 
of the beds of the gynecological depart-
ment of the YSC CMP Clinic. Meanwhile, 
the main part of the group of orphan dis-
eases of the nervous system consists 
of hereditary diseases leading to neu-
rodegeneration of the nervous system, 
which, due to the severity of the course, 
expensive treatment and examination, 
are among the highly paid clinical and 
statistical groups (CSG) in the CHI sys-
tem. At the same time, due to the lack 
of a round-the-clock hospital for patients 
with NDDs, this category of patients was 
deprived of specialized medical care. 

The above objective reasons led to 
the decision to reduce the gynecological 
department and 25 beds of the cardiolo-
gy department due to their unprofitability 
and placement of the CND in their place. 

The third stage of the comprehensive 
program was to determine the structure 
of the Central Hospital as a module that 
would include both outpatient and inpa-
tient care. Therefore, it was decided to 
allocate a separate block on one floor 
for the CND. The structure of the Central 
Clinical Hospital includes a cognitive dis-
orders room, a bioethics and medical and 
social care room and a round-the-clock 
hospital of the neurological department. 
An essential role is played by the location 
of these offices and the hospital on the 
same floor, which is important for patients 
with limited mobility. As a result of such 
an arrangement, the CND would be an 
integral section, isolated from other Clinic 
premises.    

The CND is the main link in our pro-
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posed improved organizational model 
of specialized medical care (IOMSMC) 
for patients with NDDs and represents a 
single unit of specialized care, where all 
stages of the provision of medical care 
are interconnected.
________________________________

1 Order of the Ministry of Health of the Rus-
sian Federation of June 2, 2015 N 290n

At the fourth and fifth stages of the 
program, joint work was carried out with 
the Ministry of Health of the Republic 
and the Republican TCMIF to clarify the 
amount of funding for neurological beds. 
The functional structure of the CND was 
presented by us at the Board of the Min-
istry of Health of the Republic in Decem-
ber 2018. Considering that the neuro-
logical department will serve patients 
from all over the Republic and for its full 
functioning, at the Board of the Ministry 
of Health of the Republic, it was recom-
mended to draft an order on the routing 
of patients suffering from NDDs. Thus, 
based on the Decree of the Head of the 
Republic of 27.12.2016 2. "On approval of 
the regulations of the Ministry of Health 
and its Board" and pursuant to the order 
of the Ministry of Health of the Russian 
Federation 3, the order of the Ministry of 
Health of the Republic "On the procedure 
for routing neurological patients suffer-
ing from neurodegenerative diseases at 
the outpatient and hospital stages"4 was 

drawn up and approved, in which 15 beds 
out of 30 are provided for general neuro-
logical patients profile who need planned 
restorative treatment. The above-issued 
order of the Ministry of Health of the RS 
(Ya) makes it possible to gradually con-
centrate data on patients with neuro-
degenerative pathology in one medical 
organization, which makes it possible to 
create a single database of NDDs, track 
new cases, consult patients and maintain 
direct communication with neurologists 
of central district hospitals using modern 
gadgets and telemedicine advisory as-
sistance. The data of the created hospital 
registers will also allow providing rehabili-
tation to patients in need, monitoring their 
condition in dynamics, identifying the fea-
tures of the clinical picture, tracking fami-
lies with genetic diseases. Based on this 
knowledge, an assessment of the current 
state of the epidemiological situation of 
NDDs in the regions of the Republic and 
prospects for the development of ear-
ly (preclinical) diagnostics will be given, 
approaches to personalized treatment 
of NDDs, primarily Parkinson's disease, 
Alzheimer's disease and type 1 SCA will 
be developed.

The moral and ethical side of this prob-
lem is also an important factor, since the 
introduction into the practice of health-
care of this order on the routing proce-
dure and the creation of the CND, in fact 

shows that there is a search in solving 
the tasks of providing SMC to this cat-
egory of patients, which will make them 
feel like full-fledged members of society, 
improving their quality of life. 

Fig.5 Model of the organization of spe-
cialized medical care for patients with 
neurodegenerative pathology after the 
opening of the CND in the Clinic of the 
YSC CMP

Conclusion. Thus, the opening of a 
specialized center for patients with NDDs 
is an example of the consolidated inter-
action of a federal scientific medical insti-
tution and regional healthcare in solving 
a medical and social problem.
________________________________

2 Decree of the Head of the Republic of 
27.12.2016. "On approval of the Regulations 
of the Ministry of Health and its Board" (Ap-
pendix 1, paragraphs 3.11, 3.19, 3.20)

3 Order of the Ministry of Health of the Rus-
sian Federation3 dated 15.11.2011 No. 926n 
"On approval of the Procedure for providing 
medical care to adults with diseases of the 
nervous system"

4 Order of the Ministry of Health of the Re-
public No. 01-07/184 dated 02/14/2019. "On 
the procedure for routing neurological patients 
suffering from neurodegenerative diseases at 
the outpatient and inpatient stages"
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Introduction. The rapid spread of 
the novel coronavirus infection (NCVI) 
COVID-19, the severe course of the dis-
ease and the high mortality rate of pa-
tients led to the mobilization of all levels 
o health care.

In the Republic of Sakha (Yakutia) a 
plan for organizing medical care for pa-
tients with COVID-19 was developed and 
a three-level medical care system was 
deployed [4]. The main role for the orga-
nization and provision of specialized care 
for patients with COVID-19 was assigned 
to the State Budgetary Institution of the 
Republic of Sakha (Yakutia) “Yakut Re-
publican Clinical Hospital” (YRCH) which 
included an infectious disease depart-
ment.

The high level of extremely severe 
and complicated forms of the disease, 
the rapid progression of acute respiratory 
failure (ARF) demanding the use of ac-
tive respiratory therapy required the an-
esthesiology and intensive care services 
of medical organizations to carry out a 
complex of organizational and therapeu-
tic-tactical measures.

Purpose of the study: Analyze of the 
work of the specialized anesthesiology 
and intensive care unit in the Repub-
lic of Sakha (Yakutia) for patients with 
COVID-19 in the context of the pandem-
ic.

Materials and Methods: A retrospec-
tive observational study was conducted 
based on work performed by anesthe-
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WITH COVID-19 IN THE REPUBLIC
OF SAKHA (YAKUTIA)

Aim: To analyze the work in the specialized anesthesiology and intensive care unit in the Republic of Sakha (Yakutia) for patients with COVID-19 
in the context of the pandemic.

Materials and methods: A retrospective observational study was conducted based on work perfomed by anesthesiology and intensive care 
unit (AICU) in the State Budgetary Institution of the Republic of Sakha (Yakutia) “Yakut Republican Clinical Hospital” (YRCH) for the period since 
March, 2020, to December, 2021.

Results and discussion: YRCH have repurposed the hospital beds and enhanced the material and technical equipment supply of the AICU. 
Given the epidemiological situation, the bed capacity and the staff schedule of the unit were in the scope of regulation. The medical staff level was 
76.5 % in 2020 and 80 % in 2021. The level of nursing and medical attendant staff for the entire period was 100 %.

During the study period 1,796 patients were admitted (488 patients in 2020, 1,308 patients in 2021). The bed turnover was 24.4 and 28.2 pa-
tients per bed, the average rate of bed occupancy was 136 and 244.6 days, the average length of stay of patients was 5.5 and 6.0 days in 2020 
and 2021, respectively. In total, 1,015 patients have died (mortality rate – 56.5 %), with 281 patients to have died in 2020 (mortality rate — 58.0 %) 
and 734 in 2021 (mortality rate — 56.2 %). The mortality rate of patients significantly increases with age and amounted to 71.2 % in patients older 
than 81 years.
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The main cause for admission in AICU was acute respiratory failure (ARF), the treatment has 
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siology and intensive care unit (AICU) 
in the State Budgetary Institution of the 
Republic of Sakha (Yakutia) “Yakut Re-
publican Clinical Hospital” (YRCH) for the 
period since March, 2020 to December, 
2021. The following medical documents 
were studied — annual reports of AICU, 
register of admitted, discharged, trans-
ferred patients and inpatient medical re-
cords. Analysis of the main indicators of 
the AICU activities (staffing level, bed oc-
cupancy, bed turnover and mortality rate) 
and methods of respiratory therapy used 
in the treatment of patients was conduct-
ed.

Study Results and Discussion: The 
timely and adequate treatment for pa-
tients with severe and extremely severe 
forms of COVID-19 has required a set of 
measures in the following areas:

1. Deployment of additional beds 
for intensive care and formation of a tem-
porary staff schedule. Based on the or-
ders of the Ministry of Health of the Rus-
sian Federation [4,5] and the Ministry of 
Health of the Republic of Sakha (Yakutia) 
[6] in the YRCH, the hospital beds were 
repurposed and the relevant material and 
technical equipment supply of the AICU 
was enhanced (increase of the number 
of beds and addition of the staff sched-
ule). The unit was additionally equipped 
during March-April 2020 with equipment, 
principally with ventilators and bedside 
monitors at the rate of 1 device per bed, 
as well as an uninterrupted provision of 
medical oxygen was arranged.

2. Training of employees on di-
agnosis, clinical course, treatment and 
infection safety of COVID-19 which was 
carried out continuously taking into ac-
count the updated clinical recommenda-
tions. At the time of preparation of this ar-
ticle the Ministry of Health of the Russian 
Federation submitted the 15th version 
of the Temporary Recommendations [9] 
and the 6th version of the Methodological 
Recommendations of the Federation of 
Anesthesiologists and Reanimatologists 
(FAR) [1].

3. Providing of operational assis-
tance on the treatment of patients with 
COVID-19 in form of telemedicine con-
sultations by the Federal Remote Con-
sulting Centers of Anesthesiology and 
Intensive Care (FRCC) which were cre-
ated by the order of the Ministry of Health 
of the Russian Federation [7]. So, 126 
consultations in 2020 and 317 consulta-
tions in 2021 were held in the FDCC for 
adults on the basis of the Federal State 
Autonomous Educational Institution of 
Higher Education First Moscow State 
Medical University named after  Seche-
nov I.M. of the Ministry of Health of the 

Russian Federation; in regard to the ad-
mission of pregnant women in 2021, 89 
consultations were held in the FRCC 
for pregnant women on the basis of the 
federal state budget institution "National 
Medical Research Center of Obstetrics, 
Gynecology and Perinatology named af-
ter V.I. Kulakov" of the Ministry of Health 
of the Russian Federation. According to 
the results of consultations, the treatment 
was assessed as adequate, in cases of 
pregnant women consultations, a correc-
tion of pregnancy management and the 
timing of delivery was carried out.

The key work indicators of AICU are 
presented in Table 1.

The medical staffing level was 76.5 % 
in 2020 and 80 % in 2021, i.e., the short-
age of medical staff was 23.5 and 20 %, 
respectively. The level of nursing and 
medical attendant staff in the unit for the 
entire period was 100 %. To the note, 
bed capacity and the staff schedule of 
AICU were regulated, given the epidemi-
ological situation and depending on the 
number of patients in need of intensive 
care. Thus, during the period of the peak 
of morbidity the number of beds in AICU 
was increased to 36 and the staff of doc-
tors was increased to 32 rates, along with 
a decrease in the number of admissions 
the number of beds was reduced to 30 
and the medical rates were reduced to 
24. Anesthesiologists-intensive care spe-
cialists of other medical organizations 
which were sent or employed during the 
vacation on their main job were involved 
for work on temporary rates. The contri-
bution was also made by medical institute 
residents specializing in the anesthesiol-
ogy and intensive care, which, according 
to the order of the Ministry of Health of 
the Russian Federation [8], were regis-

tered as interns after completion of a 36-
hour training course on COVID-19.

In total, the period under study saw 
1,796 patients admitted (488 patients in 
2020 and 1308 patients in 2021). There 
were no re-admissions to AICU in 2020, 
but 23 (1.8 %) patients were re-hospital-
ized in 2021. When analyzing the quality 
of medical care provided there were no 
cases of underestimation of the severe 
patients' condition at the time of their 
transfer to the pulmonology department. 
Rehospitalization of patients in AICU oc-
curred due to the increase of ARF on the 
2nd-5th day and the ineffective standard 
oxygen therapy.

An increase in the incidence rate of 
COVID-19 among pregnant women was 
characteristic of 2021. Thus, 17 pregnant 
women and new mothers were trans-
ferred to AICU from the Perinatal Center 
of this hospital during May-December 
2021. There were five (29.4 %) women 
died among those who were admitted to 
AICU postoperative caesarean section 
for invariable indications due to severe 
viral pneumonia and increased fetal hy-
poxia.

Analysis of the main indicators of the 
use of bed capacity reflecting the inten-
sity of invariable indications activities 
showed the following. In 2020-2021 the 
number of patients increased from 488 
to 1,308, the bed turnover was 24.4 and 
28.2 patients per bed, the average peri-
od of bed occupancy was 136 and 244.6 
days, and the average length of stay of 
patients was 5.5 and 6.0 days. Interest-
ingly, the average bed occupancy and 
bed turnover are significantly different 
from the standards. According to Nedas-
hkovsky, E.V., the average bed occupan-
cy in the general profile units of intensive 

The key work indicators of AICU (2020-2021 years)

Index
Year

2020 2021
Medical staff level (%)
Doctors  
Nurses
Medical attendant staff

76.5
100
100

80
100
100

Trainee doctor (resident) (No.) 5 5
ICU admission (No.) 488 1308
Readmission (No. and %) - 23
Total days after admission 2701 7826
Bed turnover 24.4 28.2
Average rate of bed occupancy 136 244.6
Average length of stay 5.5 6.0
Death (%) 58.0 56.2

Table 1
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care is within 280-320 days, the average 
length of stay of patients is 3.5-5.5 days 
[3]. Sure, these indicators of the bed ca-
pacity may vary depending on the depart-
ment profile and, in fact, are formed by 
the clinical circumstances and the med-
ical capabilities of the medical organiza-
tion's department. Please, note that the 
calculation of 2020 indicators included 
only 10 months of the year (from March 
to December), the number of beds in the 
department changed from 30 to 36, which 
affected the estimated average bed occu-
pancy and the average length of stay of 
patients in the department. In addition, 
respiratory support for up to 14 days or 
more is recommended for COVID-19 
treatment even with positive lung function 
dynamics, since a recurrent deterioration 
in the course of interstitial pneumonia is 
often observed [1], which implies an ex-
tension of the period of stay of the patient 
in AICU.

A detailed study of the duration of pa-
tients' stay in the department shows that 
70.3 % of patients stayed for 4-20 days — 
38.2 % of patients stayed for 4-10 days, 
32.1 % stayed for 11-20 days (Fig. 1).

In total, 1,015 patients died (mortality 
rate – 56.5 %) of which 281 patients died 
in 2020 (mortality rate — 58.0 %) and 
734 in 2021 (mortality rate — 56.2 %).

The monthly dynamics in admission 
of patients and deceased for the period 
under study is shown in Fig. 2.

The presented chart shows an in-
crease in admissions of patients in AICU 
in October 2020, in May and October 
2021. The same months accounted for 
the largest number of deaths.

The mortality rate of patients increas-
es with age and amounted to 71.2 % in 
the age group of 61-80 and 71,2 % (Fig. 
3) in patients older than 81.

Treatment of patients in AICU was 
carried out in accordance with the rec-
ommendations of the Ministry of Health 
of the Russian Federation and the rec-
ommendations of the Federation of An-
esthesiologists and Reanimatologists 
and included etiotropic, pathogenetic and 
symptomatic treatment [1,8]. The prevail-
ing syndrome and the main indication for 
admission of patients in AICU was ARF, 
the treatment whereof has used a step-
wise approach among the methods of 
respiratory therapy (Table 2).

Standard oxygen therapy (15-20 L/
min) was effective only in 64 (3.6 %) pa-
tients. High-flow oxygen therapy (HFOT) 
was used in 1,732 (96.4 %) patients. Sub-
sequently, 717 (39.9 %) patients under-
went the non-invasive ventilation along 
with an increase in ARF. Increase in hy-
poxemia despite HFOT, non-invasive 

ventilation with prone position in 1,015 
(56.5 %) patients served as an indication 
for tracheal intubation and switching to 
invasive ventilation in protective modes.

 To increase the efficiency of venti-
lation and adequate sanitation of the 
tracheobronchial tree, 113 (11.1 %), pa-
tients with invasive ventilation on day 2-3 
underwent tracheostomy. The proportion 
of respiratory therapies in 2020 and 2021 
did not differ significantly.

These results are consistent with 
foreign and domestic studies. Thus, in 
the international study "UNITE-COVID", 
which included 240 centers from 46 
countries and 5 continents, it was indi-
cated  the beginning of the COVID-19 
pandemic led to an emergency in-
crease in the bed stock of intensive 
care units of medical organizations by 
an average of 155% [12]. The FRCC of 
Anesthesiology and Intensive Care for 

Fig. 1. Days after admission in ICU

Fig. 2. ICU admission in 2020-2021 years

Fig. 3. Inhospital mortality in age groups
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Adult patients with COVID-19 analyzed 
treatment of 1,522 patients with se-
vere COVID-19 in the ICU of hospitals 
in Moscow, the Moscow region and 70 
regions of the Russian Federation and 
indicated that 80% of patients needed 
a mechanical ventilation [2]. Two large 
studies – COVID-ICU and UNITE-
COVID, covering more than 8000 ICU 
patients, identified that the need for 
mechanical ventilation increased to 80-
85,8% [11, 12].

High mortality in COVID-19, its as-
sociation with age and comorbidity is 
confirmed in all studies. One of the first 
studies with СOVID-19, presented by 
Chaomin Wu et al., was demonstrat-
ed a high mortality rate in patients with 
severe pneumonia, which was 52.4% 
[13]. According to the FDCC of Anes-
thesiology and Intensive Care for Adult 
the mortality rate of patients with se-
vere COVID-19 was 65.4% and its main 
cause was acute respiratory distress 
syndrome - 93.2%. The mortality rate of 
patients undergoing oxygen therapy was 
10.1%, noninvasive mechanical ven-
tilation – 36.8%, invasive mechanical 
ventilation – 76.5%, with signs of septic 
shock – 86.6% [2].

Conclusion. Therefore, the complex 
of well-timed measures for the deploy-
ment of specialized anesthesiology and 
intensive care for adult patients with 
NCVI COVID-19 in the YRCH has made 
it possible to cope with a large flow of 
patients with a severe course of the dis-
ease. It took a short time to repurpose the 
hospital beds, enhance the material and 
technical equipment supply of AICU, im-
plement a system of continuous training 
of doctors in diagnostics, clinical course, 
treatment and infectious safety, as well 
as consultations with the Federal Centers 
for Anesthesiology and Intensive Care. 
The indicators of the department demon-
strate evidence of difficulties in managing 
patients with COVID-19 complicated by 
bilateral multisegmented viral pneumonia 
with severe ARF.
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High-flow oxygen therapy 469 (96.1) 1263 (96.5) 1732 (96.4)
Non-invasive mechanical ventilation 188 (38.5) 529 (40.5) 717 (39.9)
Invasive mechanical ventilation 281 (57.6) 734 (56.1) 1015 (56.5)
Total 488 (100) 1308 (100) 1796 (100)

Table 2
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STUDY OF 1-HYDROXYPYRENE
PAH EXPOSURE IN URINE OF WORKERS 
OF THE ALUMINUM SMELTER IN EASTERN 
SIBERIA

Aim: to study the content of the biomarker of PAH exposure – 1-hydroxypyrene (1-OHPyr) in the urine of workers in modern aluminum produc-
tion in Eastern Siberia.

Materials and methods. 159 workers of electrolysis workshops with the technology of self-baked and pre-baked anodes were examined. 
The I group included 142 workers of the main professions engaged in the servicing of electrolyzers, anodes and cranes, the group II included 17 
workers of auxiliary professions for pouring metal. The control group consisted of 14 people. Determination of 1-OHPyr was carried out by chroma-
to-mass-spectrometry on an Agilent 7890A gas chromatograph. The data was processed in the Statictica 6.1 program.

Results. Significant differences were established between the median levels of 1-OHPyr in urine among workers of the main (2.2–75.2 µg/l) and 
auxiliary (0.48–7.6 µg/l) occupations in comparison with the values of the control group (0.17 µg/l) and Biological Exposure Index (2.5 µg/l, AGGIH 
2020). The concentrations of 1-OHPyr in anodes workers were 6.4-20.9 times higher than those of electrolyzers workers and crane operators, and 
9.9-156.7 times higher than the levels of auxiliary professions. The lowest concentrations of 1-OHPyr were found in urine samples of workers - 
operators of workshops with the technology of pre-baked anodes.

Conclusion. The research results confirmed the increased professional impact of PAHs on aluminum production workers. The highest levels 
of 1-OHPyr in urine, characterizing the internal loads of PAHs and the associated high risk of health disorders, were found in operators servicing 
anodes of workshops with the technology of self-baked anodes.

Keywords: polycyclic aromatic hydrocarbons, 1-hydroxypyrene, aluminum production, workers.

УДК 612.461:[547.6:66-05]

Introduction. Polycyclic aromatic hy-
drocarbons (PAHs) belong to the group 
of persistent toxic substances, which can 
accumulate in the environment and in the 
body, have high toxicity, carcinogenic and 
mutagenic activity, and have a harmful ef-
fect on human health and his offspring [7, 
9]. The increased content of PAHs and 
oncological diseases are noted in such 
carcinogenic industries as smelting of 

aluminium, cast iron and steel, coal gas-
ification, getting coke, bitumen and as-
phalting of roads etc. The impact of PAHs 
on workers in these industries is usual-
ly due to a different chemical mixture of 
PAHs. They include known (group 1), 
probable (group 2a) and possible (group 
2b) carcinogenic compounds: benz(a)
pyrene, dibenz(ah)anthracene, benz(a)
anthracene, chrysene, benz(h)fluren-
tene etc. Entering the body, chemical 
compounds of PAHs are biotransformed 
mainly by the monooxygenase enzyme 
system of the liver, forming specific indic-
ative hydroxylated metabolites [13].

Based on a large number of studies 
conducted, it has been shown that the 
level of PAHs metabolites in urine can be 
used as a biological indicator of the ad-
verse effects of PAHs. 1-hydroxypyrene 
(1-OHPyr) is recognized as a particu-
larly preferred parameter for assessing 
the effects of PAHs among a number of 
metabolites, since pyrene is the main 
component in PAHs mixtures, and its 
metabolite correlates well with the total 
PAHs content in the air and DNA damage 
in persons exposed to benz(a)pyrene [5, 
10, 11, 16]. The available foreign publi-

cations provide separate information 
about the levels of excretion of 1-OHPyr 
in urine and the risk of health disorders in 
workers of aluminum smelters in a num-
ber of countries [8, 11, 14], however, in 
Russia, such studies, to date, have not 
been properly reflected in the literature.

In this regard, the aim of the work was 
to study the content of the biomarker of 
PAH exposure – 1-OHPyr in the urine of 
workers of modern aluminum production 
in Eastern Siberia.

Materials and methods. The pres-
ent study involved 159 workers of elec-
trolysis workshops using the traditional 
technology of producing aluminum with 
self-baked anodes (TTSBA) and modern-
ized – with pre-baked anodes (MTPBA). 
All employees participating in the study 
were classified into professional activity 
groups: group I consisted of the main pro-
fessions engaged in maintenance elec-
trolyzers, anodes and lifting cranes (av-
erage age 37.4–37.5 years and average 
experience 6.7–9.0 years), group II in-
cluded auxiliary professions working the 
metal pouring and ladle farming (average 
age 40.3 years, average experience 5.8 
years). The control group consisted of 14 
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a person who does not have professional 
contact with PAHs. The persons included 
in the studies received information about 
the purposes of the examination and 
signed an informed consent issued in ac-
cordance with the Helsinki Declaration of 
the World Medical Association (2008).

Urine samples from workers were 
collected during a medical examination 
in the polyclinic of the plant in propylene 
containers, which were stored at a tem-
perature of -20°C until analysis. Deter-
mination of concentrations of 1-OHPyr 
in urine was carried out by chroma-
to-mass-spectrometry on an Agilent 
7890A gas chromatograph with an Agi-
lent 5975 mass selective detector using 
an improved method of analyte sample 
preparation [2]. The results of measure-
ments of 1-OHPyr in the urine of workers 
were compared with the median level of 
the control group (0.17 µg/l) and the lim-
it value of the biological exposure index 
(BEI) in urine established by the Ameri-
can Conference of Governmental Indus-
trial Hygienists (AGGIH), which is 2.5 µg/l 
[15].

Statistical processing of the obtained 
results was carried out using the Statisti-
ca 6.1 program, using the nonparametric 
Mann–Whitney criterion with and without 
Bonferroni correction. The normality of 
the distribution of quantitative indicators 
was checked using the Shapiro-Wilk cri-
terion. The results of the conducted stud-
ies are presented in the form of median, 
interquartile range and concentration in-
terval, µg/l.

Results and discussion. Analysis 
of the results of the conducted studies 
showed that the median concentrations 
of 1-OHPyr in the urine of workers of 
the main professions of workshops with 
TTSBA varied in a wide range from 3.6 
to 75.2 µg/l and were higher (p<0.05) 

than the level of the control group and 
the limit value of BEI (AGGIH, 2020) by 
21.2–442.3 and 1.4–30.1 times, respec-
tively (Table). At the same time, the high-
est median levels of 1-OHPyr content in 
urine exceeding the limit parameter BEI 
(2.5 µg/l) were observed in anodes work-
ers (30.1 times) and crane operators (4.7 
times), while in electrolyzers workers it 
was the lowest – 3.6 µg/l.

Quite other levels of 1-ОНРyr excre-
tion with urine were observed in workers 
in workshops with MTPBA. The median 
values of 1-ОНРyr in the urine of oper-
ators of automated maintenance pro-
cess of modern electrolysis baths were 
2.2–6.8 µg/l, exceeding the limit value of 
BEI by 1.4-2.7 times only for operators 
servicing electrolyzers and crane oper-
ators. In general, the observed level of 
1-ОНРyr in the urine of the entire cohort 
of workshops operators with MTPBA 
was 3.1 times lower than that of work-
shops workers with TTSBA (p<0.05). 
This may indicate higher levels of PAH 
exposure in workers of workshops using 
TTSBA.

Among workers of auxiliary profes-
sions, approximately the same param-
eters of the content of 1-OHPyr in urine 
(according to a median 0.48–7.6 µg/l) 
were noted as in workers of the main pro-
fessions of new workshops with MTPBA. 
The excess of the median concentrations 
of 1-OHPyr in urine relative to the limiting 
level of BEI was observed only in met-
al pourers (brigade of pouring) (by 3.0 
times).

The data obtained are consistent with 
the results of foreign studies carried out 
at aluminum plants in Sweden, France 
and Slovenia [8, 12, 14], indicating the 
presence of high PAH exposures and 
levels of 1-OHPyr in the urine of persons 
working near electrolyzers and anodes. 

Some authors have suggested that expo-
sure to PAHs at the level of 1-OHPyr in 
the urine of 4.4 µg/l may correspond to 
a relative risk of developing lung cancer 
at approximately 1.3, and the content of 
1-OHPyr in the urine over 7.7 µg/l should 
be assessed as a higher risk of lung car-
cinoma for workers [3, 6]. However, it 
should be borne in mind that the harmful 
effects of PAHs on the body significant-
ly depend on the chemical structure of 
the hydrocarbon itself and carcinogenic 
properties. After absorption in the body, 
many PAHs are metabolized to different 
types of reactive compounds capable of 
binding to DNA and initiating a carcino-
genic process. Carcinogenic metabolites 
act on the principle of covalent binding to 
DNA, cause replication error, transcrip-
tion changes and subsequent mutation, 
which leads to suppression of apopto-
sis, the onset of cell malignancy and the 
growth of a cancerous tumor [4, 13].

As our studies have shown, the anode 
workers of the workshops with TTSBA, 
serving coal anodes in electrolyzers, 
the levels of 1-OHPyr in urine were the 
highest, significantly exceeding the limit 
of BEI and the parameters of 1-OHPyr in 
workers of other groups of professions, 
which, combined with an increased con-
tent of PAHs (including benz(a)pyrene) in 
the air of these workshops [1] indicates 
a serious threat to their health. At the 
same time, the lowest concentrations 
of 1-OHPyr were noted among workers 
of new electrolysis workshops with MT-
PBA. Thus, the detected high levels of 
1-OHPyr content and their significant ex-
cess of the BEI value in the urine of alu-
minum production workers may indicate 
the presence of an increased occupation-
al carcinogenic risk of their health disor-
ders. The performed pilot study confirms 
the feasibility of determining the PAH 

Concentrations of 1-OHPyr in urine of workers of electrolytic aluminum production

Type of technology, profession n Me (Q25–Q75), µg/l Min–Max, µg/l
TTSBA. All workers
Electrolyzers worker
Anodes worker 
Crane operator

112
49
26
37

11.0 (2.3–39.5)*. **
3.6 (1.5–13.3)▲

75.2 (15.0–138.6)▲. ■. ♦

11.8 (2.7–30.0)■

0.17–267.0
0.17–98.0
0.87–267.0
0.18–57.7

MTPBA. All workers
Operator of maintenance electrolyzers
Operator of maintenance anodes 
Operator of maintenance crane

30
16
6
8

3.5 (1.4–7.3)*
3.5 (1.2–8.0)
2.2 (1.4–3.7)♦

6.8 (1.9–8.4)

0.61–14.7
0.61–14.7
1.1–7.3

0.81–10.9

The site of metal pouring and ladle farming. All workers
Metal pourers: 
Brigade of pouring
Brigade of cleaning

17

10
7

6.7 (0.96–9.1)**

7.6 (4.9–14.5)●

0.48 (0.37–4.8)●

0.21–29.8

0.96–29.8
0.21–9.1

Control group 14 0,17 (0,10–0,30) 0,08–0,9

Notes: *, **, ♦, ● – the differences of the compared indicators are statistically significant at p <0.05; ▲, ■ - the differences of the compared 
indicators are statistically significant at p <0.017.
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marker 1-OHPyr in urine to assess the 
harmful effects of PAH on the body and 
related major types of health disorders in 
aluminum plant workers.

Conclusion. The results of the con-
ducted studies have shown that a par-
ticular problem in modern aluminum 
production is the continued exposure of 
workers to harmful chemical compounds 
of PAHs. The highest levels of 1-OHPyr 
in urine, characterizing the internal loads 
of PAHs and the associated high risk of 
health disorders, were found in the an-
odes workers in the workshops with TTS-
BA. It is necessary to continue research 
on biomonitoring of 1-OHPyr in the urine 
of aluminum production workers during 
preventive medical examinations to pre-
vent production-related diseases.

The work was carried out as part of a 
research work on a fragment of the lab-
oratory of analytical ecotoxicology and 
biomonitoring of the FSBSI ESIMER 
"Identification of the risk of remote en-
vironmental and socially caused health 
disorders in areas of accumulated 
technogenic load (on the example of 
Eastern Siberia)", No state registration 
АААА-А17-117021750013-2.1.

1. Shayakhmetov SF, Meshchakova NM, 
Lisetskaya LG, et al. Gigienicheskie aspekty 
uslovij truda v sovremennom proizvodstve al-
yuminiya [Hygienic aspects of working condi-
tions in the modern production of aluminum]. 
Gigiena i sanitariya [Hygiene and sanitary. 2018; 

97(10):899–904. (In Russ.).] DOI: 10.18821/0016-
9900-2018-97-10-899-904.

2. Alekseenko AN, Zhurba OM, Merinov AV, 
et al. Hromato-mass-spektrometricheskoe opre-
delenie 1-gidroksipirena v moche kak biomar-
kera vozdejstviya policiklicheskih aromaticheskih 
uglevodorodovm [Determination of 1-hydroxy-
pyrene as a biomarker for the effects of polycyclic 
aromatic hydrocarbons in urine by chromatog-
raphy–mass spectrometry]. Zhurnal analitich-
eskoy khimii [Journal of analytical chemistry. 
2020; 75(1):67–73. (In Russ.).] DOI: 10.31857/
S0044450220010028

3. Tuček M, Bencko V, Volný J et al. A con-
tributionn to the health risk assessment of expo-
sure to exhaust gases in custom officers at bor-
der crossing. Ceske Pracovni Lekarstvi. 2006; 
7(2):76–83.

4. Talaska G, Thoroman J, Schuman B et 
al. Biomarkers of polycyclic aromatic hydrocar-
bon exposure in European coke oven workers. 
Toxicology Letters. 2014; 231(2):213–6. DOI: 
10.1016/j.toxlet.2014.10.025

5. Zhang Y, Ding J, Shen G et al. Dietary and 
inhalation exposure to polycyclic aromatic hydro-
carbons and urinary excretion of monohydroxy 
metabolites - A controlled case study in Beijing, 
China. Environmental Pollution. 2014; 184:515–
22. DOI: 10.1016/j.envpol.2013.10.005

6. Buchet JP, Gennart JP, Mercado-Calderon 
F et al. Evaluation of exposure to polycyclic aro-
matic hydrocarbons in a coke production and a 
graphite electrode manufacturing plant: assess-
ment of urinary excretion of 1-hydroxypyrene as 
a biological indicator of exposure. British Journal 
of Industrial Medicine. 1992; 49(11):761–8. DOI: 
10.1136/oem.49.11.761

7. Yang L, Zhang H, Zhang X et al. Exposure 
to atmospheric particulate matter-bound poly-
cyclic aromatic hydrocarbons and their health 
effects: a review. International Journal of Envi-
ronmental Research and Public Health. 2021; 
18(4):2177. DOI: 10.3390/ijerph18042177

8. Carstensen U, Yang K, Levin JO et al. Geno-
toxic exposures of potroom workers. Scandina-

vian Journal of Work, Environment and Health. 
1999; 25(1):24–32. DOI: 10.5271/sjweh.379

9. Ifegwu OC, Anyakora C. Polycyclic aro-
matic hydrocarbons: part I. Exposure. Advances 
in Clinical Chemistry. 2015; 72:277–304. DOI: 
10.1016/bs.acc.2015.08.001

10. Käfferlein HU, Marczynski B, Simon P 
et al. Internal exposure to carcinogenic polycy-
clic aromatic hydrocarbons and DNA damage: A 
null result in brief. Archives of Toxicology. 2021; 
86(8):1317–21. DOI: 10.1007/s00204-012-0882-7

11. Jongeneelen FJ. Benchmark guideline for 
urinary 1-hydroxypyrene as biomarker of occu-
pational exposure to polycyclic aromatic hydro-
carbons. Annals of Occupational Hygiene. 2001; 
45(1):3–13. DOI: 10.1093/annhyg/45.1.3

12. Barbeau D, Persoons R, Marques M 
et al. Relevance of urinary 3-hydroxybenzo(a)
pyrene and 1-hydroxypyrene to assess exposure 
to carcinogenic polycyclic aromatic hydrocarbon 
mixtures in metallurgy workers. Ann. Occup. 
Hyg. 2014; 58(5):579–90. DOI: 10.1093/annhyg/
meu004

13. Some non-heterocyclic polycyclic aromat-
ic hydrocarbons and some related exposures / 
IARC Working Group on the Evaluation of Car-
cinogenic Risks to Humans. Lyon; 2010.

14. Klöslová Z, Drímal M, Balog K et al. The 
relations between polycyclic aromatic hydrocar-
bons exposure and 1-OHP levels as a biomark-
er of the exposure. Central European Journal of 
Public Health. 2016; 24(4):302–7. DOI: 10.21101/
cejph.a4179

15. TLVs and BEIs Based on the Documen-
tation of the Threshold Limit Values for Chemical 
Substances and Physical Agents and Biological 
Exposure Indices. ACGIN. Cincinnati; 2020.

16. Yamano Y, Hara K, Ichiba M et al. Uri-
nary 1-hydroxypyrene as a comprehensive car-
cinogenic biomarker of exposure to polycyclic 
aromatic hydrocarbons: a cross-sectional study 
of coke oven workers in China. International 
Archives of Occupational and Environmental 
Health. 2014; 87(7):705–13. DOI: 10.1007/
s00420-013-0913-6

Reference



YAKUT MEDICAL JOURNAL
52

Introduction. Human papillomavirus 
(HPV) is one of the most common infec-
tions in the world, which is divided into 
categories of low and high carcinogenic 
risk. HPV causes skin and anogenital 
warts, neoplasms of the oropharynx, cer-
vix, anal canal, vulva, vagina, and penis 
[4, 7, 8, 10]. Harald zur Housen and his 
colleagues were first to demonstrate that 

genital warts contain the human papillo-
mavirus genome [9, 11]. Later, the main 
cause of cervical cancer (CC), as well as 
precancerous lesions, was attributed to 
HPV infection (certain types), transmitted 
mainly through sexual contact. In 2008, 
German scientist Harald zur Hausen was 
awarded a Nobel Prize for discovering 
the role of HPV as a cause of cervical 
cancer. 

According to 2020 data, cervical 
cancer takes fourth place (after breast, 
colorectal, and lung cancer) in glob-
al cancer incidence among women of 
all age groups. In Russia, according to 
data for 2018, cervical cancer account-
ed for 5.3% of all oncological conditions 
in women [1]. At the same time, in terms 
of prevalence related to the reproduc-
tive period in the age group of 15 to 44 
years, it ranks second. Regarding geo-
graphic distribution, data are presented 
on the highest prevalence of HPV in de-
veloping countries in low- and middle-in-
come regions. In Eswatini (Af-rica), this 
figure is 84.5 cases per 100 thousand 
people; Bolivia (South America) – 36.6; 
Mal-dives (Asia) – 24.5; Montenegro 
(Europe) – 26.2; Fiji (Oceania) – 29.8. 
In Europe, Russia ranks 13th with 14.1 
cases per 100,000 people.

According to the WHO concept [2], 
the fundamental ways to combat cervi-
cal cancer in-clude vaccination, screen-
ing, diagnosis, and treatment of precan-
cerous conditions and invasive cervical 
cancer. Diagnosis at an early stage of 
cervical cancer and immediate treatment 
in most cases can avoid the progression 
of the disease and contribute to recovery. 
Cervical screening pro-grams based on 
a cytological examination (Pap test) and/
or a molecular diagnostic PCR method 

[6] make it possible to identify women at 
high risk of developing cervical cancer 
and prevent the disease in a timely man-
ner. Statistics show that among all age 
groups, the prevalence of HPV av-erages 
about 20-30%. However, different studies 
show highly variable results between re-
gions and social groups, which indicates 
the focal nature of the spread of HPV [3]. 
At the same time, the published data on 
HCR HPV in Russia and Yakutia, in par-
ticular, are based to a greater ex-tent on 
studies of patients seeking medical help, 
which does not allow an objective as-
sessment of the overall prevalence of the 
virus among the population.

The Purpose of the Study: mass 
screening testing, and analyzing carriage 
and character-istics of the viral load of 14 
oncogenic HPV types in women living in 
various uluses (villages) of the Republic 
of Sakha (Yakutia).

Material and Methods. Women par-
ticipated in the voluntary screening study 
(n = 724), they were from 5 uluses (vil-
lages) of the Republic of Sakha (Yaku-
tia) and the city of Yakutsk, aged 20 to 
86 years. The mean age was 50.6±8.6 
years. The study materials were epithe-
lial cells of scrapings from the cervical 
canal, placed in a transport medium for 
liquid cytology with vol-umes of 2-5 ml. 
DNA extraction was carried out with the 
AmpliSens® DNA-sorb-D reagent kit de-
signed for isolating total DNA from epi-
thelial cells taken for liquid cytology. For 
amplification and detection of HPV DNA 
segments (multiplex PCR), we used the 
AmpliSens® HCR HPV screen-titer-14-
FL test system, which makes it possible 
to identify the 14 most potent oncogenic 
types of high carcinogenic risk using one 
fluorescent channel with ROX dye: 
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• for genotypes 16, 31, 33, 35, 52, 
58 – region E1 gene

• for genotypes 18, 39, 45, 56, 59, 
66, 68 – region E2 gene

• for genotype 51 – region E7 
gene

Separate channels allowed us to de-
tect the 16th (FAM), 18th (JOE), and 45th 
(Cy 5.5) genotypes in the E6 gene re-
gions (Table 1). Detections of the E6 re-
gion with no detections in E1/E2 regions 
point to the integration of the virus into 
the human genome.

Additionally, we used the AmpliSens® 
HRC HPV genotype-titer-FL reagent 
kit. Ampli-fication was carried out on a 
6-channel detecting amplifier with a Re-
al-time CFX-96 Touch 96 x 0.2 ml thermal 
block from Bio-Rad (USA). Amplification 
was set up and the results were ana-
lyzed using the FRT Manager (version 
3.4). Statistical data processing was car-
ried out using Sta-tistica 6.0.

Results and Discussion. Some stud-
ies have shown that the most common 
HCR HPV genotypes, in descending or-
der of occurrence, are: 16, 18, 59, 45, 31, 
33, 52, 58, 35, 39, 51, 66, and 68. How-
ever, we also note variability in genotypic 

prevalence depending on the geographi-
cal region. Knowledge gained about the 
prevalence and genotype structure of 
HPV in a particular geographic region can 
be of great help in choosing a strategy to 
prevent HPV-associated diseases. As a 
result of our studies, we found that the to-
tal infection rate with HCR human papil-
lomavirus among all examined women (n 
= 726) was 7.6% (n = 55; Table 2). In the 
structure of the studied districts of the Re-
public of Sakha (Yakutia), the highest in-
fection rates were noted in: Churap-chin-
sky Ulus – 11.0%, Srednekolymsky Ulus 
– 10.9%, Zhigansky Ulus – 10.6%, and 
Nam-sky Ulus – 8.3%. In the city of Ya-
kutsk and the Verkhoyansk Ulus, these 
figures were 5.5 and 4.7%, respectively. 
It should be noted that in Zhigansky and 
Churapchinsky Uluses, there have been 
cases of simultaneous carriage of two 
HCR HPV genotypes, and three in Sred-
nekolymsky Ulus (Table 2). We registered 
combinations of genotypes 16 with 18, as 
well as 16 with 31 and 56, respectively. 
It is also noteworthy that out of the total 
number of screened women in the Verk-
hoyansk Ulus, there have been infections 
with only two HPV genotypes, 16 and 18.

The integration of the virus into the 
host cell’s genome plays a special role 
in the devel-opment of HPV diseases; 
likewise, the development of cervical 
cancer is often associated with the inte-
gration of virus DNA into the genome [5]. 
Most often, HPV 16 and 18 genotypes 
are in-tegrated, while the E1/E2 section 
breaks apart while maintaining the E6/E7 
oncogene.

The viral genes E6 and E7 play a key 
role in the process of tumor transforma-
tion. Their activity is controlled by the up-
stream regulatory region (URR). Oncop-
rotein E6 plays the role of a coactivator 
that interacts with transcription factors 
and elements of the main transcription 
com-plex. Thus, the E6 gene is a multi-
functional protein. Its transactivating ac-
tivity involves regula-tion of transcription, 
interaction with the p53 gene and its deg-
radation, and violations in the cell growth 
control mechanism and in the process of 
cell differentiation. The E7 protein is able 
to re-verse cell arrest in the G1 phase of 
the cell cycle, exert a mitogenic effect, 
and stimulate uncon-trolled DNA syn-
thesis [9, 12]. Thus, cervical cancer is a 
unique model of carcinogenesis associ-

Distribution of Fluorophores by Detection Channels

Channel for Fluorophore FAM JOE ROX Cy5 Cy5.5

Target DNA
HCR HPV DNA

Genotype
16

HCR HPV DNA
Genotype

18

Genotypes
16,18,31,33,35,
39,45,51,52,56,

58,59,66,68

Plot DNA β -Globin
Gene (Internal Control 

Sample Glob)

HCR HPV 
DNA

Genotype 45

Amplification Region E6 gene E6 gene

E1 Gene (for genotypes 16, 31, 33, 
35, 52, 58)/

E2 gene (for genotypes 18, 39, 45, 
56, 59, 66, 68)/

E7 gene (for genotype 51)

β-Globin Gene E6 Gene

Table 1

Table 2

Structure of HCR HPV Infection

Ulus (Village) HPV 161 HPV 181 HPV 451 HCR2
Mixed

(Geno-types), 
Persons

Negative,
Persons

Total,
Persons/(%)

Infected, Per-sons/
(%)

Zhigansky 5 - 2 5 11 (16.18) 110 123/(17.0) 13/(10.6)
Verkhoyansk 3 1 - - - 81 85/(11.7) 4/(4.7)
Churapchinsky - 1 2 5 11 (16.18) 73 82/(11.3) 9/(11.0)
Namsky 1 - - 5 - 66 72/(10.0) 6/(8.3)
Srednekolymsky 1 1 - 3 12 (16.31.56) 49 55/(7.6) 6/(10.9)
Yakutsk 2 4 2 9 - 290 307/(42.4) 17/(5.5)
Total: 12 7 6 27 3 669 724/(100) 55/(7.6)

1 – genotypes –region E6 gene (likely integrated into the human genome);
2 –genotypes 16, 31, 33, 35, 52, 58 – E1 gene region, genotypes 18, 39, 45, 56, 59, 66, 68 – E2 gene region, geno-type 51 – E7 gene region.
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at-ed with a viral infection, its uniqueness 
is due to the exogenous genetic informa-
tion with trans-forming potential in tumor 
cells.

Figure 1 shows the distribution of HCR 
HPV forms integrated into the genome 
against the background of general in-
fection with the virus in the uluses of the 
Republic of Sakha (Yaku-tia). The aver-
age value for the studied regions of the 
Republic was 3.9%. In the Verkhoyansk 
Ulus, despite the low overall infection 
rate (4.7%), all forms of the virus were 
integrated. We identified three cases of 
the 16th genotype and one of the 18th 
genotype of the E6 gene region, while 
other genotypes of the E1 gene/E2 gene/
E7 gene regions were not identified (Ta-
ble 2).

In the Zhigansky Ulus, 8 cases (6.5%) 
out of 13 (10.6%) infected were integrat-
ed forms of HPV 16 and HPV 45, with a 
predominance of the 16th genotype (n = 
5). In one case, we identified the integra-
tion of two genotypes at once: 16 and 18. 
In Churapchinsky, we noted gen-otypes 
18 and 45 (1 and 2 cases, respectively) 
and, just like in the Zhigansky Ilus, one 
case of an integrated form of two geno-
types at once – HPV 16 and HPV 18. We 
identified only one case of carriage of the 
integrated form of HPV 16 in the Namsky 
Ulus. In the Srednekolymsky Ulus, we re-
corded one case of a non-integrated form 
of HPV 16 carriage. We detected the E6 
gene region of HPV 16 and the HRC E1/
E2/E7 gene region. This may indicate 
that the integration of the virus into the 
human genome has not yet occurred. In 
this case, a more effective response to 
therapeutic measures with a more favor-
able prognosis is likely. We also highlight 
one case of car-riage of integrated forms 
of 16 and 18 genotypes. In Yakutsk, 8 out 
of 17 cases had integrated forms: 2 cas-
es each for genotypes 16 and 45, and 4 
cases for HPV 18. We have not detected 
HCR HPV 51 genotype with the E7 gene 
detection region.

To identify the age characteristics of 
HPV distribution, the subjects were di-
vided into 6 age groups: 20-30 years 
(5.7%), 31-40 (16.9%), 41-50 (27.3%), 
51-60 (24.4%), 61-70 (20.6%), and older 
than 71 (5.1%; Fig. 2).

Analysis of the distribution of HCR 
HPV showed that the largest proportion 
of carriers were in the groups of wom-
en aged 20-30 (14.6%) and over 70 
(13.9%) (Fig. 3). The lowest infec-tion 
was observed in the age group of 41-50 
and amounted to 2.0%. It should be not-
ed that in our study, the age samples of 
younger and older women were relatively 
small (n = 41 and n = 36, respectively). 

Fig. 1. Structure of the Territorial Distribution by Uluses of General Infection and HPV Forms 
Integrated into the Human Genome (%)

Fig. 2. Structure of the Distribution of the Studied by Age Groups (%)

Fig. 3 Distribution of HCR HPV and Integrated Forms of the Virus by Age Groups X-Axis: Age 
(Years); Y-Axis: Infection (%)
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Therefore, in order to obtain the most reli-
able statistical data on the age character-
is-tics of HPV distribution in the Republic, 
it is necessary to involve more women of 
this age.

The maximum proportion of integrat-
ed forms of HCR HPV was found in the 
group of women aged 20-30 (12.2%) and 
31-40 (5.7%). Then, in decreasing or-
der, there were groups of: older than 70 
(5.6%), 61-70 (5.4%), 51-60 (3.4%) and 
the smallest number of cases (0.5%) of 
in-tegrated forms of the virus was found 
in women aged 41-50.

With this study, data on the spread of 
HCR HPV in the regions of the Republic, 
and es-pecially integrated forms of the vi-
rus, have been obtained for the first time. 
Further research is needed to obtain 
more accurate statistics.

Conclusion. Thus, we have estab-
lished that the overall infection rate in 
the Republic var-ies from 5.5% (Yakutsk) 
to 11% and averages 7.6%. The highest 
overall infection rate was found in the Zhi-
gansky Ulus – 10.6%, the Churapchinsky 
Ulus – 11%, and the Srednekolymsky 
Ulus – 10.9%. In the same uluses, cases 
of infection with two or more HCR HPV 
genotypes were noted. We detected in-
tegrated forms of HPV were detected 
in 3.9% of women, and non-integrated 
forms in 3.7% of cases. The structure 
of integrated forms is dominated by the 
HPV 16 genotype (1.7%), followed by 
HPV 18 (1.0%) and HPV 45 (0.8%). The 
largest proportion of HCR HPV carriers 

falls on the age groups of 20-30 years 
(14.6%) and over 70 years (13.9%). The 
largest proportion of the forms of the vi-
rus integrated into the human genome 
was found in women aged 20-30 and 31-
40 years – 12.2% and 5.7%, respective-
ly. The smallest number of cases (0.5%) 
of integrated forms of the virus was ob-
served in the group with a low percent-
age of virus carriers (2.0%) among wom-
en aged 41 to 50 years.

All detected cases of infection have 
HPV genotypes of high oncogenic risk 
and, with a high probability, can cause 
cervical cancer and severe dysplasia. 
All the patients with HCR HPV infection 
were registered and directed for further 
research (Pap test and colposcopy), in 
accord-ance with the cervical screening 
program in the conditions of the Yakut 
Republican Oncological Dispensary un-
der the ОНКОПОИСКСАХА.РФ (ONCO-
SEARCH) pilot project.
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FEATURES OF GASTROINTESTINAL 
DISORDERS IN CHILDREN WITH 
MULTISYSTEM INFLAMMATORY 
SYNDROME ASSOCIATED WITH COVID-19

Resume. Gastrointestinal tract damage is a part of the course of multisystem inflammatory 
syndrome in children (MVS-D) associated with the new COVID-19 coronavirus infection. 
According to the results of a retrospective study, gastrointestinal tract damage was detected 
in 77% of patients with MVS-D and is represented by signs such as abdominal pain, vomiting, 
diarrhea and peritoneal symptoms. In children with gastrointestinal tract lesions, significant 
differences were noted in the frequency of occurrence of the following signs: hepatomegaly, 
splenomegaly, hypotension/shock, as well as conjunctivitis and facial swelling. Among laboratory 
abnormalities, hypoalbuminemia is more characteristic, but the level of CRP and troponin is 
higher. The article shows that gastrointestinal tract damage is an important early predictor of the 
severity of MVS-D.

Keywords: multisystem inflammatory syndrome, gastrointestinal tract lesion, hepatomegaly, 
splenomegaly, Russia.
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Introduction. According to systematic 
reviews, cases of COVID-19 in children 
were observed relatively less frequently, 
and, mostly, had a lighter course [14, 15, 
4, 22]. The incidence in children is esti-
mated from 1-5% to 19% of all COVID-19 
cases. [14, 3]. For the first time, the 
suspicion of a possible link between 
COVID-19 and Kawasaki disease (KD) 
was put forward by Jones et al [12], who 
reported a case of Kawasaki disease in a 
6-month-old girl with positive PCR result 
on SARS-CoV-2. Also among the first to 
describe this problem were groups of re-
searchers from Italy [19] and France [17]. 
However, this condition occurs in older 
children than KD, and is also often man-
ifested with gastrointestinal symptoms 
(diarrhea, abdominal pain, vomiting) and 
heart disorders (myocarditis, pericardi-
tis), which often lead to myocardial dam-
age and shock, while these clinical man-
ifestations are less common in KD [13]. 
This phenomenon was later called mul-
tisystem inflammatory syndrome in chil-
dren (MIS-C). The incidence of MIS-C is 
1:4000 children who had COVID-19 [8]. 
One of the most frequent early manifes-
tations and features that help to distin-
guish MIS-C from KD is the involvement 
of gastrointestinal tract in the pathologi-
cal process, manifested by abdominal 
pain, diarrhea, nausea and vomiting, and 
in some cases with mesenteric lymphad-
enitis.

The aim of the study: To analyze the 
main clinical and laboratory characteris-
tics of the disease course and to deter-
mine the factors associated with the gas-
trointestinal involvement in MIS-C.

Materials and methods: In the ret-
rospective study were included 162 pa-
tients (96 boys, 66 girls) aged from 4 
months to 17 years (median 8.2 years) 
with a diagnosis of "multisystem in-
flammatory syndrome associated with 
COVID-19 in children" who were on in-
patient treatment in pediatric clinics of 
Saint Petersburg, Irkutsk, Yakutsk, and 
Kaliningrad. The inclusion criteria met 
the criteria of the World Health Organi-
zation (WHO) for the definition of MIS-C.  
Inclusion criteria (all items must be pres-
ent):

1.	 Age from 0 to 18 years.
2.	 Fever for ≥ 3 days.
3.	 Clinical signs of a multisystem 

disorders (at least 2 of the following):
- Rash, bilateral non-purulent con-

junctivitis or signs of inflammation of the 
skin and mucous membranes (oral cavity, 
hands or feet).

- Hypotension or shock.
- Cardiac dysfunction, pericarditis, val-

vulitis or coronary abnormalities (includ-
ing echocardiographic data or elevated 
troponin/BNP).

- Signs of coagulopathy (prolonged PT 
or PTT; elevated D-dimer).

- Acute gastrointestinal symptoms 
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(diarrhea, vomiting, or abdominal pain).
4.	 Elevated markers of inflamma-

tion (eg, ESR, CRP, or procalcitonin).
5.	 No other obvious microbial 

cause of inflammation, including bacterial 
sepsis and staphylococcal/streptococcal 
toxic shock syndromes.

6.	 Signs of previous COVID-19: 
Positive PCR of SARS-CoV-2 / Positive 
serology / Positive antigen test / Contact 
with a person with confirmed COVID-19.

The fact of previous COVID-19 infec-
tion in patients was confirmed by at least 
one of the following methods: a positive 
result of PCR with reverse transcription 
(13%), the presence of antibodies of 
classes IgM (40.3%) or IgG (97.4%) to 
SARS-CoV-2, contact with a person with 
confirmed COVID-19 (65.6%).

The frequency of clinical signs and 
the severity of laboratory changes in 
patients with MIS-C were evaluated. To 
conduct a comparative analysis, patients 
with MIS-C were divided into two groups: 
group 1 - with gastrointestinal disorders 
(n=125, 77.2%) and group 2 - without 
signs of gastrointestinal disorders (n=37, 
22.8%).

Statistical analysis was performed 
with the software STATISTICA, version 
10.0 (StatSoft Inc., Tulsa, OK, USA). The 
description of quantitative indicators is 
carried out with the indication of the me-
dian (25th; 75th percentiles). Comparison 

of qualitative indicators was carried out 
using the Pearson criterion χ2.Compari-
son of quantitative indicators was carried 
out using the Mann-Whitney criterion. 
For quantitative variables, cut-off values 
were calculated using AUC-ROC analy-
sis (AUC – area under the curve – "area 
under the curve") with the determination 
of 95% confidence interval (CI), calcu-
lation of odds ratio (OR) without taking 
into account the time of development of 
events of interest using 2×2 tables. The 
multivariate regression analysis included 
parameters that had clinical significance 
and statistical reliability. The coefficient 
of determination (R2) was taken into ac-
count from the parameters of the multi-
variate regression model. Differences or 
connections were considered statistically 
significant at p<0.05.

The study was approved by the Ethics 
Committee of the St. Petersburg State 
Pediatric Medical University (Protocol 
No. 03/09 of 03/22/2021) for compliance 
with the provisions of the Helsinki Decla-
ration on the Rights of the Patient.

Results and discussion: The analy-
sis of the clinical manifestations of MIS-C 
revealed the most frequent clinical signs: 
fever (100%), conjunctivitis (84.8%), 
rash (78.9%), gastrointestinal symp-
toms (77.2%), cervical lymphadenopathy 
(66.9%), mucosal brightness (64%), hep-
atomegaly (64.4%), erythema/swelling 

of the hands/feet (62.4%), sore throat 
(56.3%), facial swelling (50.5%), respi-
ratory symptoms (49.4%), red cracked 
lips (49.3%), neurological symptoms 
(47.8%), hypotension/shock (43.8%), 
splenomegaly (40.7%), peeling fingers 
(35.7%), arthritis/arthralgia (14.7%).

Among the laboratory parameters, 
most patients showed a significant in-
crease in inflammatory markers, such as 
ESR, CRP, ferritin, hypoalbuminemia, hy-
poproteinemia, increased ALT, AST, LDH 
and D-dimer.

The following echocardiographic 
changes were noted: dilation/aneurysms 
of coronary arteries (16.2%), myocardial le-
sion (31.4%), pericardial effusion (29.5%). 
More than half of the patients (50.6%) were 
hospitalized in the intensive care unit. 
Glucocorticosteroids (81.5%), acetylsali-
cylic acid (57.1%), intravenous immuno-
globulin (44.7%) were used to treat pa-
tients with MIS-C, and 4.9% of patients 
needed the anti-interleukin-6 biological 
therapy. The average length of hospital 
stay was 18 days.

Gastrointestinal disorders were rep-
resented by such features as abdominal 
pain (64.2%), vomiting (59.8%), diarrhea 
(69.6%) and peritoneal symptoms, which 
required diagnostic laparoscopy and re-
moval of the appendix in 3 patients (1.8%). 
There was a predominance of boys in 
group 1 (64.8%) than in group 2 (40.5%, 

Comparative characteristics of patients with MIS-C, depending on the presence of symptoms of gastrointestinal tract damage

Parameters The whole group
(n=162)

1 group – with gastrointestinal 
involvement (n=125)

2 group - without gastrointestinal 
involvement (n=37) p

Demographic indicators
Age, months 98 (59; 134) 101 (60; 133) 96 (56; 141) 0.842
Gender, male, n (%) 96 (59.2) 81 (64.8) 15 (40.5)

0.008
Gender, female, n (%) 66 (40.8) 44 (35.2) 22 (59.5)

Clinical and laboratory characteristics
Neurological symptoms, % 47.5 51.6 33.3 0.053
Conjunctivitis, % 84.8 91.2 64.9 0.0001
Face swelling, % 50.5 56.5 30.8 0.022
Hepatomegaly, % 64.4 69.6 47.1 0.016
Splenomegaly, % 40.7 46 23.5 0.02
Hypotension/Shock, % 43.8 51.2 18.9 0.0005
C-reactive protein, mg/l 138 (44.0; 236.0) 157.7 (64.0; 238.0) 106.1 (31.0; 236.0) 0.077
Total protein, g/l 56.5 (49.0; 63.0) 55.6 (48.4; 62.8) 60.0 (53.0; 63.9) 0.081
Albumin, g/l 29.3 (25.8; 34.0) 28.8 (25.0; 33.2) 30.3 (28.3; 35.0) 0.034
Troponin, pg/ml 5.1 (1.0; 56.0) 7 (2; 90) 1 (0; 5) 0.065

ECHO-CG changes
Coronary artery dilatation/CA 
aneurysms, % 16.2 15.3 19.4 0.551

Myocarditis, % 31.4 35 19.4 0.078
Pericarditis, % 29.5 30.8 25 0.501

Table 1
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p=0.008). Hypotension or shock were 
significantly more common in patients of 
group 1 (51.2%) than in group 2 (18.9%, 
p=0.0005). There were differences in the 
frequency of neurological symptoms, 
which were more often observed in chil-
dren of group 1 (51.6% vs. 33.3%, re-
spectively, p=0.053). Among patients of 
the group 1 hepatomegaly (69.6% vs. 
47.1%, p=0.016), splenomegaly (46% 
vs. 23.5%, p=0.02),  conjunctivitis (91.2% 
vs. 64.9%, p=0.0001) and facial puffiness 
(56.5% vs. 30.8%, p=0.022) were ob-
served more frequently.

Among laboratory abnormalities, pa-
tients of group 1 had a greater tenden-
cy to hypoalbuminemia (albumin - 28.8 
g/l) than in group 2 (30.3 g/l, p=0.034), 
the level of CRP was significantly high-
er (157.7 mg/l vs. 106.1 mg/l, p=0.077), 
as well as troponin level (7 pg/ml vs. 1 
pg/ml, p= 0.065). Signs of myocardial 
damage were more common for group 1 
patients (35% vs. 19.4%, p=0.078). The 
comparative characteristics between the 
two groups are presented in Table 1.

The next stage was the identification 
of clinical and laboratory signs associ-
ated with gastrointestinal tract damage 
using sensitivity analysis, specificity and 
calculation of odds ratio. The transforma-
tion of quantitative variables into quali-
tative ones was performed using AUC-
ROC analysis. The results of the one-fac-
tor analysis are presented in Table 2.

Characteristics with the highest sen-
sitivity, specificity, odds ratio and clinical 
significance were included in the multi-
variate regression analysis. Of the initial 
7 factors included in the model, only 3 
variables were significantly associated 
with gastrointestinal tract damage: male 
gender, conjunctivitis and hypotension/
shock. The results of multivariate regres-
sion analysis are presented in Table 3.

It is important to notice that gastroin-
testinal involvement in the pathological 
process is an extremely important ear-
ly predictor of the possible severity of 
MIS-C, associated with such characteris-
tics of the course of MIS-C as conjunctivi-
tis, face swelling, central nervous system 
damage, hepatomegaly and splenomeg-
aly, hypotension / shock, common for the 
severe course of the disease.

Discussion: The data obtained are 
comparable with studies previously pub-
lished in the literature, however, it should 
be noted that there are not many pub-
lications of multicenter studies. Fever is 
described in 100% of cases in almost all 
studies. Most researchers note a high 
frequency of mucocutaneous manifesta-
tions (rash in 45-65% of cases, conjunc-
tivitis in 30-81%, lip lesion in 27-76%) 
[7, 9, 6]. Many researchers note a fairly 
high frequency of hypotension or shock 
in patients with MIS-C (32-76%) [5, 6, 
7, 9, 18]. Among laboratory changes, 
most researchers describe an increase 
in inflammatory biomarkers, thrombocy-
topenia, hypoalbuminemia, a significant 
elevation of D-dimer [17, 19, 6, 20]. The 
gastrointestinal disorders are noted in 
MIS-C in 71-86% of cases on average 
according to different researchers [9, 
2], which is comparable with our data 
(77.2%). Among the examined patients 
with gastrointestinal involvement in our 
sample, three had acute appendicitis 
in the structure of the disease, which 
required laparoscopic appendectomy. 

Similar cases are described in previously 
published works [10, 11, 16, 1].

Factors associated with gastrointesti-
nal involvement (including a higher inci-
dence of troponin levels and myocardial 
dysfunction) include an association with 
hypotension/shock and, apparently, gas-
trointestinal disorders can be caused 
by a decrease in mesenteric blood flow 
due to shock. However, there is also an 
opinion about the role of persistence of 
the SARS-Cov-2 virus in gastrointestinal 
tract, which can lead to local inflamma-
tion of the mucous membrane, increased 
release of zonulin and subsequent in-
creased intestinal permeability for coro-
navirus antigens, including a superanti-
gen-like motif of spike protein [21].  Face 
swelling in patients with MIS-C is also 
probably a consequence of hypoprotein-
emia, which is the result of shock / hy-
potension and, resulting from this, liver 
dysfunction. As for conjunctivitis, it refers 
to one of the signs of damage to the skin 
and mucous membranes due to systemic 
vasculopathy and is among the Kawasa-
ki-like symptoms also characteristic of 
multisystem inflammatory syndrome.

Conclusion. In the conditions of still 
ongoing COVD-19 pandemic and, ac-
cordingly, the continuing risk of MIS-C 
morbidity, it is necessary to study the ep-
idemiological history, conduct a thorough 
assessment of possible multiple lesions 
of organs and systems, paying special 
attention to abdominal symptoms. Gas-
trointestinal involvement is an extremely 
important early predictor of the severity 
of MIS-C, requiring subsequent careful 
clinical and laboratory monitoring and 
correction of therapy.

The work was carried out within the 
framework of the research topic "Phys-
ical development and health status of 
children in the Far North (on the exam-
ple of Yakutia)" (state registration num-
ber: 1021062411641-9-3.2.3), within the 
framework of the state task of the Minis-
try of Science and Education of the Rus-
sian Federation (FSRG-2020-0016).
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POSTCOVID CARDIOMETABOLIC 
DISORDERS IN RESIDENTS OF YAKUTSK

A pilot single-stage study of residents of Yakutsk, attached to the YSC CMP Clinic, with a history of new coronavirus infection COVID-19 in the 
period from March to December 2020 (1st and 2nd waves of the pandemic) was conducted. 2 groups of 80 people from 30 to 59 years old were 
formed, which were divided according to the time of infection with COVID-19. The 1st group included patients with a postcovid period from 3 to 6 
months, in the 2nd - from 7 to 11 months. The analysis revealed a high frequency of cardiometabolic disorders, in particular hypertension, obesity 
and metabolic syndrome. Men had a more severe course of infection, both in the first and in the second wave of the pandemic. The relationship 
between blood pressure, body mass index, waist circumference and blood triglyceride levels with the severity of the disease is presented. 

Keywords: COVID-19, Yakutsk residents, obesity, arterial hypertension, metabolic syndrome.
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Metabolic syndrome, described in the 
second half of the 20th century, increas-
es the risk of death from cardiovascular 
pathology and has been named by WHO 
experts as a "pandemic of the 21st centu-
ry" [11]. Since the end of 2019, the whole 
world has been gripped by the protracted 
pandemic of the new coronavirus infec-
tion COVID-19. During the first studies 
of COVID-19, scientists have already 
proven the risk of developing more se-
vere manifestations and deaths from it 
in combination with cardiovascular pa-
thology, including metabolic syndrome 
[4; 7;9;10;12;17;20;23]. Our study cov-
ered the period of the first and second 
waves of the COVID-19 pandemic. The 
analysis of the epidemiological situation 
during the second wave of the pandemic 
showed a significant increase in morbid-
ity and mortality both worldwide and in 
the Russian Federation [1;15;18]. During 
this period, the Eurasian International 
Registry ACTIVE noted an increase in 
newly detected cardiovascular pathology 
after 4-6 months [3]. An earlier study of 
cardiovascular pathology in residents of 
Yakutsk who had a new coronavirus in-
fection showed a high incidence of arte-
rial hypertension (AH) (59.6%), coronary 
heart disease (CHD) (16.8%), type 2 di-
abetes mellitus (14.3%) [2]. The state of 
health of people who have had COVID-19 
requires detailed monitoring, because 
the infection, acting on the proinflamma-
tory and prothrombotic status of patients, 
caused the appearance or progression of 
the existing pathology. The study of the 

state of health in the postcovid period, 
in particular the detection of cardiomet-
abolic disorders, is relevant and requires 
detailed study and monitoring.

The aim of the research was to study 
cardiometabolic disorders in residents of 
Yakutsk who suffered a new coronavirus 
infection COVID-19.

Materials and methods of research.
In March 2021, a pilot single-stage study 
of residents of Yakutsk, attached to the 
Clinic of the YSC CMP with a history of 
new coronavirus infection COVID-19 in 
the period from March to December 2020 
(1st and 2nd waves of the pandemic) was 
conducted. A total of 161 people were 
studied. The response rate was 76%. Out 
of these, 2 groups of 80 people from 30 
to 59 years old were formed, which were 
divided according to the time of infection 
with COVID-19. The median age was 43 
[39, 55] years in men, 47 [41, 54] years 
in women.

The 1st group included patients with 
a postcovid period from 3 to 6 months - 
20 men and 20 women comparable in 
age, that were infected during the second 
wave of the COVID-19 pandemic;

In the 2nd group - 20 men and 20 
women comparable in age, with a post-
covid period from 7 to 11 months, that 
were infected during the first wave of the 
COVID-19 pandemic;

Inclusion criteria: adult population of 
Yakutsk from 30 to 59 years old, attached 
to the Clinic of the YSC CMP, a history of 
COVID-19 disease, informed consent to 
the study.

Exclusion criteria: malignant neo-
plasms, acute infectious diseases, ex-
acerbations of chronic diseases, acute 
myocardial infarction, acute cerebrovas-
cular accident, type 2 diabetes mellitus. 

The examination program included: 
a questionnaire survey to assess symp-
toms and quality of life, an anthropomet-
ric study measuring height, weight, waist 
(WC) and hips circumference, rest ECG, 
spirometry, blood sampling from the ulnar 

vein in the morning on an empty stom-
ach for clinical, biochemical and immu-
nological studies, clinical examination 
by a cardiologist and a hospitalist. The 
measurement of blood pressure (BP) 
was carried out by an automatic tonom-
eter "OMRON M2 Basic" (Japan) twice 
in while sitting with the calculation of av-
erage blood pressure with a limit of per-
missible measurement error of ± 3 mm 
Hg. Informed consent was obtained from 
all participants of the study to conduct an 
examination, questionnaire, and blood 
collection for further analysis of the re-
sults according to the protocol of the Eth-
ics Committee of the YSC CMP (Protocol 
No. 52 of 03/24/2021).

The body mass index (BMI) or Que-
telet II index was calculated using the 
formula: BMI (kg/m2) = body weight (kg)/
height (m2). BMI values of ≥25 and <30 
kg/m2 were taken as overweight, obesity 
was recorded at a BMI of ≥30 kg/m2 [6].

The abdominal obesity (AO) is ex-
posed to the value of the waist measure-
ment (WM) ≥ 80 cm on women, ≥94 cm 
on (VNOK, 2009).

The blood pressure level of ≥140/90 
mmHg or the use of antihypertensive 
drugs was taken for hypertension. Ac-
cording to degrees of severity, they 
were divided into: stage 1 AH - BP 140-
159/90-99 mm Hg, stage 2 AH - BP 160-
179/100/109 mmHg, stage 3 AH - BP 
≥180/≥110 mmHg [4].

Laboratory methods of the research 
included analysis of total cholesterol 
(TC), triglycerides (TG), high density li-
poprotein cholesterol (HDL Cholesterol), 
low-density lipoprotein cholesterol (LDL 
Cholesterol), very low-density lipoprotein 
cholesterol (VHDL Cholesterol), levels 
glucose. 

When judging the incidence of disor-
ders of the blood lipid profile in a popu-
lation, we used the Russian recommen-
dations of the VII revision of Society of 
cardiology of Russian Federation, 2020, 
into account the European recommenda-
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tions, 2019. Hypercholesterolemia (HCS) 
is the level of TC ≥ 5,0 mmol/l (190 mg/
dl) taking into account the risk of cardio-
vascular death on the SCORE scale, the 
high LDL Cholesterol level >3,0 mmol/l 
(115 mg/dl) with low, ˃ 2.6 mmol/l with 
moderate, ˃1,8 mmol/l with high, ˃ 1,4 
mmol/l with very high and extreme risk, 
the low HDL Cholesterol level <1,0 mmol/l 
on men; <1,2 mmol/l on women, the hy-
pertriglyceridemia (HTG) is the TG level 
is ˃1,7 mmol/l. A hyperglycemia (HG) 
on an empty stomach (a glucose in a 
blood plasma on an empty stomach ˃ 5,6 
mmol/l). Respondents with these disor-
ders also included participants receiving 
specific medication for these conditions.

Metabolic syndrome (MS) was di-
agnosed according to the criteria of the 
RSC (second revision), 2009: the main 
feature: abdominal obesity (AO) (WC 
>80 cm in women, >94 cm in men); addi-
tional criteria: hypertension (BP >130/85 
mmHg), TG level ≥1.7 mmol/l; HDL-C 
level <1.0 mmol/l in men; <1.2 mmol/l in 
women; LDL-C level >3.0 mmol/l; fasting 
hyperglycemia (fasting plasma glucose 
≥ 6.1 mmol/L) or impaired glucose toler-
ance (glucose in blood plasma 2 hours 
after exercise glucose in the range ≥ 7.8 
and ≤11.1 mmol/ l). The presence of the 
main feature and 2 additional criteria 
serves as the basis for the diagnosis of 
MS.

The degree of lung damage and its se-
verity were assessed according to the re-
sults of computer tomography (CT): CT-0 
– absence of viral pneumonia, CT-1 lung 
lesions less than 25%, CT-2 – 25-50%, 
CT-3 – 50-75%, CT-4 >75% lung damage 
in the form of "ground-glass opacities". 

Statistical processing of the results 
was carried out using the standard SPSS 
package version 26.0. To characterize 
the features, the arithmetic mean (M) 
and the standard error of the mean value 
of the feature (m), median (Me) and the 
25th and 75th quartiles (Q1, Q3) were 
calculated. When comparing the groups, 
nonparametric criteria of Mann-Whitney, 
Kraskel-Wallis, and Pearson were used. 
To assess the relative risk, the odds ratio 
was used with a 95% confidence inter-
val. The correlation analysis was carried 
out using the Spearman coefficient. The 
differences were considered statistically 
significant at p<0.05.

Results and discussion. The sever-
ity of the new coronavirus infection was 
interpreted by us according to the CT of 
the lungs available in outpatient charts or 
extracts from the medical history.

Of the 80 examined persons, the larg-
est number (41.3%) had a mild infection 
with CT-1 lung lesion.There were no re-

spondents in this age group with the most 
severe CT picture (CT-4). Their charac-
teristics according to the severity of the 
disease (CT picture) are presented in 
Table. 

Comparing the groups by the duration 
of the postcovid period, a more severe 
course of the disease in group 1 (wave II) 
was noted , there was an increase in the 
number of patients with more severe lung 
damage in this group up to 30% of the to-
tal. In group 2 (wave I), the largest num-
ber of patients underwent COVID-19 in a 
milder form (CT-1), accounting for 52.5% 
of the total number of study participants 
in this group.

A comparative analysis of the degree 
of lung damage by gender showed that 
men had more severe lung damage in 
COVID-19 compared to women, mainly 
due to group 1, patients with a postcovid 
period up to 6 months, infected in the 
second wave of the pandemic (Fig.). The 
women had a relatively mild course of the 
disease.

Of the total number of patients with 
COVID-19, 26 or 32.5% were hospital-
ized, 54 people (67.5%) were outpatient 
(p=0.004). Comparing the groups of the 
postcovid period, we obtained the follow-
ing results. In group 1, the number of hos-
pitalized patients was 37.5% of the total, 
in group 2 - 27.5%, no significant differ-
ences were found (χ 2=0.912, p=0.340). 
The largest number of hospitalized pa-
tients in group 1 is probably due to the 
more severe course of infection and the 
more well-established work of the health-
care system during the second wave of 
the pandemic.

In the postcovid period up to a year, 
newly diagnosed cardiovascular diseases 
were registered in 12 study participants, 
which was 15%, equally often, both in the 
group of up to 6 months (15%) and from 
7 to 11 months (15%). According to the 
research data of the international regis-
try "Analysis of the dynamics of comorbid 
diseases in patients infected with SARS-
CoV-2 (ACTIVE SARS-CoV-2)", which 
included 7 countries besides the Russian 
Federation, "new" diseases were most of-
ten detected in patients aged 49-50 years 
[3]. Our data explain the high percentage 
of disease detection by the younger aver-
age age of the study participants.

Hypertension was registered in 
43.8% of the examined individuals of 
both groups, its highest frequency was 
observed in hospitalized patients, hy-
pertension was registered in almost 
half of the cases - 47.2%, in outpatient 
patients slightly less - 42.7%, there was 
no statistical difference (OR 1.15 [95% 
CI 0.45-2.96], p=0.764). Comparing the 

occurrence of hypertension by groups, 
we found that in the 1st group of study 
participants, hypertension was recorded 
in almost half of the patients - 47.5%, in 
the 2nd - 40% (χ 2=0.457, p=0.499). Our 
data are consistent with the data of the 
ACTIVE registry, which included 5808 
patients from the Russian Federation, 
the republics of Belarus, Armenia, Ka-
zakhstan and Kyrgyzstan [5]. The study 
of the relationship of systolic BP (SBP) 
with the severity of the infection by CT 
of the lungs showed a direct correlation 
(r=0.400, p=0.000), the higher the SBP 
indicators, the more severe the new 
coronavirus infection was. The indicators 
are lower than in the international registry 
ACTIVE, where the incidence of hyper-
tension was 58.5%, due to the examina-
tion of mostly hospitalized older patients, 
where the average age was 57.9 [47.67] 
years [3;4].

The analysis of lipid metabolism dis-
orders in the participants of the pilot 
study was carried out. In more than half, 
HCL was detected equally often – 62.5% 
in group 1 and 65.0% in group 2, there 
was no statistical difference (p=0.816). 
Atherogenic HCL was equally frequent-
ly registered in both groups - 82.5% and 
85.0%, respectively (p=0.762), a re-
duced level of HDL cholesterol was also 
detected in more than half of the study 
participants (62.5% and 67.5%, respec-
tively), there was no significant difference 
(p=0.639). TG concentrations in group 1 
(22.5%) were statistically slightly higher 
than in group 2 (17.5%) (p=0.576). Fast-
ing HG was equally unreliably frequent in 
both groups – 22.0% and 28.2%, respec-
tively (p=0.204). The average values of 
lipids and blood glucose had no statistical 
difference between the groups.

With the severity of the infection (by 
CT of the lungs) in the postcovid period, 
an average correlation was revealed only 
with TG (r=0.314, p=0.005), with the rest 
of the lipid panel, no significant correla-
tion was found in our study.

Thus, dyslipidemia was equally often 
observed in both groups of the postcovid 
period, being one of the components of 
MS and a risk factor for cardiovascular 
diseases. This is also confirmed by other 
researchers [13, 19].

Weight gain after infection was noted 
by many survey participants: 22.5% - from 
group 1, 17.5% - from group 2, there was 
no significant difference (OR 1.36 [95% 
CI 0.45-4.12] p=0.576). The reason for 
this was probably quarantine measures 
during the pandemic, which led to inac-
tivity. Studies by foreign authors also not-
ed an increase in body weight during the 
pandemic of a new coronavirus infection 
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[14]. The correlation analysis of BMI with 
the severity of the infection showed a sta-
tistically significant relationship between 
BMI and CT picture (r=0.406, p=0.000). 
According to BMI , 28 people (35%) were 
overweight, 29 people (36.3%) were 
obese. Our data are consistent with the 
International Registry of ACTIVE SARS-
CoV-2, where 35.54% of 5808 patients 
were obese [5], and meta-analysis also 
showed that obese patients had a more 
severe course of SARS-CoV2 (OR = 
2.31; 95% CI, 1,3-4,12) [8;16;22]. A com-
parative analysis of overweight and obe-
sity in groups 1 and 2 showed that the 
incidence of overweight and obesity was 
higher in the group with a postcovid pe-
riod of up to 6 months (n=32 or 80% of 
the total number in the group), when in 
group 2 there were 25 people or 62.5%, 
respectively (OR 2.40 [95% CI 0.87-6.55] 
p=0.08).

AO is the main component of MS, it 
affects, to a certain degree, the develop-
ment of hypertension and type 2 diabetes 
mellitus. The frequency of occurrence of 
AO in the total sample was 65%. Higher 

frequency of AO was observed in men 
(72.5%) rather than in women (57.5%), 
there were no statistically significant dif-
ferences (OR 1.94 [95% CI 0.76-4.96] 
p=0.241). A strong correlation was found 
between WC and the degree of lung dam-
age in COVID-19 (r=0.452, p= 0.000), 
the greater the WC, the more severe the 
course of the disease.

The frequency of MS according to 
the criteria of the RSC in the general 
sample was more than half - 56.3%. In 
gender comparison, the incidence of this 
syndrome in men is slightly higher com-
pared to women (n=25 or 62.5%; n=20 
or 50%, respectively), the results did not 
differ significantly (OR 1.66 [95%CI 0.68-
4.06] p=0.260). Higher incidence of AO 
and MS explains the relatively severe 
course of COVID-19 in men compared 
to women. There was also no significant 
difference when comparing between the 
groups for the postcovid period. Among 
COVID-19 patients receiving inpatient 
treatment, MS occurred in 42.3% of the 
total number of hospitalized, in contrast 
to outpatients, among whom MS was 

registered in more than half (63.0%) 
(p=0.08). Higher incidence of MS in out-
patient patients may be due to the high 
prevalence of the syndrome in the gener-
al urban population. We also did not ob-
tain a significant correlation with MS from 
the degree of lung damage according to 
the CT picture (r=0.109, p=0.334). This 
is due to the fact that our pilot study in-
cluded a small sample with an age limit of 
up to 69 years, among which there were 
no persons with extremely severe lung 
damage (CT-4). However, the results of 
numerous studies confirm the negative 
impact of MS on the severity of viral in-
fection [7;9;10;17;20;23].

Conclusion. A survey of residents of 
Yakutsk who had a history of a new coro-
navirus infection in the first two waves of 
the pandemic showed a high prevalence 
of cardiometabolic disorders, in particu-
lar hypertension, obesity and metabolic 
syndrome. The most unfavorable course 
of COVID-19 was in the participants of 
the pilot study that got infected during 
the second wave of the pandemic. When 
comparing by gender, men were the 
most vulnerable to the disease - they had 
a more severe manifestation of the dis-
ease, both in the first and in the second 
wave of the pandemic. The relationship 
of blood pressure, body mass index, 
waist circumference and blood triglycer-
ide levels with a more severe course of a 
new coronavirus infection in the anamne-
sis was presented.

It can be acknowledged that the 
pandemic has provoked a new wave of 
obesity and metabolic syndrome, as a 
consequence of stress, depression, de-
viant behavior and low physical activity 
during quarantine measures, which may 
soon cause a surge in the incidence of 
cardiovascular pathology and as a con-
sequence of mortality from cardiovascu-
lar complications and diabetes mellitus. 
In the future, it is necessary to develop 
measures for broad medical examina-
tion, telehealth consultations, and make 
an emphasis on reducing modifiable risk 
factors for cardiovascular diseases in 
order to prevent premature deaths from 
diseases of the circulatory system.
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Introduction. The COVID-19 pan-
demic has increased the number of pa-
tients suffering from insomnia. Sleep 
disturbance is an unfavorable prognos-
tic factor in infections [9, 12]. The qual-
ity and duration of sleep play a key role 
in maintaining a person's physical and 
mental health. In turn, lack of sleep and 
psychoemotional disorders are risk fac-
tors and contribute to the emergence of 
serious diseases, including depression, 
stroke, chronic inflammation, cancer, as 
well as insufficient immune defense and 
individual predisposition to infectious dis-
eases with an unfavorable outcome [13]. 
Sleep disturbance is directly related to a 
decrease in the production of melatonin 
(MT) in the human body.

Melatonin is a multifunctional hormone 
with diverse biological effects, such as im-
munomodulatory, antioxidant, geroprotec-
tive, anti-inflammatory, synchronization 
of circadian and seasonal rhythms [1].

Melatonin is a molecule that reduc-
es overreaction of the innate immune 
response and excess inflammation, 
promoting adaptive immune activity. In 
addition, melatonin is an endogenous 
molecule produced in small amounts, the 
synthesis of which decreases with age. 
Anderson G., Reiter R.[4] and Zhang R. 
et al. [18] data from their studies confirm 
the positive use of melatonin prepara-
tions in patients with COVID-19.

Zambrelli E. et al. noted that melatonin 
at doses up to 10 mg is safe in patients 
in intensive care units, and it should be 
used for the prevention and treatment of 
sleep and psychoemotional disorders in 
COVID-19 [17]. It may also play a role in 
the treatment of “long-term COVID-19” pa-

tients experiencing similar conditions [11].
Some studies also mention the ben-

efits of melatonin in the treatment of 
COVID-19. MT can reduce pulmonary 
fibrosis, which is a serious complication 
of COVID-19 [18, 15].

The aim of the study was to assess 
the level of melatonin in the urine of pa-
tients who recovered from COVID-19 in 
Yakutsk.

Material and research methods. The 
study involved 80 residents of Yakutsk 
aged 20 to 72 who had recovered from 
COVID-19. Of these, 40 women, 40 men. 
The mean age was 51.07±0.97 years. 
To determine melatonin, a urine test was 
taken once.

Informed consent for the study was 
obtained from all study participants (pro-

tocol of the local ethical committee of 
the Yakut Scientific Center for Complex 
Medical Problems No. 52 dated March 
24, 2021). All examined persons had ex-
tracts with the data of biochemical, mor-
phological blood analysis and computed 
tomography. An oral survey was conduct-
ed with all the examined, and a question-
naire was filled out on the state of health, 
sleep, and a test on the HADS anxiety 
and depression scale was also taken.

The determination of melatonin con-
centration in urine was carried out using 
the Melatonin-SulfateUrine ELISA kit (IBL 
international, Germany), by the method 
of three-phase enzyme immunoassay 
on a Uniplan photometer (Russia) at the 
Laboratory of Immunology and Biochem-
istry of the YSC KMP. Reference values 
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Concentration of melatonin in urine depending on the statute of limitations 
of COVID-19 and computed tomography of the lungs

CT degree/term. months Melatonin. average values р

1/ 6 46.64± 8.86
<0.010

1/ 9 19.49± 3.17
1 /6 46.64±8.86

<0.025
3 /6 22.95±4.15

Table 1
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for melatonin in human urine are in the 
range of 7.5-58.1 ng/ml.

Statistical processing of our own re-
search results was carried out using the 
Microsoft Excel application package and 
the IBM SPSS Statistics 24 statistical 
program. The initial quantitative variables 
are presented as a median with an inter-
quartile range (25-75%). Statistical signif-
icance of differences determined by Stu-
dent's t-test and ANOVA for independent 
groups. The critical value of the level of 
statistical significance of differences (p) 
was taken equal to 5%.

Results and discussion. In our 
study, we assessed the effect of the level 
of lung damage and recovery time on the 
concentration of melatonin in the urine 
of people who recovered from coronavi-
rus infection. According to our data, the 
average value of melatonin in the urine, 
depending on the timing of computed to-
mography, shows that people who have 
recovered from coronavirus infection 
begin to experience a decrease in mela-
tonin concentration after 9 months. from 
the beginning of the disease (Table 1). 
We also observe that the degree of lung 
damage significantly affects the produc-
tion of melatonin in Covid-19: the higher 
the degree of lung damage (CT grade 3) 
(p<0.025), the less melatonin is produced 
in the body. The data obtained can prob-
ably be explained by the duration of the 
effect of the virus on the body. There are 
studies that have shown that coronavirus 
infection has a long recovery period after 
recovery [11].

It is known that melatonin levels de-
crease with age, so older people are 
more likely to suffer from insufficient mel-
atonin production [7]. According to our 
data, the level of melatonin in residents 
of Yakutsk, regardless of age, was with-
in the normal range. The highest con-
centration of melatonin was in the age 
group of 36-50 years, the lowest in the 

group of 51-65 years (Fig. 1). The trend 
of decreasing levels of melatonin in the 
body with age in older people continues.

We also examined the content of 
melatonin depending on gender. Table 
2 shows that there is a tendency for an 
increase in the concentration of MT in the 
urine in men - 52.6% and a decrease in 
women - 42.3%. We can explain this fact 
by the fact that women are more sensitive 
at the psycho-emotional level than men.

The relationship of rhythm disturbanc-
es with anxiety disorders is noted when 
the onset of an anxiety disorder precedes 
the onset of sleep disorders. From the 
data obtained, we found that in residents 
who had a coronavirus infection and 
noted in the questionnaire a complaint 
about a violation of the rhythms of life - 
insomnia, the concentration of melatonin 
decreased by 1.4 times, with excessive 
drowsiness and sleep inversion by 1.2 

Table 2

Melatonin concentration depending
on gender

Gender
Men Woman

Normal (n/%) 20/52,6 19/46,3
Above normal (n/%) 10/26,3 9/22,0
Below normal (n/%) 8/21,1 13/31,7

χ2 Pearson =1,166, р< 0,558

Note. CT - computed tomography, 2 - after 
6 months, 3 - after 9 months. transferred 
COVID-19.Fig. 2. Level of melatonin depending on the disturbance of vital activity rhythms, (ng/ml)

а

b

Fig. 3. Melatonin concentration on the HADS scale depending on: a - state of anxiety, b - state 
of depression, ng/ml
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and 1.3 times, respectively, in compar-
ison with the group - without sleep dis-
turbance (Fig. 2). The results obtained 
showed that when the body is exposed to 
Covid-19, the level of melatonin decreas-
es, which can lead to some changes in 
the functioning of the central nervous 
system (CNS) [11].

The main sleep disorders in people 
with coronavirus are insomnia (presomnic 
disorders) and restless legs syndrome. 
This may be directly related to infection, 
hypoxia and mental state [5]. According 
to E. Ibarra-Soronado et al., changes in 
sleep during illness are a component of 
the acute phase response that promotes 
recovery through mechanisms includ-
ing cytokines and interleukins. The virus 
can reach the central nervous system 
through the nasal as well as hematoge-
nous routes. The subsequent secretion of 
these immunological mediators is accom-
panied by reactions from the nervous and 
endocrine systems [6,10]. Also, the cyto-
kine storm, which is an immune response 
in COVID-19, leads to inflammation and 
damage to the central nervous system. 
The SARS-CoV-2 virus mainly affects 
the prefrontal cortex, basal ganglia, and 
hypothalamus, i.e., those areas that are 
involved in sleep regulation [8].

Anxiety disorders are a predisposition 
to serious consequences in the human 
body. When interviewing the subjects, it 
was revealed that during the coronavirus 
infection, many experienced a sense of 
anxiety. From the responses to the test 
on the HADS scale, we obtained the fol-
lowing values: in the normal state, mel-
atonin is 30.45 ng / ml, in patients with 
subclinical anxiety - 24.17 ng / ml and 
with clinically expressed anxiety - 18.21 
ng / ml. From the data obtained, it can 
be revealed that there was a tendency 
for a decrease in the level of melatonin in 
anxiety disorders of the nervous system 
during coronavirus infection (Fig. 3).

A decrease in melatonin secretion 
may be involved in the mechanism of in-
somnia. Such serious disturbances in the 
psycho-emotional state of a person can 
lead to more serious consequences, such 
as high anxiety and depression. Anxiety 
spectrum disorders are among the most 
common consequences of coronavirus 
on the human psyche. People who are 

not prone to excessive worries and wor-
ries notice that they have begun to take 
everything to heart, fear for themselves 
and their loved ones, as well as a sec-
ond illness. All this leads to a general in-
crease in the anxiety background among 
the population. Due to constant fear and 
anxiety, habitual life, a person’s sleep are 
disturbed, which is already reflected in 
the physical condition [2].

On the HADS scale, the section asso-
ciated with depression revealed that the 
level of melatonin was lower in patients 
with clinically severe and amounted to - 
13.99 ng / ml, in subclinically expressed 
- 25.64 ng / ml, and was equal to 29.71 
ng / ml in the norm. (Fig. 4). A number of 
studies have noted that decreased mela-
tonin levels in patients have been asso-
ciated with depressive disorders. Mela-
tonin phasic changes are a major feature 
of most depressive disorders, and low 
melatonin levels have been described as 
a "characteristic" of depression [3, 14].

Conclusion. Melatonin is one of the 
important hormones for regulating the 
vital activity of the body. When exposed 
to coronavirus infection on the body, a 
significant decrease in the secretion of 
melatonin occurs. The content of mela-
tonin in residents of the city of Yakutsk 
did not depend on age and was within the 
reference values. The concentration of 
melatonin in relation to sex showed that 
there is a tendency for men to have more 
MT in the urine than women. Insufficient 
synthesis of melatonin during Covid-19 
leads to disturbances in the rhythms of 
human life.
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Introduction. Eating disorders are 
one of the factors associated with the risk 
of diseases of the cardiovascular system 
and digestive organs. As a result of exces-
sive consumption of food, the threat of in-
compatible foods and loss of tolerance to 
food antigens increases in humans. The 
inhabitants of the North have a predom-
inant carbohydrate-lipid type of diet with 
insufficient intake of vitamins, minerals, 
dietary fiber, which has a manifestation in 
the level of disease. Functional nutrition 
enriched with biological substances that 
are insufficient in high latitude conditions 
ensures the normal course of physiolog-
ical processes in the body and the pre-
vention of diseases [10]. In the conditions 
of northern latitudes, there is a high risk 
of developing of non-carcinogenic effects 
of the development of diseases when 
using drinking water and local food prod-
ucts containing pollutants from industrial 
enterprises [8,14]. In modern nutrition, 
the food of the inhabitants of the North 

may contain a large number of substanc-
es that the body cannot dispose of. Thus, 
the transport and disposal of exchange 
products is of the greatest importance.

Immunoglobulins (Ig) are transport 
structures with enhanced properties for 
specific interaction with a variety of li-
gands [18]. IgM, due to its polyreactivity, 
provides antibacterial, antiviral protec-
tion and immunological tolerance, a very 
small part of them stands out with secrets 
[12]. Antigenic protection, enhancement 
of the humoral response, removal of 
immune complexes in the vascular bed 
are performed by IgG, while more than 
70% of them are in tissues [3,13]. The 
greatest variety of specific recognition of 
antigen is characteristic of IgA [19]. The 
effectiveness of the protection of the mu-
cous membranes of the body is ensured 
by the presence of several antigen-bind-
ing centers and the polyreactivity of sIgA 
[12]. IgA deficiency is compensated by 
IgE, which are typical secretory immu-
noglobulins and appear with prolonged 
antigenic effects and hypersensitivity [4]. 
Concentrations of IgA and IgE are con-
centrated mainly in mucous membranes, 
secretions and excreta, exudates and 
transudates [2,17]. 

The main function of antibodies is 
the ability to bind cellular antigens and 
transport a certain substance, substrate, 
decomposition and metabolism products 
[3]. The efficiency of transport provision 
largely depends on the concentration and 
the total number of transport units. Based 

on the regulatory levels of immunoglob-
ulins in the blood serum, the concentra-
tion of IgG is the highest (74.9%), the 
content of IgA is 17.4%, the level of IgM 
is noticeably less and does not usually 
exceed 10% (7.7%). IgE concentrations 
are usually quite insignificant (0.001%), 
but sharply increase with IgA deficiency. 
It must be assumed that IgG is of prima-
ry importance in the transport of waste 
products, although if we take into account 
that binding occurs primarily in of areas 
of inflammation, a significant role in that 
process is assigned to secretory immu-
noglobulins.

Most of the population of the Arkhan-
gelsk region lives in the cities of Arkhan-
gelsk, Severodvinsk, Novodvinsk, whose 
territories are located in the Arctic zone of 
the Russian Federation (AZRF) and are 
characterized as an unfavorable zone for 
living according to the degree of influence 
of natural conditions. The village of Revda 
of the Murmansk region (67°56ʹ13ʺ s.w.) 
belongs to an extremely uncomfortable 
zone of residence [1] with the function-
ing of the city-forming Lovozersky mining 
and processing plant (Lovozersky GOK), 
whose activities exert an anthropogenic 
load due pollutionings of drinking water 
sources and soil [8]. Elevated concen-
trations of Ni, Cu, Co, Cd and Pb were 
found in the liver and kidneys of residents 
of Monchegorsk, Apatity, Olenegorsk, Al-
akurtti and Lovozero [15].

It was of interest to study the relation-
ship between the content of serum trans-
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port proteins (IgM, IgG, IgA, IgE) and the 
level of immune reactions in people living 
in the Arctic zone of the Russian Feder-
ation with different natural and climatic 
living conditions.

Material and methods. The paper 
presents the results of studying the im-
munological parameters of 236 people 
who were practically healthy at the time 
of the survey, of which 99 people (84.85% 
of women and 15.15% of men whose age 
was 48.19 ± 1.66 years) living in the vil-
lage Revda of the Murmansk region and 
137 residents (80.81% of women and 
19.19% of men whose age made 48.56 
± 2.68 years) of the Arkhangelsk region. 
All research was conducted with the con-
sent of the volunteers and in accordance 
with the requirements of the "World Med-
ical Association's Declaration of Helsinki 
on the Ethical Principles of Medical Re-
search with the participation of a person 
as a subject" (1964 with amendments 
and additions from 2013). The inclusion 
criteria were residence of the examined 
persons in the Arctic zone of the Russian 
Federation: Arkhangelsk and Murmansk 
regions, voluntary consent to the exam-
ination. The type of study is retrospective; 
the samples are random. For residents of 
the Arctic (Murmansk Region) compar-
ison groups were subsequently formed: 
1) persons with simultaneous IgM and 
IgA content within the normal range and 
2) persons with simultaneously elevated 
IgM and IgA concentrations (above refer-
ence values).

The complex of immunological param-
eters was including the study of a hemo-
gram, the phagocytic activity of neutrophil 
of peripheral blood. The number and ratio 
of hemogram cells were counted in blood 
smears stained according to the Roma-
novsky–Giemsa method. The phagocyt-
ic activity of neutrophils was determined 
using the Reacomplex test kit (Russia). 
Lymphocyte phenotypes (CD3+, CD4+, 
CD8+, CD10+, CD16+, CD19+, CD25+, 
CD71+, CD95+, HLADR II) were studied 
by indirect immunoperoxidase reaction 
using monoclonal antibodies (Sorbent, 
Moscow) and flow cytometry using the 
Epics XL apparatus of Beckman Coulter 
(USA) reagents "Immunotech a Beck-
man Coulter Company" (France). The 
content of IgM, IgG, IgA, IgE ("Seramun 
Diagnostica GmbH"), free receptor of 
transferrin sCD71 ("AccBind Elisa Mi-
crowells"), intercellular adhesion mole-
cule sCD62L, apoptosis protein sApo-1/
Fas, ligand to Fas sFasL, cytokine IFN-γ 
("Bender MedSystems"), antibodies to 
double-stranded DNA (AT to ds-DNA), 
antinuclear antibodies (AT to RNP), an-
tibodies to cardiolipin and antibodies to 

oxidized low-density lipoproteins (AT to 
oLPNP) («Biomedica Gruppe») were 
studied by enzyme immunoassay. The 
concentration of circulating immune 
complexes (CIC) was determined by 
precipitation using 3.5; 4.0; 7.5% PEG-
6000. Reactions were evaluated using 
an automatic enzyme immunoassay 
"Evolis" from Bio-RAD (Germany) and a 
Multiskan MS photometer (Labsystems, 
Finland). Serum autoantibodies to leuko-
cytes and erythrocytes with registration 
of titers in log2 were determined in the 
reactions of leuko- and hemagglutination 
in preparations of the "thick drop" type at 
dilution 1/5, 1/20, 1/40, 1/80, 1/60, etc.

The mathematical analysis of the 
research results was carried out us-
ing «Statistica 21.0» software package 
(«StatSoft», USA). The results are pre-
sented as the arithmetic mean and the 
error of the mean (M±m). For compar-
ison between groups, the t-test of inde-
pendent sampling or the nonparametric 
Mann-Whitney U-test were used, de-
pending on the condition of subordination 
or non-subordination of data to the law 
of normal distribution. The relationship 
between the content of IgM, IgA and the 
parameters of the immunological study 
was analyzed using correlation analysis 
with determination of Pearson linear cor-
relation coefficients and Spearman rank 
correlation. The critical significance level 
(p) was considered to be 0.05.

Results and discussion. The inhab-
itants of the Arctic, showed the average 
concentration of IgM, IgA and IgE in pe-
ripheral venous blood which was 1.5-2 
times higher compared to the persons 
living in the areas with more favorable 
climatic conditions (p<0.001) (figure 1). 
The registration frequency of elevated 
concentrations of IgM (> 1.9 g/l), IgA (> 
5.4 g/l), IgE (> 100 MU/ml) was also sig-

nificantly higher by 2.4-8.6 times, on the 
contrary, IgG concentrations in 72.3% 
were below the reference limit. In addi-
tion, the residents of the Arkhangelsk 
region have an IgA deficiency (<1.2 g/l) 
in 55.6% (p<0.001) (figure 2). The con-
centrations of immune complexes among 
the inhabitants of the Murmansk region 
were 1.2-2.2 times higher than among 
the individuals living in the Arkhangelsk 
region (p <0.05-0.001) (figure 3).   Atten-
tion is drawn to the significant excess of 
CIC concentrations with IgA and IgM in 
Arctic residents, compared with complex-
es including IgG which indirectly confirms 
the connection of activation of systemic 
reactions of the production of secretory 
classes of immunoglobulins (p<0.001) 
(figure 4). 

These results indicate the need for im-
munoglobulin transport in the blood sys-
tem. In unfavorable climatic conditions, 
an increase in the synthesis of antibodies 
and/or autoantibodies is aimed at specif-
ic binding with subsequent transportation 
of antigenic structures, waste products, 
even in small concentrations [3]. IgG are 
of primary importance in the transport 
of metabolic products and vital activity, 
although given that the binding occurs 
primarily in the tissues of trouble areas, 
secretory, polyreactive immunoglobulins 
(IgM, IgA) play a significant role in this 
process. IgM participates in the clearance 
of cellular antigen, have a much greater 
activity in 100-1000 times than IgG in the 
tests of cytolysis and bacteriolysis. The 
greatest variety of specific antigen rec-
ognition of IgA are causes of the variety 
of molecular forms of IgA and IgA-binding 
receptors on cells of different histogene-
sis [6]. An increase in the concentrations 
of IgM and IgA in the blood of residents of 
the Arctic is associated with an increase 
in the content of INF-γ above the refer-

Fig. 1. The average level of immunoglobulins in the inhabitants of the Arkhangelsk and Murman-
sk regions
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ence limit of the content (>50.0 pg/
ml), respectively, from 17.40±4.95 to 
73.24±8.21 pg/ml, p<0.001. Under the 
action of IFN-γ on B-lymphocytes, the 
synthesis of immunoglobulins (antibod-
ies, autoantibodies) is enhanced.

The high frequency of registration of 
elevated concentrations of autoantibod-
ies and their diversity in Arctic residents 
confirms the activation of the process of 
autosensitization (p <0.01-0.001) (table 
1). The frequency of elevated levels of 
autoantibodies depends on the intensi-
ty of photoperiodism, the deficit of solar 
radiation and the increase in the activity 
of ionomagnetic oscillations. The variety 
of autoantibodies can mimic their hetero-
specificity and the possibility of cross-re-
action [3].

Simultaneous increase in IgM and IgA 
concentrations is associated with an in-
crease in the content of neutrophil granu-
locytes (from 3.23±0.36 to 4.38±0.32×109 
cl/l, p <0.001), which is confirmed by a 
higher frequency of registration of in-

creased concentrations of neutrophils 
(> 5.5×109 cl/l) in 20.63% of individuals. 
At the same time, there was no increase 
in phagocytic activity (48.04±0.76 and 
53.52± 0.61%) and an increase in the 
intensity of phagocytosis by phagocyt-
ic number (5.02±0.13 and 5.62± 0.17, 
conl. units). It can be assumed that an 

increase in the neutrophil content occurs 
mainly with an increase in the activity of 
secretory external exocytosis. Activation 
and enhancement of external exocytosis 
of neutrophils is possible with the inter-
action of immune complexes of a certain 
valence with FcyRI and with an increase 
in the expression of genes of receptors to 
the Fc-fragments of immunoglobulins un-
der the influence of IFN-γ. Serine leuko-
cyte proteases (SLP) released from ac-
tivated neutrophils modulate expression, 
activity of cellular receptors and cytokine 
activity [7]. Under the action of SLP, the 
proteolytic cleavage of membrane anti-
gens of immunocompetent cells leads to 
the formation of soluble forms [11]. 

It was found that an increase in IgM 
and IgA concentrations was associated 
with an increase in sCD71 content (from 
1464±70 to 2232±90 ng/ml; p<0.05). The 
level of sCD71 mainly reflects the inten-
sity of erythropoiesis. Hypoxic conditions 
in the Arctic are widespread. An increase 
in the intensity of erythropoiesis under 
hypoxic conditions is aimed at providing 
tissues with oxygen as a result of HIF-1 

Fig. 2. The frequency of registration of increased and decreased levels of immunoglobulins in 
residents of the Arkhangelsk and Murmansk regions

Fig. 4. The frequency of registration of ele-
vated concentrations of CIC IgM, IgA, IgG in 
residents of the Arctic.

Fig. 3. The average content of immune complexes in residents of the Arkhangelsk and Murman-
sk regions

Average content and frequency of registration of elevated concentrations of 
autoantibodies in Arctic residents

Mean titers and mean 
levels of antibody

Reference 
levels

The frequency 
of registration 

of elevated 
concentrations

autoleukoagglutinins. log2 1.38±0.11 < 1.0 25.26%
autogemagglutinins. log2 1.46±0.22 < 1.0 14.64%
ds-DNA. MU/ml 81.52±0.71 < 50 57.14%
anti-RNP. MU/ml 2.27±0.65 < 1.0 10.41%
autoantibodies to cardiolipin. U/ml 25.41±0.72 < 10.0 28.26%
autoantibodies to  oLDL. mU/ml 242.37±19.60 < 315 16.27%

Note: ds-DNA – autoantibodies to double-stranded DNA, RNP ‒ ribonucleoproteins, oLDL  
– oxidized-modified low-density lipoproteins.
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activation. Activation of HIF-1 is asso-
ciated with metabolic rearrangements: 
cells switch to the glycolytic type of me-
tabolism, which is typical for effector lym-
phocytes and lymphocytes with high cy-
totoxic activity [16]. In inhabitants of the 
Arctic, an increase in the content of IgM 
and IgA is associated with a decrease 
in the content of T-helpers (CD4+), 
T-cytotoxic lymphocytes (CD8+), natural 
killer cells (CD16+), MHC class II molecules 
(HLA DRII+) (p <0.05-0.01) (figure 5), 
which indicates a decrease in the lev-
el of cytotoxic activity of lymphocytes. A 
decrease in cell-mediated cytotoxicity is 
quite possible as a result of a compen-
satory reaction of the priority formation 
of humoral reactions, including autoim-
mune ones. Activation of the humoral link 
of immunity is generally characteristic of 
northerners [5]. Limitation of the intensity 
of the immune response can occur when 
autoantibodies interact with membrane 
receptors of immunocompetent cells [9]. 
It is possible that autosensitization is 
formed against the background of sup-
pression of the differentiation of immuno-
competent cells.

Conclusion. Immunoglobulins are 
transport structures, characterized by 
high specificity of interaction with the 
substrate. It was found that the average 
concentration of IgM, IgA and IgE in the 
peripheral venous blood of the residents 
of the Murmansk region was higher by 
1.5-2 times and the registration frequen-
cy of elevated levels was higher by 2.4-
8.6 times than of the people living in more 
favorable climatic conditions.

Activation of autosensitization pro-
cesses in Arctic residents is accompa-
nied by a high frequency of recording of 
increased concentrations of autoantibod-
ies to leukocytes, erythrocytes, ds-DNA, 
RNP, cardiolipin, oLDL at 10.41-57.14%. 

The increased content of autoantibodies, 
immunoglobulins, immune complexes 
indicates their joint participation in the 
transport and excretion of antigens. A 
significant excess of the concentrations 
of CIC containing IgA and IgM, compared 
with those including IgG, indirectly con-
firms the activation of reactions by pre-
ventive inflammation and a more signifi-
cant binding ability of secretory antibod-
ies.

Increased concentrations of IgM and 
IgA in inhabitants of the Arctic are asso-
ciated with a decrease in cell-mediated 
cytotoxicity, which is possible as a result 
of the priority formation of humoral reac-
tions. Limiting the intensity of cytotoxic 
activity is possibly aimed at reducing en-
ergy-consuming processes at the cellular 
level to ensure adaptation to hypoxia in 
the Arctic. Under hypoxic conditions, an 
increase in the content of sCD71 reflects 
an increase in the intensity of erythro-
poiesis by the activation of HIF-1, in the 
cytokine-mediated regulation of which 
IFN-γ participates. Under the action of 
IFN-γ on B-lymphocytes, the synthesis of 
immunoglobulins is enhanced, on neutro-
philic granulocytes - their secretory func-
tion, external exocytosis.

Activation of IFN-γ secretion, effector 
functions of segmented neutrophils, and 
immunoglobulin synthesis increases the 
efficiency of clearance of waste products 
under hypoxic conditions.

The study was performed as a part 
of the program of fundamental scientific 
studies of the Laboratory of regulative 
mechanisms of the immunity on the issue 
"Mechanisms of interaction of systemic 
and local immune reactions in persons 
working in the Arctic (Barentsburg vil-
lage arch. Svalbard, village Revda and 
Lovozero of the Murmansk region) " (No. 
122011800217-9).
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Introduction. Russian Arctic old-set-
tlers are the descendants of the first Eu-
ropean colonists who settled the northern 
coast of Eastern Siberia, presumably 
in the 16th century. Despite the small 
number, long-term deep isolation from 
the main Russian population and close 
interaction with the indigenous peoples 
of Siberia (Yukaghirs, Chukchis, Evens, 
Evenks, Yakuts), the Russkoustinians 
were able to preserve the unique Old 
Russian culture with their own special di-
alect with archaisms of the 16th century. 
[6].

The first mention of the Russian Ustye 
in the scientific literature is found in the 
reports of a member of the Great North-
ern Expedition D.Ya. Laptev in 1739 [1]. 
According to official data, the first Rus-
sian settlements in the delta of the Indi-
girka River was founded by the Cossacks 
from the detachment of Ivan Rebrov, who 
in 1638 built a winter hut, which later be-
came a prison, and then the village of 
Russkoye Ustye [1]. In 1639, the Cos-
sacks, led by Posnik Ivanov, founded 
upstream the Indigirka River is the city 
of Zashiversk, some of whose inhabi-
tants moved to the Russkoye Ustye at 
the beginning of the 19th century [1], af-
ter the abolition of the city in 1805 due 
to a smallpox epidemic [7]. Despite the 
fact that 1638 is recognized as the official 

year of the foundation of the Russkoye 
Ustye and the Cossacks are considered 
the founders of the settlement, there are 
several other hypotheses for the appear-
ance of Russians on the Indigirka River.

According to local legends, the Russ-
koye Ustye was founded by people from 
Veliky Novgorod, who arrived in Indi-
girka in the 1570s along the Northern 
Sea Route, fleeing the persecution of 
the guardsmen of Ivan the Terrible [12]. 
There is also a version according to 
which the ancestors of the russkoustini-
ans were not Novgorodians, but people 
from different cities of Russia (Astrakhan, 
Vyatka, Veliky Ustyug), who fled to Sibe-
ria from heavy military service under Ivan 
the Terrible in the 16th century [4]. Ac-
cording to some legends, the ancestors 
of the russkoustinians were disgraced 
boyars exiled to the North, who arrived at 
the mouth of the Indigirka River by sea on 
kochi with its own farm [8; 9].

According to one of the modern hy-
potheses, the inhabitants of Russkoe 
Ustye are the descendants of Russian 
navigators (Pomors), who settled the 
Arctic coast of Eastern Siberia in the 16th 
century. Archaeologist and ethnographer 
E.A. Strogova, who studied the forma-
tion of the Russian population of Yakutia 
according to written sources, concluded 
that the formation of Russian settlements 
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on the northern coast was based on in-
dustrial people, mainly people from the 
eastern regions of the Russian North 
and the Urals. According to E.A. Strogo-
va, they were the first to reach the lower 
reaches of the Indigirka River, showing 
commercial interest in the traditional 
crafts of local residents, as well as in the 
collection of mammoth ivory [11].

In this work, for the first time, we have 
analyzed the Y-chromosome lines of men 
from Russkoye Ustye in order to compare 
the obtained data with the hypotheses of 
the origin of the Russkoye Ustye.

Materials and methods. The total 
population of the village of Russkoye 
Ustye, Allaikhovsky Ulus of the Republic 
of Sakha (Yakutia), according to the cur-
rent archive of the administration was 148 
people in 2012-2014 [6]. For research 
during expeditions in 2018-2019 we col-
lected DNA samples from 12 unrelated 
men, native russkoustinians, aged 7 to 
66 years (average age 42.4±17.4 years).

All DNA samples were tested for 
Y-chromosome markers C-M130 and 
K-M9 using real-time PCR. Then, using 
previously published primer sequences, 
PCR-RFLP analysis of SNP markers of 
haplogroups C-M216, R-M207, N-M231, 
and Q-M242 was performed [26; 23; 17]. 
Subsequently, in accordance with the 
defining marker, the following markers 
were hierarchically typed by PCR-RFLP: 
R1a-M420 [27], R1b-M343 (original se-
quence), C1-F3393 [21], C1b-F1370 [21], 
C2`4 -B477 (original sequence), C3b-P39 
(original sequence), N2a1-P43 [19], N3-
TAT/M46 (original sequence), N3a1-B211 
(original sequence), N3a3-VL29 [20], 
N3a4-Z1936 [21], N3a5*-F4205 (original 
sequence), N3a5*-B202 [20]. The C3-
M217 marker [25] was identified using 
Sanger sequencing. The original primer 
sequences were selected using FastPCR 
v.6.7.58 (trial) software.

The haplogroup nomenclature used is 
based on Karmin et al., 2015 [14], which 
provides the basic YCC 2002 (The Y 
Chromosome Consortium 2002) nomen-
clature with updated data from Jobling 
& Tyler-Smith, 2003 [21], Karafet et al., 
2008 [23] and van Oven et al., 2014 [25].

Results and discussions. In the 
studied sample of Russkoye Ustye res-
idents, five lines of the Y-chromosome 

N3a4-Z1936, N3a1-B211, R1a-M420, 
R1b-M343 and C3-M217 were identified, 
which belong to three haplogroups: N3 
(8/12; 66.7%), R1 ( 2/12; 16.6%) and C3 
(2/12; 16.6%) (Table 1).

The topological position of the iden-
tified Russkoye Ustye lineages on the 
Y-chromosome phylogenetic tree is 
shown in Figure 1. Haplogroup desig-
nations correspond to the nomenclature 
proposed by Karmin et al., 2015 [14]

Haplogroup N3 (8/12; 66.7%) dom-
inating in this sample is distributed 
throughout Northern Eurasia, from Japan 
to Scandinavia [20]. A more detailed anal-
ysis of the N3-lines of the russkoustinians 
showed that most (~58.4%) of the sam-
ples belong to the N3a4 subhaplogroup 
(Table 1), which was found mainly in 
North-Eastern Europe among northern 
Russians, Sami, Veps, Karelians, and 
Finns [20] and is not found in the gene 
pool of the neighboring peoples of Yaku-
tia and Chukotka [16]. It should be not-
ed that the N3a4 subhaplogroup and the 
N3a3 branch phylogenetically close to it 
are the most informative for the differen-
tiation of the two so-called “poles” of the 
Russian gene pool, northern and south-
ern Russians [3]. In the populations of 
northern Russians, the haplogroup N3a4 
is associated with the ancient pre-Slav-
ic (Finno-Ugric) component of the gene 
pool [3; 10].

One sample (8.3%) belongs to the 
N3a1 subhaplogroup, which is more 

typical for the Finno-Ugric populations 
of the Udmurts, Mari Komi-Zyryans and 
Komi-Permyaks [20], neighboring with 
the populations of northern Russians.

The Eurasian haplogroup R1 is found 
in more than half of men in Europe [15]. 
In the studied sample of Russkoye Ustye 
residents, haplogroup R1 is represent-
ed by two lines: R1a (~8.3%) and R1b 
(~8.3%), which are widespread in the 
Slavic populations of Eastern Europe 
(Russians, Ukrainians, Belarusians, 
Poles) [2; 3]. In the gene pool of the Yuk-
aghirs, Evens, Evenks and Yakuts, these 
lines were found in small numbers and 
their origin is associated with the pro-
cesses of miscegenation with Russians 
and, possibly, other Eastern European 
ethnic groups that have settled the terri-
tory of Yakutia since the time of joining 
the Russian Empire in the 17th century 
[16].

The frequency of the Asian hap-
logroup C3 among the russkoustinians 
was ~16.6%. This haplogroup is one of 
the most widespread in East Asia [24], 
including Siberia [16,19]. In Yakutia, hap-
logroup C3 occurs with high frequencies 
in the populations of Yukaghirs (46%), 
Evens (60%), and Evenks (54%) adja-
cent to the Russkoye Ustye people [16].

Thus, the frequency distribution of 
the Y-chromosome haplogroups in the 
studied sample of the Russkoye Ustye 
residents shows the dominance of lines 
characteristic of European populations 
(83.4%), of which more than half is the 
subhaplogroup N3a4. In the popula-
tions of the indigenous peoples of the 
northeast of Eurasia (Yukaghirs, Evens, 
Evenks, Yakuts, Dolgans, Chukchi, Es-
kimos), the N3a4 subhaplogroup was 
not found [16; 20]. The gene pool of the 
indigenous peoples of Yakutia and Chu-
kotka is characterized by an insignificant 

The frequency of haplogroups (%) of the Y-chromosome in residents
of the village Russkoye Ustye

Haplogroup
C3 N3 R1

C3-M217 N3a1-B211 N3a4-Z1936 R1a-M420 R1b-M343
n 1 7 1 1 2
% 8.3% 58.4% 8.3% 8.3% 16.7%

Location of samples from the village of Russkoye Ust'ye on the topology of Y-chromosome hap-
logroups according to Karmin, 2015 [13]
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contribution of haplogroups of Western 
Eurasian origin (less than 10%) [16].

If we consider the distribution of hap-
logroups of the Russkoye Ustye people 
from the point of view of their origin, then 
we can assume that the dominance of 
the lines characteristic of the populations 
of the northeast of Europe most likely 
reflects the connection with the Russian 
North. It is known that the northern pop-
ulations of Russians are characterized 
by similarities with the Finno-Ugric and 
Baltic peoples [3], while the central and 
southern populations of Russians are 
genetically closer to other Slavic popula-
tions [2; 22; 26]. The line N3a4 (58.7%), 
which dominates among the Russkoye 
Ustye people, is considered not typical 
for the Slavic populations in general, 
however, the highest frequencies of this 
subhaplogroup were found in the north-
ern Russians of the Arkhangelsk and 
Vologda regions and much lower fre-
quencies – among the Novgorodians [3].

Conclusions. As a result of the anal-
ysis of Y-chromosome lines, 83.4% of 
haplogroups (N3a4, N3a1, R1a, R1b), 
more characteristic of Western Eurasian 
populations, and 16.6% of East Eurasian 
lines (C3) were found in residents of the 
village of Russkoye Ustye. The paternal 
lines of the inhabitants of the village of 
Russkoye Ustye are represented mainly 
by Y-chromosome haplogroups, com-
mon in the populations of northeastern 
Europe. The dominant subhaplogroup 
is N3a4 (58.7%), which is absent in the 
gene pool of the neighboring peoples of 
Yakutia and Chukotka and occurs with 
high frequencies in the populations of 
the Russian North and among the Finn-
ish-speaking peoples of Finland and 
Karelia. The results obtained are more 
in line with the Pomor hypothesis of the 
origin of the russkoustinians.
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Introduction. Psoriasis is a chronic 
inflammatory skin disease that affects 
1-2% of the population and has a serious 
impact on the quality of life of those af-
fected by the disease [15]. 

Psoriasis results from an interaction 
between genetic predisposing factors 
and environmental triggers, leading to 
a self-sustaining inflammatory skin re-
sponse in which autoimmune and autoin-
flammatory components coexist [11, 46]. 
The condition usually manifests as ery-
thematous, well-defined plaques covered 
with grayish-white scales, and 30% of af-
fected individuals may develop inflamma-
tory arthritis, psoriatic arthritis (PsA) [39]. 

The clinical and histological features 
of psoriatic skin lesions reflect some key 
mechanisms of the disease, such as hy-
perproliferation and angioneogenesis. 
Immunologically, psoriasis is character-

ized by profound changes involving sus-
tained activation of the tumor necrosis 
factor alpha axis with interleukins 23 and 
17 (TNF-α/IL-23/IL-17) as well as high 
expression of early proinflammatory cy-
tokines [7, 53]. Numerous studies have 
shown the prevalence of autoinflamma-
tion at the systemic level [14, 31]. 

Of particular importance are metabolic 
disorders, which can be independent or 
induced by primary immune hyperreac-
tivity [38].

Numerous studies have established 
that associated ("comorbid") diseas-
es are associated with psoriasis, which 
may be caused by individual links in the 
pathogenesis of the underlying disease, 
including through immune and metabolic 
disorders [3]. 

According to S.G. Lykova et al. (2020) 
the concept of "comorbidity" (lat. co - to-
gether, morbus - disease) was introduced 
by A. Feinstein in 1970, putting into this 
term the idea of the presence of "any 
distinct additional clinical picture that ex-
isted or could arise in the patient during 
the clinical course of the index (main) 
disease" [3]. 

The presence of comorbidity in psori-
asis is considered within the framework 
of the "psoriatic march" concept, which 
consists in the presence of causal links 
between dermatosis and pathology of 
other organs [19].

On this basis, the aim of this review 
was to analyze the current data on the 

immune-metabolic relationship of psoria-
sis with comorbid conditions.

Materials and methods of the study.
The object of the study was publicly avail-
able scientific information, which was 
searched in the databases: PubMed, 
Medline, Scopus, Web of Science, RSCI, 
without language restrictions. In the pro-
cess of writing the article the method of 
analysis and synthesis of information 
was used.

Results and discussion. 
Molecular mechanisms of comor-

bidity formation in psoriasis. Our anal-
ysis of the literature showed that inflam-
mation mediated by type 1 (Th1) T-helper 
lymphocytes, which is one of the main 
links in the pathogenesis of psoriasis, is 
a fundamental factor in the development 
of obesity, metabolic syndrome, diabetes, 
atherosclerosis and myocardial infarction 
[56].

In addition to the abnormal immune 
cell responses observed in the pathogen-
esis of psoriasis, recent pathophysiologi-
cal studies have focused on the activation 
of the interleukin (IL)-23/IL-17 system, 
which increases abnormal keratinocyte 
proliferation and causes psoriasis [56]. 
Although the exact role of IL-17A in car-
diovascular disease is still controversial, 
accumulation of IL-17-producing cells 
and elevated IL-17A levels have also 
been observed in atherosclerotic lesions 
[10, 17]. According to the literature, the 
"two plaques, one syndrome" hypothesis 
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has been proposed, due to the fact that 
the molecular mechanisms of these two 
diseases have striking similarities with 
T-cell-mediated inflammation [6]. The hy-
pothesis states that psoriasis is a chronic 
systemic inflammatory disease leading to 
insulin resistance through suppression of 
insulin receptors. In addition, decreased 
expression of insulin receptors in en-
dothelial cells leads to decreased nitric 
oxide (NO), a vasodilatory agent. This 
leads to the development of vasocon-
striction and increased arterial stiffness. 
As a result, the cited study reported an 
increased incidence of myocardial in-
farctions (MI) and strokes. It has been 
shown that the use of an insulin stimula-
tor (glucagon-like peptide 1 - GLP-1) can 
improve the course of psoriasis, empha-
sizing the effect of insulin resistance in 
inflammation [38, 45].

According to the literature, elevated 
levels of the amino acid homocysteine 
are detected in the blood of psoriasis pa-
tients. On the one hand, hyperhomocys-
teinemia is a sign of unhealthy lifestyle, 
and together with such risk factors as 
smoking, dyslipidemia and markers of 
metabolic syndrome significantly increas-
es the risk of coronary heart disease 
(CHD) in psoriasis [4]. On the other hand, 
due to the presence of a large number 
of dividing cells in the skin in psoriasis, 
huge amounts of methyl groups are con-
sumed, which may lead to impaired ho-
mocysteine metabolism. Also, high levels 
of homocysteine may indicate vitamin 
deficiencies (folic acid - B9, B6, B12), im-
paired renal function [1, 22]. At the same 
time, some medications used in the treat-
ment of psoriasis (methotrexate, methyl-
prednisolone), among others, contribute 
to an increase in blood homocysteine lev-
els, apparently due to their antimetabolic 
effect on folic acid.

Numerous studies have confirmed the 
pathophysiological link between psoria-
sis and obesity. Adipocytes are known to 
be the predominant cell type in adipose 
tissue, secreting important hormones 
and signaling molecules such as adi-
pokines. At the same time, adipokines 
can mediate cutaneous inflammation, 
suggesting a role in the pathogenesis 
of psoriasis and the development of 
obesity. In obesity, adipocytes produce 
increased amounts of proinflammatory 
adipokines, while the production of this 
class of anti-inflammatory molecules 
is reduced. Cytokines characteristic of 
psoriasis, such as TNF-b, IL-1c, and IL-
6, affect adipose tissue by participating 
in key mechanisms of triglyceride (TG) 
metabolism and preadipocyte differen-
tiation, including an increased risk of 

obesity. Secreted adipokines such as 
leptin, chemerin, retinol-binding protein 4 
(RBP4), visfatin, fetuin-A, apelin-36, and 
lipocalin-2 may enhance the immune re-
sponse and contribute to immune-medi-
ated disease through their proinflamma-
tory effects; however, adiponectin and 
omentin show anti-inflammatory effects, 
but their levels are significantly reduced 
in obese patients.

In obesity, the hormone leptin plays a 
key role in the pathogenesis. Numerous 
studies have demonstrated that plasma 
leptin levels are elevated in both obese 
and psoriasis patients, and elevated con-
centrations correlate positively with body 
mass index (BMI) and psoriasis area and 
severity index (PASI) scores, indicating 
a common important role for leptin in 
psoriasis and obesity. Indeed, several 
meta-analyses evaluated circulating con-
centrations of important adipokines and 
found that leptin concentrations were sig-
nificantly higher in patients with psoriasis 
and without obesity [33, 51], indicating 
that increased leptin levels in patients 
with psoriasis may come not only from 
adipocytes but also from keratinocytes 
and endothelial cells [26].

It is recognized that obesity is a risk 
factor for psoriasis, exacerbates existing 
psoriasis, and that weight reduction can 
reduce the severity of psoriasis in over-
weight people [25, 35].  

Impaired lipid metabolism is consid-
ered an important hallmark in the etiol-
ogy and pathogenesis of psoriasis. S. 
Srinivas et al (2019) studied plasma lipid 
profiles and cardiovascular risk markers 
in 200 people, among whom 100 pa-
tients had psoriasis. The results of the 
studies revealed a significant increase 
in lipid profile parameters, cardiovascu-
lar risk and atherogenicity index in pso-
riasis patients compared to the control 
group [8].

Al Harthi F et al (2014) found that 
Saudi Arabian psoriasis patients had 
significantly higher serum cholesterol, 
triglyceride, and LDL levels compared 
with controls. The lipid profile results 
confirm that psoriasis is one of the inde-
pendent risk factors for hyperlipidemia 
and emphasize the need for cardiovas-
cular disease screening in patients with 
psoriasis [9]. 

In the studies of G. B. Huraib et al 
(2019) found that106 patients with 
Saudi Arabian psoriasis vulgaris had 
significantly elevated body mass in-
dex, fasting glucose, total cholesterol, 
low-density lipoproteins, triglycerides, 
and C-reactive protein, known markers 
of cardiovascular disease, compared 
with controls [30].

In recent years, several studies have 
shown that nonalcoholic fatty liver dis-
ease (NAFLD) is common in patients with 
psoriasis [37]. The term NAFLD encom-
passes a wide range of liver lesions, from 
simple fatty hepatosis to nonalcoholic 
steatohepatitis (NASH), including various 
degrees of liver fibrosis, cirrhosis, and 
even hepatocellular carcinoma [28, 59]. 
The global prevalence of NAFLD in the 
general population is estimated at 25% 
[18], and it is currently one of the leading 
causes of liver cirrhosis and liver trans-
plantation [32]. NAFLD is now a growing 
epidemic, partly because of obesity, insu-
lin resistance, and metabolic syndrome 
[5], but also because of psoriasis [58]. 
Strikingly, the same comorbidities, es-
pecially those associated with metabolic 
abnormalities that may contribute to he-
patic steatosis, have been associated 
with systemic inflammation in psoria-
sis. Moreover, specific proinflammatory 
mediators have been shown to cause 
a chronic inflammatory state in NAFLD, 
psoriasis, and the metabolic syndrome 
[36, 50]. This similarity may indicate a 
related pathogenesis between psoriasis 
and NAFLD with potentially increased 
risk of progressive liver disease [5]. The 
prevalence of NAFLD in patients with 
psoriasis is high and is associated with a 
higher prevalence of metabolic syndrome 
signs, bacterial translocation, and a high-
er proinflammatory state.

Clinical manifestations of comor-
bidity in psoriasis.

Based on the data presented above 
on the molecular mechanisms of comor-
bidity formation in psoriasis, the clinical 
associations are understandable.

There is now accumulating evidence 
proving comorbid associations of psori-
asis with type 2 diabetes mellitus (DM2) 
[41, 44], the metabolic syndrome and its 
components: arterial hypertension [23], 
obesity [34, 35]; cardiovascular disease 
[40, 43] and other pathologies. 

Similar to plaque psoriasis [52, 57], 
pustular psoriasis is associated with a 
metabolic syndrome, including hyperten-
sion, hyperlipidemia, diabetes, and obe-
sity [13, 49]. A systemic body response 
has been revealed in psoriasis and psori-
atic arthritis patients, which is manifested 
by unidirectional metabolic disorders and 
changes in the cellular composition of the 
blood [2].

Given these observations, there has 
been a paradigm shift from viewing 
psoriasis simply as a "skin disease" to 
a systemic inflammatory condition [27]. 
Chronic inflammation and genetic deter-
minants appear to underlie comorbid as-
sociations. 
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In recent years, cardiovascular dis-
ease has been recognized as an im-
portant comorbid condition. Various 
epidemiological studies have reported 
a significantly increased risk of serious 
cardiovascular events such as MI, stroke 
[40] and venous thromboembolism (VTE) 
[42] in individuals with psoriasis.  Studies 
by M.J.E. Visser et al (2021) add to the 
accumulating evidence about the sys-
temic nature of psoriasis and the subse-
quent risk of associated cardiovascular 
disease, possibly due to acquired hyper-
coagulation. Because the processes of 
inflammation and coagulation are inter-
related, persistent systemic inflammation 
may contribute to the development of a 
prothrombotic state in psoriasis patients. 
In this study, the prothrombotic state in 
patients with psoriasis was characterized 
by endothelial (elevated sICAM-1 levels) 
and platelet activation (elevated sP-se-
lectin levels), hypercoagulation (TEG 
results) and abnormal fibrin deposition 
(SEM analysis) [47].

Wolska A et al. (2014) found histolog-
ical similarity between psoriatic and ath-
erosclerotic plaques. Both plaques have 
increased levels of activated Th1 and 
T helper lymphocytes type 17 (Th17), 
which cause inflammation in various tis-
sues [29].

An imbalance of gut microorganisms 
(dysbiosis) has important functional con-
sequences and is associated with many 
digestive diseases, as well as with dia-
betes, obesity, metabolic syndrome, pso-
riatic arthritis, celiac disease, psychiatric 
disorders and other diseases [12, 24, 54, 
55].

There is ample evidence that intestinal 
dysbiosis is a possible cause of chronic 
skin inflammation, particularly psoriasis 
[16, 20, 21, 48].  

Thus, in recent years, the study of the 
metabolic profile has become increasing-
ly important in the diagnosis of psoriasis 
as a systemic disease, since certain me-
tabolites can influence the mechanisms 
of psoriasis formation. Systematic study 
of metabolic parameters can lead to bet-
ter understanding of the pathogenesis of 
psoriasis and eventually to the develop-
ment of new methods of treatment and 
diagnostics.

Prospects for therapy of psoriasis 
with comorbid diseases.

On the basis of the above, new per-
spectives open up for the treatment of 
psoriasis in relation to comorbid condi-
tions.

Given the commonality of the patho-
physiological processes of psoriasis with 
comorbid conditions, it becomes possi-
ble, on the one hand, to avoid polyprag-

masy and reduce the toxic load on the 
body and, on the other hand, to develop 
maximum targeted therapy in several di-
rections at once. In particular, it has been 
shown that the use of an insulin stimula-
tor (glucagon-like peptide 1 - GLP-1) can 
improve the course of psoriasis by em-
phasizing the effect of insulin resistance 
in inflammation [38, 45].

There is evidence in the literature 
that treatment with IL-17A monoclonal 
antibodies can not only improve psoriat-
ic lesions but also restore impaired lipid 
metabolism to normal levels in psoriasis 
patients. Given that impaired regulation 
of lipid metabolism is considered a criti-
cal factor in cardiovascular disease, res-
toration of lipid metabolites in psoriasis 
patients indicates that IL-17A monoclonal 
antibodies may have a potential protec-
tive effect against associated cardiovas-
cular disease. 

An important direction in the treatment 
of psoriasis in association with comorbid 
conditions is lifestyle modification, avoid-
ance of bad habits, and normalization 
of body weight as significant factors in-
fluencing the intensification of systemic 
inflammation.

It is important to evaluate patients with 
psoriasis from both a dermatological and 
a metabolic perspective. The complex in-
teraction of psoriasis with various comor-
bidities suggests the need for a multidis-
ciplinary approach in the management of 
psoriasis patients.

Conclusion. Thus, the review of the 
literature shows that the study of the 
pathogenesis of psoriasis is still rele-
vant. Currently, there is accumulated 
data proving comorbid associations of 
psoriasis with metabolic syndrome, car-
diovascular diseases, intestinal dysbiosis 
and other pathologies. Given these ob-
servations, there has been a paradigm 
shift from viewing psoriasis simply as a 
"skin disease" to a systemic inflammato-
ry condition. Chronic inflammation and 
genetic determinants, underlie comorbid 
associations.

Promising in understanding the caus-
es and diagnosis of psoriasis is a com-
prehensive study of general metabolic 
indices and immunoregulatory messen-
gers, which will not only expand our 
understanding of the mechanisms of 
psoriasis formation, but also develop a 
comprehensive pathogenetic therapy 
with the correction of immune and meta-
bolic disturbances in patients. Analysis of 
scientific information shows that the sys-
temic nature of psoriasis suggests a per-
sonalized approach to its diagnosis and 
treatment, taking into account comorbid 
(concomitant) conditions.   
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A.A. Tappakhov, T.E. Popova
SUBJECTIVE COGNITIVE
AND SUBTLE COGNITIVE IMPAIRMENTS

Cognitive impairments are one of the leading problems of neurology and psychiatry due to their wide prevalence, especially in the elderly 
and senile age, the difficulty in diagnosis and treatment. In addition, the increase in life expectancy of the population in Russia and in the world 
will undoubtedly cause a rapid increase in patients with dementia and other cognitive impairments. However, dementia in most cases does not 
develop overnight; its development is preceded by a long period of time when the existing cognitive impairments do not yet disrupt the patient's 
household and professional activity. Cognitive impairment of this degree is called "pre-dementia" and is divided into subjective cognitive decline, 
subtle and mild cognitive impairments. This article discusses the key problems of subjective cognitive decline and subtle cognitive impairment, the 
interpretation and diagnosis of which raises the most frequent questions among clinicians. So, based on a review of Russian and foreign literature, 
the authors substantiate how it is possible to distinguish between subjective cognitive decline and subtle cognitive impairment, and discuss where 
the line with moderate cognitive impairment is. Separately, diagnostic algorithms and treatment tactics for subjective cognitive decline and subtle 
cognitive impairment are presented.

Keywords: subjective cognitive impairment, mild cognitive impairment, moderate cognitive impairment, dementia, neuropsychological testing.

Introduction. Cognitive impairment is 
one of the topical issues of modern neu-
rology and psychiatry. This is evidenced 
by the geometric increase in the number 
of articles in foreign and domestic jour-
nals. So, if in 2000 only 1,301 articles 
with the keywords “cognitive impair-
ment” were published in PubMed, then 
their number reached 4,536 in 2010, and 
15,665 in 2021. In the Russian scientific 
database "Elibrary.ru" in 2000 there was 
not a single article with the keywords 
"cognitive impairment", in 2010 94 arti-
cles were published, in 2015 - 191 arti-
cles, and in 2021 their number increased 
to 252 articles.

The increased interest in cognitive 
impairment is justified, since a dementia 
pandemic is expected in the world, pri-
marily due to the increase in life expec-
tancy of the population. According to one 
major meta-analysis, there were 35.6 
million people with dementia worldwide in 
2010, and this number will double every 
20 years, reaching 65.7 million by 2030 
and 115.4 million by 2050 [22].

For comparison, according to Rus-
sian Federal State Statistics Service, the 
population of Moscow in 2022 amounted 
to 12.6 million people. Thus, already in 
2010, all patients with dementia would 
“inhabit” the three Moscows of 2022. 
However, dementia in the vast majority 

of cases does not develop overnight; its 
development is preceded by a long pe-
riod of time when the existing cognitive 
impairments do not yet disrupt the pa-
tient's household and professional activ-
ity. Cognitive impairments of this degree 
are called "pre-dementia" and are divided 
into subjective, subtle, and mild [2, 3]. In 
this article, we will consider the issues of 
diagnosis and treatment of the most di-
agnostically and prognostically complex 
pre-dementia disorders - subjective cog-
nitive decline (SCD) and subtle cognitive 
impairment (SCI)

Prevalence of subjective cognitive 
decline and subtle cognitive impair-
ment. Data on the prevalence of pre-de-
mentia cognitive impairments vary wide-
ly, which is explained by their wide etio-
logical heterogeneity and various clinical 
approaches to their detection [3]. Unfor-
tunately, most studies on the prevalence 
of pre-dementia cognitive impairment are 
limited to mild cognitive impairment (MCI) 
and the inclusion of elderly people. As for 
SCD and SCI, there is practically no data 
on their prevalence.

Etiology of pre-dementia cognitive 
impairment. In elderly and senile pa-
tients, a decrease in cognitive abilities 
will be alarming in terms of the develop-
ment, first of all, of neurodegenerative 
and cerebrovascular diseases, such as 
Alzheimer's disease (AD), frontotemporal 
degeneration, and small vessel disease 
of the brain [1, 4, 7, 14]. As for young 
and middle-aged people, diabetes melli-
tus, alcoholism, diffuse connective tissue 
diseases, neurosyphilis, neuroAIDS, hy-
pothyroidism, normotensive hydrocepha-
lus, vitamin B12 deficiency, etc. can be 
the cause of cognitive decline [8]. The 
search for the cause of cognitive impair-
ment is much easier if the patient has 
other signs of a somatic or neurological 

disease. However, in the vast majority of 
patients with SCI and SCD, especially in 
young patients, apart from complaints of 
memory loss and absent-mindedness, 
there are no focal symptoms and external 
signs of somatic diseases. Professor E.Z. 
Yakupov notes that affective disorders, 
sleep disturbance, gadget addiction, mul-
titasking, pain, COVID-19 are the hidden 
causes that lead to the development of 
SCI [11].

Subjective cognitive decline. Al-
though this concept has been known for 
a long time [21], the official definition was 
formed only in 2014 due to the expan-
sion of the stages of AD [13, 20]. Thus, 
SCD is understood as the appearance of 
complaints about a decrease in cognitive 
functions (it is emphasized that not only 
memory) during normal performance of 
neuropsychological testing (that is, with-
out objectification of cognitive impair-
ments). The authors state that SCD can 
be caused not only by AD, however, they 
cite signs in which the relationship of VCI 
with the subsequent development of AD 
increases:

1) subjective decrease in memory, and 
not in other cognitive function;

2) presence of complaints during the 
last 5 years or more;

3) age of onset at 60 or later;
4) the presence of anxiety associated 

with SCD;
5) a feeling of worse academic perfor-

mance compared to people of the same 
age group;

6) confirmation of the patient's com-
plaints by another person;

7) the presence of the APOE ε4ε4 
genotype;

8) presence of AD biomarkers.
Items 6–8 are performed if they are 

available [13].
SCD is a risk factor for the develop-
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ment of MCI in the future in at least 14% 
of patients [19].

Subtle cognitive impairment. SCI 
is understood as a decrease in cognitive 
functions compared to a higher initial lev-
el, but not beyond the age norm or slight-
ly deviating from the norm [12]. Under 
the leadership of academician Yakhno 
N.N. in Russia, a comparative analysis 
of cognitive functions was carried out in 
SCD, SCI, and in healthy controls. The 
results of the study confirmed that there 
are no statistically significant differenc-
es between SCD and healthy controls. 
At the same time, between patients with 
SCD and SCI, the greatest differences 
were observed in terms of literal (12.08 
vs. 14.78 words) and categorical (14.75 
vs. 17.56 words) associations, the total 
score on the Mini-Mental State Examina-
tion ( 28.67 vs. 29.3 points) and Frontal 
Assessment Battery (16.42 vs. 17.38) [9].

Professor O.S. Levin rightly empha-
sizes that the term “SCI” can mean a 

deterioration in the performance of neu-
ropsychological tests by a patient in dy-
namics with going beyond the limits of 
the individual norm, but within the limits 
of acceptable age values [6]. Thus, in or-
der to expose SCI, dynamic monitoring of 
the patient is necessary.

The long-term functional preservation 
of cognitive functions in some patients 
with pre-dementia disorders, even in the 
presence of neurodegeneration on neu-
roimaging and positive AD biomarkers, 
is explained by the concept of cognitive 
reserve. This concept suggests that so-
cio-behavioral indicators such as high 
education, intellectual pursuits, and oth-
er activities contribute to the creation of 
more stable neural connections that pro-
tect cognitive functions. In other words, 
people with a high cognitive reserve are 
more resistant to dementias, in particular, 
to AD [5, 15].

Diagnosis of subjective and mild 
cognitive impairments. Table 1 shows a 

comparative description of pre-dementia 
cognitive impairment and marks the most 
common diseases associated with them. 
In contrast to MCI in SCD and SCI, the 
performance of screening neuropsycho-
logical tests (MMSE, FAB, MoCA) does 
not go beyond the age norm.Vakhnina 
N.V. Vascular cognitive impairments / 
N.V. Vakhnina // Neurology, neuropsy-
chiatry, psychosomatics. – 2014. – Vol. 
1. – P. 74-79. DOI:10.14412/2074-2711-
2014-1-74-79

Most patients with SCD and SCI 
complain of memory loss. However, this 
complaint may hide not only a true am-
nestic deficit, but also bradyphrenia, de-
pression, and anxiety. Therefore, in our 
practice, we ask patients leading ques-
tions that allow us to more specificize 
complaints. For example, can the patient 
forget what he ate in the morning or what 
he did the day before? Is it hard to find 
words? can forget the name of the ob-
jects? Is it difficult to understand the in-

Characteristics of pre-dementia cognitive impairments

Degree of cognitive decline Main features Associated diseases

Subjective cognitive decline
The presence of complaints of cognitive 
decline (not just memory)
Normal performance of neuropsychological 
tests

In elderly patients, especially if there are complaints 
of memory loss, to have alertness in terms of the 
development of Alzheimer's disease

In the absence of obvious somatic and neurological 
causes, one should think about the patient's anxiety, 
depression, sleep disorders, multitasking, gadget 
addiction, and past COVID-19

Subtle cognitive impairment

Decreased cognitive ability compared to 
higher baseline.
Does not go beyond the age norm or slightly 
deviates from the norm
Difficulties performing complex neuro-
psychological tests

Mild Cognitive Impairment

Decrease in cognitive abilities compared with 
the individual and with the average norm
Out of the age range
Detected when performing neuropsychological 
tests
The patient's independence is not affected, 
slight problems are tolerated when performing 
complex tasks

In the presence of the amnestic type and in the detection 
of biomarkers for beta-amyloid and neuronal damage, 
there is a very high risk of developing Alzheimer's 
disease.
The non-amnestic type can occur within 
cerebrovascular disease, Parkinson's disease, post-
traumatic encephalopathy, etc.

Table 1

Table 2

Neuropsychological tests

Test Instruction Reference

Phonetic speech association Name within 1 minute words that begin with a certain letter (for example, 
"L") > 10 words

Semantic speech association Name within 1 minute words belonging to the same category (for 
example, animals) > 17 words

Visual memory test
The patient is asked to memorize 12 pictures, after an interfering task 
they are asked to remember them (delayed reproduction), then learn from 
the presented 48 pictures (delayed recognition)

Delayed reproduction + delayed 
recognition = 12 pictures, no 
false recognitions

Auditory memory test
The patient is asked to memorize 12 words, after an interfering task they 
are asked to remember them (delayed reproduction), then to recognize 
them by belonging to a category (delayed recognition)

Delayed reproduction + delayed 
recognition = 12 words, no false 
recognitions

Trail making test, part A Connect the given numbers in ascending order, starting from 1 and 
ending with 25 Execution without fixes or with 

immediate fixes
Trail making test, part B Connect in ascending order and alternating the numbers and letters 

presented (1-A-2-B, etc.)
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terlocutor? Is it difficult to navigate in an 
unfamiliar place? etc.

To assess SCD and SCI, screening 
scales used in clinical practice, such 
as the Mini-Mental State Examination 
(MMSE), the Montreal Cognitive As-
sessment (MoCA), will not be sensitive 
enough and their results will be within the 
age norm [10, 16–18]. At the same time, 
in our opinion, this is the erased and very 
conditional boundary between MCI and 
SCI. In patients with MCI, the results of 
screening neuropsychological tests are 
outside the normative values, but the 
patient's daily activities are not impaired 
(unlike dementia).

In the diagnosis of SCI, more complex 
scales may be more informative, such 
as the Semantic or Phonetic Association 
Test, the Visual memory test, the Auditory 
memory test, the Trail making test (part A 
and part B), and the Stroop test. Table 2 
presents the normative values of the list-
ed scales.

As noted above, anxiety and depres-
sive disorders can be the cause of cog-
nitive impairments, especially SCD and 
SCI, so it is necessary to clarify the emo-
tional sphere in patients, to conduct a 
screening assessment of anxiety and de-
pression (for example, the Hospital Anx-
iety and Depression Assessment Scale 
- HADS, the Depression Scale Beck, 
questionnaire GTR-7).

In some cases, a blood test for thy-
roid hormones, vitamin B12, folic acid, 
vitamin D, and iron is required. Currently, 
there are no unified recommendations in 
which cases to prescribe one or anoth-
er blood test, however, there is no doubt 
that a deficiency of hormones, vitamins, 
and substances may be accompanied by 
the development of cognitive complaints. 
Some classes of drugs can also lead to 
cognitive decline, such as antidepres-
sants with anticholinergic effects (amitrip-
tyline).

MRI of the brain is the most informa-
tive method. Here, it is important to as-
sess mainly hippocampal atrophy, which, 
along with the amnestic type of cognitive 
impairment, may alert in terms of the de-
velopment of AD. The presence of hyper-
intensity of the white matter, criblura, foci 
of cerebral infarction, on the contrary, in-
dicate a cerebrovascular disease.

Treatment of subjective cognitive 
decline and subtle cognitive impair-
ment. If the cause of cognitive impair-
ment (eg, depression, anxiety, iron de-
ficiency) is identified, treatment should 
be aimed at correcting it. The evidence 
base for the pharmacotherapy of pre-de-
mentia, especially pre-mild cognitive im-
pairment, is much weaker; studies were 

mainly conducted with MCI. The empha-
sis in the treatment of pre-moderate cog-
nitive impairment is on the modification 
of risk factors, as well as on the mainte-
nance of cognitive reserve.

Conclusion. Pre-dementia cognitive 
impairment is a heterogeneous syndrome 
with multiple benign and serious causes. 
This is the main limiting factor preventing 
large-scale studies and obtaining reliable 
results. The key link in the diagnosis of 
cognitive impairment remains the con-
duct of a neuropsychological test.

The authors declare no conflict of in-
terest.
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Introduction. The first description 
of brown adipose tissue (BAT) dates 
back to 1551, when the German scien-
tist Gessner in his atlas of anatomy de-
scribed this tissue as "nec pinguitudo nec 
caro", which means "neither fat nor flesh" 
[1]. However, as an organ producing heat 
for mammalian thermoregulation, it was 
recognized only less than half a century 
ago [2]. Since the second half of the XX 
century, it was believed that BAT is pres-
ent only in newborns and over the course 
of one year this tissue is reduced [2,3].

However, few studies have suggested 
the presence of BAT in the body of adults 
[1,4-9], and only with the widespread use 
of positron emission tomography with 
18-fluorodeoxyglucose (18FDG-PET), 
a method of functional imaging evaluat-
ing areas of increased metabolic activity, 
have become more often used in the ob-
servation of certain types of cancer. Due 
to this diagnosis, BAT was detected in at 
least one subgroup of the adult human 
population [2,10-14]. This surprising dis-
covery aroused great interest among re-
searchers in this field and supported the 
hypothesis that the presence or absence 
of brown adipose tissue may be the 
cause of such common non-communica-
ble diseases as obesity and type II diabe-
tes, and can also be used as a potential 
therapeutic strategy, since non-contrac-
tile thermogenesis contributes to the ex-
penditure of excess energy in the human 
body.

Function and structure of brown adi-
pose tissue. The main function of brown 
adipose tissue is thermoregulation 
through non-contractile thermogene-
sis [1]. This thermogenesis occurs due 
to a unique and specific enzyme called 
UCP-1 (uncoupling protein-1), which dis-
ables the production of ATP energy in 

mitochondria, generating heat instead 
[1,15]. UCP1 is a unique protein that pro-
motes proton leakage through the inner 
membrane of mitochondria, reducing the 
transmembrane electrochemical gradi-
ent of protons, and thus thus provides 
non-contractile thermogenesis by gener-
ating heat [1,15]. UCP-1 is a marker of 
thermogenic adipocytes (not only clas-
sic brown, but also recently discovered 
beige adipocytes), and it is believed that 
this is the only protein physiologically ca-
pable of causing non-contractile thermo-
genesis, since mice with UCP-1 knockout 
can produce heat only with chills [2,16].

BAT is activated by sympathetic nor-
adrenergic receptors, mainly through 
beta-3 adrenoreceptors [2]. Cold is the 
main physiological stimulator for this nor-
adrenergic activation, since mammals 
need to maintain thermoneutrality, but it 
has long been assumed that it can also 
be activated by food [2,16,17].

Microscopic examination of BAT 
shows cells with many fat droplets and 
numerous mitochondria positively ex-
pressing UCP-1 [2,18,19]. Classical 
white adipocytes have one large fat vac-
uole and a smaller number of mitochon-
dria, which indicates their energy storage 
function [19].

Recent studies have shown that with a 
relatively small mass of BAT in the mam-
malian body, its activation can increase 
the energy consumption of the animal 
fourfold, since tissue perfusion increases 
[15,19-21]. To generate heat, not only fat 
stored in lipid droplets is used, but also 
free fatty acids and glucose from the 
systemic circulation, which exponential-
ly increases the thermogenic potential 
[15]. This is of particular importance for 
winter-sleeping animals because there 
is an urgent need to increase body tem-
perature after micro-arousals that occur 
during hibernation [2,19,20]. During hi-
bernation, metabolism proceeds under 
hypothermic conditions, and the animal's 
body should achieve thermoregulation 
as soon as possible during microarousal 

or after the end of the hibernation peri-
od [2, 19]. Only thermogenic tissue with 
high capacity is able to provide adequate 
short-term thermoregulation [22]

In addition to winter-sleeping animals, 
the important role of brown adipose tis-
sue is well known for small mammals 
(rodents), in which the body surface area 
is larger in proportion to the internal vol-
ume [2,22,23]. This large area increases 
heat loss to the environment and requires 
more energy used by the BAT to maintain 
thermoregulation. For example, infants 
have a high area/volume ratio, and it has 
long been proven that BAT is present in 
the human body at an early age [2,21]. 
However, with a gradual decrease in 
the surface area relative to the internal 
volume, the energy costs of thermoreg-
ulation decrease, and therefore it was 
believed that BAT undergoes gradual 
involution until it completely disappears 
in early childhood [21]. However, the in-
vention, and then the introduction into 
practice of 18FDG-PET, changed this 
point of view, since it was hypothesized 
that at least a small part of people still 
have BAT in adulthood, since the detec-
tion of metabolic activity in some of the 
surveyed sites increases the likelihood of 
the existence of unnoticed thermogenic 
fat [15,21].

New stages in the study of brown 
adipose tissue in adults. 18 FDG-PET 
is a functional study characterized by 
the ability to detect metabolically ac-
tive sites absorbing 18-fluorodeoxyglu-
cose (18FDG), a glucose radioisotope 
[19,24,25]. It began to be used in the 
90s, mainly in the diagnosis of oncology, 
to detect tumors and metastases, which 
usually have a high metabolic rate and, 
consequently, high glucose uptake. With 
18 FDG-PET scans, organs such as the 
heart and brain are also constantly de-
tected, as these organs are known to 
have a pronounced glucose intake, even 
during fasting [24,25].

PET studies revealed bilateral sym-
metrical absorption regions of 18 FDG 
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in the supraclavicular, cervical and para-
sternal regions, which could not be inter-
preted as tumors due to the described 
characteristics [7,24,26]. Highly active 
areas were anatomically located in areas 
of fat weakening on computed tomog-
raphy, which indicates the presence of 
metabolically active fat. A high propor-
tion of images with such characteristics 
on 18FDG-PET in individuals diagnosed 
with pheochromocytoma, in whom cate-
cholamine-producing tumors are known 
as intense noradrenergic activation, 
aroused suspicion that these areas were 
actually unrecognized brown adipose tis-
sue that proliferated under the influence 
of chronic noradrenergic stimuli [7,27,28].

The interest of endocrinologists and 
specialists in metabolism increased in 
2007 after the publication of an article in 
which convincing evidence was present-
ed that, from a functional point of view, 
these areas detected by 18FDG-PET 
scanning are brown adipose tissue [15]. 
However, just two years later, after the 
publication of three articles, the scien-
tific community recognized that at least 
some adults have brown adipose tissue 
[12,13,14]. Brief research results are pre-
sented in the table (Table 1). 

Cypess and his colleagues analyzed 
3,640 18FDG-PET scans performed to 
detect neoplasms and found absorption 
sites indicating the presence of BAT in 
7.5% of women and 3.1% of men [12]. 
Indicators such as age, body mass index 
(in the elderly), outdoor temperature and 
fasting glucose levels were inversely pro-
portional to positive PET results, and the 
use of beta blockers was associated with 
a lower probability of detecting absorption 
sites. However, after multivariate analy-
sis, glucose concentration and BMI lost 
their statistical significance, but BMI con-
tinued to have a significant negative as-
sociation with absorption in older people.

A scientific group led by Van Marken 
Lichtenbelt conducted 18FDG-PET in 24 
people after exposure at low tempera-
tures (16 Co for two hours), in light cloth-
ing and without body chills [13]. Accord-
ing to the study, 96% of positive results 
were revealed, and an inverse propor-
tional relationship was obtained between 
the level of absorption (kilobecquerels) 
and BMI (conditional amount of body fat). 
Only one obese subject had negative ab-
sorption after exposure to cold. Also, adi-
pose tissue samples obtained from areas 
with positive uptake of 18FDH had high 
immunoreactivity to the UCP-1 protein, 
which indicated the presence of metabol-
ically active BAT.

In a recent paper published in the 
aforementioned publication, Virtanen 
and co-authors analyzed tissue biopsies 
from PET-positive areas visualized in 
three young people and found positive 
expression of UCP-1, confirming the 
presence of brown adipose tissue [14]. 
Considering that only 10% of the ener-
gy used by BWT is glucose and 90% is 
fatty acids, the Finnish group calculated 
by mathematical analysis based on the 
absorption of FDG in these people an 
increase in energy consumption by 7%, 
which corresponds to a weight loss of 4.1 
kg per year.

None of the studies were aimed at as-
sessing the causal relationship between 
BMI and the presence or absence of 
BAT, which leads to countless hypoth-
eses. One hypothesis is that because 
obese people have more fat protection, 
they may feel less cold, which in turn 
means that they need less activation of 
BAT. Another version that requires fur-
ther study is that the absence of brown 
adipose tissue may be, at least in part, 
due to weight gain and a decrease in 
blood glucose levels in a certain sub-
group of people.

The role of brown adipose tissue in 
human metabolism. After the appear-
ance of the first 18FDG-PET images, it 
was hypothesized that the BAT is a resid-
ual organ, like other organs that often do 
not involute during embryo development. 
Data from Van Marken Lichtenbelt stud-
ies demonstrated almost 100% absorp-
tion during cold stimulation and made this 
hypothesis less likely [13]. 

The total mass of brown adipose tis-
sue in humans does not exceed 60-100 
grams, which is only a small part of the 
mass of white adipose tissue, even in 
people with low body weight [21]. How-
ever, as already noted, BAT perfusion 
increases significantly with noradrenergic 
stimulation, which leads to high peripher-
al absorption of glucose and fatty acids, 
which makes BAT an energy-intensive 
tissue, as well as an important regulator 
of glucose homeostasis [2,20,21,29,30]. 
This tissue has an insulin-dependent 
ability to absorb glucose and promotes 
the clearance of free fatty acids, which is 
closely related to insulin resistance [24].

Some studies have tried to estimate 
the increase in energy consumption af-
ter the activation of BAT, and data were 
obtained on fluctuations from 5 to 77% 
compared to the basal level [21]. As de-
scribed earlier, Virtanen and co-authors 
suggested an increase in basal metab-
olism by 7% [14]. Orava and co-authors 
found a similar increase of 8% after expo-
sure to cold, but when the analysis was 
carried out only in 18FDG-PET-positive 
people, the increase increased to 22% 
[29]. Quellett and colleagues decided to 
measure energy consumption by indirect 
calorimetry, before and after exposure to 
cold in a shirt soaked with water at a tem-
perature of 18 °C [31]. The percentage 
increase in this study reached 77% after 
exposure to cold. A scientific group led by 
Yoneshiro divided the positive and nega-

Table 1

Summary of the results of three articles of the New England Journal of Medicine in 2009, which confirmed
to the scientific community the presence of brown adipose tissue in adults

Van Marken Lichtenbelt and cols. Virtanen and cols. Cypess and cols.

Active BAT was detected with FDG-PET
in 96% of people after acute exposure to cold

Cold-induced absorption of PET-FDG 
was 15 times higher in paracervical and 
supraclavicular adipose tissue in five subjects

Positive scan results were noted in 7.5% of 
women and 3.1% of men

Significantly lower activity in overweight
and obese individuals (the only subject with
a negative PET result was obese)

Mathematical analysis showed a decrease 
in body weight by 4.1 kg during 1 year in 
patients with active brown adipose tissue

The probability of detecting active BAT 
is inversely proportional to the outdoor 
temperature, years, and BMI in the elderly

Higher activity has a significant direct 
positive correlation with resting metabolic 
rate and negatively correlates with BMI
and body fat mass of the studied

Biopsy samples of three subjects were 
collected, which demonstrated levels of 
messenger RNA and UCP-1 protein, as 
well as other markers of brown fat (such 
as PGC1a, DIO2, PRDM16 and ADRB3), 
and morphological assessment showed an 
abundance of multilocal adipocytes

The probability of detection is inversely 
proportional to fasting glycemia in univariate 
analysis, but is not significant in multivariate 
analysis
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tive results of PET-FDG in relation to the 
activation of BWT and found a stimulated 
25% increase in energy consumption in 
the positive group, which corresponds to 
358 kcal [31]. However, the hypothesis 
about adipostats asserts that an increase 
in energy consumption must necessar-
ily lead to a parallel increase in energy 
consumption in order to avoid weight 
fluctuations [33,34]. In order to better 
understand what happens to the energy 
balance in a situation of increased ener-
gy consumption due to thermogenesis, it 
is necessary to evaluate animal studies, 
since there are not so many studies in 
this area in the human body.

Cannon and Nedergaard found an in-
crease in oxygen and energy consump-
tion in animals exposed to lower tem-
peratures, while the increase in nutrition 
was proportional to oxygen consumption, 
but animals living in the cold did not gain 
weight [32]. However, several authors, 
based on different results in different ex-
periments, still believe that any increase 
in energy consumption will be easily 
compensated by an increase in food in-
take, and that isolated activation of BAT 
will not lead to weight loss [16,23,35,36]. 
Ravussin and co-authors put forward an 
original assumption that the activation of 
BAT in combination with an anorexigen-
ic drug can cause weight loss synergy 
due to the dissociation of increased en-
ergy consumption with food consump-
tion, however, the results of his studies 
combining acute intermittent exposure to 
cold with AM251, an antagonist of endo-
cannabinoid receptors, showed neither 
synergy nor weight loss in the group ex-
posed to cold and not receiving this sub-
stance [36].

Yoneshiro and co-authors, who ana-
lyzed the differences between BAT-pos-
itive and BAT-negative people based on 
their uptake of 18FDG-PET, reported that 
BAT-positive people did not gain weight 
with age [37]. On the other hand, the 
BAT-negative subjects had a high body 

mass index, a high percentage of body 
fat and abdominal fat mass, which con-
firms the assumption that the activation 
of BAT contributes to weight control and 
prevents the development of obesity. 

Gadea and colleagues described a 
case of a rare BAT tumor called a hiber-
noma in a 68-year-old woman who lost 
10 kg of weight in 6 months during this 
disease [37]. Within a year after the oper-
ation, the woman gained 15 kg, but after 
resection there was no decrease in ener-
gy consumption and an increase in food 
intake was observed. The description of 
this case suggests, although obviously 
with all the limitations of the evaluation 
of a single case, that BAT is capable of 
causing weight loss, at least when it is 
present in large quantities and stimulated. 
Another situation that deserves mention 
is hyperthyroidism. Thus, Lahesmaa and 
co-authors have found that hyperthy-
roidism, which often leads to significant 
weight loss, is associated with a threefold 
increase in the absorption of glucose by 
BAT, increased energy consumption and 
high consumption of lipids as an energy 
substrate [38]. The relationship between 
BAT and thyroid hormones has been 
known for several decades and has been 
described by many authors [2,39].

Diet-induced thermogenesis and met-
abolic inefficiency. The components of 
daily energy consumption are the basal 
metabolic rate, energy costs for phys-
ical activity and the thermal effect of 
food [40]. Food thermogenesis is clas-
sically regarded as the energy costs of 
digesting and storing calories. However, 
several decades ago, a hypothesis was 
put forward about another concept of 
thermogenesis caused by diet and asso-
ciated with energy expenditure, which is 
closely related to BWT, although it was 
insufficiently recognized, and only a few 
researchers tried to follow this path until 
recently [16,17].

In 1979, Rothwell and Stock demon-
strated in a fundamental study published 

in the journal Nature that rats chronical-
ly fed a "cafeteria diet" consisting of a 
diet with high energy value, rich in fats 
and carbohydrates and poor in proteins, 
had a disproportionate increase in ener-
gy consumption, which could not be ex-
plained only by the energy value of food 
[17]. The rats gained less weight than 
predicted, and it was suggested that they 
spent part of the incoming energy in the 
form of heat. In accordance with these 
findings, higher rectal and interscapular 
temperatures were observed in rats in 
the postprandial period. Tissue analysis 
of these rats confirmed an increase in the 
mass of brown adipose tissue by 260% 
compared to control rats fed a standard 
diet, which suggests that the energy con-
sumed came from replenishment and ac-
tivation of brown adipose tissue.

Despite the impact of the study, diet-in-
duced thermogenesis has been almost 
forgotten, at least by human physiolo-
gists. However, in 1999 Stock put togeth-
er a series of studies on overeating, the 
purpose of which was to evaluate inter-
individual reactions to weight gain based 
on possible differences between percent-
ages of fat mass and fat-free mass [39]. 
Using the law of thermodynamics, Stock 
calculated that it takes from 30 to 45 kJ/kg 
to increase body weight by one kilogram. 
However, some people needed values 
up to 100 kJ/kg to gain one kilogram. The 
only possibility, according to the author, 
is that such a large spread is due to the 
inefficiency of metabolism and thermo-
genesis. Recently, Wijers and colleagues 
found a linear correlation between ener-
gy costs for weight gain of 1 kg and ener-
gy costs caused by cold, suggesting that 
the same mechanism is involved in ther-
mogenesis caused by cold, which leads 
to metabolic inefficiency, possibly caused 
by the influence of BAT activity [40].

A recent study in which postprandial 
18FDG-PET was evaluated, with all the 
resulting reservations regarding interpre-
tation due to postprandial glucose uptake 

Prevalence of positive uptake of PET-FDG in different population groups from different countries

Ambient temperature Acute exposure to cold
USA (Cohade, and others) – 13,7% (winter), 4,% (the rest of the year) Netherlands (von Marken Lichtenbelt, and others) – 97% 
USA (Yeung, and others) – 3,7% (neck fat) Finland (Virtanen, and others) – 100% 
USA (Cypess, and others ) – 7,5% (women), 3,1% (men) Japan (Saito, and others) – 53% 
England (Au-Yong, and others) – 7,2% (winter), 2,5% (summer) Japan (Yoneshiro, and others) – 46% 
Canada (Ouellet, and others) – 6,8% 
Australia (Lee, and others) - 8,5%
Germany (Stefan, and others) – 3,05% 

Table 2
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by muscles, showed that, compared with 
thermoneutrality, after a hypercaloric and 
hyperprotein diet, glucose uptake of BAT 
is observed, similar to that which occurs 
after cold activation [41]. However, an-
other similar study questioned the signif-
icance of thermogenesis caused by diet, 
demonstrating that chronically overfed 
people (200% overfed) did not increase 
the absorption of glucose by BAT when 
comparing the results of 18FDG-PET 
scans before and after the period of over-
feeding [42]. Scanning for 18 FDG-PET 
in overeating patients was performed 
four hours after meals using a low-carb 
diet. The timing and composition of the 
diet could distort the results.

It was also noted that in persons with 
constitutional thinness, even under ther-
moneutral conditions, glucose uptake in 
the BAT was 16.7 times higher compared 
to persons with normal weight [43]. On 
the contrary, in women with anorexia ner-
vosa who have a weight similar to that of 
people with constitutional thinness, the 
glucose uptake of BAT was practically 
zero, which suggests that the role of BAT 
is metabolically ineffective in this rare but 
interesting subgroup of people. 

Although it is difficult to imagine the 
evolutionary advantage of metabolic in-
efficiency, since it is generally believed 
that obesity is the result of an economi-
cal phenotype adapted to energy storage 
in food shortage conditions, a possible 
explanation may be that it is active with 
a low-protein diet, and thermogenesis 
is important for the animal to constantly 
look for protein sources [2,16]. In fact, 
it has been demonstrated in humans 
that low-protein diets are associated 
with greater metabolic inefficiency, and 
high-protein diets lead to high thermo-
genesis, and the latter is mainly due to 
the high rate of digestion, metabolism 
and storage of this macronutrient [44].

Despite the fact that this concept is 
highly controversial and refuted by some 
researchers, the idea that brown adipose 
tissue contributes to the expenditure of 
excess calories in the form of heat and 
makes it difficult for some people to gain 
weight deserves further study and may 
lead to the development of drugs that ac-
tivate these mechanisms.

The prevalence of brown adipose tis-
sue. Concepts of recruitment and activa-
tion. As noted earlier, in 2009 Cypress 
and colleagues found that 7.5% of wom-
en and 3.1% of men were BAT-positive 
at ambient temperature [12]. Similar re-
sults were obtained in previous studies 
conducted under similar conditions, with 
slight variations [23]. Van Marken Licht-
enbelt and co-authors identified 96% of 

BAT-positive individuals (only one obese 
man was BAT-negative) after acute cold 
exposure [13], however, in the Japanese 
population this number decreased to 
40% [31]. There are no published stud-
ies on this topic in Brazil, but unpublished 
data indicate an even lower level. Table 2 
shows the differences in the absorption 
of BAT in different populations, at ambi-
ent temperature and after exposure too 
cold [12,13,14,21,24,31]. What could be 
the reason for such differences in similar 
experiments?

To better understand this difference, 
we need to go back to physiology and 
research on mice. If an animal lives in 
conditions of complete thermoneutrality 
and is exposed to the harsh effects of 
cold, its first reaction is chills to protect 
the internal temperature of the body [2]. 
At this moment, the animal does not have 
brown adipose tissue ready to activate 
and maintain the basic body tempera-
ture. As the duration of exposure to cold, 
the animal begins to gain weight of BAT 
and activate it, reducing shivering. When 
the recruitment of this tissue reaches its 
maximum, the animal ceases to tremble, 
and all heat production occurs due to the 
activation of BAT, hence the mitochondri-
al cleavage of UCP-1. After returning to 
thermoneutrality, the animal retains the 
recruited BAT, inactive, but ready to ac-
tivate in case of a new exposure to cold. 
This is demonstrated by the administra-
tion of norepinephrine before and after 
recruitment. The increase in energy con-
sumption after recruitment is significant, 
which proves that the BAT has been 
recruited and is ready for activity, unlike 
what happens earlier, when the BAT is 
not recruited for rapid activation after 
acute stimulation with norepinephrine.

This is a fundamental concept, since 
it helps explain why there is such a pop-
ulation spread in the uptake of 18FDG-
PET - daily chronic exposure to cold is 
likely to recruit BAT, which may become 
more active after an acute decrease in 
ambient temperature. This hypothesis 
was confirmed by the studies of two sci-
entific groups, which found a significant 
activation of BAT after chronic and daily 
exposure to cold, as well as an increase 
in energy consumption during acute ex-
posure to cold after chronic stimulation 
compared with acute exposure to cold at 
the beginning of the experiment [45,46].

Based on this hypothesis, a higher 
percentage of BAT-positive individuals 
was identified in the winter season. An-
other interesting theory that helps explain 
this difference is that photoperiodism 
can also interfere with the set of BAT. 
With the reduction of daylight hours, on 

the eve of winter, BAT can be slowly re-
cruited in order to have a sufficient level 
ready for the onset of cold weather, and 
to prevent the dependence of the body's 
thermoneutrality on shivering. Melatonin 
plays a significant role in this process, so 
in an animal study during hibernation, a 
higher content of BWT mass was shown 
in animals that received melatonin [47], 
and in a recent study, a high body tem-
perature was observed in mice receiving 
a melatonin supplement in the amount of 
10 mg/kg, which was detected using in-
frared thermography [48]. 

New imaging techniques for detecting 
brown adipose tissue. In the study of BAT, 
there may be difficulties partly related to 
detection methods. Thus, 18FDG-PET 
was fundamental for the identification 
of BAT in adults, but it is an expensive 
method that uses ionizing radiation and 
the method depends on the activation of 
this tissue for detection [16]. Since only 
10% of BAT absorption occurs due to glu-
cose, the sensitivity of the method using 
mainly glucose absorption may be low 
[15]. 

Therefore, new imaging methods are 
proposed to replace 18FDG-PET in sci-
entific research and in clinical practice 
[47]. Validation studies of magnetic res-
onance have already been conducted 
on animals, with promising results and 
good opportunities for detecting depots 
of brown adipocytes in white adipose tis-
sue [48]. Experimental studies have also 
been conducted on humans and have 
shown good sensitivity with the additional 
advantage of detecting even inactive tis-
sue [49,50]. 

Another available research option is 
infrared thermography (IT), a non-inva-
sive and simple method that evaluates 
body temperature in various tissues by 
image (this method has long been used 
in civil engineering and in medical con-
ditions such as anastomosis and cancer) 
[51,52]. The possibility of obtaining re-
sults using IT makes this method prom-
ising and useful, as evidenced by a study 
by Lee and colleagues, which describes 
an increase in temperature in the corre-
sponding areas of BWT after exposure to 
cold and eating in humans [53]. Studies 
in children using infrared thermography 
have also shown promising results [54]. 
Borga and co-authors presented a new 
version of the study using dual-energy 
computed tomography (DCT) [47]. 

In conclusion, it should be noted that 
the study of brown adipose tissue has 
been greatly developed after the discov-
ery of 18FDG-PET in adults, becoming 
an intensive area of research not only 
in general biology, but also in medicine. 
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Most of them are recent discoveries and 
therefore need further study and justifica-
tion.

Activation of BAT mediated thermo-
genesis may have therapeutic potential 
in the treatment of patients with obesity, 
diabetes and metabolic syndrome, pro-
viding new therapy options.
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E.V. Kasparov, E.I. Prakhin, V.P. Novitskaya, A.G. Borisov,
U.M. Lebedeva, K.M. Stepanov
THE ROLE OF VITAMINS AND VITAMIN-
CONTAINING PRODUCTS IN REDUCING 
ACUTE INFECTIOUS DISEASES
OF THE POPULATION OF THE NORTH

The literature review presents current data from the study of domestic and foreign literature of recent years on the effect of vitamins, vita-
min-containing products and other nutrients on the reduction of acute infectious diseases in the population of the Far North.

The purpose of the study: to identify the possibilities of preventing acute respiratory viral diseases by increasing the effectiveness of preven-
tive measures using modern methods of optimizing the nutrition of the population of the North.

Methodical approaches. The study of the literature was carried out in sections: “Seasonal fluctuations in acute infectious respiratory diseases”, 
“Peculiarities of human immunity in different seasons of the year”, “Nutrition and the immune system”, “Possibilities of using local raw materials in 
the diets of the population of the North for preventive purposes”

Results. The patterns of formation of seasonal transient immunodeficiencies and immune dysfunctions against the background of alimenta-
ry-dependent deficiency of macro- and microelements, unbalanced with the nutritional needs of the population living in the North, were determined. 
The existing and priority fundamental approaches to the formation of diets using products of the local raw material base are analyzed. It is neces-
sary to diversify the diet of the population of the North by including vitamin-mineral complexes and products with immunomodifying properties. In-
dustrially produced functional foods should be used, which can increase immune defenses and reduce the prevalence of viral respiratory diseases 
and their consequences.

Conclusion. The analyzed publications indicate that an increased incidence in a certain season can be considered as a problem of the forma-
tion of transient induced immunodeficiency in the Far North. One of the reasons for this is the peculiarity of the functioning of the immune system in 
conditions of seasonal rhythms. Modern possibilities of nutrition science allow to actively form a balanced daily human diet. The increase in immu-
nity is achieved through the use of vitamins and vitamin-containing complexes and other nutrients that can increase the level of immune protection 
and, accordingly, reduce the prevalence of viral respiratory diseases and their consequences, which is extremely important for the population living 
in the extreme conditions of the Arctic zone.

Keywords: population of the North, seasonality, immunity, respiratory diseases, preventive nutrition.

УДК 613.292

Introduction. Despite the abundance 
of publications, the issues of full-fledged 
human life and the protection of his 
health are far from being solved in the 

extreme natural and climatic conditions 
of the North [1, 24].

Significant efforts in the field of pub-
lic health do not lead to a significant de-
crease in the prevalence of viral respira-
tory diseases among the population living 
in vast territories that make up more than 
64% of the territory of Russia [22],

In this regard, the Decree of the Chief 
State Sanitary Doctor of the Russian Fed-
eration "On measures to prevent influen-
za and acute respiratory viral infections, 
including a new coronavirus infection 
(COVID-19) in the 2020-2021 epidemic 
season" was adopted (it was registered 
with the Ministry of Justice of Russia July 
29, 2020 N 59091) [7].

This document defines purely anti-ep-
idemic measures. But scientific publica-
tions describe the experience of solving 
problems with the help of nutrition cor-
rection through the use of vitamins and 
microelements, probiotics, specialized 
food products. The possibility of positive 
dynamics of increasing immunity, reduc-
ing the frequency of diseases, improving 
their prognosis in different seasons of the 
year has been proven.

Extreme and sub-extreme climatic 
and geographical conditions of the North 
are characterized by a pronounced cold 
effect (prevailing negative air tempera-
ture), low absolute air humidity, periodic 

strong winds, changes in light photope-
riodicity (polar night, polar day), lack of 
oxygen, sudden changes in atmospher-
ic pressure, instability of the magneto-
sphere, adaptation to which is achieved 
at the cost of a significant morphological 
and functional stress of the human body 
[5, 22].

Scientific publications describe the 
experience of solving problems with the 
help of nutrition correction through the 
use of vitamins and trace elements, pro-
biotics, prebiotics, specialized foods. The 
possibility of positive dynamics of immu-
nity indicators, reduction of the frequency 
of diseases, improvement of their prog-
nosis has been proved. The use of this 
experience is especially expedient for the 
population of the North.

One of the significant components 
of the morbidity of the population of the 
North are acute respiratory viral infec-
tions (ARVI), which includes a number of 
diseases of predominantly upper respira-
tory tract of viral etiology.

The diseases caused by these dif-
ferent etiological agents share common 
mechanisms of transmission, many stag-
es and features of pathogenesis, as well 
as clinical manifestations. The situation 
with the spread of SARS in the North is 
characterized by an excess of morbidity 
rates in all age groups of the population of 
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the North compared to the corresponding 
indicators in the Russian Federation. An 
analysis of the incidence of children and 
adolescents in the northern territories in-
dicates that the Nenets, Yamalo-Nenets 
Autonomous Okrug (YaNAO) fall into the 
risk zone, in which, according to the class 
of respiratory diseases, the incidence is 
1.3–1.7 higher than in the Russian Fed-
eration [5] (Table).

According to various authors, a se-
vere course and deaths were observed in 
various acute respiratory viral infections 
(adenoviral disease, parainfluenza, respi-
ratory syncytial infection), which occurred 
both in the form of mono and mixed in-
fection [9].

Typical for the North are conditions as-
sociated with a lack of intake of vitamins 
and minerals in the body, with increased 
needs for them, especially in unfavor-
able seasons of the year. To meet the 
physiological needs of the body, a whole 
complex of nutrients is needed, the com-
position and quantity of which change 
throughout life. Essential amino acids, 
polyunsaturated fatty acids, vitamins, 
minerals, pro- and prebiotics are vital. 
Unfortunately, the actual nutrition of the 
population of the North among almost all 
age, ethnic and professional groups of 
those surveyed has a large number of 
deviations towards deficiency and imbal-
ance in micronutrients [22].

For example, studies have shown that 
the winter diet of the inhabitants of Yaku-

tia is represented by low-calorie food, not 
only low in the main macronutrients (pro-
teins, fats, carbohydrates), but also with 
a lack of vital micronutrients such as Ca, 
Fe, Mg, Se, as well as vitamins. : A, D, C, 
group B, both in the city and in the villag-
es [23]. These intertwining circumstances 
necessitate the search for new ways to 
prevent acute respiratory diseases. The 
present article is devoted to the solution 
of the question: “How to solve these prob-
lems?”.

The purpose of the study: to identify 
the possibilities of preventing acute re-
spiratory viral diseases by increasing the 
effectiveness of preventive measures, 
using modern possibilities for optimiz-
ing the nutrition of the population of the 
North.

Seasonal fluctuations in acute in-
fectious respiratory diseases. Respi-
ratory viral diseases are seasonal. The 
reference, in fact, to the winter epidemic 
of respiratory infectious diseases is con-
tained in the ancient Greek records of 
Hippocrates - the "Book of Epidemics", 
written around 400 BC. e. and translated 
from Greek in 1941 and 1944 [6].

Seasonality of respiratory infections 
is a phenomenon of fluctuations in the 
incidence of various respiratory tract in-
fections during the year, while maintain-
ing a similar pattern of fluctuations from 
year to year in the same periods. There is 
some relationship between the incidence 
and severity of disease on the one hand, 

and low temperature and humidity on the 
other.

It is believed that cold air reduces the 
natural resistance to infection in the na-
sal passages. It is not excluded and the 
launch of the processes of violation of the 
immune system. There are other hypoth-
eses on the effect of temperature on mor-
bidity. Each of them can, to one degree or 
another, contribute to the incidence [39].

According to most researchers, the 
main factors contributing to seasonality 
are changes in environmental parame-
ters in the form of temperature and hu-
midity, which increase the resistance of 
the virus and its rate of transmission. This 
is due to the fact that the annual epidem-
ics of SARS, including influenza, spread 
faster and more intensively in the winter 
and pre-winter seasons of the year [9, 
14].p

In the same seasons of the year, pe-
culiar processes of modeling congenital 
and acquired in the course of life human 
immune responses to viral infections of 
the respiratory tract are observed. A re-
lationship has been established between 
the prevalence of respiratory viral infec-
tions and an increase in the incidence of 
pneumonia [18].

Nevertheless, the decrease in the 
negative consequences of seasonal fluc-
tuations in acute respiratory diseases can 
be minimized by knowing the character-
istics of immunity in different seasons of 
the year.

First detected morbidity in the population of the northern territories of the Russian Federation in 2014

Territories
Incidence by class B per 1000 population All population

per 100 thousand
whole 

population children DOR teenagers ARD. URT  Flu

Russian Federation 333.4 1170.5 674.7 19474.7 9
Republic of Karelia 481.5 1757.6 1099.5 36195.2 28.1
Komi Republic 484.6 1809.3 882.3 36777.3 10.1
Arkhangelsk region 440.8 1679.7 991.3 33113.8 38.1

including:
Nenets Autonomous Okrug 665.4 2058.4 1148.1 38639.8 27.8
Arkhangelsk Region (excluding the Nenets Autonomous Okrug) 432.3 1660.6 983.4 32905.2 38.5
Tyumen region 362.2 1181.9 690.8 30712 12.1

including:
Khanty-Mansi Autonomous Okrug-Yugra 385.3 1253.2 649.9 28052.9 9.5
Yamalo-Nenets Autonomous District 497.5 1570.1 855.9 36772.5 26.5
Tyumen region without autonomous regions 284.8 923.3 659.8 31413.2 9.6
Republic of Sakha (Yakutia) 493.9 1532.1 718 22604.2 18.4
Magadan Region 319.6 1285.5 516.1 20812.8 84.5
Chukotka Autonomous District 504.8 1527.4 944.8 15357.7 4

Notes: Efimova N.V., Gornov A.Yu., Tikhonova I.V., Zarodnyuk T.S. INFLUENCE OF ENVIRONMENTAL FACTORS ON THE INCI-
DENCE OF RESPIRATORY BODIES IN THE POPULATION OF THE NORTHERN REGIONS // Modern problems of science and edu-
cation. - 2016. - No. 6; URL: http://science-education.ru/ru/article/view?id=25581 (date of access: 20.07.2021), where (DOR) - diseases of the 
organs respiratory; ARD - acute respiratory diseases; URT - upper respiratory trac
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Features of human immunity in dif-
ferent seasons of the year. According to 
our assumption, seasonality of infectious 
diseases and their pathologies is based 
on changes in the activity of the immune 
system. Among the factors that directly 
affect immunity are seasonal changes in 
temperature, absolute humidity, weather 
severity, duration and intensity of insola-
tion. These listed factors can be classi-
fied as seasonal environmental changes. 
They are supplemented by environmen-
tal features, the nature of work or study, 
living conditions. In any case, in order to 
take measures that increase the effec-
tiveness of reducing diseases and pre-
venting their undesirable consequences, 
it is important to know the seasonally 
determined patterns of immunity forma-
tion. The analysis of publications makes 
it possible to shade some of these regu-
larities [36, 41].

The problem of maintaining immuni-
ty is especially important for survival in 
the harsh winter conditions of the North, 
which exposes people to severe phys-
iological stress, which is defined as an 
adaptive process [22].

Many diseases and physiological pro-
cesses have an annual frequency. More 
than 4,000 protein-coding mRNAs have 
been found in leukocytes and adipose 
tissue that have seasonal expression 
profiles, with inverted patterns observed 
between Northern regions. It was found 
that the cellular composition of the blood 
varies depending on the season [10, 41].

Suggested to explain the periodicity of 
the expression of genes responsible for 
the immune response, not only in ARVI, 
but also in autoimmune diseases, which 
constitutes a deep pro-inflammatory tran-
scriptomic profile during the European 
winter, accompanied by an increased 
level of soluble IL-6 receptors and C-re-
active protein, risk biomarkers these dis-
eases. The peak of these diseases oc-
curs in winter [36].

It has been suggested that it is possi-
ble to use the evolutionarily determined 
mechanisms of human immunity to pre-
dict periods of immunologically complex 
states. The primary ecological signal by 
which the season can be anticipated is 
changes in daily photoperiodicity.

Other environmental factors, interact-
ing with the photoperiod, affect immune 
function and pathological processes. 
Data on seasonal fluctuations that occur 
against this background and change the 
structure and immune functions of lym-
phatic organs and pathological process-
es, as well as their possible interaction 
with environmental stressors, are con-
sidered. Seasonal peaks in the size and 

structure of the lymphatic organs usual-
ly occur in late autumn or early winter. It 
has also been suggested that impaired 
immune function may occur during par-
ticularly severe winters when stressors 
override the increase in immune function 
caused by short daylight hours [36, 41].

Thus, the priorities of the determinants 
of the emergence and spread of infec-
tious diseases in the winter season are 
diverse, and especially in the conditions 
of the North. The integrating mechanism 
that determines the likelihood of occur-
rence, course and outcome of ARVI is 
the readiness of the immune system to 
respond and its reaction in the event of 
adverse epidemiological situations.

These regularities are confirmed by 
the fundamental work, which presents 
in detail the information that the immune 
system, in connection with its functional 
tasks, is the key to protecting the body 
from pathogenic external and internal fac-
tors. The variant of the immune response 
chosen by the body is determined by the 
general structure of metabolism in its var-
ious manifestations: energy, plastic, utili-
zation [28].

Thus, an increased level of morbidity 
in a certain season can be considered 
as a problem of the formation of a tran-
sient induced immune disorder. In the Far 
North, the cause of such disorders is the 
non-optimal adaptation of the body to en-
vironmental conditions. All this makes it 
possible to form the principles of non-spe-
cific activities using evidence-based rec-
ommendations on nutrition.

Nutrition and the immune system. 
The problem is reflected in the guide to 
healthy nutrition, prepared by a team 
of authors edited by academician V. A. 
Tutelyan [15], in articles reflecting vari-
ous aspects of the relationship between 
nutrition and immunity [34],

The following postulates are relevant 
to the problem under discussion. The 
immune system is a powerful multi-com-
ponent homeostatic system that needs 
a large number of energy and plastic 
components. A balanced, wholesome 
diet allows the maintenance of immune 
cell function, the initiation of effective re-
sponses against pathogens, and a rapid 
response to prevent chronic inflammation 
[34, 38].

The exact composition of a varied, 
balanced and healthy diet depends on 
individual characteristics (such as age, 
gender, lifestyle and degree of physical 
activity), locally available foods and di-
etary customs. The need for the main 
ingredients of food depends on the tradi-
tions of the peoples of the North and the 
nature of labor activity [22, 23].

To maintain the optimal regulation of 
the immune system, it is also necessary 
to provide the body with microelements. 
Some trace elements play a key role in 
the function of the immune system, vi-
tamins (C, D, A, E, B6, B12, folic acid), 
minerals (zinc, iron, copper, selenium, 
magnesium). They help maintain the 
structural and functional integrity of mu-
cosal cells, provide the synthesis of an-
timicrobial factors and antibodies, are in-
volved in the differentiation, proliferation, 
functioning and migration of innate and 
adaptive immunity cells, antigen recogni-
tion, play an important role in inflamma-
tion, antioxidant effects. Micronutrient de-
ficiencies and imbalances lower immune 
defenses, making a person more suscep-
tible to infections. [10,28,38,40,42].

Almost all forms of immunity suf-
fer from protein-energy deficiency. The 
reason is the role of amino acids with 
immunoactive properties. These amino 
acids include: aspartic and glutamic ac-
ids, serine, alanine, arginine, lysine. They 
accelerate the transformation in the bone 
marrow of the precursors of immune 
cells - T-lymphocytes into mature cells. 
Along with tryptophan, they stimulate thy-
mus-dependent immunity.

Immune active amino acids enhance 
the production of specific antibodies. 
They also accelerate the production of 
leukocytes necessary to combat viruses 
and bacteria [4,10,15,28].

Glutamine is found in lymphocytes 
and macrophages and determines the 
level of cellular immunity. Lymphocytes 
are involved in the production of anti-
bodies. Macrophages are inhibited and 
inactivated by viral and bacterial agents. 
Methionine, arginine, and valin provide 
cell immunity energy. Serotonin, like its 
predecessor, tryptophan provides overall 
body resistance [38]. 

The deficiency of polyunsaturated fatty 
acids that make up the spectrum of lipids 
reduces immunity. The activity of T-cells, 
as well as macrophages, depends on 
their presence in the body. They stimu-
late the production of prostaglandins, 
substances that have a pronounced an-
ti-inflammatory effect. They provide pro-
tection of the respiratory tract from infec-
tions, preventing the occurrence of acute 
respiratory viral infections [10, 28].

The influence of vitamins on the reg-
ulatory mechanisms of the immune sys-
tem is widely presented in the specialized 
literature. But they are presented most 
profoundly at a high evidence level in 
relation to vitamin D [8,40]. The immune 
regulatory properties are described, the 
effectiveness and prospects of its use in 
the prevention of acute respiratory viral 
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infections are proved. The results of nu-
merous studies indicate that vitamin D is 
a bioregulator with a wide range of prop-
erties. This made it possible to use the 
wide possibilities of using this nutrient in 
prevention (ARVI), including during the 
current pandemic of coronovirus infection 
[21, 29].

In 2017, a meta-analysis was conduct-
ed of 25 randomized controlled trials in-
volving a total of 11,321 people aged 0 to 
95 years. Relationships between vitamin 
D intake and the incidence of acute re-
spiratory infections have been identified. 
It turned out that with the addition of vita-
min D, the risk of developing at least one 
case of SARS decreased by 12%. With 
regular use of vitamin D, the preventive 
effect was even more evident. The re-
sults were more striking among people 
who had low vitamin D sufficiency [40].

The role of vitamin D in the prevention 
of acute respiratory diseases is shown in 
the works of V.B. Spirichev and his stu-
dents that the importance of vitamin D 
use is especially clear when combined 
with 12 vitamins [12].

Relatively recently conducted random-
ized trials have shown the effectiveness 
of the use of probiotics and probiot-
ic-containing products in the prevention 
of widespread winter acute respiratory 
infections. The effect was traced among 
children of the first year of life, among 
preschoolers and schoolchildren. The 
high reproducibility of the results has 
been proven when comparing experi-
mental groups and groups receiving pla-
cebo [25, 27].

Among the molecular mechanisms by 
which probiotic bacterial strains influence 
the antiviral response, the role of stim-
ulation of Toll-like receptors (TLR) and 
NOD-like membrane receptors has been 
proven in recent years. TLR-2 recognizes 
lipoteichoic acids and bacterial cell wall 
lipoproteins. TLR-4/MD-2 are lipopoly-
saccharide sensors of gram-negative 
bacteria, TLR-9 recognize unmethylated 
CpG-sequences of bacterial DNA [25].

Currently, there are publications on 
the prevention of coronovirus infection 
and its likely complications using nutrient 
correction options. It has been suggest-
ed that vitamin C, having antioxidant and 
anti-inflammatory properties, contributes 
to the neutralization of free radicals and 
protects lung cells from the aggressive 
effects of the virus [35].

Vitamin C, being an immunostimulant, 
enhances the production of interferon 
proteins, which are among the first to 
fight viruses [20].

A number of studies have shown that 
sufficient intake of vitamin D affects anti-

viral protection and shows the role of this 
vitamin in reducing the risk of respiratory 
tract infection. It has been suggested that 
vitamin D may be useful in the prevention 
of coronovirus infection [17, 37].

Currently, the ability of zinc to block 
the activity of the coronavirus RNA poly-
merase enzyme and prevent its repro-
duction is being studied, which is also im-
portant in preventive work to prevent an 
increase in the number of diseases [42].

Possibilities of using raw materials 
in the diets of the population of the 
North for preventive purposes. The 
ecological features of the regions of the 
Far North contributed to the adaptation 
of the human body to extreme environ-
mental conditions and the development 
of certain specific features in nutrition, 
which made it possible to use many 
products of the local raw material base 
as food, which ensure the normal growth 
and development of the body [19].

Of particular importance is the use of 
products that grow in local conditions. 
These products include wild berries. 
Due to the harsh growing conditions, 
the northern berries contain a smaller 
amount of vegetable sugars, but in terms 
of the content of vitamin C and other use-
ful substances, they are in no way inferior 
to the berries of the southern regions.

Among the northern berries, the most 
common are cloudberries, blueberries, 
lingonberries, cranberries, blueberries. 
These berries contain macro and micro-
elements necessary for the human body 
(phosphorus, iron, magnesium, cobalt, 
silicon, calcium), vitamins of groups B, 
A and E, fatty acids (omega-3 and ome-
ga-6), sugars, pectin and tannins. , fiber, 
which play an important role in maintain-
ing health.

In addition to products of plant origin, 
the diet of northerners contains products 
of animal origin. The combination in the 
diet of products of plant and animal origin 
is necessary to strengthen the immune 
system and can be regarded as biolog-
ically more complete due to the mutual 
enrichment of some proteins with amino 
acids of others. At the same time, the dai-
ly requirement for protein should fill both 
the total protein consumption and the 
need for essential amino acids.

The North is especially rich in sea 
and river fish: whitefish, muksun, nelma, 
omul, broad whitefish, vendace. North-
ern fish has an excellent taste, contains 
a number of amino acids, polyunsatu-
rated fatty acids (omega-3), which have 
an anti-sclerotic effect on blood vessels, 
improve their elasticity, and lower blood 
cholesterol levels. In addition, northern 
fish is a natural source of substances 

such as iodine, vitamin D, phosphorus 
and high-quality protein with a full spec-
trum of amino acids. [13,17,19,22].

The indigenous inhabitants of the Far 
North traditionally harvest marine ani-
mals: walruses, beluga whales, seals, 
as well as game: partridge, goose, duck. 
But the reindeer is of particular impor-
tance. Its meat contains up to 12 mg% 
of vitamin C, which is 13 times more 
than in cattle meat (0.9 mg%), 6% more 
protein than beef, less fat. Not only deer 
meat and milk are used in food - blood 
and internal organs are also valuable. 
[13,30].

At the same time, in order to increase 
the effectiveness of ARVI prevention in 
epidemiologically unfavorable seasons of 
the year, it is necessary to diversify the 
diet of the population of the North by in-
cluding vitamin-mineral complexes, food 
products enriched with them, fermented 
milk products containing probiotics 
(“BIOYBALANS”, “BIOKEFIR”, etc.). .).

It is also advisable to use food prod-
ucts with immunomodifying properties: 
rose hips, lemon, honey, ginger, propolis, 
turmeric, garlic and seafood.

It is necessary to use functional foods 
of industrial production, or products pre-
pared on the basis of the use of cryotech-
nologies.

Examples of natural and special-
ized food products, vitamins, multivita-
min-microelement complexes, probiotic 
products that have an evidence-based 
basis for the safety and effectiveness of 
preventing acute respiratory viral infec-
tions can be given: Yakut national dairy 
products [19,31]; Deer meat [13,30]; Ul-
tra-pasteurized milk drink enriched with 
a multivitamin premix "SCHOOL MILK" 
[2,26]; Vitamin and vitamin-mineral com-
plexes [4,11,16]; Vitamin D [17,33]; Pro-
biotic products [32].

Conclusion. Features of the function-
ing of the immune system in the Far North 
increase the risk of the emergence and 
spread of SARS, including COVID-19. 
The modern possibilities of nutrition-
al science make it possible to actively 
shape the daily diet of a person and, ac-
cordingly, reduce the prevalence of acute 
respiratory viral infections and their con-
sequences, which is extremely important 
for the population living in these regions.

The analyzed publications indicate 
that an increased level of morbidity in a 
certain season of the year can be con-
sidered as a problem of the formation of 
a transient induced immune disorder in 
the Far North. One of the reasons for this 
is the peculiarity of the functioning of the 
immune system in conditions of seasonal 
rhythms.
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These works describe the experience 
of solving the problem by correcting di-
ets through the use of vitamins and vi-
tamin-containing complexes, micro- and 
macroelements, probiotics, prebiotics, 
specialized products with immunomod-
ifying properties and functional foods of 
industrial production, as well as products 
of local raw materials that can increase 
the level of immune protection and re-
duce the prevalence of viral respiratory 
diseases and their consequences.
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A.A. Osinskaya, A.B. Guryeva

TOPICAL ISSUES OF ETHNICITY TYPING
IN THE ANATOMICAL
AND ANTHROPOLOGICAL RESEARCH

Numerous scientific studies in various fields of medicine have reliably shown the presence of features in the predisposition, occurrence, course, 
treatment, rehabilitation and prevention of various nosological forms in representatives of certain ethnic groups. This article presents a review of 
the scientific literature on the study of the history of the emergence of ethnic groups. Various theories and concepts of the ethnos based on dif-
ferent methodological approaches are described.  Despite the centuries-old numerous studies of scientists around the world, there is still no unity 
in the scientific community in the approach to the definition of ethnicity and ethnicity. The analysis of scientific literature has shown that domestic 
researchers in their works, when dividing into groups, use different principles for determining ethnicity. Currently, the active migration processes ob-
served all over the world, the expansion of socio-cultural borders have led to the formation of ethnically mixed groups of the population for several 
generations. A new anthropological type of population (mestizos) is being formed, which has distinctive morphofunctional indicators and, possibly, 
a specific level of climatogeographic, social adaptation. Thus, the study of morphofunctional characteristics, patterns of physical development, indi-
vidual typological features of a large stratum of the population (mestizos) at different segments of the ontogenetic cycle seems relevant and timely, 
and will make it possible to compile a morphofunctional portrait of the modern population of the Republic of Sakha (Yakutia). 

Keywords: ethnos, mestizos, morphofunctional indicators, Yakutia.
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POINT OF VIEW

Since ancient times, the study of the 
historical development of the peoples of 
the world, their origin, speech, culture, 
economy, territory of residence, appear-
ance and much more have aroused the 
scientific interest of ethnographers [1, 
2]. An important place in ethnography 
is occupied by the study of the history 
of the emergence of ethnic groups and 
the study of interethnic relations. The 
purpose of our research is to summarize 
extensive scientific information concern-

ing the issues of theories, concepts of 
ethnos and analysis of classifications 
of races in anatomical and anthropo-
logical studies. To achieve this goal, we 
have set the following tasks: to conduct 
a theoretical analysis of scientific and 
educational literature on the problem of 
research; to systematize the information 
studied; to consider the main racial clas-
sifications of modern anthropologists; 
to describe the basic principles of eth-
nic differentiation in modern biomedical 
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research; to make a conclusion on the 
issues of this work.

In Soviet and Russian ethnography, 
the term "ethnos" has been widely used in 
scientific research since 1923, the author 
of which in its modern meaning, as well 
as the founder of an independent theo-
ry of ethnos, was the Russian orientalist, 
anthropologist, ethnographer and ethnol-
ogist Sergei Mikhailovich Shirokogorov 
[38]. Despite the centuries-old, numerous 
studies of scientists around the world, 
there is still no unity in the scientific envi-
ronment in the approach to the definition 
of ethnicity and ethnicity [23, 36]. There 
are many theories and concepts of eth-
nos based on different approaches, for 
example: ethnoses as social communi-
ties that arose as a result of a historical 
process; as the socio-economic integrity 
of society; as the biological side of human 
nature; as the interaction of developing 
ethnoses with the surrounding landscape 
and other ethnoses (Leo Gumilev's pas-
sionate theory of ethnogenesis). Despite 
the diversity of theories and concepts, 
according to most scientists, the main 
conditions for the emergence of an ethnic 
group and its subsequent main features 
are the commonality of the territory and 
language. Additional factors in the forma-
tion of an ethnos can be the community of 
religion, the proximity of the components 
of the ethnos in racial terms, the pres-
ence of mestizo (transitional) groups. In 
the course of ethnogenesis, specific fea-
tures of material, spiritual culture, every-
day life, and psychological characteris-
tics are formed for a certain ethnic group. 
The formed ethnic community is a social 
organism that reproduces itself through 
predominantly ethnically homogeneous 
marriages and the transfer of language, 
culture, and traditions to a new genera-
tion [5].

It is known that along with the listed 
ethnic differences between people, there 
are also morphofunctional differences 
[5, 26]. Physical or anatomical and an-
thropological differences between terri-
torial groups that are remote from each 
other and live in different climatic and 
geographical conditions are especially 
noticeable. In science, such differenc-
es are called "racial". Racial differenc-
es are always hereditary, have a group 
character, which allows researchers to 
define the concept of "race" as territo-
rial groups of people based on genetic 
kinship, manifested in a certain physical 
similarity in many ways. A large number 
of classifications of human races are 
presented in the scientific anthropolog-
ical literature [5, 23]. According to his-
torical sources, people have long paid 

attention to the presence of territorial 
differences in the appearance of a per-
son. The main distinguishing morpho-
logical feature was primarily considered 
skin color (pigmentation). Even in the 
Bible, three races are distinguished, de-
scended from the sons of Noah, Shem 
(yellow-skinned), Ham (black), Japhet 
(white-skinned). In ancient Egypt in the 
middle of the 3rd millennium BC, four 
colors were used when depicting peo-
ple of different origins. Egyptians were 
depicted in red, yellow was used to de-
pict the peoples of the East, northern 
and southern peoples were depicted in 
white and black.

The problem of classification of rac-
es is still actively debated [18, 38]. It’s 
necessary in this work to consider the 
main racial classifications of modern 
anthropologists. The famous Soviet eth-
nographer and anthropologist Nikolai 
Cheboksarov (1951) gave a classifica-
tion of racial types, in which he identi-
fied three large races: equatorial (Aus-
tralo-Negroid), Eurasian (Caucasoid) 
and Asian-American [36]. Large races 
are divided into 22 small races, or rac-
es of the second order. The scheme of 
racial relations proposed by the Soviet 
anthropologist Georgy Debets (1958) 
is interesting. In his scheme, the author 
identified three large races: Negro-Aus-
traloid, Caucasoid and Mongoloid. Each 
large race is divided into several branch-
es, small races are allocated in each 
branch, and types are allocated in small 
races. The intertwining and merging of 
racial branches reflect the processes 
of mixing at different stages of human 
evolution. In the classification of Ya-
kov Roginsky and Maxim Levin (1963), 
three large races are also distinguished: 
Eurasian, equatorial, Asian-American.  
Large races are divided into 5-6 small 
races, six intermediate races are dis-
tinguished between the large races. In 
the names of races, the authors applied 
the geographical principle, for example, 
Ural, Arctic, Ethiopian.  Soviet anthro-
pologist and anatomist Viktor Bunak 
presented the racial classification in the 
form of a tree (1980). The author called 
the main divisions of the tree racial 
trunks: tropical, southern, western and 
eastern. V.V. Bunak divided the hierar-
chy of tree trunks and branches on the 
basis of the diacriticism of individual an-
thropological types. 

Modern biomedical science has a 
wide range of knowledge about the eth-
nic features of morphofunctional charac-
teristics of the human body.  Numerous 
studies in various fields of medicine have 
reliably shown the presence of features 

in the predisposition, occurrence, course, 
treatment, rehabilitation and prevention 
of various nosological forms in repre-
sentatives of certain ethnic groups [12, 
30, 40]. The analysis of scientific litera-
ture has shown that quite often domes-
tic researchers use the principle of race 
in their work when dividing into groups. 
Within the framework of this work, it is 
not possible to fully describe all scientif-
ic works based on the principle of racial 
differentiation. So, V.S. Gladkaya et al. 
(2008) in the study of the peculiarities of 
the course of pregnancy and childbirth 
in women of Khakassia, she divided the 
subjects into khakasian women and cau-
casian women [12]. In the work, study-
ing the molecular genetic analysis of the 
polymorphism of the interleukin-4 gene 
of the population of the Kemerovo region, 
A.V. Ostaptseva et al. (2006) identified 
groups - a small indigenous population 
(Teleutes and Shorians) and caucasians 
[22]. The terms "mongoloids" and "cauca-
soids" are used in their genetic studies of 
the population of Eastern Siberia by L.I. 
Kolesnikova (2014) [19], in the anatomi-
cal and anthropological study of the male 
population of Yakutia by T.G. Degtyareva 
(2015) [16] and others [10, 17, 39]. The 
concept of "aborigines" is often found in 
scientific works. For example, T.P. Bar-
tosh et al. (2013) [24], A.L. Maksimov et 
al. (2011) [20] in their scientific works the 
population of the Magadan region was di-
vided into aboriginal and caucasian pop-
ulations. 

A large number of researchers are ad-
herents of dividing the surveyed popula-
tion into "indigenous and non-indigenous 
(newcomers)". Thus, investigating the 
physiology of the micronutrient status of 
children of Ugra, V.M. Chiglintsev et al. 
(2017) divided the subjects into groups 
of persons of indigenous and non-indig-
enous nationalities [37]. A similar typifi-
cation was used in the study of the so-
matic health of students of Kazakhstan 
J.T.Suyundikova et al. (2012) [34], I.V. 
Kononova et al. (2021) [4] when analyz-
ing the incidence of cervical cancer in the 
Arctic zone of the Russian Federation, 
N.V. Borisova et al. (2020) [6] in the study 
of anthropofunctional indicators of resi-
dents of the Republic of Sakha (Yakutia) 
and other researchers [8, 14, 33, 35]. In 
addition, there are other terminological 
typifications of ethnicity. For example, 
persons of Slavic nationality, Turkic peo-
ples, Caucasian peoples, Altai peoples, 
etc. [9, 29, 41].

V.G.Nikolaev et al. (2015) in numer-
ous studies of the morphofunctional sta-
tus of the population of Eastern Siberia 
adheres to a more specific division of the 
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population by nationality, for example, 
Khakas, Tuvans, Russians, Buryats, Dol-
gans, Evens, etc. [26]. A similar approach 
was used in the works of L.V. Sindeeva 
[31], A.B. Guryeva [15], V.A. Alekseeva 
[3], R.D. Yusupov [40], O.A. Berseneva 
[7], E.N. Sivtseva [21], S.I. Sofronova 
[32] and many others. The overwhelming 
majority of scientists, when determining 
ethnicity, use the survey method and take 
into account the nationality of ancestors 
in three generations to exclude mestiza-
tion.

Having considered some of the ex-
tensive scientific ethnic differentiations, it 
should be noted that there is no unified 
approach to this issue. The authors do 
not undertake to judge which typification 
is more acceptable, since in each specific 
work scientists set certain goals and ob-
jectives, there are certain conditions for 
conducting scientific work, commitment 
to a scientific school and many other 
facets of research activity. After studying 
the literature, we came to the conclusion 
that it is becoming increasingly difficult 
for modern science to identify ethnicity 
phenotypically and by survey, because 
currently, the active migration processes 
observed all over the world, the expan-
sion of socio-cultural borders have led to 
the formation of ethnically mixed groups 
of the population for several generations. 
Thus, new anthropological types of the 
population (mestizos) are being formed, 
which have distinctive morphofunctional 
indicators and, possibly, a specific level 
of climatogeographic, social adaptation. 
In the scientific literature there are med-
ical and biological studies of the mixed 
population [11, 25, 27, 28]. T.V. Godovyh 
(2011), studying the physical develop-
ment of the child population of Chukot-
ka, takes into account the processes 
of mestization of aborigines [13]. In the 
group of mestizos, the author included 
children whose one of the parents did not 
belong to the small peoples of the North. 
T.V. Godovyh points to the morphofunc-
tional features of the components of the 
growth and development of children and 
suggests that the mestization of aborigi-
nes leads to the formation of an "adaptive 
type". 

Thus, morphofunctional characteris-
tics at different segments of the ontoge-
netic cycle, patterns of physical develop-
ment, individual typological features of a 
large stratum of the population (mestizos) 
remain insufficiently studied. It seems to 
us the most interesting at this stage of 
scientific research to study the morpho-
functional and individual typological char-
acteristics of the mixed youth population 
of the Republic of Sakha (Yakutia).
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FEATURES OF THYROID GLAND 
ULTRASONIC ANATOMY IN YOUTHS LIVING 
IN THE REPUBLIC OF SAKHA (YAKUTIA) 

In this study regional reference ranges for normal ultrasound anatomy of the thyroid gland in boys and girls aged 16-21 living in the Republic 
of Sakha (Yakutia) were established. A total of 166 adolescents were examined, of which there were 84 boys (50.6%) and 82 girls (49.4%). The 
subjects underwent an ultrasound examination with the measurement of linear dimensions and the determination of thyroid volume. According to 
the results of the study in both groups, the linear dimensions and volume of the right lobe of the thyroid gland prevailed over the indicators of the 
left lateral lobe. The average thyroid volume in boys was higher and amounted to 11.4±2.6 cm3 and 9.7 ± 3.6 cm3, respectively. The quantitative 
characteristics of the thyroid gland, obtained as a result of the study, made it possible to identify patterns of variability in the intravital anatomy of 
this variable organ in adolescents living in the Republic of Sakha (Yakutia) depending on gender. When compared with the data of foreign authors, 
the values obtained in this study were somewhat higher, which indicates the need for an in-depth study of the regional characteristics of anatomical 
norm indicators for the thyroid gland.
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Introduction. Currently, early diagno-
sis of pathological changes in the thyroid 
gland is the key to successful treatment, 
with the main role being played by intra-
vital research methods. High-resolution 
ultrasound is considered the best imag-
ing modality for thyroid evaluation be-
cause it is affordable, non-invasive, and 
highly sensitive in terms of detection and 
characterization of thyroid nodules [4, 
10, 15, 22]. It is known that linear dimen-
sions and thyroid volume are subject to 
individual fluctuations [3, 7, 13, 17, 23]. 
In this regard, anatomical standards are 
often necessary in practice, taking into 
account the age and gender of the per-
son. At the moment, the question of the 
variability of thyroid gland forms in res-
idents of different regions remains rele-
vant [11, 14, 16]. Due to the fact that the 
diagnosis of thyroid pathology is associ-

ated with ultrasound examination, more 
detailed information about the regional 
features of the thyroid gland anatomical 
norm indicators is an urgent scientific 
and practical task.

Materials and Methods: We have 
examined 193 students aged 16 to 21 
living in the Republic of Sakha (Yakutia). 
All subjects underwent an ultrasound ex-
amination of the thyroid gland according 
to the method of Mitkov V.V. [4] on a Min-
dray M7 Portable Ultrasound Sonograph, 
using a 7.5 MHz linear encoder. Accord-
ing to the results of ultrasound examina-
tion, we found echopathology of the thy-
roid gland in 27 subjects, which served 
as an exclusion criterion. We performed 
a descriptive and quantitative analysis of 
166 thyroid scans without echopathology. 
The subjects were divided into 2 groups 
according to gender: female — 82, male 
— 84. In each group, we assessed the 
linear dimensions and volume of the thy-
roid gland. The shape of the thyroid gland 
was determined using the method de-
scribed by Kosyanchuk [2]. Quantitative 
data were subjected to variational sta-
tistical processing. The work performed 
does not infringe on the rights and does 
not endanger the well-being of research 
subjects in accordance with the require-
ments of biomedical ethics, approved by 
the Declaration of Helsinki of the World 
Medical Association (2000). The study 
was conducted on voluntary informed 
consent.

Results and Discussions: According 
to the results of ultrasound examination, 
in 166 examined persons, the thyroid 
gland had a normal location, with even, 
clear contours, a homogeneous struc-
ture, and average echogenicity.

Individual differences in the linear 

dimensions of the lateral lobes of the 
thyroid gland are presented in Table 1. 
In both groups of subjects, there is a 
significant range of linear parameters of 
the right lateral lobe of the thyroid gland. 
When analyzing the thickness (antero-
posterior size) of the right lobe in a group 
of young men, the indicators range from 
12.3 mm to 21.5 mm, with an average 
value of 16.1±1.9 mm. The width varies 
within 11.3-26.7 mm, with an average val-
ue of 17.2±1.8 mm. Individual differences 
in the length of the right lateral lobe range 
from 33.3 mm to 56.7 mm, with an aver-
age value of 45.1±4.8 mm. In the female 
group, when assessing the linear param-
eters of the right lateral lobe of the thyroid 
gland, we obtain the following data: the 
thickness of the right lobe ranges from 
11.2 mm. up to 19.5 with an average 
value of 14.8±1.8 mm. The width ranged 
from 10.3 mm to 25.4 mm, with an aver-
age value of 16.7±3.3 mm. The quantita-
tive indicator of length is within 28.7 mm 
up to 53.3 mm, the average value is 41.0 
± 4.2 mm.

When analyzing the ultrasonic pa-
rameters of the left lateral lobe, we have 
the following results. In the male group, 
the average length is 43.6±3.8 mm, the 
minimum is 30.9 mm and the maximum 
is 55.9 mm. In the female group, the av-
erage length of the left lateral lobe is less 
than in the male group and amounts to 
40.3 ± 3.4 mm, the minimum and maxi-
mum values are 28.9 mm and 50.4 mm, 
respectively. The width of the left lobe 
in the female group ranges from 11.3 to 
23.4 mm (mean value 16.1 ± 2.8 mm), 
thickness — from 10.5 mm to 19.1 mm. 
(average value 14.3± 2.1 mm). For the 
male group, these figures range from 
12.3 to 20.7 mm (average value 16.4±1.5 
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mm), thickness — from 12.3 mm to 19.1 
mm. (average value 15.1 ±1.3 mm) .

When calculating the size of the thy-
roid gland, we pay particular attention to 
the thyroid volume. The volume is calcu-
lated according to the formula by Brown 
(1981), , where: V is the volume of a frac-
tion of cm³, A is the length of the fraction 
in cm, B is the thickness of the fraction in 
cm, C is the width of the fraction in cm, 
0.479 is the adjusted coefficient of π/6. 
Data on thyroid volume are presented in 
Table 1.

Morphometric analysis of the right and 
left lateral lobes in both groups shows 
that the linear parameters and thyroid 
volume of the right lobe exceed those of 
the left lobe with a significant difference 
between the maximum and minimum val-
ues.

To determine the shape of the thyroid 
gland by ultrasound, we have chosen a 
method for assessing the isthmus and the 
distance of the upper and lower poles of 
the lateral lobes of the thyroid gland. The 
distribution of forms of the thyroid gland 
is presented in Table 2. In both groups, 
the butterfly-shaped thyroid gland is most 
common (thin and narrow isthmus, large 
lateral lobes, the distance between the 
upper poles of the lateral lobes is greater 
than between the lower poles) in young 
men 60.7%, girls have 52.4%. The shape 
of the thyroid gland in the form of the let-
ter "H" (narrow and thin isthmus, high lat-
eral lobes and an insignificant difference 
between the distance between the upper 
and lower poles of the lateral lobes) pre-

vails in the group of girls and was found 
in 29.3% of cases. Significantly less often 
in both groups there were forms with a 
pronounced isthmus: navicular and cres-
centic forms.

When comparing our results with the 
data of other studies conducted in the 
world [8, 12, 18, 19, 20, 21, 24], the thy-
roid volume is in a slightly high range of 
values, but comparable with the data of 
other regions of Russia [1, 5, 6], most 
likely this is due to the climatic and geo-
graphical iodine deficiency state of the 
region, micronutrient deficiencies, etc. In 
this connection, there is a need for addi-
tional studies: hormonal status, consulta-
tion of an endocrinologist to exclude en-
docrine pathology, including subclinical 
hypothyroidism. 

Conclusion. In the course of the work 
performed, a significant variability in the 
linear dimensions and shapes of the 
thyroid gland depending on gender was 
revealed. Formed regional ranges of in-
dividual differences in the thyroid gland 
depending on gender in adolescents. As 
a result of the research, it was found that 
the linear parameters and the total vol-
ume of the thyroid gland in young men 
are on average 8% larger than in girls. 
The largest difference (17%) was found in 
the volume of the right lobe, the smallest 
(1.5%) in the width of the left lobe. The 
volume of the thyroid gland is larger in 
boys (p<0.05) than in girls (11.4±2.6 cm3 
and 9.7±3.6 cm3, respectively). Since 
thyroid volume depends on anthropomet-
ric and clinical determinants, we believe 

that further research is needed to estab-
lish regional standards for thyroid volume 
in the Republic of Sakha (Yakutia).
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Quantitative Parameters of the Volume of the Thyroid Gland

Indicator
Male Female

Average Volume (cm3) Min. Max. Average Volume (cm3) Min. Max.
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Overall Volume 11.4 ±2.6 5.7 20.4 9.7±3.6 4.1 17.6

Table 1

Table 2

Distribution of Shapes of the Thyroid Gland

Shape Male Female
Abs. Rel. (%) Abs. Rel.

Thyroid Gland in the Shape of a 
“Butterfly” 51 60.7 43 52.4

Thyroid Gland in the Shape of 
the Letter “H” 18 21.4 24 29.3

Navicular Shape 4 4.8 3 3.7
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INTRODUCTION OF GENETIC 
TECHNOLOGIES INTO THE PRACTICAL 
HEALTHCARE OF YAKUTIA
ON THE EXAMPLE OF SPINOCEREBELLAR 
ATAXIA TYPE 1 IN THE CONTEXT
OF TRANSLATIONAL MEDICINE

The article summarizes the history of scientific research translation into the practical healthcare in the Republic of Sakha (Yakutia) on the ex-
ample of spinocerebellar ataxia type 1, the most common hereditary disease in the Yakut population. 

In the duration of twenty years, translational medicine has developed in Yakutia, approaches to personalized medicine are being developed and 
the use of genomic technologies has become a reality of our time.

Keywords: spinocerebellar ataxia type 1, DNA diagnostics, genomic technologies, translational medicine.
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Introduction. Undoubtedly, the most 
important of the many discoveries in the 
field of genetics at the end of the 20th 
century, anticipating the entry of mankind 
into the genomic era, are the following: 
DNA – the main universal molecule of 
the genome of living systems - was ar-
tificially altered using vector viruses and 
plasmids, as a result, recombinant DNA 
was obtained for the first time; in the 80s, 
a revolutionary method was discovered - 
polymerase chain reaction (PCR), which 
accelerated the development of technol-
ogies that made it possible to decipher 
the genome of living organisms and hu-
mans, to understand many molecular 
genetic mechanisms of transmission of 
genetic information [3.25]. Since 1999, 

sequencing (decoding) of the human ge-
nome has been accelerated by the use 
of a large number of simultaneously op-
erating robotic installations of a company 
called "Celera", and in 2001 the nucle-
otide sequence of the human genome 
was fully read, systematized and made 
available to researchers in the field of ge-
netics [24].

Thus, general and medical genetics 
received powerful research tools in the 
field of human molecular genetics, es-
pecially in finding out the causes (gene 
mutations) of hereditary diseases. Re-
searchers began to use the genotypes 
of individuals as a kind of mechanism 
on the principle of "divide" and "study" 
[32]. To date, a huge number of genes 
responsible for many monogenic and 
multifactorial human diseases have been 
identified in the world, the structures of 
these genes have been fully deciphered, 
and they themselves have been cloned 
[20,27]. 

Genomic research has challenged 
society and has become the object of 
increased public interest in genetics in 
countries with different state systems, 
religion and culture, and, in this regard, 
there is a danger of misconceptions or in-
flated expectations from the use of genet-
ic technologies. International public orga-
nizations (UN, UNESCO, WHO, WMA) 
have paid close attention to the use of 
genetic technologies in medical practice 
with the requirements to respect human 
rights and prevent abuse in this area of 
science. Bioethical research began to be 
conducted within one of the three gen-
eral directions of the Human Genome 
program ELSI (Ethical, Legal and Social 
Implications) [18,21].

Currently, new terms related to the 
integration of molecular genetics and 
medicine have entered medical practice: 
molecular medicine, genomic medicine, 
pharmacogenetics, oncogenetics, etc., in 
addition, modern directions "translational 
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medicine", "personalized medicine" have 
emerged [28,30]. In parallel, the transfor-
mation of traditional medical ethics into 
bioethics took place. This was due to the 
use of the latest medical technologies 
and the search for solutions to moral di-
lemmas that affected the basic principles 
of biomedical ethics: the principle of "do 
no harm", "do good", the principle of re-
spect for individual autonomy, the princi-
ple of justice [19]. 

Translational medicine (TM) is a di-
rection in medical science that studies 
the mechanisms and principles of the 
introduction of modern achievements 
(methods) of fundamental science, such 
as molecular genetics, cellular technolo-
gies, reproductive technologies, etc. into 
medical practice. Predictive and person-
alized medicine are closely related to 
translational medicine – current areas of 
modern medicine. For example, predic-
tive medicine significantly reduces health 
care costs, and personalized medicine 
implies such technologies of diagnosis 
and treatment of the patient, in which the 
quality of life of the patient improves, the 
period of working capacity lengthens and 
life expectancy, as well as satisfaction 
with the quality of medical care provided, 
increases. TM is multidisciplinary in na-
ture, closely related to biology, biomed-
icine and social sciences. Translational 
medicine has several stages of research: 
fundamental research; the introduction of 
the results of fundamental research into 
clinical practice, the search for more ef-
fective ways (methods) and ensuring the 
safety of a particular technology and/or 
drug treatment; evaluation of the effec-
tiveness of a new technology introduced 
into medical practice and its economic 
output [12,16,22].

In the early 2000s, methods of molec-
ular genetic diagnostics (DNA diagnos-
tics) of monogenic diseases were intro-
duced for the first time in the Republic of 
Sakha (Yakutia). The purpose of this ar-
ticle is to summarize the history of trans-
lation of molecular genetic technologies 
into the medical practice of Yakutia over 
a 20-year period by the example of the 
most common hereditary disease in the 
Yakut population - spinocerebellar ataxia 
type 1.

Translation of genomic technolo-
gies into clinical practice in Yakutia on 
the example of spinocerebellar ataxia 
type 1 (SCAI)

1. Fundamental epidemiological, pop-
ulation and molecular genetic studies of 
SCA1 have been carried out, geno-phe-
notypic characteristics of the disease 
have been established. 

Hereditary cerebellar ataxia (HCA), 

classified as one of the clinical forms of 
Vilyuisk encephalomyelitis, was isolated 
into an independent nosology as a neu-
rodegenerative hereditary disease in the 
70s of the last century [4,7]. In 1992, an 
in-depth study of HCA began within the 
framework of the state research pro-
gram "Biology of Vilyui encephalomyeli-
tis". Joint project of the Neurogenetics 
Department of the National Institute of 
Nervous Diseases (NINDS/NIH) of The 
United States and the research and 
practical center for Vilyuisk encephalo-
myelitis of the Republic of Sakha was 
named: "Identification of genes and ge-
netic mechanisms that cause hereditary 
neurological diseases". In 1993 , the 
work of Dr. H. Orr et al on identification of 
the Spinocerebellar ataxia type 1 (SCA1) 
gene was published [33], and in 1994 - 
the results of the molecular-genetic study 
of HCA in the Yakut population was pub-
lished as well, which revealed an allelic 
association of highly informative markers 
D6S274 and D6S89 flanking the locus of 
the SCA1 gene on the 6th chromosome, 
with HCA. A strong association was ob-
served in the case of the microsatel-
lite D6S274, whereas coupling with the 
marker D6S89 was observed only in 2 
families, suggesting a possible historical 
recombination and the far-off time of mu-
tation in the population [29]. Population 
studies and the propagation frequency of 
the disease have established HCA as the 
largest Siberian focus of accumulation of 
the disease known in the world and iden-
tified it as Spinocerebellar ataxia type 1 
(SCA1) [23]. According to F.A. Platonova 
(2003) the prevalence of SCA1 in the Ya-
kut population is 38.6 per 100,000. The 
detection of homozygotes by the mutant 
allele of the SCA1 gene confirms the ex-
tremely wide propagation of the disease 
for hereditary dominant pathologies of 
the central nervous system [14,15].

2. Approaches to the use of DNA diag-
nostics of SCA1 have been studied

For the first time in 1999, preparations 
were made for the introduction of DNA 
diagnostics of SCA1 in the molecular ge-
netic department of the clinical laboratory 
of Medical Genetic Consultation (MGC) 
of the Republican Hospital No. 1 (Nation-
al Center of Medicine). Regulatory doc-
uments, orders and instructions of the 
Ministry of Health of the Russian Federa-
tion on the molecular genetic diagnosis of 
hereditary diseases were not developed 
at that time, respectively, we adopted 
our own algorithm for DNA diagnostics 
of SCA1 as a routine clinical analysis: 
referral of the patient for DNA analysis, 
the stages of the method of DNA isolation 
from peripheral blood lymphocytes, PCR 

and electrophoresis of amplification prod-
ucts, documentation of the results and its 
issuing to the clinical department of MGC. 
The duties of a medical laboratory doctor/
biologist, laboratory assistant and order-
lies of the molecular genetic department 
of the MGC were differentiated [2,8].

3. The method of direct DNA diagnos-
tics of SCA1 has been introduced into the 
practice of medical and genetic consul-
tation of the Republican Hospital No. 1. 

Spinocerebellar ataxia type 1 belongs 
to the group of hereditary neurodegener-
ative diseases with dynamic mutations 
and late manifestation. The mutation is 
an uncontrolled increase in CAG repeats 
in the coding part of the SCA1 gene. 
Normally, the number of repeats is 25-
33, pathological alleles contain 39-72 
repeats.

Currently, according to the Republi-
can Genetic Register of Hereditary and 
Congenital Pathology of the Republic of 
Sakha (Yakutia), 401 patients with SCA1 
have been registered[5,13].

The detection of a mutation in the 
SCA1 gene was carried out by direct 
DNA diagnostics by PCR with subse-
quent visualization of DNA fragments in 
agarose gel. Fig. 1

According to published data, from 
2000 to 2013, at the MGC of the Repub-
lican Hospital No.1 - DNA testing was 
performed in 1,841 patients, a dynamic 
mutation in the SCA1 gene was detected 
in 606 patients (33%)[6].

4. Prenatal DNA diagnostics (PD) of 
SCA1 has been introduced into the clini-
cal practice of the MGC.

We analyzed the demand for PD 
technology for burdened families (n =36 
people) from 2002 to 2008 [10,11]. There 
were 46 referrals in total, of which 7 wom-
en underwent prenatal DNA testing sev-
eral times (4 women – twice and 3 wom-
en – 3 times). There were more refusals 
from PD than consents, so 25 PD proce-
dures were carried out over 6 years, of 
which in 12 cases a mutation of SCA1 
was detected in fetuses: 10 pregnancies 
with a positive result (the presence of a 
mutation) were terminated with the con-
sent of the families, 2 pregnancies were 
preserved. Table 1. 

5. Ethical rules of DNA testing have 
been introduced into the practice of the 
MGС

The final third phase of the translation 
of genomic technologies into the health-
care system, according to researchers, 
is the revision and development of legal 
and bioethical norms, taking into account 
the use of molecular genetic diagnostics, 
as well as the establishment of recom-
mendations for the effective and safe use 
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of new medical technologies in order to 
satisfy the patient with the process of pro-
viding medical care [12].

Introduced for the first time in the Re-
public in the year 2000. DNA diagnostics 
of SCA1 immediately acquired the status 
of routine clinical analysis, at the same 
time there was a need to develop bio-
ethical rules for the use of genetic tech-
nologies in the medical practice of the 
MGC. This was the beginning of scientific 
research on applied bioethics in the Re-
public of Sakha (Yakutia).

Thus, for the first time, we have devel-
oped and implemented bioethical rules 
for genetic counseling, DNA testing and 
prenatal diagnosis of SCA1[1,17,26] in 
the practice of medical and genetic coun-
seling of the Republican Hospital No. 1.

6. The Center for Neurodegenerative 
Diseases was organized in the clinic of 
the Yakut Scientific Center for Complex 
Medical Problems (YSC CMP).

SCA1 is a disease with a progressive 
neurodegenerative process that leads 
the patient to disability and social mal-
adaptation. Patients with SCA1 need 
medical examination, psychological, so-
cial assistance and hospital treatment at 
least twice a year. A study conducted in 
2019 showed an insufficient number of 
inpatient beds that would meet the needs 
of patients with neurodegenerative dis-
eases (NDD) in the Republic[9]. In this 
regard, in pursuance of the order of the 
Ministry of Health of the Russian Fed-
eration "On approval of the procedure 
for providing medical care to adults with 
diseases of the nervous system" (No. 
926n dated 11/15/2011), the Ministry of 
Health of the Republic issued an order 
"On the procedure for routing neurolog-
ical patients suffering from neurodegen-
erative diseases at the outpatient and 
inpatient stages" (No. 01-07/184 dat-
ed 02/14/2019). Thus, the specialized 
Center for Neurodegenerative Diseases 
opened in 2019 at the YSC CMP with a 
personalized approach to patients is an 
improved model of providing medical 
care to patients with NDDs and an exam-
ple of successful consolidation of medical 
science and practical healthcare in the 
Republic[9].

7. The Association of patients with 
SCA1 and other neurodegenerative dis-
eases has been established

The Association was established to 
provide medical, social and psychologi-
cal assistance to patients with NDDs and 
their relatives. The objectives of the orga-
nization are to consolidate the support of 
social partners to overcome the problems 
of NDDs in the Republic, informing pa-
tients, relatives and society, legal protec-

tion of patients with NDDs. On January 
17, 2020, a Certificate of state registra-
tion of a non-profit organization of the re-
gional public organization "Association of 
Patients with spinocerebellar ataxia type 
1 and other neurodegenerative diseases 
in the Republic of Sakha (Yakutia)", reg-
istration number 1201400000757 was 
received. With the support of the Presi-
dential Grants Foundation of the Russian 
Federation and the grant of the Head 
of the Republic of Sakha (Yakutia), the 
necessary medical equipment and con-
sumables were purchased, scientific and 
practical medical expeditions are con-
ducted to assess the health of patients 
in the areas of the greatest accumulation 
of NDDs, as well as lectures, seminars, 
radio and television appearances, publi-
cations in the press.

8. The NDD Center develops methods 
of physical rehabilitation of patients with 
SCA1

Patients suffering from NDZ have low 
motivation to engage in physical educa-
tion, because firstly, there are many ex-
ternal obstacles, primarily the lack of an 
accessible environment for recreational 
activities; secondly, patients have psy-
chological problems (fear, embarrass-
ment, disappointment); thirdly, patients 
are demotivated by physical ailments 
(muscle weakness, stiffness, unsteadi-
ness of gait, etc.). At the same time, stud-
ies have proved that the targeted use of 
physical exercises improves the impaired 
functions of the body, and has a general 
healing effect[31]. Currently, scientifically 
based approaches to the physical reha-
bilitation of patients with SCA1 are being 
developed using modern methods such 
as stabilometry.

Conclusion. An example of suc-
cessful translation of scientific studies of 
spinocerebellar ataxia type 1, the most 
common hereditary disease in the Yakut 
population, into practical healthcare of 
the Republic of Sakha (Yakutia) is pre-
sented. Population-genotypic studies of 
SCA1 were carried out, the DNA diag-
nostic method was introduced into the 
practice of medical genetic counseling at 
the Republican Hospital No. 1 of the Na-
tional Center of Medicine, prenatal DNA 
testing of SCA1 is used, bioethical rules 
of medical genetic counseling are ap-
plied, the Center for Neurodegenerative 
Diseases and the Association of Patients 
with SCA1 and Other NDDs were creat-

Direct DNA diagnostics of SCA1 in 2% 
agarose gel: 1, 3, 4 – healthy patients, 2 – a 
patient with a known number of CAG repeats 
of 30/50; 5 – a patient with an elongated allele 
of the SCA1 gene

Prenatal diagnosis of spinocerebellar ataxia type 1

Medical and social characteristics Results of PD SCA1 (n=36)
Age 19 -40 лет
Education: higher(%)/secondary (%) 22 (61) / 8 (22)
Accommodation: city (%)/village (%) 11 (30) / 25 (69)
Burdened inheritance by line: mother(%)/father(%)/
husband(%) 10 (28) / 10 (28) / 11 (30)

Presence of clinical manifestations of the disease:
yes (%)/no (%) 1 (3) / 24 (96)

The family's decision on the proposed PD: consent(%)/
rejection(%) 16 (44) / 20 (56)

Number of PD requests: total (%) / repeated(%) 46 (100) / 7 (15)
The term of pregnancy when applying: 1st 
trimester(%)/2nd trimester(%) 26 (57) / 20 (43)

The number of PD performed invasively 25

Prenatal DNA testing results: negative(%)/positive(%) 13 (52) / 12 (48)
Pregnancy outcome in the presence of fetal mutation:
preservation (%)/termination(%) 2 (17) / 10 (83)

Terms of termination of pregnancy in the presence of
a mutation in the fetus:
1st trimester (%) / 2nd trimester (%)

5 (50) / 5 (50)
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ed. Approaches to the development of 
predictive and personalized medicine are 
being studied. As we can see, transition 
of research from the laboratory to the clin-
ic does not happen quickly, translational 
medicine has been developing in Yakutia 
for twenty years, molecular genetic diag-
nostic methods are becoming routine, but 
at the same time it is necessary to contin-
ue research on the problems of using ge-
nomic technologies in practical medicine.
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Introduction. The study of the adap-
tive capabilities of the body of student 
youth in Yakutia is of particular impor-
tance, since this population will form the 
main labor resource of one of the most 
remote, but strategically important re-
gions of Russia. The functional reserves 
of the body are largely determined by 
the external respiration apparatus, which 
is the most important link in the oxygen 
transport system. In the North, dry cold 
air, acting directly on the mucous mem-
brane of the airways, causes reflex bron-
chospasm, which leads to significant ten-
sion in the respiratory system [10]. A neg-
ative correlation has been established 
between the air temperature and the re-
sistance of the bronchial tree: the lower 
the temperature of the air that cools the 
airways, the higher the degree of bron-
chospasm [13].

In assessing the state of human health 
and its adaptation to the environment, it 
is important to use the constitutional ap-
proach, which provides for the establish-
ment of links and interdependence of the 
somatic and functional characteristics of 
the whole organism. The need to study 
the constitutional features of the indi-
vidual is currently due to the increasing 
influence of anthropogenic and social 
environmental factors, which is reflected 
in the biological organization of modern 
man in the North [7, 9, 12, 16].

Purpose: To reveal the features of the 
functional organization of the external 
respiration system in young Yakuts with 
different body types.

Materials and methods: The study 
involved young Yakuts, students of the 
North-Eastern Federal University (n=93), 
aged 18 to 21 years with different body 
types (asthenics, normosthenics, hyper-
sthenics). Body length (BW, cm), body 
weight (BW, kg), chest circumference 
(WGC, cm) were measured, body mass 
index (BMI, kg/m2) was determined. 
Body type was assessed using the Pinier 
index [11]. Registration of 13 volumetric, 
velocity and volume-velocity indicators of 
external respiration [15] was carried out 
on the spirograph of the Valenta comput-
er diagnostic system. All the main char-
acteristics were automatically compared 
with the proper values, originally included 
in the software of the device and repre-
senting the data obtained for the inhab-
itants of the Central European part of 
Russia. The study was carried out taking 
into account the ethical standards of the 
Declaration of Helsinki. All subjects gave 
voluntary informed consent to participate 
in the research. Since the results of the 
study of respiratory system parameters 
did not obey the normal distribution law, 
the nonparametric Mann-Whitney meth-
od was used for statistical processing of 
the obtained data and the values were 
presented as a median (Me), first (Q1) 
and third (Q3) quartiles. Differences be-
tween groups were considered signifi-
cant at p < 0.05. The assessment of the 
strength and nature of the relationship 
between the indicators of external respi-
ration was carried out with the calculation 
of the Spearman pair rank correlation 
coefficients (r) taking into account statisti-
cally significant correlation coefficients at 
p < 0.05.

Results and discussion. The results 
of the study of the indicators of physical 
development of all the examined stu-
dents (Table 1) are consistent with the 
previously obtained data [7], which es-

tablished significantly lower values of 
anthropometric indicators in Yakut boys 
compared to Caucasian boys living in Ya-
kutia. With almost the same body length, 
the values of MT, OGK and BMI in groups 
with different physiques differed signifi-
cantly. The value of BMI in asthenics was 
at the lower level, and in hypersthenics 
- at the upper level of the norm (preobe-
sity). The study of capacitive indicators 
of external respiration of VC, FVC and 
FEV1 revealed a decrease in their values   
relative to the due ones, and, to a greater 
extent, this affected FVC (Table 2). Data 
on low values of capacitive characteris-
tics in young Yakuts are consistent with 
the results of a number of authors who 
examined young men who are represen-
tatives of indigenous ethnic groups living 
in regions with a sharply continental cli-
mate [5, 8, 14]. Significantly higher val-
ues of VC and FVC were observed by us 
in normosthenics and hypersthenics, who 
have a large chest circumference relative 
to asthenics. High VC values are indicat-
ed in male students, ethnic groups of ter-
ritories with extreme natural and climatic 
conditions, with a hypersthenic body type 
[2, 4]. ]. Of the lung volumes that make up 
the VC, significant differences between 
the examined groups were found only 
in one indicator of the reserve breathing 
capacity (ROout), the value of which is 
higher in normosthenics compared to as-
thenics. Significant differences between 
the values of capacitive characteristics 
and lung volumes between the groups of 
normosthenics and hypersthenics were 
not found.

The study of the state of the air sys-
tem revealed significantly higher patency 
of large bronchi in normosthenics and hy-
persthenics than in asthenics (Table 2). 
However, in bronchi of medium caliber 
(MOS50%), the throughput becomes the 
same in all groups. Further, in the small 
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respiratory bronchi (MOS75%), the pa-
tency increases relative to the proper val-
ues in all groups, but to the greatest ex-
tent in asthenics. The literature indicates 
an excess of the proper level of paten-
cy of small bronchi in the natives of the 
North-East of Russia [8], which may be 
due to increased production of surfactant 
in bronchioles and alveoli under the influ-
ence of low temperatures [6]. Surfactant, 
stabilizing the lumen of the bronchioles 
and alveoli at maximum exhalation, pre-
vents the narrowing of the lumen of the 
small bronchi, which ensures a high air-
flow rate in them. The low airiness of the 
proximal bronchi in asthenics is compen-
sated by a statistically more significant in-
crease in the patency of small (MOS75%) 
bronchi than in normosthenics and hy-
persthenics. Additional opening of the re-
spiratory bronchioles allows to increase 
the volume of functional dead space, the 
amount of residual warm air in the pul-
monary tree necessary to warm the cold 
air coming from outside. A significant in-
crease in the airiness of the respiratory 
bronchi allows increasing the intensity 
of gas exchange, which is important for 
maintaining oxygen homeostasis [10].

To study the features of the functional 
organization of the external respiration 
system in residents of regions with ex-
treme climatic conditions, a correlation 
analysis of the relationships between the 
individual components of the respiratory 
act was used [3, 8]. In our studies, the 
results of the analysis of the values of the 
pairwise rank correlation coefficients be-
tween all 13 studied characteristics of the 
external respiration system: capacitive 
(VCvd, FVC, FEV1), lung volumes (TO, 
ROVd, ROVd), volume-velocity (POS, 
MOS25%, MOS50, MOS75 ) revealed 
differences in the number and strength of 
correlations in young men with different 
physiques (Table 3).

In normosthenic young men, oxygen 
homeostasis is ensured due to the plas-
tic interrelation of the parameters of the 
external respiration system. In this group, 

intrasystem interaction was traced at 
the level of weak correlations; only one 
strong correlation was found at the level 
of 0.74-0.79 in the POS-MOS25 pair. It 
is possible that the relative autonomy of 
the functioning of the constituent compo-
nents in the external respiration system 
in normosthenics allows it to have large 
reserve capabilities in satisfying the oxy-
gen demand. In hypersthenics, the den-

sity of interaction of external respiration 
indicators was high due to a greater num-
ber of close relationships - the number of 
connections at the level of 0.71-0.9 was 
9. In asthenics, the number of equally 
close connections was 4. Excessively 
high tension of intrasystemic connections 
in hypersthenics can lead to decrease in 
the adaptive capabilities of the respirato-
ry system in the environmental and social 

Indicators of physical development (M±m) of the examined students according to anthropometry data, depending on the body type 
(M ± m)

Indicator Asthenic
(1) n =27

Normosthenic
(2) n = 47

Hypersthenic
(3) n = 19

All
n = 93

Body Length (cm) 174.3±1.13 173.3±0.88 172.0±1.58 173.2±0.56
Body weight (kg) 56.3±1.25* 63.8±0.92* 73.8±1.67* 64.2±0.95
Chest circumference (cm) 80.7±0.63* 87.6±0.62* 95.5±0.70* 87.3±0.84
Body mass index (kg/m2) 18.48±0.27* 21.2±0.18* 24.9±0.30* 21.2±0.32

Note: * - significance of differences at - p < 0.001, 1-2; 2-3; 1-3.

Table 1

The main parameters of the external respiration system in students
with different body types (Me, Q1–Q3)

Parameters
Body Types Reliability

of differences,
p

Asthenic
(1)

Normosthenic
(2)

Hypersthenic
(3)

VLCins (L) 3.58 (3.23-4.1) 3.87 (3.41-4.31) 3.87 (2.96-4.4) 1-2 < 0.05
VLCins (% reference) 74 (66.2-81.5) 81.5 (75.5-90.5) 84 (59.5-93) -

IRV (L) 2.22 (1.53-2.24) 1.67 (1.27-2.28) 1.72 (0.85-2.28) -
ERV (L) 0.84 (0.6-1.21) 1.14 (0.85-1.34) 1.01 (0.88-1.26) 1-2 < 0.01
RV (L) 0.82 (0.67-0.96) 0.85 (0.71-0.97) 0.92 (0.79-1.03) -

FVC (L) 3.18 (2.87-3.5) 3.47 (2.89-3.78) 3.44 (3.12-3.66) 1-2 < 0.05

FVC (% referens) 67 (62-72.7) 75.5 (69-84) 75 (71-81.5) 1-2 < 0.01
1-3 < 0.05

FEV1 (L) 3.03 (2.84-3.4) 3.06 (2.7-3.37) 3.17 (2.66-3.44) -
FEV1 (% referens) 72 (67.5-82.2) 75 (69-84) 80.0 (70-85) -

FEV1/FVC (%) 99.7 (95.2-100) 92.5 (84.9-99.2) 90.8 (86.8-94.1) 1-2 < 0.01
1-3 < 0.01

PEF (L/s) 6.76 (6.09-7.16) 7.07 (6.26-7.86) 7.33 (6.26-8.04) 1-2=0.072
PEF (% referens) 75 (68.2-81.7) 81 (75-89) 81 (69-92.5) 1-2 < 0.05

FEF25% (L/s) 6.14 (5.5-6.73) 6.24 (5.74-7.25) 6.21 (5.68-7.61) 1-2=0.057
FEF25% (% referens) 76 (70.2-84.5) 83 (76.5-91.5) 76 (71.5-99.5) 1-2< 0.01

FEF50% (L/s) 5.29 (4.72-5.93) 5.11 (4.14-5.55) 4.75 (4.09-5.46) -
FEF50% (% referens) 98 (87.2-107.7) 93 (76.5-102.5) 90 (68.5-97.5) 1-3 < 0.05

FEF75% (L/s) 3.37 (3.11-3.74) 2.91 (2.37-3.81) 3.01 (2.44-3.44) 1-3 < 0.05
FEF75% (% referens) 129 (110-132.7) 114.5 (90.2-144.7) 106 (90.5-130) 1-3=0.057

TFVC (s) 1.05 (0.92-1.38) 1.33 (1.05-1.9) 1.53 (1.33-1.87) 1-2< 0.01
1-3< 0.01

TPEF (s) 0.31 (0.22-0.39) 0.26 (0.18-0.38) 0.22 (0.16-0.44) -

Note. A dash indicates the absence of statistically significant differences between the 
compared groups.

Table 2
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conditions of the North. Our earlier stud-
ies of the morphological and functional 
characteristics of young Yakuts revealed 
a tendency to hypersthenization of the 
physique, against which the adaptive 
capabilities of the circulatory system de-
crease [9]. These results are consistent 
with the data of a study of young students 
in the city of Magadan, according to which 
a pronounced tension in the work of the 
cardiorespiratory system and a decrease 
in its functional reserves were found in 
hypersthenics relative to other somato-
types. [8]. By definition, P.K. Anokhin, 
the maintenance of vital constants of the 
internal environment of the body can be 
achieved both by reducing the strength of 
connections between the parameters of 
functional systems, and by strengthening 
the relationship [1]. The data obtained in 
this work indicate that the same reserve 

capabilities of the external respiration 
system in young men with normosthenic 
and hypersthenic types of somatic con-
stitution are achieved by different ways 
of organizing the interaction of individual 
components of this system. 

Conclusion. Despite the lower values 
of the main indicators of lung ventilation 
relative to the proper values developed 
for residents of the Central European 
part of Russia, we believe that our data 
are adequate to the level of physical de-
velopment of the surveyed young men - 
representatives of the urbanized ethnic 
group of Yakutia, who have significantly 
lower anthropometric parameters relative 
to their peers - Caucasoids of the same 
region. In young men of normotonic and 
hypersthenic body types, the same, high-
er compared to asthenics, reserve possi-
bilities of external respiration were estab-

lished. However, the strategy for provid-
ing oxygen demand to the body of young 
Yakuts has specific features depending 
on their belonging to one or another type 
of somatic constitution. In young men 
with a normotonic physique, flexible con-
nections between the components of ex-
ternal respiration were revealed, which, 
in our opinion, allows us to have large 
reserve capabilities in satisfying the ox-
ygen demand. In young men with a hy-
persthenic type of constitution, a large 
number of strong correlations were found 
between the components of the respira-
tory act, which limits the plasticity of intra-
systemic connections and can make the 
body less adaptive in the environmental 
and social conditions of the North. The 
low values of capacitance and throughput 
of large bronchi in asthenics, in compari-
son with normosthenics and hypersthen-
ics, should not affect the homeostasis of 
blood gas composition, since young men 
of this somatotype showed a significant 
opening of respiratory bronchioles, which 
allows increasing the intensity of gas ex-
change in the lungs.
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Correlations between indicators of external respiration system

Correlation relationship Asthenic Normosthenic Hypersthenic
VLCins - FVC 0.65*** 0.49*** 0.78**

VLCins – FEV1 0.5** 0.47*** 0.86***
FVC - FEV1 0.85*** 0.56*** 0.74***
VLCins - RV 0.61*** 0.38** 0.3
VLCins - IRV 0.49** 0.67*** 0.84***
VLCins - ERV 0.45* 0.3* 0.35

FVC - RV 0.63*** 0.28* 0.28
FVC - IRV 0.04 0.13 0.51*
FVC - ERV 0.4* 0.18 0.38
FEV1 - RV 0.55** 0.22 0.32
FEV1 - IRV 0.03 0.32* 0.85***
FEV1 - RV 0.33 0.1 0.02

VLCins - PEF 0.1 0.18 0.66**
VLCins – FEF25% 0.05 0.17 0.45*
VLCins – PEF50% 0.35 0.03 0.36
VLCins – PEF75% 0.31 0.12 -0.01

FVC - PEF 0.24 0.17 0.58**
FVC - FEF25% 0.26 0.12 0.29
FVC - FEF50% 0.58** -0.08 0.10
FVC – FEF75% 0.49** -0.33* -0.24

FEV1 – PEF 0.48** 0.30* 0.86***
FEV1 – FEF25% 0.49** 0.29* 0.65**
FEV1 – FEF50% 0.43* 0.1 0.41
FEV1 – FEF75% 0.41* 0.11 0.1
PEF – FEF25% 0.86*** 0.94*** 0.9***
PEF – FEF50% 0.43* 0.5** 0.6**
PEF – FEF75% 0.4* 0.38** 0.27

FEF25% - FEF50% 0.58** 0.59*** 0.76***
FEF25% - FEF75% 0.49** 0.46** 0.47*
FEF50% - FEF75% 0.78*** 0.66*** 0.66**

Note: The correlation between the indicators is statistically significant:
* - p < 0.05 - ** p < 0.01 - *** p < 0.001.

Table 3
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A comparative analysis showed that the volume of the left testicle in non-athletes is greater 
than that of athletes, while the right testicle is the opposite. 

All orchidometric parameters of the studied groups had statistically significant bilateral differ-
ences with their right-sided predominance. The results of the study can become an information 
basis for the consultative and diagnostic practice of sports medicine doctors, exercise therapy. 
These results can also help trainers dealing with practical issues of clinical, instrumjental, and 
laboratory monitoring of the current state of athletes and working on methods of maintaining and 
improving sports performance.

Keywords: somatometry, orchidometry, body composition, athletes, young men.
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L.I. Arzhakova, D.K. Garmaeva, A.A. Lytkina, S.P. Vinokurova,
V.A. Makarova, E.P. Ptitsyna
COMPARATIVE ANALYSISOF 
SOMATOMETRIC AND ORCHIDOMETRIC 
INDICATORS OF YOUNG MEN LIVING
IN THE REPUBLIC OF SAKHA (YAKUTIA), 
ENGAGED AND NOT ENGAGED IN SPORTS

In sports practice, high motor activity is heavily demanding on the physique of a person and body composition – a factor which largely affects 
body’s functional capabilities. Many authors emphasize the urgent need for constant monitoring of the physiological development of the reproduc-
tive functions of the male body. This determined the purpose of the study: to conduct a comparative morphological analysis of somatometric and 
orchidometric parameters in young men living in the Republic of Sakha (Yakutia) and their sports activity. 

We have established statistically significant intergroup differences between young men not engaged in sports and engaged in sports: there were 
higher indicators of body weight, body mass index, higher phase angle indicators, rates of lean body mass (LBM), active cell mass (ACM), %ACM, 
and ejection fraction (EF) yet the latitudinal dimensions of the body are inferior to those of young men not engaged in sports. In addition, in this 
group, there were marked differences between the minimum and maximum values of weight, height and body mass index. This indicates a more 
intense metabolism and the level of metabolic processes of basal metabolic rate (BMR) and mass-specific basal metabolic rate (mass-specific 
BMR) in young men involved in sports. 
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Introduction. In sports practice, mo-
tor activity imposes special requirements 
on the physique of a person, largely af-
fecting their functional capabilities — that 
being the manifestations of physical qual-
ities (speed, strength, endurance, etc.). 
One of the most adequate approaches in 
assessing the physical condition of a per-
son is the method of complex research, 
which allows to control the health status 
and dynamics of the development of ath-
letes objectively, effectively, and based 
on standardized approaches [5, 7, 13].

The most widely recommended so-

matometric measurements include body 
length and weight, body mass index 
(BMI), and circumference of body parts. 
Other useful measurements include the 
shoulder, thigh, and lower leg, the thick-
ness of the subcutaneous fat fold on the 
back and inner surface of the shoulder 
and forearm, thigh and lower leg, as well 
as the abdominal region [3, 5, 7]. Also, 
many authors emphasize the urgent 
need for constant monitoring of the phys-
iological development of the reproductive 
functions of the male body [8]. It should 
be noted that some domestic and foreign 



3’ 2022 105

researchers analyzed the relationship 
of genitometric parameters with general 
anthropometry data  and somatotype as 
conjugate parameters of physical status 
and reproductive  functions [2, 8, 12, 14, 
17].

When analyzing scientific sources, 
we did not find previous data containing 
information on complex studies of the 
effect of directed physical activity on so-
matometric or orchidometric indicators of 
the male population living in the Republic 
of Sakha (Yakutia). Due to the technical 
and ethical features of such studies, there 
are limitations to their comprehensive as-
sessment, but despite this, the problem 
requires special analysis. In connection 
with the foregoing, a comparative anal-
ysis of somatometric and orchidometric 
indicators of young men in the Republic 
of Sakha (Yakutia) engaged and not en-
gaged in sports is relevant.

Aim: conducting a comparative mor-
phological analysis of somatometric and 
orchidometric parameters in young men 
living in the Republic of Sakha (Yakutia) 
engaged and not engaged in sports.

Materials and Methods: The work 
was carried out on the basis of the 
Medical Institute of the M.K. Ammosov 
North-Eastern Federal University 
(NEFU) and the Churapcha Institute of 
Physical Culture and Sports (CIPCS) in 
2019–2022. The subjects were divided 
into 2 groups: Group 1 — 79 students 
of NEFU of different specialties not en-
gaged in sports, Group 2 — 74 students 
of CIPCS engaged in different sports for 
at least 6 years. In both groups we ex-
amined young men of indigenous nation-
ality aged 18-20, permanently residing 
in the Republic of Sakha (Yakutia). We 
used the standard accepted methods for 
the study [9, 10]. Anthropometric mea-
surements included measurements of 
total dimensions and body weight: length 
(cm), body mass (BM, kg), chest circum-
ference (CC, cm), waist circumference 
(WC, cm) and hip circumference (HC, 
cm). We assessed body composition 
using the method of bioimpedancemetry 
with Medass-ABC-01.

We performed ultrasound examination 
of the scrotum in the supine position on a 
high-end portable Mindray M7 Ultrason-
ic Sonograph using a linear transducer 
with a frequency of 7.5 MHz. According 
to the generally accepted standard, ultra-
sound scanning of the testicles was done 
in three projections: the width and thick-
ness were determined in the transverse 
projection, and the length in the longitu-
dinal projection. Testicular volume in ml 
was calculated according to the formula 
described by Brown (1981): V=0.52*ABC 

where A is the length, B is the width and 
C is the thickness of the testis in mm, 
while 0.52 is the corrected coefficient of 
π/6. We carried out statistical processing 
of the obtained results using the SOMAX 
analytical database system. For data with 
a normal distribution, the mean (M) and 
the step of the confidence interval (m) 
were calculated. We assessed the signif-
icance of differences in the mean values 
of the samples using Student’s t-test; for 
features with non-parametric distribu-
tion, we used the Mann-Whitney meth-
od U-test. The results were considered 
statistically significant at p < 0.05. This 
approach provided a comprehensive and 
reliable study of the material obtained.

The measurements were carried out in 
compliance with the principles of volun-
tariness, the rights and freedoms of the 
individual, guaranteed by Articles 21 and 
22 of the Constitution of the Russian Fed-
eration. The work performed does not in-
fringe on the rights and does not endan-
ger the well-being of research subjects 
in accordance with the requirements of 
biomedical ethics, approved by the Dec-
laration of Helsinki of the World Medical 
Association (2000). All participants gave 
individual informed consent to participate 
in the study.

Results and Discussion. Results 
obtained by us in terms of height and 
BMI correspond to the average indica-
tors for assessing the physical develop-
ment of children at puberty, according 
to WHO clinical recommendations [9]. 
The average BMI of young men was 
22.08±3.58 in Group 1 and 22.78±0.97 
in Group 2, p≤0.05. Normal body weight 
was determined in 74.7% of young men, 
while 13.3% of young men not engaged 
in sports were overweight; in the sec-
ond Group, everyone had normal body 
weight. We did not find cases of obesity 
in the surveyed groups of young men.

As can be seen from Table 1, the data 
obtained confirm the main patterns of dif-
ferences in anthropometric indicators be-
tween young men not engaged in sports 
and engaged in sports: in Group 1, there 
are higher indicators of body mass, body 
mass index, but the latitude dimensions 
of the body are inferior to those of young 
men in Group 2. In addition, in Group 1, 
there are pronounced differences be-
tween the minimum and maximum indi-
cators of weight, height and body mass 
index.

In earlier studies, we saw that chest 
circumference in Group 2 is 87.72±10.63 
cm; in Group 1 — 84.30±10.53 cm, which 
we associated with indicators of lung vital 
capacity (VC): 3734.32±162.49 ml and 
3454.93±157.82 ml (p < 0.01), respec-

tively. Higher VC values in Group 2 indi-
cate high functional reserve capabilities, 
which is an important mechanism for ad-
aptation to physical loads [4].

Assessing body composition is an es-
sential part of the constitutional diagnosis 
of athletes and is important in indirectly 
assessing their physical performance and 
their bodies’ adaptation to the physical 
load, as well as in correcting their training 
structure [6]. Comparative analysis of the 
results of bioimpedance analysis (BIA) of 
the two groups is presented in Table 2.

As can be seen from Table 2, in the 
group of young men engaged in sports, 
there are higher phase angle indicators 
than among young men not engaged 
in sports. The values of the phase an-
gle (PA) are commonly interpreted as 
follows: PA < 4.4° — high probability of 
catabolic shifts; 4.4° < PA < 5.4° — hy-
podynamia; 5.4° < FU < 7.8° — normal; 
7.8° < FU — increased values typical for 
athletes [6]. The maximum indicator for 
young athletes in our study is 7.96°. The 
pre-start performance of an athlete in 
high-achievement sports is predicted by 
the magnitude of their phase angle.

Table 2 of the bioimpedance body 
composition study also reflects the dif-
ferences between groups in the following 
parameters: body fat mass (BFM), per-
centage of body fat (%BFM), lean body 
mass (LBM), active cell mass (ACM), 
percentage of ACM content in lean body 
mass (%ACM), skeletal muscle mass 
(SMM), percentage of skeletal mus-
cle mass in lean mass (%SMM), basal 
metabolic rate (BMR), mass-specific 
(normalized to body surface area) basal 
metabolic rate (MSBMR), total body wa-
ter (TOW), and extracellular fluid volume 
(ECF).

As the study showed, in Group 2 the 
numbers for BFM and %BFM are lower, 
while LBM, ACM, and %ACM are higher 
than in Group 1. This indicates the ab-
sence of problems with the consumption 
and assimilation of the protein part of 
the diet. %ACM in lean mass serves as 
a correlate of motor activity and physical 
performance of the athletes. The value 
of %ACM in the group of young athletes 
is lower than the accepted norms of cur-
rent masters of sports in cyclic and game 
sports types, where the values of %ACM 
should exceed 62–63% [11].

In addition, the study showed low 
SMM and %SMM values in athletes. The 
value of SMM relative to the interval of 
normal values is used for a general char-
acteristic of physical development. The 
value of %SMM in lean mass is one of 
the three key characteristics of the physi-
cal performance of an athlete, along with 
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%BFM and phase angle. Any decrease in 
the muscle component indicates a lack 
of energy resources in the athlete’s body 
and accumulated or current under-re-
covery and inhibition of protein synthesis 
processes, which can lead to a decrease 
in performance and recovery.

We established an increase in the 
content of extracellular fluid in the group 
of non-athletes, which indicates fluid 
retention, due, for example, to the con-
sumption of foods with a high content of 
table salt. Sports weight loss procedures 
can lead to a short-term decrease in the 
content of extracellular fluid.

In addition, higher rates of LBM, ACM, 
%ACM, and PA indicate a more intense 
metabolism and the level of metabolic 
processes of BMR and MSBMR in young 
athletes than in non-athletes. The reason 
for changes in the MSBMR in the latter 
may be endocrinological disorders, the 
effects of drugs, etc.

Studies available in the literature show 
that the size of the penis and other gen-
itometric parameters, even within the 
same age groups, are subject to signifi-
cant  individual, group, racial, and ethnic 
variability [8]. The data on the correlation 
of phallometric data and the principles of 
their typology from the point of view of 
the constitutional approach are contra-
dictory. There are few studies in which 
the  dimensional characteristics of the ex-
ternal genitalia would be compared with 
the corresponding data on the hormonal 
background and orchidometry. Despite 
the colossal volume of various data, in-
cluding data from foreign scientific litera-
ture, the results of studies of genitometric 
parameters in Russian groups published 
in scientific literature sources for the last 
ten years are not available. Undoubtedly, 
the best and most objective clinical mark-
er of puberty in men is the assessment of 
testicular volume [15].

Comparative analysis of orchidomet-
ric indicators of young men of the two 
groups found that the volume of the left 
testicle in Group 1 is greater than in 
Group 2: 15.36±0.57 and 15.29±0.98 
mm3; the results for the right testicle are 
vice versa: Group 1 — 15.46±0.51 and 
Group 2 — 16.31±1.19 mm3, p ≤ 0.05. 
The total volume of testicles was higher 
in Group 2. All orchidometric parameters 
of the studied groups have statistically 
significant bilateral differences with their 
right-sided predominance.

These data correlate with the data of 
a large study by Tambov State University, 
which shows significant differences be-
tween different ethnic groups: Russians, 
Africans, Indians, Greeks, etc. In general, 
the average volume of the right testicle 

in the whole sample was 12.10 mm3, the 
left — 12.13 mm, both — 24.22 mm3 [8].

To further clarify the nature of the re-
lationship between the absolute values 
of the measured traits and indicators of 
body composition, we carried out a factor 
analysis. However, we found no statisti-
cally significant correlation coefficients 
between orchidometric and somatomet-
ric parameters. In our previous studies, 
we found a weak correlation between the 
average testicular volume and indica-
tors of active cell mass, skeletal muscle 
mass, and a moderate correlation with 
the phase angle. The results obtained are 
of interest and require further study.

Conclusions
We show the main patterns of dif-

ferences in anthropometric indicators 
between young men not engaged and 
engaged in sports: in Group 1, there are 
higher indicators of body mass, body 
mass index, but the latitudinal dimensions 
of the body are inferior to those of young 
men in Group 2. In addition, in Group 1, 
there are pronounced differences be-
tween the minimum and maximum indi-

cators of weight, height, and body mass 
index. We have established that in the 
group of young men engaged in sports, 
there are higher phase angle indicators 
than among young men not engaged in 
sports. The maximum indicator of young 
athletes in our study is 7.96°. We show 
that in young athletes the rates of BFM 
and %BFM are lower, while LBM, ACM, 
%ACM are higher than that of non-ath-
letes. In addition, the study showed low 
SMM and %SMM values in athletes. We 
establish an increase in the content of 
extracellular fluid in the group of non-ath-
letes, which indicates fluid retention. 
Higher rates of LBM, ACM, %ACM, and 
PA indicate a more intense metabolism 
and the level of metabolic processes of 
BMR and MSBMR in young athletes than 
in non-athletes. A comparative analysis 
showed that the volume of the left testi-
cle in non-athletes is greater than that of 
athletes, the right testicle is the opposite. 
All orchidometric parameters of the stud-
ied groups have statistically significant 
bilateral differences with their right-sided 
predominance.

Statistical characteristics of general anthropometric parameters. р ≤0.05

Data 
Group 1 Group 2

min max min max
Body weight, kg 65.61 74.39 65.18 71.45
Height, m 168.19 176.53 170.58 175.45
Waist circumference, cm 75.52 79.30 76.50 82.07
Hip circumference, cm 90.37 95.04 91.44 95.56
Waist/hip ratio 0.81 0.88 0.83 0.87
Body mass index 16.51 27.66 21.80 23.75

Table 1

Table 2

Indicators of bioimpedansiometry of young men, р ≤ 0,05

Data Group 1 Group 2
min max min max

Phase angle 50 kHz(deg.) 6.89 7.37 7.47 7.96
Fat mass (kg) 9.68 17.85 8.76 11.49
Proportion of fat mass (%) 14.59 19.31 13.19 15.91
Lean mass (kg) 54.97 57.48 55.92 60.46
Active cell mass (kg) 32.83 35.52 33.98 37.26
Proportion of active cell mass (%) 58.97 62.39 60.25 62.09
Skeletal muscle mass (kg) 31.92 39.84 30.90 33.46
Proportion of skeletal muscle mass (%) 57.01 69.42 54.96 55.66
Basic metabolism (kcal) 1652.89 1738.06 1689.83 1793.13
Specific basal metabolism (kcal/sq.m) 910.88 950.15 942.97 977.58
Water (kg) 40.24 42.07 40.94 44.27
Extracellular water (kg) 18.33 25.57 15.94 17.28
Intracellular water (kg) 22.71 26.84 23.47 27.14
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The scientific and practical signifi-
cance of the results of the study is in 
the analysis of the main somatometric 
and orchidometric indicators of puber-
tal youths engaged and not engaged 
in sports, which can be used to assess 
their reproductive health and somatic 
pathology resulting from poor reproduc-
tive health (occurring due to individual 
anthropometric indicators and changes 
in body composition). The results of the 
study can become an information basis 
for the consultative and diagnostic prac-
tice of sports medicine doctors, exercise 
therapists, trainers dealing with practical 
issues of clinical, instrumental and labo-
ratory monitoring of athletes, as well as 
for creating methods of maintaining and 
improving sports performance.
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The article describes cases of primary tumor of the adrenal cortex and adrenocortical cancer in two children. In one case, the tumor turned out 
to be hormone-active, with increased cortisol secretion with the development of Icengo-Cushing syndrome. In the first case, stage II of the tumor 
process was established, in the second – stage IV. The children received combined treatment, surgery and chemotherapy. In the first patient, the 
treatment was successful, the child is in remission for 4 years, in the second case, the outcome is fatal, due to the progression of the malignant 
process. 
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Introduction. Adrenocortical can-
cer (ACR) is a rare high–grade tumor 
originating from the cortical layer of the 
adrenal gland. The incidence of ACR is  
0.2 cases per 1 million children per year, 
and its share of all malignant neoplasms 
in children and adolescents is about 
0.2%. [1]. There are 2 peaks in the in-
cidence of ACR: this is the 1st and 4th 
decade of life, in children it is the age of 
up to 5 years. Girls get sick more often 
than boys [5].

Most ACS are sporadic, but in children 
it is often associated with hereditary syn-
dromes (Lee–Fraumeni, Gardner, multi-
ple endocrine neoplasia type 1). In child-
hood, secretory active ACR is diagnosed 
in 70-80% of cases, and the most com-
mon symptom occurring in 50-80% of 
cases is virilization [4]. According to Dark 

A.S. et al. (2021) in children with ACR, 
in 71.1% of cases, pathological secretion 
of one hormone or more occurred. Clin-
ical Cushing's syndrome was observed 
in 26.3% of patients [1, 2]. The progno-
sis (outcome) of the disease depends on 
the stage of the tumor. Thus, in patients 
with stage I and II of cancer, the five–year 
survival rate is 80 and 50%, respectively, 
and in patients with stage III and IV - 20 
and 10% [3].

The purpose of the study: to present 
cases of ACR, a rare pathology in chil-
dren.

Material and methods of research. 
The article presents a description of two 
children with ACR who passed through 
the oncology department of the Pediatric 
Center of the Republican Hospital No. 1 
– National Center of Medicine (PDC RB 
No. 1-NCM).

Results and discussion. The first pa-
tient. The girl, 11 months old, was admit-
ted to the department with complaints of 
overweight, emotional lability, a rash on 
her face, stopped walking and resting on 
her legs.

The child's mother is 43 years old, 
the father is 41 years old. A girl from 6 
pregnancies, 2 births. The first and sec-
ond half of pregnancy proceeded with the 
threat of termination. Delivery on time at 
37 weeks, operative. Body weight at birth 
is 3030 g, body length is 50 cm. The Ap-
gar score is 8/9 points, she screamed im-
mediately, the scream is loud. Attached to 
the breast immediately, sucked actively. 
The umbilical cord residue disappeared 
on the 5th day in the hospital. They were 
discharged home on the 7th day. Breast-
feeding for up to 6 months, then artificial. 
Psychomotor, mental development by 
age.

3 months before hospitalization, in-
creased appetite appeared, including at 
night, and began to gain weight. Over 

time, the girl began to limp on her right 
leg, then stopped walking, resulting in 
turning to the reception and diagnostic 
department of the PSC AI RS (Y) "RH 
No. 1-NCM". During ultrasound of the ab-
dominal cavity, the formation of the adre-
nal gland, liver was detected. 

The condition of the child at admis-
sion is severe, due to the tumor process. 
Well-being is moderately disturbed. The 
child's height is 75 cm, weight is 10 kg, 
BMI is 17.78. Matronism, moon-shaped 
face, bulemia, can't follow through the 
night without feeding. The skin is of nor-
mal color, clean, hypertrichosis. Acne on 
the cheek, chin (fig. 1). Peripheral lymph 
nodes are not enlarged. Does not walk, 
rests on the legs with difficulty. Breath-
ing is puerile, there are no wheezes. The 
heart tones are rhythmic, clear. Heart rate 
– 120 beats per minute. Arterial pressure 
(BP) 201/124 mmHg. The abdomen is 
enlarged in size, there is a dense forma-
tion in the right hypochondrium, protrud-
ing 7 cm from under the costal arch. Stool 
is formed. Urination is not disturbed.

In the hemogram at admission – mod-
erate polycythemia (leukocytes 15.6 
thousand / ml, erythrocytes 5.16 million 
/ ml, hemoglobin 160 g / l, hematocrit 
44.8%, ESR – 2 mm / h). The daily rhythm 
of cortisol and ACTH was 655.6 nmol/l 
and 46.67 pg/ml at 08:00 and 606.6 nmo-
l/l and 53.06 pg/ml at 22:00, respectively 
(cortisol norm 28-966, ACTH up to 46). 
The level of cortisol in the daily urine is 
724.8 mcg / day at a rate of up to 190 
mcg / day. The levels of metanephrine 
and normetanephrine in the daily urine 
were within the normal range. Electrolyte 
disturbances in the form of hypokalemia 
– 2.3 mmol / l.

During computed tomography (CT), 
MRI of the abdominal organs with con-
trast enhancement (CU) in the projection 
of the right adrenal gland, a formation 
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with clear, somewhat uneven contours, 
heterogeneous structure due to small lin-
ear and ring-shaped calcinates, dimen-
sions on axial sections of 6.0 * 6.6 cm 
and vertical size of 7.2 cm was revealed. 
After CU, hypodensic decay sites were 
detected in the formation. The forma-
tion squeezed the right lobe of the liver, 
displaced and squeezed down the right 
kidney, displaced the inferior vena cava 
inside (Fig. 2). The left adrenal gland 
was unchanged. In addition, cysts and 
concretions of both kidneys, doubling of 
the left kidney with incomplete doubling 
of the ureters were found. Osteoscintig-
raphy with technetium showed no signs 
of focal bone damage. 

To verify the diagnosis, a fine needle 
biopsy of the formation was performed. 
The material was sent to the Federal 
State Budgetary Institution "NMRC PHOI 
named after Dmitry Rogachev". Histolog-
ical conclusion: the pathological change 
and immunophenotype correspond to 
an adrenocortical tumor, reliable deter-
mination of its malignant potential is not 
possible due to the small volume of ma-
terial. Taking into account high arterial 
hypertension, therapy with Amlodipine at 
a dose of 2.5 mg / day and Bisoprolol 1 
mg / day was prescribed. In the future, 
the girl was sent for specialized treatment 
at the FSBI "National Medical Research 
Center of Endocrinology" (NMRCE) of 
the Ministry of Health of the Russian Fed-
eration in Moscow.

Correction of antihypertensive therapy 
was carried out in the children's depart-
ment of the NMRCE and the diagnosis 
was verified: cortisol-producing adrenal 
tumor. Then the girl was transferred to 
the surgery department, where an oper-
ation was performed – an open removal 
of the right adrenal gland with a tumor. 
The result of histological examination of 
the formation is Adenocortical cancer of 
the right adrenal gland (5 points on the 
Weineke scale), Ki67 15-20%. According 
to the instrumental methods of investiga-
tion, metastatic lesions of regional lymph 
nodes and distant metastases were not 
detected. 

After the operation, replacement 
therapy with Cortef and Cortineff was 
started. The child's condition improved, 
she began to get up, walk with support, 
anxiety disappeared, external manifesta-
tions of Cushing's syndrome decreased, 
blood pressure normalized (100-110 / 
65-75 mmHg). Given the high degree of 
malignancy, as well as iatrogenic dam-
age to the tumor capsule, as a result of 
an earlier puncture biopsy, the girl was 
prescribed chemotherapy, Mitotan (Ly-
sodren). Against the background of mito-

tane therapy (the dose of the drug was 
corrected according to its concentration 
in blood serum) at the age of 1 year 7 
months, an estrogen–like side effect 
developed - an increase in mammary 
glands, the size of the uterus by ultra-
sound up to 8-9 years, a slight increase in 
estrogens. There was no acceleration of 
bone age. Hypothyroidism was detected, 
probably associated with taking a chemo-
therapy drug, and therefore L-thyroxine 
was connected to therapy. In the future, 
against the background of taking mito-
tan, there was a progressive increase in 
the mammary glands, the appearance of 
mucous secretions from the genital tract. 
At the control examination in NMRCE at 
the age of 2 years, there were no signs of 
relapse and metastases, chemotherapy 
was canceled. Permanent replacement 
therapy with gluco- and mineralocorti-
coids and L-thyroxine is recommended. 

Currently, the girl is 5 years old, phys-
ical development corresponds to age, 
speech development delay. A year ago, 
Cortef and Cortineff were canceled, 9 
months ago – L-thyroxine.

The second patient. A boy, 3 years 
old, was admitted to the department with 
complaints of an increase in the size of 
the abdomen. According to the ultra-
sound examination of the abdominal or-
gans, a huge abdominal formation was 
visualized, the exact localization of which 
could not be determined.

In the oncology department, exam-
inations were conducted to clarify the 
anatomical localization and nature of 
the formation, and an assessment of the 
prevalence of the process was also per-
formed. Computed tomography revealed 

in the left half of the abdominal cavity a 
huge solid formation emanating from the 
left adrenal gland of a heterogeneous 
structure due to areas of softening and 
calcification, the size of 12,3*9,2*15.4 
see, after contrast enhancement, the 
formation moderately unevenly accumu-
lates a contrast substance. The formation 
squeezes, shifts down, does not separate 
from the left kidney, shifts up the spleen, 
stomach, intestinal loops are pushed to 
the right (fig. 3). The left adrenal gland is 
not traced against the background of the 
tumor. In S5 of the left lung, a lesion up 
to 0.9 cm in size was detected, with an 
intensive accumulation of contrast agent, 
regarded as metastasis. There is also a 
small lesion up to 0.2-0.3 mm in the S9 of 
the right lung   Intra-thoracic lymph nodes 
up to 0.7-0.8 cm in size. 

Taking into account the age of the 
child, the localization of the tumor, a dif-
ferential diagnosis was made between 
tumors of the adrenal cortex and neuro-
blastoma. The study of hormonal status 
(thyroid-stimulating hormone, adrenocor-
ticotropic hormone (ACTH), renin, corti-
sol) revealed no pathology. Neuron-spe-
cific enolase within normal values. Scin-
tigraphy of the skeleton with technetium 
of the lesion of the bones of the skeleton 
did not reveal.

To verify the diagnosis, a fine needle 
biopsy of the formation was performed.
Histological examination showed that the 
tumor is alveolar-nested structure, with 
extensive foci of necrosis. Neoplastic 
tissue is constructed from medium-sized 
and large cells with abundant eosinophil-
ic or optically empty cytoplasm. Nuclei 
with pronounced pleomorphism, there 

Fig. 1. A girl of 11 months with Itsengo-Cush-
ing syndrome, with a hormone-active ACR

Fig. 2. MRI of the abdominal organs of the 
girl 11 months. Formation of the right adrenal 
gland
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are large hyperchromic nuclei with the 
presence of pseudo-inclusions. Mitotic 
activity of 7 mitosis figures in 5 fields of 
view at magnification of the microscope 
x 400. An immunohistochemical study 
was performed with antibodies to Chro-
mogranin A, HMB45, Inhibincc1, Ki67 up 
to 40-45%. The reaction with the rest of 
the antibodies is negative. Histological 
conclusion: correspond to adrenocortical 
carcinoma, ICD-0 code 8370/3. 

The tactics of the child's treatment 
were discussed with leading pediatric on-
cologistsNational Medical Center of Pe-
diatric Hematology and Oncology (NMC 
PHO) named after D. Rogachev. 2 cours-
es of chemotherapy according to the 
EDP/M scheme (etoposide, doxorubicin, 
cisplatin, mitotan) were carried out in the 
oncological department of the PC NMC. 

For the surgical stage of treatment, 
the child was sent to the Federal Center 
(NMC PHO) named after D. Rogachev, 
where the operation was performed: 
laparotomy, arteriolysis and venolysis of 
the left renal pedicle, adrenalectomy on 
the left, ipsilateral retroperitoneal lymph 

dissection. Histological conclusion: Ad-
renocortical carcinoma (8 criteria on the 
Weiss scale; 28.4 points on the VanSloo-
ten scale, 5 criteria on the AFIP scale for 
tumors of the adrenal cortex in children). 
Taking into account the histological type 
of the tumor and the prevalence of the 
tumor process, chemotherapy according 
to the EDP/M scheme was continued at 
the place of residence. During the con-
trol examination after 4 courses of che-
motherapy, according to lung RCT, there 
was an increase in the formation of the 
right lung in S9 to 8mm (fig. 4), a de-
crease in the focus in S5 of the left lung. 
For histological verification and removal 
of the formation, resection of the forma-
tion in S9 of the right lung was performed. 
Histological examination showed that 
the tumor tissue with nodular growth of 
a solid structure, constructed from fields 
of cells with abundant eosinophilic cyto-
plasm and large nuclei with pronounced 
polymorphism (the histological structure 
of the tumor is identical to that in previ-
ous biopsies). Therapeutically induced 
changes are not pronounced. Perifocal 
hemorrhages, focal lymphocytic infiltra-
tion. Thus, histologically, metastasis to 
the lung was confirmed.

In total, 8 courses of chemotherapy 
were carried out according to the EDP/M 
scheme. Taking into account the stabi-
lization of the process and the intensity 
of polychemotherapy, the child was left 
under dynamic observation while taking 
mitotan. After 6 months, the progression 
of the disease was established: during 
the control examination, an increase in 
the previously detected solid formation 
in the basal zone of the right lung, with 
clear contours, dimensions, was noted 
3,4*3,3*3,0 cm, with moderate accumula-
tion of contrast agent.Education is distrib-
uted in segments S2, S4. Management 
and treatment tactics were discussed 
jointly with leading pediatric oncologists 
of the D.Rogachev National Research 

Medical Center. Based on the data of the 
international literature and practical rec-
ommendations for the treatment of can-
cer of the adrenal cortex RUSSCO, an at-
tempt was made to treat with second-line 
therapy according to the gemcitabine/
capecitabine scheme. However, after 2 
blocks according to this scheme, there 
was a continued growth of metastases in 
the lungs. Due to the lack of standards for 
the treatment of children with relapses / 
progression of ACR, tumor progression in 
the treatment of 2 lines, curative methods 
are considered exhausted. The child was 
referred for palliative care at the place of 
residence.

Conclusion. Thus, the clinical picture 
of adrenal cortex cancer depends on the 
hormonal activity of the tumor, the hyper-
production of certain steroid hormones, 
which contributes to an earlier diagnosis. 
Hormone-inactive tumors go on for a long 
time without clinical manifestations, they 
are often detected during examination for 
another disease. In the first case, in an 
11-month-old girl, the tumor proceeded 
with hyperproduction of cortisol with the 
development of Icengo-Cushing syn-
drome, in the second patient the tumor 
was hormonally inactive. The prognosis 
of the disease depends on the stage of 
the tumor. In the first case, stage II of the 
tumor process was established, in the 
second – stage IV with distant metas-
tases. The children received combined 
treatment, surgery and chemotherapy. In 
the first patient, the treatment was suc-
cessful, the child is in remission for 4 
years, in the second case, the outcome 
is fatal, due to the progression of the ma-
lignant process.
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Fig. 3. Abdominal CT with contrastenhance 3 
years old boy, demonstrating a large hetero-
geneous mass in the left adrenal gland. The 
overall size of this mass was1742 cm3

Fig. 4. Axial sections of contrastenhanced 
breast CT, demonstrating metastases of S9 
right lung
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CLINICAL CASE OF PULMONARY 
THROMBOEMBOLISM DIAGNOSED
IN THE SUB-ACUTE PERIOD

The article presents a clinical case of pulmonary embolism associated with thrombosis of the veins of the lower extremities. The disease re-
mained unrecognized at the onset due to the absence of hemodynamic instability and was diagnosed only in the subacute period. Within two weeks 
of the suspected episode of thromboembolism, the patient developed symptoms of peripheral venous thrombosis, right ventricular heart failure, 
post-embolic pulmonary hypertension, and severe respiratory failure.
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Pulmonary embolism (PE) is an acute 
occlusion of the arterial bed of the lungs 
by embolism (thromboembolism) of vari-
ous sizes. The source of thromboembolic 
masses is most often located in the ba-
sin of the inferior vena cava, rarely in the 
right heart and veins of the upper extrem-
ities, so deep vein thrombosis (DVT) and 
PE are most often considered as part of 
a single venous thromboembolism syn-
drome [4]. The leading source of PE is 
thrombosis of the veins of the lower ex-
tremities.

The absence of clear clinical signs 
and diagnostic criteria, the often erased 
course of the disease explains the fuzzi-
ness of epidemiological data on the prev-
alence of PE. The annual incidence of 
pulmonary embolism in Europe ranges 
from 39 to 115 people per 100 thousand 
population, DVT - from 53 to 162 per 100 
thousand population. It is known that 
venous thromboembolism takes the 3rd 
place in prevalence, second only to myo-
cardial infarction and stroke. Moreover, 
the prevalence of PE increases with age, 
in people older than 80 years it is five 
times higher than in 50-year-olds [3, 5]. 
There are no accurate statistics on DVT 
and PE in Russia. Mortality in PE rang-
es from 16-40%, and in massive throm-
boembolism reaches 70% and is signifi-
cantly reduced with timely diagnosis of 
the disease. [2, 3].

PE is usually accompanied by a re-
flex spasm of arterioles, which leads to 
a sharp restriction of blood flow in the 
lungs. Acute occlusion is a formidable 
cardiovascular complication of venous 
thrombosis of the systemic circulation 
and often manifests itself in the form of 

acute right ventricular cardiovascular 
failure and life-threatening arrhythmias. 
However, the disease clearly manifests 
in the case of massive (more than 50% of 
the vascular bed is affected) or submas-
sive (embolism of several lobar or many 
segmental pulmonary arteries) thrombo-
sis. The typical clinical picture of PE is 
nonspecific, which explains the difficulty 
of its diagnosis. In the case of damage to 
only small branches of the pulmonary ar-
tery (less than 30% of the vascular bed), 
the diagnosis of PE can be difficult [1, 5].

Venous thromboembolism is more 
common in patients with cardiovascular 
disease [1, 4, 5]. Other significant predis-
posing factors are trauma and surgery, 
prolonged immobilization, peripheral ve-
nous catheterization, autoimmune dis-
eases, cancer, obesity, hormonal and 
chemotherapy.

Timely diagnosis and adequate treat-
ment significantly reduce mortality from 
this disease. More than 90% of deaths 
from PE occur in untreated patients. 
However, PE is diagnosed in vivo only 
in 7-14% of patients, and most of these 
patients were hospitalized [1, 4, 5]. The 
incidence of small branch PE at the out-
patient stage is extremely low. At the 
same time, early diagnosis and timely 
treatment of venous thromboembolism 
is important for prolonging and improving 
the patient's quality of life [4, 6].

Considering the urgency of the prob-
lem and the importance of early diagnosis 
of venous thromboembolism, we present 
a clinical example of a patient with PE di-
agnosed on an outpatient basis.

Patient S., 81 years old, complained 
of a sudden loss of consciousness about 
two weeks ago. No more active com-
plaints. With active questioning, it was 
found out that shortness of breath during 
slight physical exertion, which gradually 
increases in dynamics over two weeks, 
dry cough, and swelling of the legs are 
also disturbing.

From the anamnesis of the disease, 

it is known that being at home about 2 
weeks ago, the patient felt weakness, 
nausea. When measuring blood pres-
sure, she lost consciousness. She does 
not remember the duration of the loss 
of consciousness; blood pressure (BP) 
during the measurement was 130/80 mm 
Hg. An emergency team was called. After 
examining the patient, given the stable 
condition: target blood pressure values, 
no chest pain, the patient was not hospi-
talized, further examination on an outpa-
tient basis was recommended. 

Within two weeks, shortness of breath 
appeared and began to increase to the 
level of FC 3, a dry cough developed, hy-
peremia and swelling of the left leg ap-
peared, and then swelling of both legs.

The anamnesis of life without features, 
the patient has hypertension with select-
ed therapy (perindopril 5 mg) and target 
BP numbers. Previously, during a dynam-
ic examination, there was an increase in 
the level of blood cholesterol; she does 
not receive statin therapy. It can be noted 
that no risk factors for the development of 
thromboembolism were found in the an-
amnesis: surgery with prolonged immo-
bilization, fractures, oncology, taking di-
uretic drugs and oral contraceptives, etc. 
Also, the patient denies the transferred 
coronavirus infection.

Objectively: a state of moderate se-
verity. BMI - 21.2 kg / m2. Skin and visi-
ble mucous membranes of normal color, 
moisture. Breathing in the lungs is hard, 
carried out in all areas, dry rales in the 
lower sections on both sides. The respi-
ratory rate is 20 per minute. SpO2 - 84% 
(there is a decrease within 1.5 weeks 
from 95%). Heart sounds are muffled, the 
rhythm is correct, regular, heart rate is 90 
beats/min, blood pressure is 105/60 mm 
Hg. on both hands. The abdomen is mod-
erately swollen on palpation, painless. 
The liver and spleen are not enlarged. 
Defecation without features. Diuresis cor-
responds to the drunk liquid (according to 
the patient). Peripheral edema of both 
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legs, the difference in the volume of the 
legs is 2 cm (the edema is more on the 
right), hyperemia of the right lower leg, 
pain on palpation.

An outpatient examination diagnosed 
a high probability of PE according to the 
Geneva scale: age over 65 years - 1 
point, unilateral pain in the leg - 3 points, 
heart rate 75-95/min - 3 points, pain in 
one leg or unilateral edema - 4 points, to-
tal 11 points (high risk, PE likely).

Additional examination data:
Complete blood count: Er - 4.7 * 

1012 l (3.93-5.22), hemoglobin - 140 g / 
l, leukocytes - 8.4 * 109 / l (3.98-10.04), 
hematocrit - 41.6 (34.1-44.9), platelets 
- 182*109/l (182-369). Leukocyte formu-
la: neutrophils 54.6%, eosinophils 0.9%, 
monocytes 10.7%, lymphocytes 33.6%, 
basophils 0.2%; erythrocyte sedimenta-
tion rate - 26 (<20.2) mm/h.

Biochemical blood test: CRP - 78.72 
mg / l (0-6.0), glucose - 11.2 mmol / l (4.2-
6.4), total cholesterol 4.8 mmol / l (3.1 
-5.2), creatinine - 76.4 µmol/l (44-80), uric 
acid - 364 µmol/l (155-357), glomerular 
filtration rate - 63 ml/min (CKD-EPI).

Electrocardiogram: sinus rhythm, 
heart rate 83 per minute. PQ 0.16 s; 
QRS-0.07s; QT - 0.41 (corrected - 0.45 
s). T-wave inversion from V1-V4, in the 
inferior leads - II, III, aVF - associated 
with right ventricular overload, pulmonary 
hypertension. An increase in the P wave 
more than 2.5 mm in the second lead. SI-
QIII-TIII, deep S wave in lead 1, T nega-
tive in lead 3, deep Q in lead 3. Turning 
clockwise - shifting the transition point R 
/ S to V6 (Fig.).

Echocardiography: systolic pressure 
in the pulmonary artery - 62.2 mm Hg. 
Art., a sharp increase in the right heart, 
expansion of the pulmonary artery trunk, 
paradoxical movement of the interven-
tricular septum, contractile function of the 
left ventricle - 64% (according to Simp-
son), regurgitation on the tricuspid valve 
of the 1st degree.

Multispiral computed tomography of 
the chest organs: a picture of bilateral 
polysegmental interstitial pneumonia, 
probably of viral origin, minimal volume 
(CT-1), the volume of the right lung lesion 
is 8%, the left lung is 10%.

Ultrasound of the veins of the lower 
extremities: on the right: the veins (ante-
rior and posterior tibial, peroneal, poplite-
al, superficial and common femoral, deep 
femoral, external iliac) on the right are 
completely passable and compressible 
by the sensor, the blood flow has a phase 
character and is associated with the act 
of breathing. Intraluminal formations are 
not located. Valves of deep veins (com-
pression test) are well-founded. On the 
left, in the lumen of the femoral-poplite-
al segment, heterogeneous thrombotic 
masses are determined without signs of 
flotation, the blood flow is not recorded.

The trunk of the great saphenous vein 
(GSV) on the right is not located, tributar-
ies up to 2.5 mm in diameter are deter-
mined. The trunk diameter of the left GSV 
is up to 3 mm; reflux is not located during 
compression.

The GSV on the right - the diameter 
of the orifice is 5.7 mm; during compres-
sion, the veno-venous shunt is not locat-
ed. The GSV on the left has a diameter 
of the orifice of 5.3 mm; during compres-
sion, the veno-venous shunt is not locat-
ed.

Small saphenous vein (SSV) diameter 
along the trunk on the right is up to 4.6 
mm, the blood flow is distinct, reflux is de-
termined during compression.

The trunk diameter of the left SSV is 
up to 3.9 mm; reflux is not located during 
compression.

SSV on the right, the diameter of the 
mouth is 5.1 mm, with compression, a ve-
no-venous discharge is determined.

SSV on the left is 3.8 mm in diameter; 
veno-venous discharge is not detected 
during compression.

Communicating veins along the inner 

surface of both legs in the middle and 
lower thirds with a diameter of up to 2.5 
mm, with compression, the veno-venous 
discharge is not located.

Consulted by a vascular surgeon: 
subacute phlebothrombosis of the femo-
ral-popliteal segment on the left (no signs 
of flotation). Chronic venous insufficiency 
of the lower extremities of 1-2 degrees. 
Treatment prescribed: tab. Rivaroxaban 
20mg, compression hosiery class 2, top-
ically - Detralex ointment. In the future, 
against the background of treatment, the 
appearance of edema and hyperemia of 
the right leg is noted.

On the basis of clinical data, anam-
nesis, objective examination, laborato-
ry and instrumental data, a preliminary 
diagnosis was made: Subacute phle-
bothrombosis of the femoral-poplite-
al segment on the left (without signs of 
flotation). Chronic venous insufficiency 
of the lower extremities of 1-2 degrees. 
Thromboembolism of small branches of 
the pulmonary artery. Respiratory failure 
3. Pulmonary hypertension. Enlargement 
of the right heart, expansion of the pul-
monary artery. 1st degree tricuspid valve 
insufficiency. Hypertension controlled, 
stage 1, risk 3 (age, hyperuricemia, he-
redity, dyslipidemia).

For further observation, additional ex-
amination and correction of treatment, 
the patient was sent for hospitalization.

Conclusion. PE belongs to the group 
of life-threatening conditions, so the pa-
tient's prognosis directly depends on how 
timely the diagnosis is established and 
full-fledged therapeutic measures will be 
started. The absence of hemodynamic in-
stability at the onset of the disease does 
not exclude the development and pro-
gression of pathological changes, such 
as respiratory and right ventricular heart 
failure, as well as an increased risk asso-
ciated with PE. Only adequate restoration 
of the patency of the pulmonary arterial 
bed in the acute period of the disease 

ECG of patient C, 81 years old
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is a reliable way to avoid severe chron-
ic post-embolic pulmonary hypertension 
or minimize the long-term hemodynamic 
consequences of pulmonary embolism 
[6]. In this clinical situation, based on a 
number of characteristic clinical data, 
taking into account the high probability 
of PE, the disease was diagnosed in the 
subacute period. Within two weeks after 
the alleged episode of thromboembolism, 
despite the absence of hemodynamic in-
stability, the patient developed symptoms 
of not only right ventricular heart failure, 
postembolic pulmonary hypertension, 
respiratory failure, but also DVT of the 
lower extremities. In this regard, it is nec-
essary not only to be vigilant about ve-
nous thromboembolism in primary care 
physicians, especially in patients of older 
age groups, but also a thorough analysis 

of clinical and instrumental data, an addi-
tional assessment of the risk level of pul-
monary embolism, followed by correction 
of patient management tactics.

1. Vertkin A.L., Gritsanchuk A.M. Tromboem-
boliya legochnoy arterii: epidemiya, o kotoroy 
vse molchat [Pulmonary embolism: an epidemic 
that everyone is silent about]. Arkhivʺ vnutren-
ney meditsiny [The Russian Archives of Inter-
nal Medicine. 2014;(1):33-39. (In Russ.)] DOI: 
10.20514/2226-6704-2014-0-1-33-39

2. Kapsultanova D.A., Polzik G.B., Sadykova 
Sh.S. [et al.]. Klinicheskiy sluchay retsidiviruy-
ushchey tromboembolii lëgochnoy arterii [Clinical 
case of a recidivous tromboemboliya of a pulmo-
nary artery]. Vestnik Kazakhskogo natsionalʹnogo 
meditsinskogo universiteta [Bulletin of the Kazakh 
National Medical University. 2017;(2):41-43. (In 
Russ.)]

3. Nikulina N.N., Terekhovskaya Yu.V. Epi-
demiologiya tromboembolii legochnoy arterii v 
sovremennom mire: analiz zabolevayemosti, 
smertnosti i problem ikh izucheniya [Epidemiol-
ogy of pulmonary embolism in today’s context: 
analysis of incidence, mortality and problems of 
their study]. Rossiyskiy kardiologicheskiy zhurnal 
[Russian Journal of Cardiology. 2019;(6):103-
108. (In Russ.)] DOI: 10.15829/1560-4071-2019-
6-103-108

4. Essien EO, Rali P, Mathai SC. Pulmonary 
Embolism. Med Clin North Am. 2019;103(3):549-
564. DOI:10.1016/j.mcna.2018.12.013

5. Konstantinides SV, Meyer G, Becattini C [et 
al.]. 2019 ESC Guidelines for the diagnosis and 
management of acute pulmonary embolism devel-
oped in collaboration with the European Respira-
tory Society (ERS). Eur Heart J. 2020;41(4):543-
603. DOI:10.1093/eurheartj/ehz405

6. Martinez Licha CR, McCurdy CM, Maldo-
nado SM, Lee LS. Current Management of Acute 
Pulmonary Embolism. Ann Thorac Cardiovasc 
Surg. 2020;26(2):65-71. DOI:10.5761/atcs.ra.19-
0015

Reference

S.V. Markova, T.G. Dmitrieva, D.A. Novopriezjaya,
A.A. Munkhalov

CLINICAL CASE:
POSTCOVID MULTISYSTEM SYNDROME
IN A 7 MONTH OLD CHILD

On March 11, 2020, WHO declared 
the COVID-19 pandemic. At the end of 
December 2019, an outbreak of a new 
coronavirus infection (COVID-19) caused 
by the SARS-Cov-2 coronavirus, leading 
to severe acute respiratory syndrome, 
was recorded in Wuhan (Hubei Prov-
ince, China). [1, 3, 5, 6]. Clinical picture 
in children, as a rule, is less severe than 
in adults. More than 90% of COVID-19 
cases occur in children asymptomatical-
ly, in mild and moderate form [2]. The 
frequency of hospitalizations among chil-
dren is also low. Thus, according to the 
CDC report, in the USA this figure was 
almost 2 times lower (5.7% versus 10% 
in adults), including fewer admissions 
to the intensive care unit. [4]. In March 

2020, reports of outbreaks of a disease 
that meets the criteria of Kawasaki dis-
ease began to appear, accompanied by 
the development of a pronounced hy-
perinflammatory response associated 
with SARS-Cov-2 infection in previously 
healthy children. This disease has not 
been described before, in publications 
there were such names as "Kawashok", 
"Koronasaki", "hyperinflammatory shock 
in children with COVID-19", kawasa-
ki-like disease", "pediatric multisystem 
inflammatory syndrome (PMIS)", "mul-
tisystem inflammatory syndrome in chil-
dren (MIS-C)" [1]. 

Multisystem inflammatory syndrome in 
children (MIS-C)", also known as pediat-
ric inflammatory multisystem syndrome, 
is a dangerous new children disease 
that is temporarily associated with a new 
coronavirus disease (COVID-19). This 
publication presents a clinical case in a 
child of 7 months. 

Clinical case: a 7 months old child of 
Sakha ethnicity was admitted with com-
plaints of merging rashes on the body, 
a runny nose, an increase in body tem-
perature above 39 °C, and vomiting. 

From the anamnesis of the disease, 
it is known that, according to his mother, 
he became acutely ill on November 8, 
2020. The body temperature increased 
to 38.7 °C, which was treated with nuro-
fen. Also, due to teething, dantinorm 
was admitted. A rash made an appear-
ance on a back. Consultation with rela-
tive with medical expertise was conduct-
ed. Acyclovir 1/2 tab x 4rvd inside was 
admitted. There was no improvement 
the next day. The rash has spread all 
over the body, on the head, the scalp, 
merging with each other. Body tempera-
ture increased from 39.1 °C to 39.7 °C, 
treated with nurofen. Vomiting 1 time af-
ter eating. A doctor was called, child was 
sent to the Children's Infectious Diseas-
es Clinical Hospital. 

Epidemiological history: There was no 
contact with COVID-19 patients for 14 
days. The father and mother were ill with 
COVID-19 in October (control PCR anal-
ysis of October 20 was negative).

From the anamnesis of life it is known 
thatchild was from first pregnancy, which 
proceeded smoothly. From 1 natural 
birth. Birth weight 3570 g, length 54 cm. 

The article presents a clinical case of multisystem inflammatory syndrome as a relsult of a new coronavirus infection in a 7 months old child. 
The clinical picture is similar to Kawasaki syndrome. 

Keywords: postcovid multisystem syndrome, COVID-19, SARS-Cov-2, kawasaki-like syndrome.
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Child screamed right away, scream was 
loud and clear. Attached to the breast on 
1st day, sucked actively. Breastfeeding 
so far, additional feeding with Nutrilon 
milk formula 180 ml every 4 hours. Dis-
charged from the hospital for 5 days. No 
pathologies during the newborn period 
were noted. BCG was injected in the 
hospital. Psychomotordevelopment of 
the child was normal. Preventive vacci-
nations according to an individual plan. 
Allergic anamnesis: food allergy, cause 
unknown, drug related allergies – absent. 
There are no diseases endured. Moth-
er is 27 years old, healthy. Father is 26 
years old, healthy, smokes. Living con-
ditions: well-maintained one-bedroom 
apartment.

Objective status: Body temperature 
37.0°C, HR 34 in min., HR 132 in min.

General condition of moderate sever-
ity. Well-being is reduced. A boy of the 
normal physique, satisfactory nutrition. 
The bone system is without pathologies, 
the skull is of the correct shape. A large 
fontanel 2.0x2.0 cm. The skin is pale pink 
in color, rashes of a spotty-papular na-
ture all over the body, sometimes merg-
ing with each other, bright pink in color. 
Rash all over the body, on the face, on 
the scalp, abdomen, back, palms, feet. 
It is more pronounced on the face and 
back. Subcutaneous fat is moderately 
developed. Peripheral lymph nodes are 
palpated, elastic and not enlarged.  Soft 
tissue turgor is preserved. Musculoskele-
tal system without visible pathology. The 
visible mucous membranes of the oral 
cavity are clean, moist. Lips are dryish. 
The conjunctiva is clean. Pharynx: the 
soft palate is moderately hyperemic. The 
tongue is moist, clean. Gums without fea-
tures. Breathing through the nose is free. 
There is no discharge from the nose. 
There is no shortness of breath. Percus-
sion over the lungs - clear pulmonary 
sound. Breathing in the lungs is puerile,-
no wheezing. The heart tones are clear, 
rhythmic. The abdomen is soft during 
palpation, not swollen. The liver is not en-
larged, the edge is smooth, elastic. The 
spleen is not palpable. Urination is free. 
Urine is light yellow. The stool is regular, 
light green, 1 time mushy. 

A preliminary diagnosis was made in 
the emergency department: J06.9 - Acute 
upper respiratory tract infection, unspec-
ified. Urticaria. Acute allergic infectious 
exanthema? 

For the purpose of desensitization, 
intravenous drip prednisolone 20 mg in 
100 ml saline solution, "Grippferon" in the 
nose 1 drop x 4 times a day, "Zodak" 5 
drops 1 time a day, oral rehydration in the 
amount of 400 ml.

By the evening, the rash turned pale, 
The temperature was subfebrile - 37.2 
°C. The next day, the temperature rose to 
39 °C, the rash persists, weakness, leth-
argy, hoarseness of voice, coughing. An-
thropometric data: height - 73 cm, weight 
- 9 kg, 

Taking into account fever for three 
days above 38.5 °C and leukocytosis, 
antibacterial therapy was prescribed: 
"Cefotaxime" at the rate of 100mg / kg 
/ day 300mg x 3 rv day intramuscularly. 
Infusion therapy for desensitization and 
detoxification. "Enterosgel" 2.5 ml x 3 r 
per day, inside before feeding.

The next day - an increase in body 
temperature - 39.2 °C, weakness, anxi-
ety, dry cough, decreased appetite. The 
general condition is regarded as of mod-
erate severity. Consciousness is clear. 

The child is sluggish, capricious. Sleep 
is restless, appetite is reduced. The skin 
is pale pink in color, there are no new 
rashes, crusts on the hands and feet. 
Visible mucous membranes are clean, 
moist. The pharynx is slightly hyper-
emic, there are no plaque, the tonsils 
are edematous and loose. The tongue is 
clean and moist. The voice is hoarse. In 
the lungs, breathing is hard, carried out 
across all fields, single wheezing from 
the front to the right. The heart tones are 
rhythmic, clear. The abdomen is soft, of 
the usual shape, painless. The liver and 
spleen are not enlarged. According to 
the mother, the physiological functions 
are normal. 

On the 7th day of being in the hospi-
tal, the child's condition is of moderate 
severity. Body temperature is 36.8 °C. 

General blood test

09.11.2020 13.11.2020 16.11.2020 19.11.2020
Erythrocytes, x10 12/l 4.20 3.42 3.31 3.41
Hemoglobin, g/l 106 88 83 88
Hematocrit 32.1 26.2 25.3 25.9
Leukocytes, x10 9/l 11.0 13.9 14.2 19.2
Segmentonuclear, % 69.0 51.0 45.0 74.0
Stick - core,% 5.0 9.0 4.0 4.5
Eosinophils,% 2 8.0 5.0 0.5
Basophils,% - - - 1.0
Lymphocytes,% 19.0 21.0 36.0 10.5
Monocytes,% 5 10.0 9.0 9.5
Plasma cells,% 1.0 - -
Myelocytes - - 1 -
Platelets, x10 9/l 474 407 587 825
Erythrocyte sedimentation rate, 
mm/h 57 47 59 70

Table 1

Biochemical blood tests

09.11.2020 13.11.2020 16.11.2020 19.11.2020
Total protein, g/l 59.95 47.22 54.21 58.79
Albumin, g/l 40.57 30.95 33.26 33.78
Total bilirubin, mmol/l 39.17 9.61 7.59 9.06
Straight bilirubin, mmol/l 17.4 2.95 2.88 3.65
Alat, unit/l 227.1 30.2 17.8 16.1
Asat, units/l 197.2 15.8 15.7 16.9
Urea, mmol/l 3 1.8 1.5 1.6
Creatinine, mmol/l 33.7 25.07 28.61 26.69
ASLO, ME/l 29 13 11 22
C-reactive protein, mg/l 3.16 2.81 2.21 5.7
Glucose, mmol/l 4.7 3.9; 5 5.4

Table 2
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Consciousness is clear. Child feels good. 
Appetite is restoring. The skin and mu-
cous membranes are clean, of the usual 
color. There is moderate hyperemia in 
the throat. Peripheral lymph nodes are 
not enlarged. Breathing through the nose 
is free. There is no shortness of breath. 
Percussion over the lungs is determined 
by the pulmonary sound. During auscul-
tation, hard breathing is heard, single wet 
wheezing on the right. Respiratory rate is 
36 per minute. The heart tones are clear, 
rhythmic. Heart rate is 135 per minute. 
SpO2 97%. The abdomen is of the usual 
shape, soft, painless with palpation. Liv-
er, spleen are not enlarged. Urination is 
free, there was no stool. 

On the 9th day in the hospital, the 
temperature rose again to 37.5 °C, small-
point rash, weakness, decreased appetite 
appeared. Zodak is prescribed 5 drops x 
1 time a day inside. In the following days, 
the temperature was 38.0° - 38.6 °C, dry 
unproductive cough, weakness, anxiety 
bothered. 

On day 10, lamellar peeling of 
the skin of the fingertips of both 
hands was observed, the visible mu-
cous membranes were clean. Hy-
peremia of the sclera of both eyes.  
In the general blood test, leukocytosis of 
19.2 x109 / l, thrombocytosis up to 825 
x109 / l, acceleration of ESR up to 70 mm/ 
h is noted (Table 1).

In the biochemical analysis of blood, 
an increase in ALT was observed to 227 
units/l (at a rate of 40ed/l), AST 197ed/l 
(at a rate of 40 units/l), bilirubin 39.17 
mmol/l (at a rate of 20.0 mmol/l), CRP 
3.16 (norm to 1.0) (Table 2)

In the general analysis of urine, pro-
teinuria was noted (1.0 g/l).

MFA for respiratory viruses from 
10.11.2020 - Parainfluenza 3 – positive.

IFA rubella from 12.11.2020 IgG - pos-
itive.

ELISA measles from 12.11.2020 is 
negative.

ELISA hepatitis from 12.11.2020 HAV 
– negative, hepatitis HAV Ig M / IgM – 
negative, HBsAg HCV – negative. 

PCR on COVID-19 from 10.11.2020 is 
negative.

ELISA on SARS-CoV-2 12.11. IgM – 
negative, IgG - positive (23.7).

Stool for enterovirus infection from 
13.11.2020 is negative.

The chest X–ray from 11.11.2020 
shows signs of acute bronchitis. 
ECG from 9.11.2020 Conclusion: Sinus 
rhythm, heart rate-200 beats per minute. 
Acute tachycardia. The EOS is deflected 
to the right. 

In treatment: replacement of the antibi-
otic with "Amoxiclav" at the rate of 30mg 

/ kg / day in / in 250 ml x 3 times a day, 
added "Ambrobene" from 18.11.2020 
-19.11.2020 

Infusion therapy was performed for the 
purpose of detoxification.

The child was transferred to the car-
diorheumatology department of the Pe-
diatric Center of the Republican Hospital 
No. 1 – National Center of Medicine with 
the diagnosis: Underlying disease: U07.2 
- Coronavirus infection caused by the 
COVID-19 virus, the virus has not been 
identified (COVID-19 is diagnosed clini-
cally or epidemiologically, but laboratory 
tests are inconclusive or unavailable)

Complication: M30.3 - Mucocutane-
ous lymphonodular syndrome (Kawasa-
ki): Multi-inflammatory syndrome: Kawa-
saki-like syndrome?

Concomitant diseases: J20.9 - Acute 
bronchitis, unspecified: Acute bronchitis, 
DN0. Parainfluenza 3. An allergic reac-
tion by the type of urticaria?

Upon admission to the cardiorheu-
matology department, the condition was 
assessed as severe. Consciousness is 
clear. Body temperature is 38.0 ° C. Child 
feels bad. The lymph nodes are not en-
larged. Skin: small spotty-papular rash 
on the body, large-plate peeling of the 
fingers on the hands. The feet are clean. 
Lips are dry, cracked with an accentuat-
ed red border. The tongue is moist and 
clean. The conjunctiva is hyperemic. 
The voice is hoarse. In the lungs, hard 
breathing is carried out in all fields, there 
are no wheezing. Heart tones are muted 
rhythmic. The abdomen is soft, painless, 
accessible to deep palpation, the liver 
and spleen are not enlarged. Stool after 
enema, decorated. 

In the blood test, hyperthrombocytosis 
is 911.9 x 10.9/l, with an increase in dy-
namics up to 1200x10 9/l, leukocytosis is 
18x10 9/l, fibrinogen is 7.78 g/l. 

On echocardiography – dilation and 
compaction of the coronary arteries. 
The diagnosis was made: Kawasaki-like 
COVID-associated syndrome. Infusion of 
IVIG ("Privigen") 2 g / kg was performed. 

RCT of OGC was performed – areas 
of compaction of lung tissue in the dorsal 
parts of the lower lobes of both lungs. CT-
1. The volume of the lesion is 3%.

The body temperature rose every oth-
er day to 38.8 °C. He was consulted in 
absentia at St. Petersburg State Medical 
University, the condition was regarded as 
a COVID-associated systemic multi-in-
flammatory syndrome for children, the 
appointment of Dexamethasone 10 mg/
m2, heparin was recommended. Dexa-
methasone, heparin, and the change of 
antibacterial therapy to "Cefepim" are 
connected.

There was no fever, the child was rest-
less, there was sharp anxiety (screaming 
at night, for 3-4 hours). Piracetam and 
Cinnarizine were prescribed.

On the 20th day in the hospital there 
was a cough, shortness of breath up to 
60 per minute, crepitating wheezing from 
2 sides, a decrease in Sp from 2 to 93 was 
noted%

On RCT OGK 09.12. areas of sealing 
by the type of frosted glass on 2 sides 
of CT-1 - 8% volume of lung lesion. An-
tibiotic therapy was prescribed again. In 
dynamics from 11/21/2020, positive dy-
namics - areas of compaction of lung tis-
sue in the dorsal parts of the lower lobe 
of both lungs, the average risk of viral 
pneumonia, including COVID-19, CT-1, 
the volume of lung damage is 3%. ELISA 
from 10.12.2020 COVID-19 IgM 0.3 IgG 
17.88, which indicates a new coronavirus 
infection. 

Echocardiography shows that the di-
ameter of the left coronary artery is 0.40-
0.41 cm; the diameter of the right coro-
nary artery is 0.38 cm; The seal of the 
MK valves with min regurgitation. Ecto-
pic fastening of PSMC chords. Dilation 
of the coronary arteries. On TC, regurgi-
tation of the 1st- 2nd degree. Slight ex-
pansion of the PP (2.48 cm). FV 73.5%. 
In dynamics from 11/25/2020: Additional 
features: left coronary artery 0.38 cm. 
right coronary artery 0.41 cm.; Seal of 
MK valves with min regurgitation. Ecto-
pic fastening of PSMC chords. The di-
ameter of the left coronary artery is 0.38 
cm. The right coronary artery is 0.41 
cm. Regurgitation on TC 1 - 2 degrees. 
Slight expansion of the PP (2.4 cm). FW 
74.3%; 

For the purpose of anti–aggregation, 
"Curantil" 12.5 mg x 3 times was pre-
scribed; for anti-inflammatory purposes, 
"Dexamethasone" 2 mg x 2 times intrave-
nously on 11/29/2020, 0.5 mg x 3 times, 
"Methylprednisolone" DM 8 mg; Aspirin 
0.1 x 3 times (100 mg x 3) for the fever 
period of 25 mg x 2 times a day; antibac-
terial therapy was carried out with drugs 
"Cefotaxime" 500mg x 2 times intrave-
nously; Cefepim 500mg x 2 times intra-
venously (two courses); Amikacin 75 mg 
x 2 times intravenously. 

Positive dynamics was noted against 
the background of treatment. Discharged 
on the 21st day with improvement, rec-
ommendations and diagnosis: Mucocuta-
neous lymphonodular syndrome (Kawa-
saki-like COVID-associated syndrome). 
Complication: Syndrome of systemic in-
flammatory response of infectious origin 
with organic disorder; encephalosthenic 
syndrome on the background of a viral 
infection. Sleep disorder; Iron deficiency 
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anemia of 1-2 degrees against the back-
ground of an infectious process. Con-
comitant diseases: U07.1 - COVID-19, 
virus identified. This code is used when 
COVID-19 has been confirmed by labo-
ratory testing, regardless of the severity 
of clinical signs or symptoms: a condition 
after a coronavirus infection; Bilateral 
polysegmental pneumonia, moderate se-
verity, resolution period. 

Thus, with a new coronavirus infection 
in young children, it is possible to develop 
a Kawasaki-like COVID-associated syn-
drome. Pediatricians need to be careful, 
carefully diagnose after a COVID-19 in-
fection.
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CLINICAL CASE OF DIFFUSE TOXIC 
GOITER IN A 12-YEAR-OLD CHILD

This article describes a clinical case of severe thyrotoxicosis on the background of diffuse toxic goiter in a 12-year-old child. Non-systematic 
intake of thyrostatic drugs led to the development of severe thyrotoxicosis.
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Introduction. The Republic of Sakha 
(Yakutia) is an endemic region for the 
content of iodine in the environment [2]. 
In endemic regions the frequency of en-
demic goiter and thyroid disease in gen-
eral has a high prevalence [4]. 

Diffuse toxic goiter is a systemic au-
toimmune disease that develops due to 
the production of antibodies to the thyroid 
hormone receptor, it is clinically manifest-
ed by thyroid involvement with the devel-
opment of thyrotoxicosis syndrome. It is 
a rather rare disease [1,3,5]. According 
to the Scientific Research Center of En-
docrinology, the incidence in the Russian 
Federation during the period of 2018-
2020 is 1.94:100,000 children, about 
800 new cases are diagnosed annually 
[5]. Timely diagnosis, adequate therapy, 
and rigorous implementation of medical 

recommendations improve the quality of 
life and health of patients, as well as de-
termine the prognosis of the disease and 
the tactics of patient management [1,3,4]. 

Purpose of the study is to describe a 
clinical case of severe diffuse toxic goiter 
with thyrotoxicosis of the 4th degree in a 
12-year-old child.

I., a 12-year-old Sakha girl, was ad-
mitted to the Pediatric Center of the Re-
publican Hospital No. 1 - National Cen-
ter of Medicine of the Republic of Sakha 
(Yakutia) with complaints of tachycardia, 
nervousness, excitability, headaches, 
nausea, pain in joints of hands and feet.

Past medical history: a child from 
the first pregnancy, which proceeded 
smoothly. One, on time, natural childbirth. 
Weight at birth was 3300g, height was 51 
cm. The baby was applied to the breast 
for 1 day. BCG and vaccinations against 
hepatitis B in the maternity hospital. Artifi-
cial feeding from 1 month old. Preventive 
vaccinations according to age. 

Past illnesses are acute respiratory in-
fections, acute respiratory viral infections. 
No injuries or surgeries. Heredity on the 
mother's side was not aggravated. He-
redity on the father's side is unknown. No 
allergic diseases.

From the medical history: Headaches 
and dizziness have been bothering her 
since the fall of 2021. The girl dramati-
cally lost weight, periodically noted nau-

sea and vomiting. She was examined by 
local pediatrician and sent to the admis-
sion and diagnostic department of PC 
RH-1-NCM. She was examined by the 
physician on duty at the admission and 
diagnostic department. 

On admission: height was 151 cm, 
weight was 36 kg. Condition was severe, 
due to signs of thyrotoxicosis, emotion-
al tone is labile. Proportional physique, 
decreased nutrition. The skin was clean, 
dark, perioral hyperpigmentation, no stric-
tures. Visible mucous membranes were 
clean. Nasal breathing was not obstruct-
ed. Thyroid gland is enlarged to degree 2, 
clinically signs of hyperthyroidism. Trem-
ors of the hands. Breathing in the lungs is 
vesicular, conducted in all fields, no rales. 
Heart tones were rhythmic, pronounced 
tachycardia, HR-125 beats per minute, 
clear. BP 130/80 mmHg. The abdomen 
was soft and painless. The liver and 
spleen were not palpable. Physiological 
excretory functions were normal. NGO 
of female type, Tanner gender formula -1 
(prepubertal). 

General blood test of January 13, 
2022: hemoglobin (HGB) -94 g/l (RI: 
120-160 g/l); red blood cells (RBC) - 
4.1x1012/l (RI: 4.1-5.2x1012/l); platelets 
(PLT) - 428 109/l (RI: 150 - 450x109/l); 
white blood cells (WBC) -7. 0x109/l (RI: 
4.5 - 13x109/l); lymphocytes (LYMF) - 
41% (RI 8-10%); monocytes - 6.0x109/l 
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(RI: 0.05 - 0.4x109/l); stab neutrophils - 
1% (RI: 1-5%); segmented neutrophils 
- 62% (RI: 43 - 60%); eosinophils - 0% 
(RI: 0-5%); Panchenkow's COE determi-
nation -25 mm/h (RI: 1-15 mm/h). Gener-
al blood analysis revealed hypochromic 
anemia, increased erythrocyte sedimen-
tation rate, lymphocytosis. 

 As shown in Table 1, the child has high 
levels of T3 and T4, antibodies to toxo-
plasma and antibodies to TSH receptors 
in the tests dated January 13, 2022. After 
one week on the background of therapy - 
decrease of T4 and T3.

Parathormone dated January 13, 
2022 44.8 pg/ml (12-95). Corresponds to 
the norm. 

ECG from January 13, 2022: sinus 
rhythm, tachycardia, heart rate 120 per 
minute. Impaired repolarization process-
es. 

Echocardiography on January 21, 
2022: Ectopic chord attachment with 
minimal regurgitation. AC prolapse with 
regurgitation of the 1st degree. Addition-
al LV trabeculae. Cavities were not en-
larged. RV 66%. 

Electroencephalogram of January 19, 
2022: Age-related bioelectrical activity of 
the brain. Moderate interest of the trunk. 
No focal and epieactivity.  

Consultations of specialists: Neurolo-
gist, dated January 24, 2022: Conscious-
ness is clear. Pupils of the rounded shape 
are equal. No nystagmus. Diploopia. No 
paresis. Muscle tone of the extremities 
was moderately reduced. Arm and leg 
tendon reflexes were equal. Conclusion: 
Residual encephalopathy. 

Medical psychologist, dated January 
25, 2022: Neurosis-like disorder on the 
background of the underlying disease. 

Psychiatrist, dated January 24, 2022: 
Consciousness is not impaired, contact. 
The patient gives information about her-
self, her behavior is orderly. Attention is 
not disturbed. Memory is normal. Think-
ing of the usual type. The intellect was 
secure. Conclusion: No psychiatric ab-
normalities detected.

Clinical diagnosis: Diffuse toxic goiter. 
Thyrotoxicosis of 3-4 degree (E05.0).  

The patient was administered treat-
ment: hospital ward regime, table #15, 
thyrotoxic therapy - thyamosol (thyrozol) 
in a daily dose of 15 mg, 1 tablet 3 times 
a day, anapriline 40 mg 2 times a day, 
prednisolone 60 mg in glucose 250 ml in-
travenously drip #5, glycine 0.1 mg under 
the tongue 3 times a day. 

On discharge, clinical signs of thyro-
toxicosis had subsided, lability of emo-
tional background was less. The patient 
was discharged home with improvement 
in satisfactory condition. In the depart-

ment, noncompliance of the patient - pe-
riodic refusal of procedures and exam-
inations was noted. It is recommended to 
continue thyreostatic therapy in a main-
tenance dose under the supervision of 
endocrinologist, pediatrician at the place 
of residence.

Recommendations: Dispensary ob-
servation with a pediatrician, endocrinol-
ogist, neurologist. Protective regimen. 
Sleep at least 9 hours. Thyroid therapy: 
thiamozole (thyrozole )10 mg 1 tablet 
2 times a day in the morning and in the 
evening, a further dose reduction to 5 
mg 2 times a day under the control of 
an endocrinologist. Monitor the level of 
TSH, free T4 after 2 months, then quar-
terly. Thyroid ultrasound monitoring after 
6 months. Echocyte control in 6 months.  

The patient was re-admitted on April 
20, 2022, with complaints of tachycardia, 
hypervigilance, pastous eyelids, hyper-
tension, dizziness, headaches. Collect-
ing the anamnesis revealed - she took 
thiamozole (thymazole) in a dose of 5 mg 
once a day non-systematically.

On admission: Height 150 cm. Weight 
35 kg. Moderate condition, well-being is 
not impaired. Proportional build, mod-
erate nutrition, average physical devel-
opment. The skin was clean, dark, with 
slight perioral hyperpigmentation. Visible 
mucous membranes were clean. Nasal 
breathing was not obstructed. Thyroid 
gland was diffusely enlarged, visible to 
the naked eye (Figures a, b), painless. 
Tremor of hands. Mild exophthalmus. 
Breathing in the lungs is vesicular, con-
ducted in all fields, no rales. Heart tones 
rhythmic, pronounced tachycardia, heart 
rate 120 beats per minute, clear. BP 
120/75 mmHg. The abdomen was soft 
and painless. The liver and spleen were 
not palpable. Physiological excretory 
functions were normal. The NGO is of 
female type, Tanner gender formula -1-2 
(prepubertal). Stool and diuresis are not 
disturbed.

General blood analysis of 22.04.2022: 
hemoglobin (HGB) -92 g/l (RI: 120-160 
g/l); red blood cells (RBC) - 4.11x1012/l 

(RI: 4.1-5.2x1012/l); platelets (PLT) - 
482 109/l (RI: 150 - 450x109/l); white 
blood cells (WBC) -5. 4x109/l (RI: 4.5 - 
13x109/l); lymphocytes (LYMF) - 56% (RI 
8-10%); monocytes - 6.0x109/l (RI: 0.05 
- 0.4x109/l); stab neutrophils - 0% (RI: 
1-5%); segmented neutrophils - 34% (RI: 
43 - 60%); eosinophils - 1.0% (RI: 0-5%); 
Panchenkow's COE determination -16 
mm/h (RI: 1-15 mm/h). Hypochromic 
anemia and lymphocytosis were noted in 
general blood analysis. 

Biochemical blood test dated 
22.04.2022: ALT 8.1 u/L (RI:00-39.00), 
AST 22.9 u/L (RI: 00-47.0), albumin 39.1 
g/L (RI: 38.0-54.0); total bilirubin 5.5 
μmol/L (RI:3. 4-17.1), total protein 63.6 
g/l (RI: 60.00-80.00), glucose 4.9 mmol/l 
(RI: 3.3-5.60), creatinine 38.2 μmol/l (RI: 
27.00-62.00). Conclusion: the analysis 
corresponds to the norm.

Thyroid ultrasound dated 4.05.2022: 

Thyroid hormone levels in the patient at hospitalization in January 2022

Thyroid hormones 13.01.2022 22.01.2022
Thyrotropic hormone 0 mlU/L (0.4-4,0), 0 mlU/L (0.4-4,0),
Free thyroxine (T4) 59.15 pmol/l (9-21) 14.8 pmol/l (9-21)
Triiodothyronine (T3) 12.4 pmol/l(2.6-5.7) 6.08 pmol/l(2.6-5.7)
Thyroperoxidase antibodies (TPA) 493, 87 U/ml (0-30)  
Thyrotropic hormone receptor antibodies 
(TrTTH) 27,4 U/l (0-1)

Table 1

а

b

Diffuse toxic goiter in a 12–year–old girl: a - 
side view, b - front view
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Thyroid gland V=21.6ml. Right lobe 
V=21.6 cm3, length is 5.0 cm, thickness 
is 2.4 cm, width is 1.8 cm. The contour 
is flat. Echostructure is heterogeneous. 
Echoo density is average, in the CDC 
blood flow is not changed. The left lobe 
V=21.6 cm3, 5.0 cm long, 2.4 cm thick, 
1.8 cm wide. The contour is flat. Echo-
structure is heterogeneous. Echoo den-
sity is average. In the CDC blood flow 
was not changed. The isthmus 1.0 cm. 
Regional lymph nodes: not enlarged. 
Conclusions: the 3rd degree diffuse goi-
ter. Heterogeneity of the glandular tissue. 
Chronic thyroiditis.

ECG dated April 21, 2022: sinus 
rhythm with heart rate of 100 beats per 
minute, moderate tachycardia, repolar-
ization disorder.

Thyreostatic therapy was prescribed 
- thiamazole at a dose of 0.42 u/kg/day 
(according to clinical guidelines, 2021), 
B-adrenoblocker at a dose of 40 mg/day.

Against the background of therapy, the 
signs of thyrotoxicosis were achieved. 
She felt well, was quiet, her sleep nor-
malized, tachycardia disappeared (heart 
rate up to 112 beats per minute). The dy-
namics of the thyroid profile are shown 
in Table 2.

Conclusions: The article clearly 
shows the dependence of the severity 
of the disease and the frequency of its 
exacerbations on adequate therapy. Pre-
scribing an adequate dose of thyrostatic 
drugs and strict adherence to the doctor's 
recommendations is a prerequisite for 
successful treatment. Conversations with 

the patient and his parents by specialists 
and control of the local pediatrician are 
necessary to create patient compliance.

1. Ivannikova TE, Nagaeva EV, Vasyukova 
OV. Klinicheskie proyavleniya diffuznogo toksi-
cheskogo zoba u detej [Clinical manifestations of 
diffuse toxic goiter in children]. Rossijskij vestnik 
perinatologii i pediatrii [Russian Bulletin of Peri-
natology and Pediatrics. 2020; 65(4): 324 (In 
Russ.).] 

2. Burtseva TE, Uvarova TE, Dranaeva GG, et 
al. Joddeficitnye sostoyaniya u detej arkticheskih 
rajonov Respubliki Saha (YAkutiya) [Iodine defi-
ciency conditions in children of the Arctic regions 
of the Republic of Sakha (Yakutia)] Yakut Medical 
Journal. 2008;  4 (24): 55-56 (In Russ.).] https://
elibrary.ru/item.asp?id=13009165

3. Chernyshova VS, Stolnikova TG,  Evtuhova 
OV. Osobennosti klinicheskoj kartiny diffuznogo 
toksicheskogo zoba u detej Voronezhskoj oblasti 
[Features of the clinical picture of diffuse toxic goi-
ter in children of the Voronezh region]. Medicina: 
teoriya i praktika [Medicine: theory and practice. 
2019; 4 (5): 601 (In Russ.).]

4. Tsurkan L, Gerasimov GA, Parvanta I, et al. 
Progress v profilaktike i ustranenii jododeficitnyh 
zabolevanij (JDZ) v regione Evropy i Central'noj 
Azii (ECAR) v 2010–2020 godah [Progress in the 
prevention and elimination of iodine deficiency 
diseases (IDD) in the region of Europe and Cen-
tral Asia (ECAR) in 2010-2020]. Klinicheskaya i 
eksperimental'naya tireoidologiya [Clinical and 
experimental thyroidology. 2021; 17(4): 4-16 (In 
Russ.).] 

5. Ivannikova TE, Shiryaeva TY, Nagaeva EV, 
et al. Radikal'noe lechenie diffuznogo toksich-
eskogo zoba u detej [Radical treatment of diffuse 
toxic goiter in children]. Problemy Endokrinologii 
[Problems of Endocrinology. 2022; 68(2): 104-111 
(In Russ.).]

Reference

Thyroid hormone levels in the patient in April-May 2022

Thyroid hormones 20.04.2022 26.04.2022 11.05.2022

Thyrotropic hormone 0 mlU/l (0.4-4,0), 0 mlu/l (0.4-4,0), 3.56 mlu/l (0.4-4,0),

Free thyroxine (T4) 23.82 pmol/l (9-21) 13.95 pmol/l (9-21) 13.06 pmol/l (9-21)

Triiodothyronine (T3) 11.6 pmol/l (2.6-5.7) 7.64 pmol/l (2.6-5.7) 7.64 pmol/l (2.6-5.7)
Thyroperoxidase 
antibodies
(TPA)

644. 93 u/ml (0-30)  2.02 u/ml (0-30)

Thyrotropic hormone 
receptor antibodies 
(TrTTH)

27.4 u/l (0-1).

Table 2


