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ATHEROSCLEROTIC CHANGES
IN CEREBRAL VESSELS OF THE 
ELDERLY AND SENILE PEOPLE: ETHNIC, 
GENDER AND AGE CHARACTERISTICS

For many years, cerebrovascular pa-
thology remained one of the most press-
ing problems of medicine, holding one of 
the first places in the structure of mor-
tality and causes of disability. Ischemic 
disorders account for about 75% of all 
cerebrovascular diseases. The observed 
global aging of the population and the 
increase in the proportion of elderly and 
senile people in its structure, associat-
ed with an increase in life expectancy, 
indicates further spread of chronic cere-
brovascular insufficiency and a high vul-
nerability of the brain to ischemia due to 
involutional development changes. The 
thickness of the intima-media complex 
(IMT) in the carotid arteries is one of the 
independent risk factors for the develop-
ment of transient ischemic attacks and 
strokes. The larger it is, the higher the 
likelihood of developing acute ischemic 
stroke. Simultaneously, the results of 
certain studies suggest that the impor-
tance of the thickness of this complex 
as a risk factor for the development of 
vascular catastrophes requires addition-
al evidence. In this regard, the study of 
ethnic characteristics of atherosclerotic 
changes in elderly and senile people is 
of great importance in planning preven-
tive and therapeutic measures for cere-
brovascular diseases. 

The aim of the study was to research 
the ethnic and age-related characteristics 
of atherosclerotic lesions of the cerebral 

vessels in elderly and senile patients with 
chronic cerebral ischemia in the Republic 
of Sakha (Yakutia).

Materials and methods. The survey 
was conducted among 522 people aged 
60 to 89 years old. All patients were divid-
ed into three ethnic groups:

The first group of observations was 
comprised of 174 patients - representa-
tives of the indigenous small-numbered 
peoples of the North, living in the Arctic 
zone. In the subgroup with chronic cere-
bral ischemia (CCI) I - 87 people, CCI II 
- 87.

Group II - 177 patients of Yakut nation-
ality (CCI I - 90, CCI II - 87) living in the 
Vilyuysky district.

Group III - 171 patients of Russian na-
tionality (CCI I - 86, CCI II - 85) living in 
Yakutsk. These zones differ in their natu-
ral and ecological characteristics, and the 
people who live in them have differences 
in their lifestyle, food habits, the nature of 
their main occupations and the level of 
civilization.

The clinical study included a thorough 
and in-depth collection of medical histo-
ry, the study of outpatient records from 
clinics at the place of residence, archived 
medical histories, extracts and certifi-
cates. During the observation process, all 
patients were examined by a neurologist, 
psychiatrist, therapist, and cardiologist. 

In order to determine and clarify the 
stage of chronic cerebral ischemia, the 
medical histories and complaints of pa-
tients were analyzed, and a clinical deter-
mination of their neurological status was 
carried out. To systematize the obtained 
data on the health status of each patient, 
a questionnaire was developed. 

The diagnosis of chronic cerebral isch-
emia (CCI) was made in accordance with 
the classification of vascular brain inju-
ries of the Institute of Neurology of the 
Russian Academy of Medical Sciences 
(1985), the diagnosis was made in accor-

dance with ICD-10. The diagnostic criteri-
on was a confirmed lesion of the cerebral 
vessels with the corresponding clinical 
picture of the stages of CCI according 
to the classification of E.V. Schmidt - pa-
tients with stage I chronic cerebral isch-
emia (CCI I) and patients with stage II 
chronic cerebral ischemia (CCI II). Ac-
cording to the State Statistics Committee 
of the Republic of Sakha (Yakutia), the 
average life expectancy for men is 60.6 
years, for women - 72.2, the difference is 
11.6 years.  

The age of the patients ranged from 
60 to 89 years (the average age of the 
examined was 72.7 ± 7.2 years, for men 
- 72.9 ± 7.2 years, for women - 72.6 ± 7.2 
years). As can be seen from Table 2, old-
er people predominate among peers, and 
in the CCI II subgroup as well; old people 
are more common among the Yakuts and 
Russians.

The main method for studying cere-
bral hemodynamics in this paper was 
Doppler ultrasound (USG). Doppler study 
with color scanning and spectral Doppler 
analysis of the brachiocephalic arteries 
at the extracranial level was carried out 
according to the standard technique on 
ACUSON "Sequoia-512" ultrasound sys-
tems using a linear transducer with a fre-
quency of the generated ultrasound sig-
nal of 4 and 8 MHz, in continuous wave 
mode.

To assess the structural and function-
al state of the arterial blood supply to the 
brain during duplex scanning, qualitative 
information on the structural state of the 
vessels in the form of images of thicken-
ing of the intima and the middle mem-
brane complex, atherosclerotic plaques 
and pathological gyri was collected. IMT 
was determined at three points of both 
common carotid arteries in the distal 1.0 
cm segment with the calculation of the 
mean. IMT values of less than 0.9 mm 
were considered normal.

The study included 522 patients aged 60 to 89 years old, who were divided into three ethnic groups (Evens, Yakuts and Russians) and two age 
groups (elderly and senile age). Doppler ultrasound examination revealed ethnic features of atherosclerotic changes in cerebral vessels at various 
stages of chronic cerebral ischemia in elderly and senile patients of the Republic of Sakha (Yakutia). The study revealed that the most pronounced 
atherosclerotic changes in the extracranial arteries were observed in Russians, then in Yakuts. Evens ranked last in atherosclerotic lesions of the 
cerebral vascular structure.  
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The prevalence of atherosclerotic 
plaques (ASP) in the carotid artery was 
assessed according to the following prin-
ciple: grade 0 - no plaque, grade I - one 
or more plaques with a surface area of 
less than 10 mm2, grade II - plaques with 
an area of 10 mm2 or more. Plaque vol-
ume was calculated as the difference be-
tween vessel and lumen volume.

The statistical processing of the re-
sults was carried out using the SPSS 
19.0 software package. The mean with 
standard deviation was calculated to de-
scribe the quantitative data. Qualitative 
characteristics are presented in the form 
of frequency tables containing absolute 
values and the relative participation of 
the characteristic (in percentages). The 
probability distribution of quantitative 
characteristics were checked for compli-
ance with the reference distribution using 
the Kolmogorov-Smirnov test. The test 
results showed that the distribution of 
the studied indicators differs significantly 
from the reference distribution. Based on 
this, nonparametric tests were used for 
further statistical analysis. To compare 
the mean values of the studied indicators, 
the paired Mann-Whitney test was used. 
When comparing more than two study 
groups, the Kruskal-Wallace nonpara-
metric analysis of variance was used. 
To study the contingency of qualitative 
characteristics, the classical Pearson chi-
square test was calculated, and in cases 
where the expected frequency in more 
than 20% of the cells in the contingency 
tables was less than 5, the Pearson chi-
square test was used. Calculated with 
Yates' correction for continuity. To estab-
lish the value of the factor contribution to 
the overall picture of the contingency ta-
bles, we were guided by the value of the 
normalized remainder in the cells. Provid-
ed that the standardized cell remainder 
was equal to or greater than 2.0, it was 
concluded that the contribution of this cell 
was statistically significant with p <0.05. 
Spearman's rank correlation coefficient 
was used to assess the relationship be-
tween quantitative variables.

Results. It is known that atheroscle-
rosis is a multifocal disease that affects 
2-3 vascular basins, and at the same 
time, the most dangerous location of ath-
erosclerotic plaques is in the vessels of 
the heart and brain, and especially in the 
carotid arteries.

Violation of the wall of the main arter-
ies of the head is manifested by thicken-
ing of the intima-media, primarily of the 
carotid arteries, as a result of the pro-
gression of atherosclerosis.

In the study of IMT depending on the 
stage of CCI and ethnicity, we obtained 

the following results (Table 3). In Evens 
with CCI stage II, IMT values on the left 
are significantly higher than in CCI stage 
I. In Yakuts, statistically significant differ-
ences were obtained by comparing the 
mean values of IMT on the left, which 
were higher in individuals with stage 
II CCI. In Russians, we did not obtain 
significant differences in the main ultra-
sound characteristics of cerebral vessels 
between the stages of CCI.

No statistically significant differences 
were found on the presence of ASP in 
the cerebral vessels in the three study 
groups. The characteristics of ASP of the 
cerebral vessels, depending on the stage 
of CCI, are shown in Table 4. Both Evens 
and Russians with stage II CCI were sta-
tistically significantly more likely to have 
hypoheterogeneous than echoheteroge-
neous ASPs, localized forms were more 
common and concentric - less common, 
more often large (> 10 mm) ASPs with a 
smooth surface were found.  In addition, 
echohomogeneous ASPs were found 
significantly less frequently among the 
Evens. In Yakuts with stage II CCI, hy-
poheterogeneous and, less often, hypoe-

chogeneous ASPs were detected, large 
(> 10 mm) ASPs were more common. 

The study revealed that nationality 
is one of the factors affecting size (χ2 = 
18.459 p = 0.001 and r = 0.181 p = 0.042 
for Russians), density (χ2 = 30.379 p = 
0.000 and r = - 0.144 p = 0.043 for Ya-
kuts), shape (χ2 = 27.159 p = 0.000 and r 
= 0.195p = 0.042 for Evens) and surface 
of the plaques examined (χ2 = 23.146 p = 
0.000 and r = 0.192 p = 0.042 for Evens).     

There is also a significant association 
between age and all characteristics of 
plaques: density (χ2 = 38.050, p = 0.000 
r = -0.228 p = 0.041), size (χ2 = 38.067 
p = 0.000 r = 0.247p = 0.042.), shape 
(χ2 = 42.380 p = 0.000, r = 0.224, p = - 
.042) and plaque surface (χ2 = 29.571 p 
= 0.000, r = 0.223p = 0.041).  The results 
of statistical analysis also revealed the 
dependence of plaque properties on gen-
der. At the same time, the statistical rela-
tionship is stronger between gender and 
plaque density (χ2 = 9.425 p = 0.051 r = 
0.117, p = 0.04 in men), their size (χ2 = 
7.570, p = 0.032, r = - 0.028, p = 0.044 in 
men) and shape (χ2 = 8.109, p = 0.044, r 
= -0.092, p = 0.044 in women). 

Distribution of patients with chronic cerebral ischemia by gender and ethnicity

CCI I
Groups

I II III 
n % n % n %

Men 27 31.1 28 31.1 25 29.1
Women 60 68.9 62 69.9 61 70.9

χ2=25.04; р<0.001 χ2=25.69; р<0.001 χ2=30.14; р<0.001
CCI II
Men 37 42.5 47 54.1 23 27.1

Women 50 57.5 40 45.9 62 72.9
χ2=3.89; р=0.049 χ2=1.3; р=0.29 χ2=35.79; р<0.001

Distribution of patients with chronic cerebral ischemia by age

Groups
I II III 

CCI I
Age n % n % n %

60-74 42 48.3 61 67.8 54 62.8
75-89 45 51.7 29 32.2 32 37.2

χ2=0.21; р=0.65 χ2=22.76; р<0.001 χ2=11.26; р<0.001
CCI II

Age n % n % n %
60-74 46 52.9 58 66.7 40 47.1
75-89 41 47.1 29 33.3 45 52.9

χ2=0.58; р=0.45 χ2=19.33; р<0.001 χ2=0.59; р=0.44

Table 1

Table 2



2’ 2021 15

Violation of the wall of the main arter-
ies of the head is manifested by thicken-
ing of the intima-media, primarily of the 
carotid arteries, as a result of the pro-
gression of atherosclerosis.

In the study of hypertrophy and initial 
atherosclerotic transformation of elastic 
vessels (Table 5), the mean IMT in group 
I had a statistically significant difference 
and was 1.0 ± 0.34 mm in patients with 
CCI I, CCI II - 1.1 ± 0.28, which was sig-
nificantly lower than that of other groups. 
The maximum mean IMT value was found 
in patients of group III, in whom several 
main arteries of the head were affected: 
(in the CCI I subgroup - 1.15 ± 0.33 and 
in the CCI II subgroup - 1.18 ± 0.34). 
Group II patients occupy an intermediate 
place in this indicator (1.13 ± 0.24 and 
1.15 ± 0.27, respectively). The study re-
vealed the influence of ethnicity on IMT 

Table 3

The thickness of the intima-media complex depending on the stage of CCI

Indicator

Group I (n=174) Group II (n=177) Group III (n=171)
Stage of CCI

р
Stage of CCI

p
Stage of CCI

pI
(n=87)

II
(n=87)

I
(n=90)

II
(n=87)

I
(n=86)

II
(n=85)

IMT on the right, mm (M ± SD) 1.12±0.15 1.07±0.23 0.240 1.19±0.18 1.16±0.18 0.292 1.24±0.19 1.25±0.24 0.492

IMT on the right >0.9 mm, n (%) 79 (90.8%) 66 (75.9%) 0.008 84 (93.3%) 80 (92%) 0.725 82 (95.3%) 81 (95.3%) 1.0

IMT on the left, mm (M ± SD) 1.10±0.20 1.15±0.19 0.086 1.13±0.21 1.21±0.22 0.035 1.21±0.23 1.27±0.23 0.122

IMT on the left >0.9 mm, n (%) 68 (78.2%) 80 (92%) 0.011 80 (88.9%) 80 (92%) 0.489 78 (90.7%) 82 (96.5%) 0.124

IMT >0.9 mm с обеих сторон, n (%) 66 (75.9%) 63 (72.4%) 0.603 80 (88.9%) 77 (88.5%) 0.936 77 (89.5%) 79 (92.9%) 0.431

Presence of ASP, n (%) 33 (37.9%) 37 (42.5%) 0.536 50 (55.6%) 46 (52.9%) 0.720 47 (54.7%) 45 (52.9%) 0.823

Table 4

Characteristics of a sterosclerotic plaque of cerebral vessels with CCI depending on the stage

Indicator, n (%)

Groupe I (n=70) Groupe II (n=96) Groupe III (n=92)
Stage of CCI

р
Stage of CCI

р
Stage of CCI

рI
(n=33)

II
(n=37)

I
(n=50)

II
(n=46)

I
(n=47)

II
(n=45)

Density of ASP:
Hypoechoic
Hypogeterogeneous
Echoheterogeneous
Echohomogeneous

3 (9.1)
7 (21.2)
16 (48.5)
7 (21.2)

6 (16.2)
24 (64.9)
7 (18.9)

0

0.485
<0.001
0.009
0.004

18 (36)
10 (20)
11 (22)
11 (22)

4 (8.7)
22 (47.8)
14 (30.4)

6 (13)

0.001
0.004
0.347
0.251

5 (10.6)
10 (21.3)
19 (40.4)
13 (27.7)

6 (13.3)
23 (51.1)

9 (20)
7 (15.6)

0.690
0.003
0.033
0.159

The size of ASP:
≤10 мм
>10 мм

25 (75.8)
8 (24.2)

19 (51.4)
18 (48.6)

0.035 46 (92)
4 (8)

12 (26.1)
34 (73.9)

<0.001 37 (78.7)
10 (21.3)

14 (31.1)
31 (68.9)

<0.001

The form of ASP:
Localized
Semi-concentric
Concentric

8 (24.2)
1 (3)

24 (72.7)

26 (70.3)
5 (13.5)
6 (16.2)

<0.001
0.203

<0.001

22 (44)
9 (18)
19 (38)

21 (45.7)
9 (19.6)
16 (34.8)

0.871
0.844
0.744

9 (19.1)
6 (12.8)
32 (68.1)

23 (51.1)
6 (13.3)
16 (35.6)

0.001
0.936
0.002

Surface of ASP:
Smooth
Uneven

4 (12.1)
29 (87.9)

26 (70.3)
11 (29.7)

<0.001 25 (50)
25 (50)

22 (47.8)
24 (52.2)

0.831 12 (25.5)
35 (74.5)

24 (53.3)
21 (46.7)

0.006

Table 5

The thickness of the intima-media complex in patients with chronic cerebral ischemia 
depending on age and ethnicity (mm)

Category
CCI I CCI II

IMT χ2 p IMT χ2 p
Ethnos

Groupe I 1.0±0.34 228.21 0.001 1.1±0.28 246.29 0.001
Groupe II 1.13±0.24 274.82 0.001 1.15±0.27 262.63 0.001
Groupe III 1.15±0.33 281.58 0.001 1.18±0.34 274.29 0.001

Gender
Women 1.08±0.31 13.079 0.001 1.14±0.30 13.054 0.001

Men 1.11±0.30 68.949 0.001 1.16±0.31 89.332 0.001
Age

60-74 0.99±0.30 293.61 0.001 1.00±0.29 298.85 0.001
75-> 1.21±0.28 317.93 0.001 1.28±0.30 322.4 0.001
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with an average correlation strength (χ2 
= 11.374, r = 0.118, p = 0.044). 

Elderly patients more often have an 
intima-media thickness of 0.9 cm, and 
senile patients - more than 0.9 cm thick-
ness.   The age distribution showed that 
the older the subjects are, the higher the 
thickness of their intima-media is. 

Thus, the age factor enhances the de-
gree of remodeling of the vascular wall 
of the carotid arteries, which is consistent 
with the works of other authors [3,4].

Comparative analysis of IMT as a 
function of gender shows that IMT in men 
is, on average, statistically significantly 
higher than in women. (1.11 ± 0.31; 1.18 
± 0.31 versus 1.08 ± 0.31 and 1.14 ± 
0.30, p = 0.04).   

Conclusion. Ethnicity-dependent 
variability of intima-media thickness of 
the common carotid artery was revealed 
in elderly and senile residents of the 
Republic of Sakha (Yakutia). Indirect 
changes in cerebral blood flow, which in-
fluenced the formation and development 
of cerebrovascular disorders, are due to 
ethnic, age and gender characteristics.  

An analysis of intima-media thickness 
demonstrated that the Yakuts and Rus-
sians have significantly greater IMT than 
the Evens. In all groups with the second 

stage of chronic cerebral ischemia, hypo-
heterogeneous and large atherosclerotic 
plaques were the most common. When 
compared by gender, it is significantly 
higher in men. With age, a remodeling 
and thickening of this indicator in the form 
of an increase and hardening of plaques 
was observed.

1. Верещагин Н.В. Нейронаука в рамках 
программы «Десятилетие мозга» / Н.В. Ве-
рещагин // Неврол. вестник. - 2001; 1-2: 5-8 
[Vereshchagin NV. Neuroscience in the frame-
work of the "Decade of the Brain" program]. Nev-
rologicheskij Vestnik [Neurology Bulletin]. 2001; 
1-2: 5-8. (In Russ.).]

2. Эпидемиология инсульта в России / Е.И. 
Гусев, В.И. Скворцова, Л.В. Стаховская [и 
др.] // Consilium medicum 2003; 5-7. [Gusev EI, 
Skvortsova VI, Stakhovskaya LV et al. Epidemiol-
ogy of stroke in Russii. Consilium medicum. 2003; 
3,7: 5-7 (In Russ.).]

3. Нарушения кровообращения в головном 
и спинном мозге / И.В. Дамулин, В.А. Парфе-
нов, А.А. Скоромец, Н.Н. Яхно // Болезни нерв-
ной системы. Руководство для врачей / Под 
ред. Н.Н. Яхно, Д.Р. Штульмана. М: Медицина 
2003; 1: 231-302 [Damulin IV, Parfenov VA, 
Skoromets AA, Yakhno NN. Circulatory disorders 
in the brain and spinal cord. Bolezni nervnoj siste-
my. Rukovodstvo dlya vrachej [Diseases of the 
nervous system. A guide for doctors] M: Medicine. 
2003; 1: 231-302  (In Russ.).]

4. Мониторирование кровотока в сред-
ней мозговой артерии при окклюзирующих 
пораже¬ниях внутренних сонных артерий 
/ Л.И. Пышкина, А.А. Кабанов, М.Р. Беку-
зарова [и др.] // Нейродиагностика и высо-
кие био¬медицинские технологии. - 2007; 3: 
26—31 [Pyshkina LI, Kabanov AA, Bekuzarova 
MR, [et al.] Monitoring of blood flow in the middle 
cerebral artery in occlusive lesions of the inter-
nal carotid arteries. Nejrodiagnostika i vysokie 
biomedicinskie tekhnologii [Neurodiagnostics and 
high biomedical technologies].  2007; 3: 26-31.  
(In Russ.).

5. Шмидт Е.В. Классификация сосудистых 
заболеваний головного и спинного мозга / Е.В.  
Шмидт // Журн. невропатол. Психиат. 1985; 9: 
1281-1288 [Shmidt E.V. Classification of vascu-
lar diseases of the brain and spinal cord. Zhurnal 
nevropatologii i psihiatrii [Journal of Neurology 
and Psychiatry]. 1985; 9:1281-1288. (In Russ.).]

6. Ambrose J., Martinez E. A New Paradigm 
for Plaque Stabilization. Circulation. – 2002; 105: 
2000-4. 

7. Argentine C, Prencipe M. The Burden of 
stroke: a need for prevention. In: Prevention of 
Ischemic Stroke. Eds. C. Fieschi, M. Fischer. Lon-
don: Martin Dunitz 2000; 1-5.

8. O'Leary DH, Polak JF, Kronmal RA, et al. 
Distribution and correlates of sonographically 
detected carotid artery disease in the Cardiovas-
cular Health Study. The CHS Collaborative Re-
search Group. Stroke 1992; 23: 12: 1752-1760. 

9. Touboul PJ, Elbaz A, Koller C, et al. Com-
mon carotid artery intima-media thickness and 
brain infarction : the Etude du Profil Genetique de 
l'Infarctus Cerebral (GENIC) case-control study. 
The GENIC Investigators. Circulation. 2000; 102: 
313. 

O.I. Kit, E.V. Verenikina, M.V. Mindar, E.A. Lukbanova,
E.M. Nepomnyashchaya, A.P. Menshenina, M.L. Adamyan, 
M.M. Kecheryukova, A.Yu. Ardzha
CREATION OF A MODEL OF OVARIAN
CANCER IN IMMUNODEFFICIENT MICE
OF THE BALB / C NUDE LINE

The purpose of this study was to create an in vivo model of ovarian cancer allowing control 
of the dynamics of tumor growth and adequate data on its size. As a model Balb/c Nude mouse 
lines were used. Removal of the mouse ovary with an implanted tumor fragment under the skin 
made it easier to visualize and to control the dynamics of xenograft growth.

Keywords: ovarian cancer, PDX model, patient-derived xenograft, Balb/c Nude, xenograft, 
in vivo models.

Ovarian cancer (OC) is the fifth most 
common malignant tumor in females 
aged 55 to 69 years, and the fourth most 
common cancer in females aged 40-54 
years. According to the data on the world 
morbidity, OC is diagnosed in 9.1 cases 
per 100 000 female population. Accord-
ing to the Rosstat statistics, 17.8 cas-
es on average were registered per 100 
thousand female population in 2016. OC 
causes more deaths than any other can-
cer of the female reproductive system in 
Russia: 7  616 women died from OC in 
2018 [6].

OC has several histological and mo-
lecular subtypes. Serous carcinomas are 
the main group of malignant epithelial 
tumors of the ovaries. Low-grade serous 
carcinoma consists of cystic, papillary 
and solid components [11,13]. Early di-
agnosis of OC is complicated, and its 
therapy effect is poor, so it is important 
to study the nature of this disease and 
develop methods for its treatment using 
various biological models [7,8].

Today, one of the tasks of researchers 
creating various animal tumor models is 
to reproduce the complexity of the tumor 
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