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THE RELATIONSHIP OF LIPID PROFILE
AND BLOOD PRESSURE IN MEN
IN THE EUROPEAN NORTH OF RUSSIA

The paper analyzes the relationship of traditional lipid indicators and lipid indices with the level of blood pressure in men living in the European

North of Russia. In apparently healthy middle-aged men, normal high blood pressure, abdominal pre-obesity, and compliance of traditional lipid
indicators with reference values were revealed. At the same time, a number of lipid indices (atherogenicity coefficient (AC), the ratio of total cho-
lesterol (TC) to high-density lipoprotein cholesterol (HDL-C), atherogenic plasma index (AIP), triglyceride/HDL-C ratio and lipid accumulation index
(LAP)) appeared to be elevated.

Correlation analysis revealed the linear relationship of systolic pressure in the brachial artery with the content of Apo A-1, Apo B, TC, low-density
lipoprotein cholesterol (LDL-C) and cardiovascular risk (CVR); diastolic pressure with TC, CVR and the waist-hip circumference ratio; heart rate
index with waist and hip circumferences and body mass index. More number and greater strength of significant correlations were found between
indicators of central hemodynamics and lipid profile. The relationships between age and length of living in the North with peripheral and central

hemodynamic parameters turned out to be obvius.
Thus, male northern residents with normal high blood pressure have abdominal pre-obesity, normolipidemia but elevated lipid indices. Appar-
ently, lipid indices are of greater prognostic significance and may be more sensitive predictors of the risk of arterial hypertension at the normal level

of traditional lipid profile indicators.

Keywords: blood lipids, lipid indices, peripheral and central pressure, men, Arctic.

Correlation analysis revealed the linear relationship of systolic pressure in the brachial artery with the content of Apo A-1, Apo B, TC, low-density
lipoprotein cholesterol (LDL-C) and cardiovascular risk (CVR); diastolic pressure with TC, CVR and the waist-hip circumference ratio; heart rate
index with waist and hip circumferences and body mass index.

More number and greater strength of significant correlations were found between indicators of central hemodynamics and lipid profile.

The interrelations between lipid parameters and pressure level were revealed: a) positive correlation of AC with peripheral systolic and diastolic
pressure, systolic pressure in the aorta, diastolic and pulse pressure, b) TC-non-HDL with systolic and diastolic pressure in the aorta, c) negative

correlation of LAP with peripheral pulse pressure.

These correlations indicate that in Arctic conditions, the presence of normolipidemia and pre-obesity may be a prerequisite for the formation of

normal high pressure.

Keywords: blood lipids, lipid indices, peripheral and central pressure, men, Arctic.

Introduction. In the pathogenesis of
cardiovascular diseases (CVD), an im-
portant role is assigned to lipid metabo-
lism disorders, which are determined by
the content of traditional lipid indicators in
the blood, such as total cholesterol (TC),
triglycerides (TG), high-density lipopro-
tein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C). At the
same time, LDL-C is considered as the
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main predictor of an unfavorable prog-
nosis of atherosclerosis and pathoge-
netically related CVD [14, 17], while an
increased content of HDL-C in the blood
is associated with a low degree of car-
diovascular risk (CVR) [20]. However, it
turned out that a significant increase in
HDL-C is not always a protective factor
[7]. It is suggested that the functional ac-
tivity of HDL-C is more determined by the
concentration of HC in individual HDL-C
subfractions than the level of HC con-
tained in HDL-C.

To more accurately clarify the role of
lipid metabolism in the development of
atherosclerosis and related diseases,
their derivatives, the so-called lipid in-
dices or combined lipid parameters (in
the English literature), have increasing-

ly been used along with traditional indi-
cators of lipid metabolism. Most of the
known indices reflect the ratio of the main
classes of lipids in blood plasma, the re-
lationship within lipid metabolism, the ra-
tio of pro- and anti-atherogenic potential
of blood [4]. It is believed that lipid indices
represent the greatest strength in predict-
ing CVD, while LDL-C may show a weak
connection with the pulse wave velocity
or not at all [10, 13, 18, 22].

In atherosclerosis, lipid accumulation
in the intima of the arteries modulates
vascular stiffness. There are isolated
data on the relationship of lipids with vas-
cular stiffness in residents of the North.
In particular, it was shown that in young
men, residents of Finland, the elasticity
of the aorta was not associated with stan-



dard lipid parameters [16]. At the same
time, the ratio of HDL-C/TC did not reveal
an association with aortic elasticity, but
showed a decrease in the extensibility of
the carotid artery in individuals with a low
ratio of HDL-C/TC. In another study in
patients with arterial hypertension (AH),
residents of Nadym, risk factors such as
hypercholesterolemia, body mass index
(BMI) and smoking did not affect the vis-
coelastic properties of the common carot-
id artery wall [3].

Despite the fact that arterial stiffness is
a common indicator of AH [19, 21], there
is no convincing data on the relationship
of lipid parameters and indices with AH.

The results of studies of the lipid pro-
file in residents of the Arctic regions and
the facts of early and frequent develop-
ment of CVD [1, 2, 8], dictate the need to
study lipid indices and assess their rela-
tionship with the level of blood pressure
in Northerners.

Objective: to study the relationship of
traditional lipid indicators and lipid indices
with arterial hypertension in men in the
European North of Russia.

Materials and methods. The study
was conducted in the Murmansk region
(67" N) in the autumn-winter period. Men
working at a mining and processing plant
were examined (n=31). The average cal-
endar age was 42.68+2.44 years, the
northern experience was 19.69+2.40
years, the total work experience was
22.38+2.63 years.

Inclusion criteria: no complaints at the
time of the study, average age, written
consent to participate in the examination
and blood donation for biochemical tests.

Exclusion criteria: exacerbation of
chronic diseases, presence of familial
hypercholesterolemia, oncological, infec-
tious diseases, diabetes mellitus, chronic
heart failure, aortic aneurysm, heart and
aortic valve diseases, myocardial infarc-
tion and stroke in the anamnesis.

Blood sampling was carried out in the
BD Vacutainer from the ulnar vein in the
morning hours after a night of fasting.
After blood centrifugation (3000 rpm, 10
min), plasma was transferred to Eppen-
dorf tubes, frozen and stored at a tem-
perature of —=70°C.

Biochemical research. After a sin-
gle plasma defrosting, the content of TC
and TG was determined using Thermo
Fisher Scientific kits (USA). To determine
LDL-C, HDL-C, apolipoprotein A1 (Apo
A1) and B (Apo B) kits from DiaSys (Ger-
many) were used. The lipid content was
measured using an AU 480 Beckman
Coulter automatic biochemical analyzer
(USA).

The atherogenicity coefficient (AC) =

(TC — HDL-C)/HDL-C and other lipid in-
dices were calculated using the formulas:
Apo B/Apo A-1 ratio; atherogenic plasma
index (AIP) = (logTG/HDL-C); atherogen-
ic index (ATH) = ((TC — HDL-C) x Apo B)/
(HDL-C x Apo A1); TC-non-HDL (non-—
HDL) = TC — HDL-C; Castelli index 1 =
TC / HDL-C; Castelli index 2 = LDL-C/
HDL-C [4]; TG/HDL-C; accumulation in-
dex lipids (LAP) = (waist circumference
—65)x TG [5].

The assessment of the total risk of fa-
tal events from CVD, cardiovascular risk
(CVR) over the next 10 years was carried
out on the SCORE scale (ARSSC, 2011).

Physiological studies. After resting
for 15 min in a sitting position, systolic,
diastolic and pulse pressure on the bra-
chial artery (bSBP, bDBP, bPP) were
measured twice with an interval of 2 min
using an automatic cuff oscilloscope de-
vice (MT-4, MediTech, USA), heart rate
(HR). The parameters of central (aortic)
hemodynamics (aSBP, aDBP, aPP) were
determined by applanation tonometry
using the SphygmoCor apparatus (Atcor
Medical, Australia) according to the de-
scription [11].

Anthropometric studies. Height (m)
and body weight (kg), waist circumfer-
ence (WC, cm) and hips (HC, cm) were
measured by well-known methods, body
mass index (BMI) was calculated.

This study approved by the Bioethical
committee of FRC FTM was performed
in accordance with the requirements of
"Ethical principles for medical research
involving human subjects" (the Helsinki
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Declaration of the World Medical Asso-
ciation 1964, as amended in 2013) and
"Rules for clinical practice in the Rus-
sian Federation" (Order of the Ministry of
Health of the Russian Federation Ne 266
of 19.06.2003).

Statistical processing was carried
out using the Statistica v. 10 application
software package (Stat Soft Inc., USA).
Depending on the normality of the distri-
bution of features in the sample, calculat-
ed by the Kolmogorov-Smirnov method,
nonparametric analysis methods were
used to determine the median (Me), low-
er, upper quartile (Q25; Q75) and arith-
metic mean (M), mean error (m). Correla-
tion analysis was performed by Spear-
man (1, p).

Results and discussion. Men had
an excess BMI (27.47 (24.45; 29.94) kg/
m?), which indicates the presence of ex-
cess body weight. The measurement re-
sults WC (95.00 (89.00; 102.00) cm), HC
(103.00 (99.00; 108.00) cm) and their ra-
tio (0.91 (0.87; 0.97)) indicate an android
type of adipose tissue distribution, which
suggests the presence of an abdominal
form of pre-obesity. At the same time,
the content of individual lipids (TG — 1.14
(0.82; 2.23) mmol/L; HC — 4.96 (3.98;
5.44) mmol/L; HDL — 1.04 (0.75; 1.35)
mmol/L; LDL — 2.63 (2.10; 2.98) mmol/L)
and apolipoproteins (Apo A1 — 140.08
(124.52; 160.36) mg/dl; Apo B — 45.16
(36.04; 52.06) mg/dl) corresponded to
reference values, indicating normolip-
idemia. Nevertheless, the results of an-
thropometry suggest an increased risk of

Relationship of peripheral and central hemodynamic parameters with lipid profile,
anthropometric indicators and cardiovascular risk of men, residents
of the European North of Russia (r; p)

g O o D m <
Q T T T = a4
g Q | — < o < Q = = =
S =~ &) =) =3 o B jun @) m O
& T - & < =
bsBp| . | 043 | 040; [ 043 [ 042 | ] ] | 057,
0.030 | 0.043 | 0.030 | 0.031 0.003
0.46; 0.45; 0.52;
bDBP| 519 | - - - - - “ loo017| 0008
0.48; | 0.48; 0.43;
HR | - - - - = 10007 |0007| - |o0015] -
aSBP 0.67; ) 0.53; | 0.53; | 0.58; ) ) ) ) 0.74;
0.0001 0.003 | 0.003 | 0.001 0.0001
aDBP 0.59; ) 0.51; | 041; | 0.51 0.46; ) 0.60; ) 0.65;
0.001 0.006 | 0.031 | 0.006 | 0.010 0.001 0.0003
aPP 0.44; | 0.45; | 0.37; | 0.44; | 0.39; ) ) ) ) 0.58;
0.016 | 0.015 | 0.050 | 0.018 | 0.039 0.001

Note: bSBP, bDBP — systolic, diastolic blood pressure on the brachial artery; HR — heart
rate; aSBP, aDBP, aPP — systolic, diastolic, pulse aortic pressure; TC — total cholesterol;
HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol;
WC — waist circumference; HC — hip circumference; BMI — body mass index; CVR —

cardiovascular risk
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CVD, and the CVR on the SCORE scale
(3.36+0.84) predicts a moderate risk. Ac-
cording to the Recommendations of the
ARSSC (2008), the indicators of bSBP
(134.5 (122.25; 140.00) and bDBP (88.00
(81.25; 90.00) mmHg. art. in the North-
erners correspond to high normal pres-
sure. The bPP value was 47.50 (40.00;
50.00) mmHg, HR — 77.00 (69.00; 83.00)
beats/min.

9 lipid indices were evaluated, deriv-
atives of traditional lipid indicators re-
flecting the ratio of atherogenic and an-
ti-atherogenic lipid profile in Northerners.
5 of them were elevated: AC (3.70 (2.45;
5.25)) above 3.0, Castelli index 1 (4.68
(3.43; 6.26)) above 4.0; AIP (0.17 (-0.19;
0.36)) above 0.1; TG/HDL-C ratio (1.49
(0.66; 2.29)) above 0.9 and LAP (36.34
(24.59; 61.02)) is greater than 21.2 rel-
ative to the data of other authors [4, 5,
12] obtained in healthy individuals. Other
indexes: Apo B/Apo A-1 ratio (0,32 (0,26;
0,40)), ATH (1.16 (0.59; 2.10)), non-HDL
(3.77 (3.03; 4.44)) and the Castelli index
2 (2.57 (1.78; 3.29)) did not differ from the
data of other authors [4, 9, 15].

There is evidence that in healthy men,
residents of Arkhangelsk aged 20 to 59
years, the LAP was 17.8 (9.1; 30.5), in
the age group of 40—49 years, the indica-
tor increased to 21.2 (12.3; 33.2) [5], nev-
ertheless, this is significantly lower than
in the group of Northerners surveyed by
us. The lower values of the LAP index in
Archangelgorodians can be explained
by lower anthropometric indicators: WC
81.0 (75.0; 87.0) cm, BMI 24.4 (22.1;
26.3) kg/m?. In Japanese men (n=1720,
ages 25 and 55, WC 81.8 cm, BMI 23 kg/
m2), LAP did not exceed 21.2, the TG/
HDL-C index — 0.9 [12].

Thus, in Northerners with normolipid-
emia, the revealed high lipid indices may
be associated with an increased risk of
atherosclerosis and CVD. Since AC re-
flects the ratio of atherogenic lipoproteins
to anti-atherogenic cholesterol, whereas
the TC/HDL-C index is the ratio of TC
to anti-atherogenic lipoproteins, AC can
more accurately predict the risk of de-
veloping CVD. Moreover, it has already
been shown that the progression of AH
and changes in the geometric parame-
ters of the left ventricle were more closely
associated with AC than with individual
lipids [6].

Indicators of peripheral hemodynam-
ics correlated with indicators of lipid pro-
file and anthropometry. A positive cor-
relation of average strength was noted:
bSBP with Apo A-1, Apo B, TC, LDL-C
and CVR; bDBP - with TC, CVR and
the ratio of WC/HC; HR — with OT, OB
and BMI, which reflects the relationship

of the pressure level with lipid metabo-
lism, while HR — with anthropometry data
(Table). These connections are aimed at
the possibility of regulating hemodynam-
ics in Northerners by controlling lipid me-
tabolism and abdominal pre-obesity.

A significantly greater number of cor-
relations and greater strength were found
between the indicators of central hemody-
namics (aSBP 118.00 (106.00; 129.00),
aDBP (88.00 (81.00; 92.00), aPP (30.00
(24.00; 34.00) mmHg) and lipid profile.
Positive associations were noted: aSBP
with Apo A-1, Apo B, TC, LDL-C, CVR;
aDBP — with Apo A-1, Apo B, TC, LDL-C,
CVR, WC; WC/HC; aPP — with Apo A-1,
Apo B, TC, HDL-C, LDL-C, CVR.

Significant positive associations of the
age of Northerners with bSBP (r=0.54;
p=0.003), bDBP (r=0.48; p=0.010),
aSBP (r=0.71; p=0.0001), aDBP (r=0.57;
p=0.001), aPP (r=0.60; p=0.0003) and
polar experience with bSBP (r=0.51;
p=0.006), bDBP (r=0.45; p=0.017),
aSBP (r=0.69; p=0.0002), aDBP (r=0.56;
p=0.001), aPP (r=0.59; p=0.001).

Correlations between lipid indices and
the level of pressure in men deserve at-
tention. In particular, a) positive correla-
tion of AC with indicators of bSBP (0.44;
0.025), bDBP (0.44; 0.023), aSBP (0.62;
0.0003), aDBP (0.56; 0.002), aPP (0.42;
0.022); b) non-HDL with aSBP (r=0.49;
p=0.007), aDBP (r=0.48; p=0.010) and
c) negative correlation of LAP with aPP
(r=-0.51; p=0.015). These correlations in-
dicate that in Arctic conditions, the pres-
ence of normolipidemia and pre-obesity
may be a prerequisite for the formation
of normal high pressure, which, in turn, is
realized by the interaction of lipid indices
with peripheral and central hemodynam-
ics.

Conclusion. The results of this study
showed that in men, residents of the
European North of Russia, who have
normal high blood pressure, abdominal
pre-obesity with normolipidemia, moder-
ate CVR on the SCORE scale, elevated
lipid indices — AC, Castelli index 1, AlP,
TG/HDL-C ratio and, especially, LAP
were found relative to similar indicators
of other researchers. Traditional lipid pa-
rameters are more closely related to the
parameters of central hemodynamics
than peripheral, which should be taken
into account when developing diagnostic
and preventive measures. The determi-
nation of lipid indices can increase the
detection of latent lipid metabolism disor-
ders even at the normal level of tradition-
al lipid profile indicators in the blood, i.e.,
lipid indices may be more sensitive pre-
dictors of AH risk. The results obtained
by us dictate the need for additional stud-

ies involving a larger number of subjects
among residents of the Arctic region to
determine the reference values of lipid
indices.

The study was carried out with the
partial support of the Presidium of the
Russian Academy of Sciences under
the basic research Program "Explorato-
ry fundamental scientific research in the
interests of the development of the Arctic
zone of the Russian Federation".
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ity "Modern Optical Systems" FRC FTM.
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R.N. Mustafin, A.V. Kazantseva, E.K. Khusnutdinova

THE ROLE OF COVID-19 IN MODIFIED
COGNITIVE FUNCTIONING

SARS-CoV-2 virus impairs cognitive functions during illness and in long-term periods: from 3 months (in 44% of patients) to one year (in 16.2%
- 63% of patients) after recovery. Cognitive deficits are more common in patients with severe COVID-19, especially those treated in the intensive
care unit, and with infection duration of more than 28 days. Such consequences are associated with direct impact of SARS-CoV-2 on the function-
ing of brain neurons and changes mediated by endothelial dysfunction due to impaired blood supply to the cerebral cortex. The long-term results of
the viral effect on brain neurons are due to immune responses to the virus multiplying in cells and to changes in the epigenetic regulation of gene
expression. The immune response leads to inflammation, which is expressed in the form of encephalitis, encephalopathy, anosmia, hypogeusia
and is reflected in the development of cognitive deficit. Epigenetic changes are mediated by virus-induced activation of retroelements that have
cis- and trans-effects on genes involved in neurogenesis. SARS-CoV-2 promotes the expression of miRNAs that silence the expression of many
genes, thus impairing cognitive functioning. The mechanism of these changes is associated with the effect of the virus on retroelements, which
are the sources of miRNAs. Reverse transcriptase and endonuclease of retroelements may be involved in the integration of SARS-CoV-2 into the
human genome, which may also affect the change in the expression of genes necessary for cognitive development.

Keywords: cognitive functions; microRNA; retroelements; COVID-19.

Introduction. The COVID-19 pan-
demic remains an urgent problem for all
mankind both due to a high mortality rate
and due to the consequences, which are
developed after recovery. Since individu-
al cognitive functions (CF) inherently de-
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termine the ability of complete function-
ing, professional skills and self-care, the
question on the impact of COVID-19 on
cognitive functioning remains relevant.
Indeed, it is impossible to imagine indi-
vidual’s life without CF [24, 35], that can
be adversely affected by the virus. Back
in 2020, the analysis of 214 hospitalized
patients with COVID-19 in Wuhan, China,
showed the development of neurological
impairments in 41.1% of patients [34].
Modified cognitive functioning in patients
after recovery remains highly relevant
[47]. COVID-19 also accelerates neuro-
degenerative processes in the elderly [2].

The most pronounced cognitive im-
pairments are detected in severe pa-
tients who require intensive care (IT)
during hospitalization [21]. Thus, the
study of 92 COVID-19 patients, who re-

quired IT therapy, were characterized by
pathological cognitive changes in 44% of
cases 3 months after recovery [47]. The
duration of infection plays an important
role. In the study of 3,762 patients from
56 countries with a confirmed diagnosis
of COVID-19, which duration was more
than 28 days, cognitive dysfunction and
memory problems were identified in all
age groups in 88% of patients [11]. Nev-
ertheless, another study of 81,337 pa-
tients after COVID-19 recovery demon-
strated that cognitive deficit developed
even in individuals with asymptomatic
course of the disease compared with the
control group [19].

Indicators of the frequency of cognitive
impairments observed after COVID-19
recovery differ in the studies from vari-
ous countries. However, significantly en-



