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l.V. Averyanova, S.I. Vdovenko

MORPHOLOGICAL AND FUNCTIONAL
FEATURES OF THE MICROCIRCULATION
STATE IN CAPILLARY BED AND THERMAL
IMAGING OF THE BODY OF YOUNG MALE
NORTHERNERS RESIDING DIFFERENT
CLIMATIC AND GEOGRAPHICAL ZONES
OF MAGADAN REGION

The research involved 364 young men aged 17-21, permanently residing in the coastal (the city of Magadan, n = 217) and continental (the
settlement of Susuman, n = 47) climatic zones of Magadan region. Morphofunctional parameters of the microcirculatory bed vessels, as well as
thermographic characteristics of different parts of the body were studied. It was found that the residents of Susuman were characterized by smaller
arterial diameter and bigger diameters of the venous and transitional sections of the capillaries as compared with those from Magadan. At the same
time, significantly higher average temperatures were observed in Magadan subjects through all the analyzed areas of the thermographic picture
than it could be seen with examinees from Susuman.

Keywords: young men, North-East, microcirculation, thermography.

Capillaroscopy is a method of non-in-
vasive investigation of the microcirculato-
ry blood flow [1]. It is created to diagnose
functioning of human cardiovascular sys-
tem in its peripheral parts, the skin and
mucous membranes. Capillaroscopy
provides the most useful way to promptly
visualize the skin capillary blood circula-
tion, and assess density and blood flow
rate in capillaries, which gives reliable
information about the structural and func-
tional parameters of the capillaries in real
time and under real physiological con-
ditions [16]. The most important link in
the bloodstream is the capillary system,
which provides organs and tissues with
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all vital substances. Large vessels deliv-
er these substances. They come into tis-
sues through capillaries with simultane-
ous extraction of metabolic products from
the tissues and transferring them to the
bloodstream [1]. Microcirculation blood
flow maintains health of tissues and or-
gans by delivering oxygen and nutrients
[17]. In addition, it regulates blood pres-
sure and tissue perfusion, as well as the
body thermal state [18]. Microcirculatory
vessels also support functioning and ho-
meostasis in cells. It should be noted that
average values for some microcirculation
parameters, in particular those character-
izing adaptation to the North extremes,
remain unclear, which suggests the need
for more detailed study of the microcircu-
latory bed.

Another interesting and easy-to-use
method for assessing peripheral blood
circulation is thermography [6]. It helps to
study skin temperatures, which describe
intensity of metabolic processes, since
any changes in metabolism or blood cir-
culation affect skin temperatures, and
therefore can be seen in the thermogram
[2]. Maintaining skin temperature and,
consequently, heat balance is represent-
ed there as heat production equal to heat
loss. Based on this, infrared imaging is of
great importance when studying physio-

logical adaptation of the body. This meth-
od has proven to be useful for thermal
imaging of the body (skin) surface, as
well as for monitoring of the body ther-
moregulation response under different
conditions [18].

The body microcirculation system and
thermal imaging map formation under the
chronic influence of the cold factor is un-
doubtedly a problem for the modern sci-
ence that studies adaptation processes.
In this regard, visualization and objective
assessment of capillary blood flow with
both video capillaroscopy and thermog-
raphy may be useful for the North resi-
dents in prognostic and diagnostic terms.

Based on the above, the objects of
this work was studying functional state of
microvessels and thermal images of the
body in the North inhabitants under dif-
ferent environmental extremes of coastal
or continental climatic zones in order to
identify and justify the use of these as-
sessment methods in providing mecha-
nisms for adaptive changes.

Materials and methods. A random
sample was made up of 364 males aged
17-21 permanently residing in coastal
(Magadan, n=217) and continental (Su-
suman, n=47) climatic zones of Magadan
region. The structure of capillaries and
microcirculation was studied in the epon-
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ychium of the nail bed since this area is
easily accessible for research, and the
main axis of the capillaries there is paral-
lel to the skin surface while in other areas
it is visualized as perpendicular [14]. The
study was conducted using a drop of im-
mersion oil to maximize the transparency
of the keratin layer on the fourth and fifth
fingers of the left hand due to the high
light transmission of the skin in these ar-
eas [19]. A video capillaroscope of Cap-
illaroscan-1 (New Energy Technologies,
Skolkovo) equipped with an optical probe
was used within the study course. A 15
minute rest session preceded the record-
ings which were made at a comfortable
ambient temperature of 22-25°C, before
afternoon, with the hands at the heart lev-
el position [19]. None of the participants
had frostbites, hand injuries or vascular
pathologies that could affect their micro-
circulation. In addition, the criterion for
inclusion in the research was medical ex-
amination as an admission to PE classes
within the framework of the educational
program.

Microcirculation morphometric char-
acteristics were registered, and vascular
density was evaluated in the mode of
constructing a panoramic static image of
the first-line capillary net with an optical
200-fold magnification. It was necessary
that characteristic (contrasting) capillar-
ies could be seen throughout the field of
vision. A more detailed analysis was per-
formed using a 10-second video record-
ing with a 400 optical magnification of a
specific skin area followed by automatic
calculation of the observed capillaries.
That made it possible to assess all visu-
ally observed processes and anatomical
structures, and obtain an average val-
ue of morphometric indicators and the
speed of red blood cell movement in the
specifically studied capillaries [20].

The paper analyzes the following mor-
phofunctional parameters of microcircula-
tory vessels: the diameter of the arterial,
venous, and transitional sections of the
capillary (mcm), which refers to the area
of the vessel filled with visible red blood
cells (the vessel walls are hardly distin-
guishable by light microscopy); capillary
length (mcm); capillary net density (arb.
units) indicating the number of observed
capillary loops of the first echelon; the
amount of the perivascular zone (mcm)
namely its linear size from the most re-
mote point of this zone to the nearest
point of the transition section of the cap-
illary; the speed in the arterial, venous
and transitional sections (mcm\s), which
suggests the speed of the red blood cell
movement in the capillary; and the de-
formation coefficient (arb. units), which

shows the number of strongly wound and
damaged capillaries [12].

Thermography was performed in a
sitting position, using a thermal imaging
camera (FLIR SC620 Thermal Imager,
FLIR Systems, Sweden), which pro-
vides long-wave (7.5-13 mcm) imaging
with a thermal sensitivity of 0.1 °C. The
spatial resolution was 640 x 480 pixels.
The study was conducted in accordance
with the standards set by the European
Thermographic Association [13]. Quan-
titative analysis of thermal images was
performed for 7 front and back zones of
the body, in the sitting position (Fig. 1): C,
— average temperature of the left subcla-
vian region (°C), C, — average tempera-
ture of the right subclavian region (°C),
C,—average temperature of the forehead
(°C), C, — average temperature of the
chest (°C), C, — average temperature of
the abdominal surface (°C), C, — average
temperature of the upper back (°C), C, -
average temperature in the area of the
shoulder blades (°C). For each selected
area, the average surface temperature
was obtained, which was more represen-
tative of this area than the minimum or
maximum values. The advantage of in-
frared systems in comparison with other
methods of temperature measurement is
the possibility of simultaneous analyzing
a large number of image elements (pix-
els) in a short period of time followed by
real time image processing [15].

Prior to the examination, all partici-
pants acclimated for more than 10 min-
utes, which is the optimal time to get
used to the ambient temperature [8]. It
was necessary that the subjects reported
no chronic diseases in the acute stage or
complaints about the health state. The
study was carried out in accordance with
the principles of the Helsinki Declaration.
The study Protocol was approved By the
Commission on Bioethics of the Federal
State Institution of IBPN, FEB RAS (Pro-
tocol No. 1 dated March 25, 2019). Pri-
or to the study, all volunteers gave their
written informed consent. The obtained
material was processed using the Statis-
tica 7.0 application package. The aver-
age values of indicators (M) and errors
of averages (m) were calculated. The
statistical significance of the differences
was ascertained using the t-test by Stu-
dent at normal distribution, which was de-
termined using the Kolmogorov-Smirnov
test. The significance level criterion (p)
was assumed to be < 0.05.

Research results. Table 1 shows
the main morphological and functional
indicators of capillary microcirculation in
young men residing in different climatic
zones of Magadan region. Examples of

capillaroscopic patterns of young male
residents of the coastal and continental
zones are presented in Figure 1. The data
from Table 1 suggest significantly small-
er diameter of arterial section typical for
young males of the continental area with
bigger diameters in venous and transition
sections, and longer capillaries. No dif-
ference in density of the capillary net as
compared to the subjects of the coastal
zone was found though. The velocity rate
characteristics in the arterial, venous,
or transitional sections of the capillary
bed did not differ through the examined
groups either. A significant growth was
observed in size of perivascular area and
coefficient of deformation in the group
of young men from Susuman. A higher
number of slugs in the group of coastal
residence subjects could be seen.

Table 2 shows thermal imaging pat-
terns observed with young male north-
erners residing in different climatic zones
of Magadan region. Examples of thermo-
grams recorded in subjects from coast-
al and continental zones can be seen
in Figure 2. The data show significantly
higher average temperatures demon-
strated by coastal examinees through all
analyzed areas of the heat picture. We
analyzed average values of the thermal
imaging patterns through the two groups.
The abdomen (C,) area proved to have
the lowest temperature with significantly
higher average temperatures observed in
the chest (C,), forehead (C,), upper back
(C,), and subclavian areas (C,, C,). That
is associated with the temperature of in-
ternal organs that emit heat as a result of
their normal metabolic processes, as well
as with a low thickness of subcutaneous
fat [22].

Discussion of results. It is known
that the capillary diameter is the structur-
al parameter that determines the volume
of blood flow passing through the entire
length of microcirculatory bed [3]. In this
case, the capillary diameter refers to the
area of the vessel filled with visible red
blood cells, while the capillary walls are
hardly distinguishable under light micros-
copy. [3]. Young men of the continental
zone of residence were characterized
by significantly lower values of the ar-
terial capillary diameter as compared to
the subjects of the coastal area, with this
indicator located at the lower limit of the
standard range (from 7 to 17 microns;
on average 11.91 + 1.87 microns) [11],
which could be better seen in the group
of Susuman examinees.

The venous capillary diameter indica-
tor normally ranges from 11 to 20.6 mi-
crons (on average 15 + 2.42 mcm) [11].
In our research, subjects from Susuman



were significantly higher in this parame-
ter with the average value reaching the
upper limit of the standard, while the
group of Magadan proved to be close to
the lower limit. The loop diameter of the
capillary tip (the transitional section of the
capillary) was bigger in subjects of the
continental area of residence (normally
it varies from 8 to 21 mcm; on average,
17.17 £ 2.12 mcm) [11]. Examinees from
the coastal territory demonstrated this in-
dicator within the presented range, and
those from Susuman significantly ex-
ceeded it.

When we were comparing the results
obtained in our study with those cited
in foreign references, (from 92 to 295
mcm; on average 240 + 38.3 mcm) for
the capillary length [20], we found that
the examined males from both coastal
and continental areas were higher in their
values vs. the standards with the longest
capillary length observed in young men
living in more extreme climatic conditions
(continental zone). It is known that lon-
ger capillaries may be associated with
the arterial hypertension [21], which is
fully consistent with the earlier results
where higher indicators of both systolic
(133+1.6 mmHg) and diastolic (75+1.2
mmHg) blood pressure were observed in
young men in Susuman while the group
from Magadan demonstrated the follow-
ing values: 125+0.9 mm Hg and 73+0.7
mm Hg, respectively [5].

The next indicator is the value of the
perivascular zone. This indicator is a
relatively new parameter used to study
microcirculation and reflect the degree
of the interstitial hydration, which makes
it possible to assess the effectiveness
of metabolism in the aspect of its filtra-
tion-reabsorption mechanisms [12]. This
indicator can be also used to estimate
the number of functioning (i.e. open)
capillaries at the moment of the study.
Of note that, in a normal state, not all mi-
cro vessels are open at the same time.
In general, the state of the perivascular
zone characterizes the barrier function of
micro vessels, i.e. the permeability of the
vessel wall, and its size proportionally de-
pends on the degree of edema. Normally
perivascular zone in healthy individual's
nail area is 93.6+9,0 mcm [4], which ful-
ly corresponds to indicators observed
with subjects from the city of Magadan,
and is much lower than shown by the
examinees from Susuman who were on
average 29% higher in the perivascular
zone than the standard rate. We found no
intergroup differences regarding the den-
sity of the capillary net. With this factor,
the rise of the perivascular zone typical
for the residents of the continental zone
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Table 1

Microhemocirculation indicators in young men of coastal (Magadan) and continental
(Susuman) climatic

Indicators L.
: Significance
Indicators Continental Coastal Level for
Climatic Zone |Climatic Zone| Differences
(Susuman) (Magadan)
Diameter of Arterial Section. mecm 7.8+0.2 8.5+0.1 p=0.011
Diameter of Venous Section. mem 18.3+0.3 12.1+0.2 p=0.008
Diameter of Transition Section. mcm 28.7+0.6 16.8+0.2 p=0.004
Capillary Length. mcm 368.1+£8.8 317.35+6.1 p=0.005
Amount of Perivascular Zone. mcm 120.442.5 91.28+1.5 p=0.004
Density of Capillary Net. arb. units 0.039+0.001 0.040+0.001 -
Velocity in Arterial Section. mcm/s 209.0+10.2 214.08+8.4 -
Velocity in Venous Section. mem/s 153.245.2 154.39+6.2 -
Velocity in Transitional Section. mem/s 186.2+12.3 183.82+7.4 -
Slugs.nps 2.43+0.3 3.27+0.1 p=0.009
Coefficient of Deformation. arb. units 0.37+0.01 0.32+0.01 p=0.008

Fig. 1. Examples of microcirculatory bed images in young male residents of the continental (A)
and coastal (B) climatic zones of Magadan region

Table 2

Temperature indicators of different zones of the body in male northerners inhabiting
coastal (Magadan) and continental (Susuman) climatic zones of Magadan region

Examined Cohorts Significance

Indicators Continental Climatic Zone Coastal Climatic Zone Level for
(Susuman) (Magadan) Differences

C, 35.20+0.07 35.57£0.11 p=0.016

C, 35.37+0.08 35.68+0.12 p=0.038

C, 33.95+0.08 35.14+0.13 p=0.012

C, 33.95+0.09 34.62+0.14 p=0.013

C 33.4240.15 33.88+0.16 p=0.005

C, 34.03+0.11 35.3940.11 p=0.011

C 33.5840.11 35.03+0.12 p=0.008

Note. See the symbols C1-C7 in the text.

testifies to the growth of the interstitial
hydration, apparently, due to the chronic
and more pronounced impact of the cold
factor. In our opinion, that may be caused
by a bigger diameter of the venous sec-
tion, a larger size of the transition section,
and 53% lengthening of the capillary.
After V. |. Kozlov, the velocity rate of
erythrocytes in capillaries varies with-

in the range of 400-800 mcm/s, and on
average is 617+ 0.72 mcm/s in healthy
men at rest. That is much higher than
we could observe in our studies [4]. It is
necessary to specify that such changes
in structural and functional characteris-
tics of the capillary bed could be seen
on the background of significantly high
values of the coefficient of deformation
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35.8 °C

Fig. 2. Examples of thermal images in young male residents of the continental (A) and coastal

(B) climatic zones of Magadan region

in male residents of the continental zone.

Changes in skin surface temperature
occur primarily due to the changes in
peripheral blood flow. The blood acts as
a conductor of heat exchange between
the internal and external environment. It
is also the influence of the tonic state of
surface vessels [7]. On the whole, signifi-
cantly lower values of the temperature
pattern were typical for the young men
of the continental zone. The lowest tem-
peratures were found in the abdominal
area for both groups since this is a poorly
vascularized area with adipose tissue [9].
The highest temperatures in examinees
of the two groups were recorded in the
chest, forehead, upper back, and subcla-
vian zones, which is associated with the
temperature of internal organs that emit
heat as a result of their normal metabolic
processes, as well as with quite thin sub-
cutaneous fatty layer [10].

Conclusion. It should be noted that
young male northerners were similar in
the microcirculation morphological char-
acteristics: they demonstrated constric-
tion in arterial diameter, lengthening in
capillaries, and reduced blood flow rate
through all parts of the capillary bed.
Along with the above capillary profiles,
subjects of the continental zone had
such changes in the functionality of the
capillary blood flow as more pronounced
growth of the perivascular zone, which
indicates a higher degree of interstitial
hydration due to chronic and more ex-
treme impact of the cold factor, and also
due to the bigger diameter of the venous
section, significantly larger transition sec-
tion, and 53% lengthening of the capillary
together with higher values of the defor-
mation coefficient. Such changes in the
capillary bed are considered to be early
signs of microcirculation disorders, which
usually begin with a weaker blood refill
in the microcirculatory bed and lead to
outflow violation accompanied by venous
stagnation and further bad disorders of
capillary blood flow [3]. In general, the
analysis of temperature patterns has re-

vealed significantly lower values through
all the studied body areas with represen-
tatives of the continental zone of resi-
dence. The observed differences could
be seen in compensatory and adaptive
rearrangements of the microcirculatory
bed, and the body thermal image of the
young men residing in different natural
and climatic territories. We have found
the relationship between changes in the
architectonics and the capillary bed func-
tionality, as well as between the body
temperature picture and the degree of
severity of climatic extremes in different
areas of residence. Our research has
shown the importance of ascertaining the
structural and functional parameters of
microcirculation and temperature pattern
to understand how the environmental
extremes affect the body cardiovascular
system. In addition, we have revealed
that morphofunctional changes in mi-
crocirculation and thermal imaging can
serve as integral and informative mark-
ers, as well as determining criteria of the
degree of human adaptation to the North
conditions and its severe impact.
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ASSESSMENT OF RENAL FUNCTION IN
THE INDIGENOUS PEOPLES OF YAKUTIA
WITH ARTERIAL HYPERTENSION

The aim of the study was to assess the functional state of the kidneys in the group of people with arterial hypertension (n=159), representatives
of the indigenous population of the Republic of Sakha (Yakutia). The average age of the subjects was 60.6 years. 78% of the examined individuals
have signs of decreased renal function. Most number of participants, along with existing hypertension, have additional risk factors that contribute
to the development of renal dysfunction. The surveyed women are characterized by a more unfavorable profile of risk factors for chronic non-com-
municable diseases, which probably accounts for a higher proportion of women with signs of chronic kidney diseases.

Keywords: arterial hypertension, renal function, glomerular filtration rate, risk factors, indigenous population, Arctic.

Diseases of the circulatory system
remain the leading cause of death in the
world. In the Russian Federation, accord-
ing to data from 2019, these diseases at-
tributed to 46.8% of all deaths [2]. Arterial
hypertension (AH) and chronic kidney
disease (CKD) are considered as inde-
pendent risk factors for the development
of cardiovascular diseases and their
complications, simultaneously, each of
these conditions can be the cause of the
other. Thus, a decrease in renal function
leads to an increase in blood pressure,
and long-term hypertension affects the
glomerular filtration rate, leading to renal
failure [9, 10, 12, 14].

Chronic kidney disease is a term that
encompasses all degrees of decline in
kidney function. Moreover, all its stages
are associated with an increased risk
of cardiovascular diseases, premature
mortality and a decrease in the quality of
life [5]. Currently, the glomerular filtration
rate (GFR) and the level of albuminuria
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are used for: determining the stage of
CKOD, risk stratification, and prognosis [1,
11]. Due to the fact that GFR is difficult
to measure directly, various equations
are used that take into account serum
creatinine level, age, race, sex and body
surface area [4, 6, 7].

The aim of the study: assessment of
renal function in the indigenous peoples
of Yakutia with arterial hypertension.

Materials and methods. A group of
people with arterial hypertension was
formed during an epidemiological study
among the populations of the Tomtor vil-
lage of Oymyakonskiy district and the city
of Srednekolymsk of Srednekolymskiy
disctrict in expeditionary conditions. In-
clusion criteria were: ages 20 and older,
belonging to an indigenous ethnic group
by self-identification, presence of an el-
evated blood pressure when measured
(according to ESH/ESC criteria, 2013),
taking antihypertensive drugs during the
examination period or less than 2 weeks
before the examination, regardless of
the measured blood pressure level. The
Yakuts and representatives of the indig-
enous small-numbered peoples of the
North were attributed to the indigenous
peoples of Yakutia. The analysis included
data from 159 people, including 58 men
and 101 women. The average age of
men was 59.3 + 2.36 years, women 61.4
+ 1.36 years (p = 0.347). All participants
were representatives of the indigenous
ethnic groups of Yakutia (Yakuts, Evens,
Evenks, Chukchi, Yukagirs).

Research program included the follow-
ing sections: a questionnaire for objective
assessment of state; informed consent of
the respondent to conduct research and
donate blood (according to the protocol of
the Ethics committee of YSC CMP); an-
thropometric examination with measure-
ment of height and weight with calculation
of body mass index, waist and hips mea-
surements; blood sampling from the cubi-
tal vein in the morning on an empty stom-
ach with 12-hour abstinence from food.
After centrifugation, blood serum was
stored in a freezer (-70°C) until analysis.

For further analysis, the traditional
indicator was used - body mass index
(BMI) or Quetelet index, which was cal-
culated by the following formula: BMI (kg
/ m?) = body weight (kg) / height (m?).
Overweight was considered to be a BMI
> 25 and <30 kg/m?, obesity was deter-
mined at a BMI of = 30 kg/m? [according
to European recommendations of the Il
revision, 2003]. The abdominal obesity
(AO) is exposed to the value of the waist
measurement (WM) = 80 cm on women,
294 cm on (VNOK, 2009).

Blood pressure (BP) was measured
twice with an OMRON M2 Basic automat-
ic tonometer (Japan) in a sitting position
with calculation of average blood pres-
sure with a margin of permissible mea-
surement error of + 3 mm Hg. (ESH/ESC,
2013) according to the instructions for the
correct measurement of blood pressure,
outlined in the European clinical guide-
lines for the diagnosis and treatment of



