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Currently, considering the regional features of subarctic climatic conditions affecting the increased public morbidity is of importance. There it is
necessary to carry out in-depth study devoted to changes in the indicator level reflecting the negative effects of target organs. This study aims at
examining the biochemical and general clinical indicators of negative effects in children living under the adverse factors of the subarctic climate.

Materials and methods. The object of the study was the state of children's health. The exposure of adverse factors of the subarctic climate,
the values of biochemical and general clinical indicators were assessed, information regards children's diseases was analyzed, statistical data
processing was carried out using the Statistica 10 program and the dependence between the frequency of the disease and the impact of a complex
of adverse climatic factors was parameterized.

Results and discussion. Under the influence of adverse factors of the subarctic climate, changes in the level of biochemical and general clinical
indicators were found out in children 4-7 years old. This indicators prove the development of such negative effects as stress of thyroid function (an
increase by 1.4 times in the level of TSH in blood serum), the formation of an inflammatory process (an increase of up to 1.7 times in the level of
leukocytes and ESR in the blood), the risk of early vascular disorders (a decrease by 1.2 times in Apo A1 and an increase of up to 1.3 times in the
level of Apo-B and Apo-B/ApoA1 in blood serum), deterioration of endogenous vasomotor activity in the myocardial tissues and neuro-endocrine
regulation (a decrease by 1.2-2.5 times in the content of cortisol and serotonin, and, on the contrary, an increase in the level of adrenaline in the
blood). 1.2-5.6-times increased frequency of functional disorders of the nervous, endocrine and circulatory systems proves the negative effects

regards the target organs. This might happen due to the complex impact of adverse factors of the subarctic climate.

Conclusion. The found indicators of negative effects should be used to monitor the health state and improve the effectiveness of the development
of medical and preventive measures for children living under the influence of adverse (extreme) factors of the subarctic climate.

Keywords: adverse factors of the subarctic climate, air temperature, air humidity, wind speed, target organs, negative effects, biochemical and

general clinical indicators, child population.

Introduction. The climate is one of
the priority environmental factors that de-
termines the comfort of living conditions.
Low temperature, high relative humidity
and wind speed, huge atmospheric pres-
sure swings typical for territories with a
subarctic climate can have both direct
and indirect long-term adverse effects
on human health [3-5]. It is known that
these adverse effects lead to the disor-
ders in the regulatory homeostasis mech-
anisms, the development of maladaptive
reactions, an increase in the rate of ox-
idation-reduction processes, stress on
the mechanisms of immuno-hormonal
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regulation, blood circulation, and the
bronchopulmonary system, and, as a
result, an increased chronic morbidity in
the population living under extreme ex-
posure to adverse climatic factors [3-5,
9]. Considering the regional features of
subarctic climatic conditions leading to
an increased morbidity, in children in par-
ticular, as the most sensitive subpopula-
tion to the effects of environmental fac-
tors, requires to perform in-depth study
of changes in the indicator level showing
negative effects of target organs.

In this regards, this study aims at ex-
amining the biochemical and general
clinical indicators of negative effects in
children living under the adverse factors
of the subarctic climate. The found bio-
markers of negative effects can be used
to improve the monitoring system of the
public health status and to develop ef-
fective measures for the prevention of
non-communicable diseases associated
with the impact of adverse (extreme) fac-
tors of the subarctic climate.

Materials and methods. The study
object was the health state of children liv-
ing under adverse factors of the subarctic
climate. The comparison area is char-
acterized by an extreme continental cli-
mate, which differs from the observation
area by milder climatic conditions, name-
ly, positive long-term temperatures, weak
winds, and short warm summers. The

observation and comparison areas have
almost the same population endowment,
socio-economic indicators, and minimal
chemical pollution of atmospheric air.
General information in terms of cli-
mate factors (temperature and rela-
tive humidity, wind speed, atmospheric
pressure) was obtained from meteoro-
logical observations from 01/01/2016
to 31/12/2018 provided by the Federal
Service for Hydrometeorology and En-
vironmental Monitoring of the studied
areas and open sources of climate and
geographical information. As a scenario
for the exposure of climatic factors, their
complex impact is taken for 11 months
per year within 70 years. At that, annual
leave outside the residential area was not
considered. The most effective and infor-
mative indicator reflecting the complex
impact of three climatic factors (air tem-
perature and humidity, wind speed) is the
normal equivalent-effective temperature
(NEET). It was calculated using the for-
mulas A. Missenard [16] and |. V. Buteva
[1]. The values of NEET in the range from
12 to 24 °C are accepted as comfort-
able and sub-comfortable [2]. The atmo-
spheric pressure exposure is calculated
based on the value of daily atmospheric
pressure differences in the ranges 0 — 3
hPa, 3.1 — 6 hPa, 6.1 — 17 hPa for the
year season, which is the difference be-
tween the average atmospheric pressure
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values for the day between subsequent
days. The climatic factor exposure was
assessed by the specialists of the Risk
Analysis Department (Lear D. N., Head
of the Department, Candidate of Medical
Science).

218 children aged 4-7 years living in
the subarctic climate areas (observa-
tion group) were examined. The com-
parison group consisted of 109 children
exposed to milder climatic factors. The
examination of children was carried out
in compliance with the ethical principles
of the Helsinki Declaration (WMA Dec-
laration of Helsinki — Ethical Principles
for Medical Research Involving Human
Subjects, 2013) and approved by the
Committee on Biomedical Ethics of the
FBSI "Federal Scientific Center for Med-
ical and Preventive Health Risk Manage-
ment Technologies” . During this process,
we collected informed voluntary consent
of a legal representative, because it is a
must. The conducted studies did not in-
fringe on the rights, did not endanger the
well-being of children, and did not harm
their health.

Laboratory tests included biochemical
and general clinical indicators reflecting
possible negative effects of target organs:
the level of red blood cells, white blood
cells, hemoglobin, erythrocyte sedimen-
tation rate (ESR) of blood, the content of
apolipoproteins A1 (Apo A1) and B100
(Apo-B) with the determination of their
ratio, the level of thyroid-stimulating hor-
mone (TSH) and thyroxine (T4), serum
cortisol, catecholamines (epinephrine,
dopamine, norepinephrine, serotonin) in
the blood plasma. The obtained values of
indicators in children of the observation
group were compared to the indicators in
the comparison group. The results of the
conducted studies are presented in the
form of the mean value (X), the standard
error of mean (SEM) and the interquartile
range (Q,;-Q,)-

Children's diseases were analyzed
based on the results of a comprehensive
objective medical examination meeting
the criteria of the International Statistical
Classification of Diseases and Related
Health Problems. What is more, the ICD-
10 was used to determine the number of
the diseases during the examination. The
medical examination was carried out by
specialists of the mobile team of the De-
partment of Hygiene of Children and Ado-
lescents (Valina S.L., Head of the Depart-
ment, Candidate of Medical Sciences).
To identify priority diseases from critical
organs and systems, the following crite-
ria were applied: the level of morbidity in
the observation group that differs signifi-
cantly from the level of morbidity in the

comparison group (p < 0.05). To establish
the relationship between the disease fre-
quency (according to the Federal Com-
pulsory Medical Insurance Fund) and the
impact of a complex climatic factors, the
dependencies were parameterized using
the linear regression analysis method by
the formula:

y=by b X +by Xy by Xy + by Xy 4D Xy

where vy is the incidence of children
population, sl./1000; x is a measure of
the level of climate impact, °C, or hPa;
b, is the parameter of the model intercept
term; b, is the parameter characterizing
the action of NEET; b, is the parameter
characterizing the action of atmospheric
pressure; b, is a parameter characteriz-
ing the effect of changes in NEET; b, is
the parameter characterizing the effects
of changes in atmospheric pressure; b, is
the parameter characterizing differences
in the incidence of children population
between the areas of observation and
comparison due to the other factors.

Modeling of cause-and-effect rela-
tionships was carried out by special-
ists of the Department of Mathematical
Modeling of Systems and Processes
(Kiryanov D.A., Head of the Department,
Candidate of Technical Sciences). Sta-
tistical analysis of the data was carried
out using the program Statistica 10. by
nonparametric Mann-Whitney test. To
assess the significance of the differenc-
es, the p -confidence criterion (£0.05)
was used [2].

Results and discussion. Our re-
search showed that children living in the
observation area are more exposed to
adverse factors of the subarctic climate
(a decrease of up to 4.3 times in the
NEET values and an increase of up to
2.4 times in the daily changes in atmo-
spheric pressure with a larger amplitude)
relative to the comparison area.

Under exposure to the studied factors
in the children of the observation group,
a statistically significant increase of up to
1.7 times in the level of white blood cells
and ESR of the blood relative to the indi-
cators in the children of the comparison
group was observed (Table. 1). It means
the development of an inflammatory re-
action of the target organs and systems,
bronchopulmonary system in particular.

The effect of inflammation, including
on the organs of the bronchopulmonary
system, is characterized by damage and
violation of the integrity of the bronchi-
al mucosa, a decrease in the thickness
of the alveolar-capillary membrane, the
egestion of inflammatory mediators,
and further progression of the process-,

the development of morpho-functional
changes in the respiratory parts of the
lungs [7, 11]. In children of the observation
group, a stress of thyroid function was
observed. It was proved by a 1.4-times
increase in the level of TSH in the blood
serum relative to the same indicator in
the comparison group (p=0.0001).

According to the data of annotated
scientific sources, under the influence
of low atmospheric temperatures, es-
pecially their differences, there is an in-
crease in the level of thyroid hormones
in the blood responsible for tolerance of
low temperatures due to an increase in
oxygen consumption and an increase
in heat production [4, 6]. At the same
time, steady stress of the thyroid func-
tion might lead to a violation of ventric-
ular relaxation, the appearance of su-
praventricular arrhythmias, an increase
in blood pressure and a further cascade
of pathological processes. As a result, it
may lead to vascular disorders and heart
failure [15].

The assessment of indicators charac-
terizing the risk of early development of
vascular disorders in children of the ob-
servation group relative to the compari-
son group indicates a 1.2-times decrease
in Apo A1 and anincrease up to 1.3-times
in the level of Apo-B and Apo-B/ApoA1 in
the blood serum (p=0.0001). The found
changes in lipoprotein levels are similar
to the results of other studies devoted to
the development of vascular disorders in
children, which may result in the devel-
opment of atherosclerotic changes in an
older age group (younger than working
age) when exposure to low temperatures
keeps up [5].

It is known that all stages of the ath-
erosclerosis development from early en-
dothelial dysfunction to the formation of
atherosclerotic plaques can cause myo-
cardial hypoxia, pro-inflammatory cyto-
kines leading to local arrhythmogenic
activity. What is more, sympatho-adrenal
regulation is also violated [10]. There-
fore we should consider the change in
the level of a number of hormones and
neurotransmitters reflecting the dysreg-
ulation of the sympatho-adrenal system.
Thus, in the children of the observation
group relative to the comparison group,
a decrease in the content of cortisol
(1.2 times) and serotonin (2.5 times) (p
= 0.0001-0.040) was found, with an in-
creased level of adrenaline in the blood
(p = 0, 0001). Low cortisol levels cor-
relate with disorders in the central reg-
ulation of corticotropin-releasing factor
production, which is carried out by the
limbic structures of the brain associated
with the production of neurotransmitters,
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The average value, the error of the average, the interquartile range of the studied indicators
in the groups of examined children

Table 1

Observation group (n=218) Comparison Group (n=109) The significance
Indicator of the differences
XESEM Q,-Q, XESEM Q,.-Q,, p<0.05
Blood
Red blood cells, 10'%/dm? 4.71£0.06 4.5-4.9 4.41£0.07 4.2-4.6 0.0001
Hemoglobin, g / dm’ 132.87+1.72 127-139 132.71+1.63 128-137 0.900
White blood cells, 107dm? 6.68+0.35 5.3-7.7 5.85+0.38 4.6-6.8 0.0001
ESR, mm / hour 7.53+0.65 5-10 4.35+0.38 3-5 0.0001
Blood serum
TSH, mcm/cm? 3.45+0.22 2.2-4.3 2.434+0.23 1.6-2.9 0.0001
T4 free, pmol/dm? 12.37+0.29 10.92-13.62 13.76+0.32 12.71-14.73 0.0001
Apo-B/ApoAl, g/dm? 0.57+0.027 0.5-0.62 0.45+0.035 0.32-0.53 0.0001
Apo Al, g/dm® 1.42+0.03 1.35-1.50 1.69+0.09 1.35-2.02 0.0001
Apo-B, g/dm® 0.82+0.03 0.72-0.89 0.72+0.04 0.63-0.76 0.0001
Cortisol, nmol/cm? 241.59+18.71 160.5-318.9 281.85+31.89 178.6-362.4 0.040
Blood plasma
Epinephrine, pg/cm? 79.4942.01 74.3-84.6 69.55+3.97 59.8-78.4 0.0001
Dopamine, pg/cm? 58.44+2.9 50.7-65.9 59.35£3.91 52.4-66.8 0.710
Norepinephrine, pg/cm? 383.99+19.29 328.4-422.7 384.23+24.22 341.8-455.0 0.990
Serotonin, ng/cm’ 99.18+13.57 66.5-133.1 250.06+29.05 188.4-290.9 0.0001

including serotonin [12]. The imbalance
between the secretion of catechol-
amines and serotonin in the blood under
the influence of adverse climatic factors
is likely one of the violation of the body's
protective and adaptive response. It re-
sults in a decrease in resistance to hy-
perthermia, hypoxia, as well as deterio-
ration of endogenous vasomotor activity
in myocardial tissues and impaired car-
diomyocyte metabolism [6, 13]. In turn,
the imbalance of neurotransmitters has
both direct and indirect effects on the
activity of the hypothalamic-pituitary-thy-
roid system [8].

The found changes in indicators char-

acterizing the negative effects of the
respiratory, endocrine, nervous and cir-
culatory systems are confirmed by the
increased degree of incidence of the
mentioned target systems. Thus, when
compared to the comparison group, chil-
dren of the observation group have an in-
creased incidence of diseases of the cir-
culatory system ( sinus node weakness
syndrome) up to 5.6 times (p=0.0001-
0.007), the nervous system (functional
disorders) up to 2.6 times (p=0.031), the
respiratory system (tonsillar hypertrophy)
up to 1.7 times (p=0.010-0.024), the en-
docrine system (unspecified thyroid dis-
ease) up to 1.2 times (p=0.033) (Table 2).

The established frequency of unspec-
ified thyroid diseases (5.9 %) and cardio-
myopathy in children in the observation
group in the absence of these diagno-
ses in the comparison group (p=0.010)
should be addressed. The obtained
data in terms of the morbidity structure
of examined children correspond to the
results of Russian and foreign studies
considering the influence of unfavorable
climatic conditions on the formation of
diseases of the respiratory system, neu-
ro-endocrine system and circulatory or-
gans [3,7,9, 14, 17, 18].

The found trends correlate with a
1.2-2.9-times increase in the primary in-

Table 2

Comparative analysis of the morbidity structure in children of the studied groups, %

Degree of incidence, % Statistical
Disease class/ Nosology (ICD-10) Slﬁ?gﬁgiﬁ?

Observation group (n=218)|Comparison group (n=109) (p<0.05)
Respiratory diseases (J00-J99), including: 59.2 44.9 0.010
- hypertrophy of the palatine tonsils (J35. 1) 24.8 14.7 0.024
Circulatory diseases (100-199), including: 18.8 5.5 0.0001
- unspecified cardiomyopathy (R01. 0) 5.9 0.0 0.010
- Sinus node weakness syndrome (149. 5) 10.1 1.8 0.007
Diseases of the endocrine system (E00-E920), including: 53.7 44.95 0.033
- thyroid diseases, unspecified (E07) 5.9 0.0 0.010
Functional disorders of the central nervous system and
autonomic vegetative nervous system, including: 11.9 46 0.031
- Autonomic dysfunction syndrome (G90. 8);
- astheno-neurotic syndrome (G93. 8)
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cidence rate of the children in the obser-
vation area (according to the data on the
number of people seeking medical care
during the analyzed period) in terms of
diseases of the endocrine, nervous and
circulatory systems. The analysis of the
relationship between the frequency of the
disease and the complex impact of ad-
verse climatic factors enabled us to de-
termine a reliable dependence increase
in eventual developing of diseases due to
the complex influence of adverse factors
of subarctic climate, including: nervous
system (functional disorders) (R?=0.12-
0.80; 6.71=b,2114.99; -0.001<b,2-0.09;
0.01<b,>-0.15; 0.006<b,2=0.08; 1.31<b_>
2.29; p=0.0001)endocrine system
(R*=0.32; b,=37.58; b,=-0.048; b,=0.17;
b,=2.22; p=0.0001), and the circulato-
ry system (cardiac conduction disorder)
(R?=0.35; b,=-4.24; b,=0.008; b,=0.09;
b,=2.65; p=0.0001).

Conclusion. Under the influence of
adverse factors of the subarctic climate,
children aged 4-7 vyears suffer from
changes in the level of biochemical and
general clinical indicators characterizing
the development of negative effects in
the form of stress of thyroid function, the
formation of the inflammatory process,
the risk of early vascular disorders, dete-
rioration of endogenous vasomotor activ-
ity in myocardial tissues and neuro-endo-
crine regulation. 1.2-5.6-times increased
frequency of functional disorders of the
nervous, endocrine and circulatory sys-
tems proves the negative effects regards
the target organs. This might happen due
to the complex impact of adverse factors
of the subarctic climate. The found indi-
cators of negative effects should be used
to monitor the health state and improve
the effectiveness of the development of
medical and preventive measures for
children living under the influence of ad-
verse (extreme) factors of the subarctic
climate.
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