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Pesome. B 1mmocienHee BpeMsT aKTyaJIbHOCTh M3YYCHMS BIUSTHUS SKOJIOTMISCKOM COCTABJISIONICH Cpebl
Ha (popMHUpOBaHME OOILIECTBEHHOIO 30POBbs JETCKOI0o HaceaeHus Bo3pacTaeT [1, 12, 20].

B nocnenHue necaTuiieTHs: oTMedaeTcs OypHBINA POCT ajlIepruyeckux 3abosieBaHuil, B TOM YMCIE U ajl-
JIEPrUYeCKOro puHUTA CPear AETCKOTO HaceeHus. boJibloe KOTM4eCcTBO UCCAeA0BaHUM CBSI3bIBAIOT YBEIU -
YEeHUSI YMCIa aJlJIepTUICCKUX 3a00JIeBaHUI ¢ BIMSHUEM OKPYKAIOIIei Cpeabl, C TCXHOTEHHBIM Pa3BUTHEM U
ypbaHu3zauueii [4].

Anneprudyeckuii puHUT (AP) npeacrapisieT onHy U3 HauboJiee aKTyallbHBIX TTPo0JIeM ajyIeproJiorui U UM-
MyHoJstoru# [2]. AP siBiisieTcst omHOM U3 HanboJjiee pacpOCTPaHEHHBIX XPOHWYECKUX TTATOJIOTHIA y AeTeid [6, 21].

Tak, ycraHOBIIeHO, 4TO TaToreHe3 AP mpeacTasiisieT co00it CIOXKHBIN MeXaHN3M, KOTOPBII HE OTPaHNYN -
BaeTCs Cyry0o ajulepruuyeckoil peakiyeii 1 BOCHaJIUTEIbHBIM IIpolieccoM B 06acTu Hoca. OH BKIIIOUAET B
ce0s1 CIOXKHbIE MEXaHU3Mbl HEHPOreHHOTI'0 BOCTIAJIEHUS C YYaCTHUEM OCHOBHBIX HEMPOMNENTUIOB U HelipoMe-
JIMATOPOB, KOTOPBIE HAXOMSATCSI B TECHOU CBSI3U C COCTOSTHUEM SHIOKPUHHOW, UMMYHHOI CUCTEM YeJTOBeKa,
M BO MHOTOM OIIPEACISCTCS COCTOSTHUEM CIU3UCTBIX 000JI0OUEK HOCA M AbIXaTeIbHBIX ITyTeil B 1eioM. Ha
natoreHe3s AP B mepByro ouyepelb OKa3blBaeT BO3ACUCTBUE COCTOSTHUE MUKPOLIMPKYISITOPHOIO pycia ClIU-
3UCTOU 000JI0UYKHU, a TAKXKE KAUeCTBEHHbBIE 1 KOJIMYECTBEHHbIE XapaKTEPUCTUKU MUKPOOMOIIEHO3a HOCOBOM
MOJIOCTU, HOCO- U POTOTJIOTKM, BEPXHUX U HUXKHUX JIbIXaTeJIbHBIX NyTel. Bce 3TU mapaMeTpsl HAMpsSIMyIo
OIPEeNeISIIOTCS HelipoBereTaTUBHBIMU MeXxaHu3Mamu |5, 7, 9, 16].

BaxxHoe MecTo B maToreHese pa3BUTHUS aJIEPTMUYECKUX 3a00eBaHUI 3aHUMAIOT UBMEHEHUS B CUCTEME
MUKPOLIMPKYJISIIMU, C YYaCTUEM KOTOPBIX PEaTU3YIOTCSI BCe KIIMHUYECKUe MposBiaeHus1. Hapymenus mMu-
KPOUMPKYJISIIUA UTPAIOT BAXKHYIO UHULIMAJIIbHO-TPUTTEPHYIO POJIb B MATOT€HE3€ aJNIEPTUYEeCKUX PUHUTOB.

BeretaTuBHas HepBHasI CCTeMa 00eCIIeUMBacT CBSI3b OpraHU3Ma ¢ OKpYyKamIlIeil M1 BHYTPEHHEH Cpenoit,
peryaupys OOMeH BelIeCTB U (DYHKIIUY OPraHOB U TKaHE B COOTBETCTBUM C UBMEHEHUSIMU 3TOU Cpebl, OHA
TakKe o0ecIlieuyrBaeT MHTETPallMIO BCEX OPTaHOB B €AMHOE 11€J10€, SIBJISISICh OAHOM U3 TJIaBHBIX adanTalioH-
HBIX CUCTEM opraHusma [13].

Tak Kak Bo riaBe peryiassunu GyHKIIMOHUPOBAHUS OpraHM3Ma M TOMeocTa3a CTOUT BereTaTUBHAsI HEPB-
Has cucTeMa, oObeIMHSIIONIAS OTIEJIbHbIC MaTOTeHETUYECKUE 3BEHbSI Pa3BUTUS 3a00JIeBaHUI U 00yCJIaBIM-
Baolasi CTPYKTypHOe U (pyHKIIMOHAbHOE eNUHCTBO [3, 19]. MexaHu3M peryisiiuy peain3yeTcss HepBHO-
pedAEKTOPHBIM ITyTEM C TTOMOIIBIO PA3TMYHBIX HEHPOTYMOPATBbHBIX (PAKTOPOB, CYIIIHOCTh KOTOPBIX U3y4YeHa
B 9KCIIEPUMEHTAIBLHBIX YCIIOBUSIX M HA CETOTHSIITHUI IeHb He TTOIBEepTracTCsl COMHEHUIO [§].

Karouesvie crosa: a/mepemtecxuﬁ puHum, yp6aHu3auuﬂ, eecemamueHds HepeHas cucmema, MUKPOUUPKYAAUUA, KANUNNAPOCKONUA,
Mmeeanoauc
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Abstract. Recently, the studies of environmental effects upon public health of children become quite
relevant [1, 12, 20]. Over last decades, there is a rapid increase in allergic diseases, including allergic rhinitis,
among the child population. A large number of studies connect this increment in pediatric allergies with
influence of environment, technogenic development and urbanization [4]. Allergic rhinitis (AR) is one of the
most pressing problems in allergology and immunology [2], being among the most common chronic disorders
in children [6, 21]. Thus, it was found that the pathogenesis of AR is a complex mechanism that is not limited to
a purely allergic reaction and inflammation in the nasal region. It includes complex mechanisms of neurogenic
inflammation under participation of the main neuropeptides and neurotransmitters, which are closely related
to the individual condition of endocrine and immune systems, being largely determined by the state of mucous
membranes of the nasal cavity and respiratory tract in general. The pathogenesis of AR is primarily influenced
by the state of microvasculature of the mucous membrane, as well as dictinct qualitative and quantitative
characteristics of microbiocenosis of the nasal cavity, nasopharynx and oropharynx, upper and lower respiratory
tract. All these parameters are directly determined by neurovegetative mechanisms [5, 7, 9, 16].

An important place in the pathogenesis of the development of allergic diseases belongs to changes of the
microcirculation system which is involved into all the clinical manifestations observed. The microcirculation
disorders play an important initial triggering role in pathogenesis of allergic rhinitis. Likewise, the autonomic
nervous system is responsible for setting links between the body, ambient and internal environment via
regulation of metabolism, functioning of organs and tissues based on changes in this environment; it also
provides integration of all organs into a single entity, acting as one of the main adaptive systems in human
body [13].

Therefore, the autonomic nervous system regulates the body and homeostasis by unifying the separate
pathogenetic links of disease progression and setting basis for structural and functional unity [3, 19]. This
regulatory mechanism is implemented via nerves and reflexes by different neurohumoral factors. Their nature
has been established under experimental conditions and is beyond doubt to date [8].

Keywords: allergic rhinitis, urbanization, autonomic nervous system, microcirculation, capillaroscopy, megapolis

in a megapolis or rural environment will allow to
identify functional disorders and diseases in time [9].
The heart rate variability analysis is used to evaluate
the body’s adaptation to changing environment con-
ditions, it allows to describe the activity of different
subsystems of the autonomic nervous system through
their influence on the cardiac pacer functions [14].
The nervous system ensures that cells, tissues, organs,

Introduction

According to the environmental approach, a
long-term impact on the environment resulted in the
creation of a new (anthropogenic, urban) ecosystem
that haS a diverse impact on a growing body, the con-
sequences of such impact are quite difficult to visua-
lize and assess [11]. Recently, many researchers report

an increase in number and change in the ratio of risk
factors for health deterioration. The impact of these
factors depends on the body’s adaptive capacities [1].

The significant difference between the conditions
of life for children in megapolises and a rural area has a
direct impact on the children’s organism features [17].
A study of changes in the functional state of children
according to the degree of regulatory systems tension

and organ systems are integrated into a single whole.
It acts as a link connecting all living systems to the
environment and ensures their adaptation to its
constantly changing components by regulating life
activities.

The organism’s adaptive activity indicator is the
blood circulation system, both central and peri-
pheral. Scholars note that vegetative reactions are
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non-specific features of regulatory processes, also
in the microcirculatory bloodstream system. The
microcirculation system is an important pathogenetic
link in the development and progression of many
diseases. That is why it is very promising to study
methods for objective appraisal of its changes.

The knowledge on vegetative and microcirculatory
homeostasis for children living in megapolises and
rural areas is scarce and contradictory compared
to the findings of the heart rate variability analysis.
Meanwhile, the intensity of wurbanization and
anthropogenic load dictate the relevance of studying
their impact on children’s health.

Materials and methods

120 children with allergic rhinitis in the age of 7
to 11 have been examined in the outpatient clinic.
All children have undergone the condition of the
microcirculatory bloodstream has been examined
by computer-aided nail bed capillaroscopy in
course of which some parameters such as length of
capillaries arterial and venular parts, inequalities of
arterial and venular capillary parts caliber; distance
between capillaries, diameter of arterial and venular
parts of capillaries; distance between arterial and
venular parts of capillaries; perivascular zone length
have been analyzed. The autonomic nervous system
conditions were assessed following the results of heart
rate variability (HRV) within 3 minutes by means
of Cardiovisor-6C equipment complex (Medical
Computer Systems LLC, Russia). In course of HRV
study, the standard deviation of NN intervals mean
value (SDNN), root mean square of successive
differences (RMSSD), regulatory systems stress index
(SI, Baevsky’s index), centralization index (IC),
root mean square deviation of NN intervals duration
(PNN50), number of interval values corresponding
to the modal values (Amo), two frequency ranges:
HF (high frequency component), LF (low frequency
component), and their ratios have been calculated.

The study involved 2 groups of patients: the main
group included 60 children from a megapolis away
from massive green areas, and the comparison group
comprised 60 children from rural areas. The results
have been processed in SPSS 14.0 software (SPSS
Lab, USA).

Results and discussion

In order to comprehensively assess children’s
health, generally accepted criteria were used [18].
According to the life history, almost all children in
the main group (81%) experienced an increase in the
ARI cases in March-April; in the comparison group,
number of ARI cases was approximately the same

and had no seasonal nature. In the main group, the
respiratory disease index amounted to 0.44%0.16,
in the comparison group to 0.310.14; p < 0.05. The
children living in megapolises had a later age of ARI
onset — 7.9%1.2 months than those living in rural
areas 5.8+1.2 months) (p < 0.05).

The main group, 21.6% of patients (n = 13) de-
monstrated an increase in body temperature (above
38.5 °C) when suffered ARI, 51.6% (n = 31) of the
study group (sometimes even 26.8% (n = 16)) showed
no increase in body temperature. For the comparison
group: 41.6% (n=25), 53.3% (n=32), and 5.1%
(n = 3) of children respectively (p < 0.05). There was
a high degree of domestic and social history burden in
the main group of children (p < 0.05).

We looked at heart rate variations as at the result of
the activity of different parts of the autonomic nervous
system related to the functioning of neurohormonal
regulation mechanisms to support homeostasis and
different functional systems development under
environmental influence.

The HRYV analysis revealed that children from
urban areas suffer from a regulatory systems deficiency
or exhaustion. The analysis of the heart rate at rest
shows that the values of SDNN, a parameter that
reflects the overall variability of heart rate, were higher
in the main group than in the comparison group. The
same trend was peculiar to the main group in terms
of RMSSD parameters that represent high-frequency
heart rhythm components, which exceeded the
corresponding index by 1.5 times in the comparison
group.

The children from the main group showed a
decrease in AMo (24.9£7.1) and an increase in the
variation range mean value to 0.36%+0.035 sec. This
indicates a raise of the autonomic nervous system
sympathetic effect on children’s regulatory processes.
In the comparison group the variation range mean
value amounted to 0.3+0.07 sec, and AMo to
34.5+8.3.

The stress index was within normal limits in all
groups, but children living in cities and towns had a
stress index two times higher than children living in
rural areas, 226.5+54.3 and 134.11+44.7, respectively.
The centralization index correlating to the central
regulation mechanisms stress in course of adaptation
was 4 times above the norm in the main group —
10.8+2.1 mainly because of the activation of the ANS
sympathetic division, while in the comparison group
this index was within normal limits — 2.240.9.

All children from the main group demonstrated a
slight decrease in the low-frequency (LF) spectrum
and an increase in the high-frequency (HF) com-
ponent p > 0.05 (Fig. 1, see 3 page of cover). The
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same trend was registered when determining the LF/
HF ratio: 3.84+0.7 in the main group, 4.4+0.5, p > 0.05
in the comparison group (Fig. 2, see 3™ page of cover).

Positive correlations between IS and residence
in the vicinity of industrial enterprises and highways
(r=20.69), between LF/HF and viral infections
rate (r = 0.63), and negative correlation between IS
and body temperature increase (r =-0.6) have been
detected.

Today, it is widely known that microvascular
regulation disorder affects inflammatory processes
in the body. Due to this, microcirculatory changes
of vascular kind genesis indirectly reflect adaptive
reactions and act as critical factors that cause patho-
physiological disorders leading to frequent ARIs for
children living in different conditions.

Incontrasttothe comparisongroup, the maingroup
of children showed changes in the microcirculatory
bloodstream represented by a minor increase in
the capillaries venular part diameter, 52.1+5.9 and
46.8+5.7 p > 0.05 respectively in comparison with the
control group, while the main group had a reliably
smaller arteriolar-to-venular ratio (AVR) indicating
the ratio of parallel vessels diameters (0.28+0.02 and
0.35%0.03 respectively; p < 0.05). We believe that
these changes are compensatory because of the high
impact of the autonomic nervous system sympathetic
division that reduces at the arterial part due to muscle
spasm, increases biochemical active paraendothelial
space and leads to perfusion disorders.

Positive correlations between AVR reduction and
viral infections rate (r = 0.72), AVR and centralization
index (r = 0.72), SDNN and venular part diameter in
the capillaries (r = 0.6), negative correlation between
stress index and body temperature increase at ARI
(r=0.61) have been revealed.

Children living in megalopolises far from massive
green spaces tend to have a higher respiratory
disease index and certain peculiarities of ARI
clinical progression. This fact may serve as a reason
for conducting a thorough examination of this
group of children for early detection of vegetative
dysfunction, before its clinical manifestation, creating
a child’s “vegetative passport” and determining basic
immunological indicators for such children.

According to the findings, we see that children
living in urban areas are prone to have changes in
autonomic nervous system values and sympathetic
division activation in comparison to children living
in rural areas, most likely it derives from inadequate
regulation in response to the complex impact of
anthropogenic and urban factors.

It is known that the age groups examined by us
have certain morphofunctional features on the one

hand, and on the other hand they are hypersensitive
to anthropogenic stress, which is very high at this
age, also, as per the heart rate variability data, they
have low adaptation reserves. The obtained data show
that children living in megapolises have an increased
activity of the autonomic nervous system sympathetic
division leading, in turn, to vegetative dysfunction
and decreased adaptation, which reduces the body’s
adaptive capabilities and triggers a vicious circle in
future. These findings fall in line with the conclusions
of Mylnikova IV, Tsibulskaya IS, and others [15, 18].

Also, children living in urban areas display reactive
tension in vegetative regulatory mechanisms and have
an increased degree of centralization in heart rate
control. This may be due to the complex influence of
environmental factors on the child’s body that results
in nonproportional influence of different parts of the
autonomic nervous system causing changes in both
the microcirculatory bloodstream. In future, this
should be studied for different age categories with the
consideration of anthropogenic, socio-ecological,
and urban stress impact on a child’s organism.

Following the concept of vegetative-immunolo-
gical adaptation to adverse factors, all groups of
patients displayed IFNy within normal values, howe-
ver children living in the urban environment had this
indicator slightly decreased, at the same time the IgE
content in blood serum was increased in this group.
Perhaps, these changes are adaptive in respect to the
urban pathology development under the functional
stress mode and serve to prevent the compensatory
mechanisms failure.

Most of the children in the main group have
changes in the microcirculation system based on
the autonomic nervous system influence on micro-
circulatory vessels arterial section, it also allows to
adapt the body’s reserve capacity to different sur-
rounding, environmental and hygienic conditions,
thereby normalizing the energy, nutrient metabolism,
and increased immune response.

Conclusion

Children living in megapolises far from massive
green spaces suffer from various adverse factors,
inadequate to their nature and leading to adaptation
mechanisms failure and disease onset. The fact that
children from rural areas have not been exposed
to these changes makes us believe that the factors
affecting children in city environment are mostly of
urban and anthropogenic origin.

The findings obtained give us grounds to say that
children from megapolises have specific changes in
the immune and autonomic nervous systems, and in
the microcirculatory bloodstream. Urban children
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experience reactive changes in their vegetative status
toward greater dominance of central regulation
mechanisms and a predominance of sympathetic tone,
while rural children do not demonstrate an explicit
sympathetic effect. This matter shall be considered in
planning the personalized follow-up, treatment, and
rehabilitation for such children. Also, it is important
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