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e HepelueHHble npobiembl NMLLEBO anneprum y geTemn

e Posib OpTOAOHTMYECKON NaToNornmy B opmmnpoBaHmm
avcdarun

e [lnetnyeckan KoppeKLma OXKNpeHna Yy aetenn nogpocCTkoB

e CaxapHblii gruabet 1-ro Tmna n 6poHxmManbHas actMa y getei:
B3aVIMOCBA3b 1 B3aMOBNSHNE

e CoBpeMeHHble NoaxoAbl K BBeEeHI0 JOKOPMa
HOBOPOXAEHHbBIM 1 JeTAM NEPBOro roAa »KNU3Hu

® YHMKaNbHOCTb COCTaBa KO3bero MoJioka 1 npemmyliecrtea
ncnonb3oBaHUA d)opmyn Ha ero ocHoBe y MiajieHues

o [leHCUTOMETPUA B OLleHKe KOCTHOrO MeTabonmnsma y feten
C Lenakuen

e [laToreHeTMYeCKre MeXaH13Mbl Pa3BUTUA MATONOMN KOCTHOM
TKaHW NPU XPOHMYECKNX 3aboneBaHnax XKT

e Ponb KnweyHomn MVIKpO6VIOTbI B reHese snwuiencmn

¢ B3aMMoCBA3b recTaLIoHHOrO BO3pacTa HeJOHOLLEHHOTO
HOBOPOXKAEHHOTO C HaCeACTBEHHON MPEAPaCcnoNIOKEHHOCTbLIO
K MeTabonunyeckomy CMHBpPOMY

e MapKepbl OCTPOro NoBpeXXAeHs NoYeK Y HeIOHOLEHHbIX
HOBOPOXIEHHBIX B KPUTUYECKOM COCTOAHUN

e BriMsiH/E MaTePUHCKOro OXMPEHUs Ha Gr3nyecKoe pasBuTre
MOTOMCTBA B NEPBbINA FOf >KU3HN

© 3HAUMMOCTb KINHMKO-1ab0pPaTOPHbIX MPY3HAKOB
B OLleHKe 3GPEKTUBHOCTN HYTPUTUBHOW MOAAEPXKKN
Y HOBOPOXAEHHbIX B KPUTUUYECKOM COCTOAHUN

¢ BnusaHve spagmkaumoHHon Tepanuu Helicobacter pylori
Ha TeyeHue OPB y geten LWKONbHOro BO3pacTa

e OLeHKa KauecTBa XU3HW JeTel C runeptpoduer afeHongoB

e KauecTBO XW3HW feTell paHHero Bo3pacta C N1LeBOM
annepruen

e JlaTeHTHaA Ty6epKyne3Hasa nHbeKuma y geten
1 NOJPOCTKOB: BOMPOCHI MPEBEHTUBHOIO NIeYeHNA

e Bo3pacTHble acneKTbl BEreTaTMBHO-PEryaaTOPHOro
obecneyeHnss MOPHOPYHKLMOHANBbHbBIX NPOLIECCOB
ny6epTaTHOro Nepuoga y 340POBbIX MOAPOCTKOB

e CpaBHUTEIbHAA XapaKTePUCTMKA TEYEHWNS NeprHaTaIbHOro
nepuopa feten, poXXAeHHbIX Ha PpaHHMX CPOKax rectauumy,
C ucnonb3oBaHnemM BPT 1 camocTosTenbHom
6epemeHHOCTM

o KnnMHmMYeckmi cnyyain pebeHKa ¢ caxapHbiM frnabetom
1-ro Tina c NocneayLYM pPa3BUTMEM SHLIedanonaTm
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Abstract. Introduction. The article discusses the most significant problems faced by a pediatrician, family medicine
physician, and allergist-immunologist when caring for children with food allergy (FA). Unsolved problems of FA
still include the heterogeneity of information about its prevalence and age dynamics. The clinical value of various
examination methods are discussed, revealing the main common errors in the interpretation of tests. Cases of
unjustified prescription of elimination diets in children with unproven PA are considered. We present our own
data obtained during observation of cohorts of pediatric patients in the city allergology office of St. Petersburg.
Among 263 children diagnosed with bronchial asthma, in 91 cases (34.6%) positive (>0.35 IU/ml) specific IgE was
found in the blood serum to food products (in descending order of frequency): chicken egg white, milk, cod,
wheat, soy, oats. The development of respiratory symptoms when consuming certain products was recorded
in 16 people (6.1% of the sample). The paper provides clinical characteristics of this small subgroup of children
with bronchial asthma who are indicated for an individually selected elimination diet. The advantages and
disadvantages of a promising method of treating FA — oral immunotherapy with food allergen — are considered.
The method provides protection against the development of a severe and life-threatening episode if the patient
accidentally consumes food allergen. The advantages and disadvantages of the most popular strategies in the
prevention of FA in children, starting from the prenatal period, including the use of hydrolyzed formulas and
the introduction of potentially allergenic products into complementary foods, were assessed. Conclusion. In the
field of prevention, diagnosis and treatment of food allergies in children at the present stage, there are significant
unresolved problems. The development and approval of recommendations for conducting food challenge tests
is required. Interpretation of tests can only be carried out in direct connection with knowledge of the history and
clinical picture of the disease in the child. The problem of food allergies continues to focus the efforts of both the
international community and domestic scientists.

Keywords: children, food allergy, diet therapy, prevention, clinical manifestations of food allergy
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Pesiome. BeedeHue. B cTaTbe paccMOTpPeHbl Havbonee 3HauyMble NPobemMbl, C KOTOPbIMI CTaNIKMBAETCA ne-
AMaTP, Bpay CeMEeHOW MeAULIMHBI, aNifieprofor-MMMYHOSON NPV BeleHU AeTel C XKanobamy Ha NULLEBYIO an-
nepruito (MA). K HepelieHHbIM Npo6riemam MA no-npexHeMy OTHOCAT Pa3HOPOAHOCTb CBELAEHWI O ee pacnpo-
CTPAHEHHOCTV 11 BO3PACTHON AnHamuKe. ObcyxaaeTca MHPOPMATUBHOCTD U KITMHNYECKAA LLEHHOCTb Pa3fIUHbIX
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MeTOf0B 06cefoBaHNA, C PaCKPbITUEM OCHOBHbIX TUMMYHbIX OLWNOOK NPV UHTeprpeTauuy aHanu3os. Paccmo-
TPEHbI CJlyYan HeOOOCHOBAHHOIFO Ha3HAYeHVIA SNNMUHALMOHHBIX AVET Yy AeTel nNpu HegokasaHHou MA. MpuriBe-
[EeHbl COOCTBEHHbIE aHHble, MOyYeHHbIe NPV HabnoAeHN KOFOPT NaLMEHTOB AETCKOro BO3pacTa B rOPOACKOM
annepronornyeckom KkabrHete CaHkT-lNeTepbypra. Y 263 getei c AnarHO3oM «6poHxmnanbHaa actmar B 91 cny-
yae (34,6%) obHapyxrBanu nonoxutenbHble (>0,35 ME/mn) cneunduryeckme IgE B CbIBOPOTKE KPOBM K MIULLEBbLIM
npoayktam (B nopsake yobiBaHMA YacToTbl): 6ENOK KypUHOFO AiLa, MOTOKO, TPECKa, NiueHunLa, cod, oBec. Pas-
BUTME PECMMPATOPHbIX CUMITOMOB NPW YNOTPEGEHUN OnpefeneHHbIX MPOAYKTOB GUKCMpoBanu y 16 yenosek
(6,1% BbIGOPKM). B paboTe faHa KNMHMYECKaa XapaKTeprcTriKa STON HE6ONbLUION NOATrPYNMbl AeTel C 6pOoHXManb-
HOW aCTMOM, KOTOPbIM MOKa3aHa MHAMBMAYanbHO NogobpaHHaA SNMMUHALMOHHaA AneTa. PaccMoTpeHbl npenmy-
LLlecTBa U HeJOCTaTKM NMepPCrneKTUBHOIO MeToAa fieueHns MA — opanbHOW MMMYHOTEPanuK C NMULLEBbLIM aniepre-
HoM. MeTog AaeT 3alunTy OT Pa3BUTUA TAXKENOFO M XKN3HEYTrPOXKatoLLEro 3n1M30A4a Npw ClyyaliHOM ynoTtpebneHnm
MYLLEBOro anfiepreHa naumeHTom. OLeHeHbl MPerMyLLecTBa 1 HeAOCTaTKK Hanbonee NonynapHbIX CTpaTernii B
npodunaxktmke MNA y fetein, HaunHaA ¢ BHYTPUYTPOOHOrO Neproaa, B TOM Uncie, MpUMeHeHre npodunaktnye-
CKUX MMIAPOJNIN3HBIX CMeCeil, BBefleHMe MOTEHLMANbHO afiepreHHbIX NPOAYKTOB B NPUKOpM. 3aksioyeHue. B 06-
nacT NPoPUNAKTUKN, LNArHOCTUKM U IEYEHNA NULLEBON aNnfeprn y AeTell Ha COBPEMEHHOM 3Tane CyLeCcTBYIOT
3HauMMble HepelleHHble Npobnembl. TpebyeTca pa3paboTka 1 yTBEPXKAEHUE peKoMeHAALMIN MO NPOBeAeHNIO
MPOBOKAaLMOHHBIX MULWEBbIX MP06. MIHTEpnpeTaLuio aHan30B MOXHO NPOBOAMUTbL TOSIbKO B HEMOCPEACTBEHHOM
CBA3M CO 3HAaHMEM aHaMHe3a U KIMHUYECKOW KapTrHbl 3aboneBaHnA y pebeHKa. [Npobnema nuweBon anneprum
MPOAOMKAET KOHLIEHTPUPOBATb YCUMNA Y MMPOBOFO COOOLLECTBA, N OTEYECTBEHHDBIX YUYEHbIX.

KnioueBble cnoBa: demu, nuwieeas assepaus, duemomepdnus, npoguIdKMUKA, KIUHUYECKUe NpOseneHuUs

nuwesou annepauu

INTRODUCTION

Food allergy (FA) is a food-induced patholo-
gical reaction based on immune mechanisms [1].
The immune mechanisms of allergic reaction are
mediated by specificimmunoglobulins E (IgE-me-
diated reactions) or have a cellular mechanism
(non-lgE-mediated) [2]. Several mechanisms may
be involved in the pathogenesis of FA-associated
disease (so-called mixed-type reactions), but aller-
gen-specific IgG of any subclass (including 1gG4)
is not clinically relevant in any of the described
FA-associated conditions [1]. The term "food hy-
persensitivity" does not show anything about
the mechanisms of pathogenesis of reactions to
some food, so its application to immunological-
ly determined reactions to food is inappropriate
[1]. However, a clear distinction should be made
between cases of "food intolerance" in which, de-
spite the certain association of clinical manifesta-
tions with food intake, there is no reproducibility
and consistency of the reaction or any immuno-
logic mechanisms [1, 3].

HOW COMMON IS FOOD ALLERGY
IN CHILDREN?

The overall prevalence of FA is thought to be
increasing everywhere, and the spectrum of its
clinical manifestations is also expanding [4]. A me-
ta-analysis of 23 studies conducted between 2000
and 2012 in Europe showed that the frequency of
FA found in patient at any time during his or her

life was 17.3% according to questionnaire data.
The prevalence of sensitization by detection of
specific IgE (sIgE) to food was 10.1%, proportion
of patients with positive allergy skin tests (AST)
with food was 2.7%, and probability of a positive
result of provocative test for food allergy diagno-
sis (PT) was only 0.9%. At the same time, signifi-
cant regional differences in the incidence of FA
were noted [5]. Data revision was done in 2023
and linked the results of studies conducted bet-
ween 2000 and 2021 in all European countries,
including the Russian Federation and Turkey,
showed an increase in the prevalence of FA, using
a questionnaire, and the detection of sensitiza-
tion. The prevalence of FA noted ever in life was
19.9%, according to questionnaire data, the fre-
quency of laboratory-detected sensitization (sIgE)
to food increased to 16.6%; a proportion of posi-
tive ASTs to food increased to 5.7%, and the pro-
bability of receiving a positive PT did not change
significantly, only 0.8% [6]. Thus, the "incidence of
FA" has significant differences depending on how
it is confirmed. The detection of food sensitiza-
tion by AST and slIgE has increased over the last
decades, possibly reflecting a true increase in FA,
but may also be a consequence of the increased
vigilance and coverage of allergy screening me-
thods in different countries and general increase
in the number of studies on FA. The most recent
and comprehensive meta-analysis suggests that
large, well-coordinated studies of rigorous de-
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sign, including mandatory confirmation of the
diagnosis by double-blind, placebo-controlled PT,
are needed to more accurately determine the in-
cidence of PA [6].

WHICH FOOD
IS THE MOST ALLERGENIC?

At first, the concept of the “Big Eight” (a list of
foods that are the most common causes of FA)
was proposed in 2014 by the European Academy
of Allergy and Clinical Immunology (EAACI) based
on research data conducted in 2000-2012. Accor-
ding to current clinical recommendations, the Rus-
sian “Big Eight” foods that most often is the cause
of allergic reactions include cow milk proteins
(CMP), chicken eggs, peanuts, nuts, fish, seafood,
wheat and soy [1]. A review and meta-analysis of
publications from 2000 to 2021 (total number of
studies — 93) showed that the “Big Eight” has not
changed during this time [6]. Data from the me-
ta-analysis on the frequency of FAs for G8 foods
are presented in Figure 1.

In the study of the sensitization spectrum in
children, who lived in Ekaterinburg, aged from

85,6

B Benku kopoBbero monoka / Cow’s milk proteins
M KypuHoe aiuo / Hen’s egg
Mwexunua / Wheat
Apaxuc / Peanut
H Pui6a/ Fish
B Opexu / Nuts
W Cos/Soy
B Mopenpogyktsl / Shellfish
HeT nuwiesoit anneprum / No food allergy

Fig. 1. The prevalence of food allergies according to research
data [6]
Puc. 1. PacnpocTpaHeHHOCTb  BMAOB  MULLEBOWN  ansiepriu

B MONyAAUNN N0 AaHHLIM [6]
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4 months to 16 years and had anaphylaxis due
to allergic reaction to food, causative allergens
were identified in 100% of cases. CMP (51.67%),
various types of nuts (33%), egg (16.67%), wal-
nuts (16.67%), fish (15%), kiwi (11.67%), peanuts
(11.67%) were the leading causes of anaphylaxis.
Children who suffered anaphylaxis due to allergic
reaction to food were also sensitized to non-food
allergens: birch pollen (68.33%), cat fur (40.0%),
dog fur (16.6%), and grass pollen (13.3%) [7].

DOES THE AGE OF A PATIENT MATTER

The frequency of allergies to various foods
changes with age. Moreover, for the most impor-
tant and allergenic products, positive dynamics
are expected in the form of the formation of tole-
rance or “outgrowing” allergies. In many cases,
this is exactly what happens, and the child begins
to tolerate foods such as cow milk, chicken eggs,
and wheat without developing a reaction. It is
known that the most significant food allergen in
young children, CMP, causes allergic reactions in
2-3% of infants, and by the age of 5, approximate-
ly 80% of patients develop tolerance. Therefore,
the prevalence of FA to CMP allergens at the age
of 6 years decreases and is less than 1% [1].

ARE THERE ANY METHODS
FOR TREATMENT OF SEVERE FOOD
ALLERGY?

In case of confirmed severe FA, patients are
forced to strictly avoid the allergen for a life. In
many cases, it is necessary to control the intake of
even the smallest trace amounts of product.

The question arises about the possibility of
curative treatment. Specific immunotherapy with
food allergens is being widely studied around
the world as a method that provides protec-
tion against the development of a severe and
life-threatening episode if the allergen is acciden-
tally consumed by a patient who generally follows
a strict elimination diet.

Oral immunotherapy (OIT) is the admi-
nistration of a causative food allergen to a pa-
tient with proven sensitization and allergy on a
regular basis in quantities. It is not cause a severe
reaction, with a gradual increase in the dose of
the product in order to achieve tolerance. OIT
has been widely studied around the world, and
it is clear that although it may generally have
the desired effect, but the risk of developing an
anaphylaxis reaction to OIT itself must be kept
in mind [8].
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OIT is the most promising technique in the
treatment of severe FA, but difficulties in its use
are associated with many reasons:

« the risk of development of acute allergic reac-

tions at the initial stage of treatment;

. differences in protocols (dose and rate of its
increase);

« alack of commercially available OIT drugs;

- a difficulty in diagnosing the onset of tole-
rance (as well as for allergen-specific immu-
notherapy with inhaled allergens, reliable and
safe markers for testing the onset of effect
have not been developed) [8].

There is an opinion that after achieving clini-
cal success, OIT should be continued for a life, be-
cause a loss of effect is likely after ending of the
therapy [8]. The possibilities of improving OIT by
combining it with the administration of biologi-
cal therapy (monoclonal antibodies: omalizumab,
dupilumab) and with probiotics are also being
studied. A final opinion on this issue has not yet
been formed [8].

High-risk factors of undesirable consequences
of OIT include:

« high degree of sensitization to the allergen,
anaphylaxis in anamnesis (i.e., actually a direct
indication for OIT);

« uncontrolled course of allergic disease;

+ low compliance to the treatment regimen;

« presence of gastrointestinal forms of FA (eosi-
nophilic esophagitis, food protein-induced
enterocolitis syndrome) [8].

Due to these reasons, OIT is currently not

authorized for use in the Russian Federation [1].

During childhood, patients with food anaphyla-
xis inevitably raise the question of the possibility of
"disease outgrowth" and, consequently, of discon-
tinuation of the diet, which is no longer required.

There are no reliable and highly safe methods
either for diagnosing tolerance formation or for pre-
dicting the course of the disease as the child grows up.

ARE THERE RELIABLE METHODS
FOR DIAGNOSIS OF FOOD ALLERGY?

The first and often most reliable way to diag-
nose FA is a structured anamnesis [9].

To complete the anamnesis data, methods for
confirming sensitization are used, i.e. detection of
specific IgE, free in serum or attached to effector
immunocompetent cells, both in vivo and in vitro:

« AST;

- slgE;

« basophil activation test (BAT), etc.
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You must always remember that:

« these diagnostic methods confirm sensitiza-
tion, and not the allergic disease itself.

- the cut-off level above which the test result
in most cases is actually associated with the
presence of an allergy to the product is only
being studied for some of the most significant
food allergens, such as CMP, egg [10];

- for different food products, the information
content of the methods will be different; not
all types of tests are available in a doctor’s
practice [9];

+ none of the examination methods available in
practice are without drawbacks; in addition,
for a full interpretation of the results, studies
performed on a local population are highly
desirable [11].

The informativeness of methods for confirming
sensitization depends naturally on the mecha-
nism of FA in patient.

In the development of type 1 hypersensiti-
vity reactions (atopic, IgE-mediated mechanism)
to a food allergen, a typical pattern of clinical
manifestations of the reaction is observed. The
above-mentioned diagnostic tests for detection of
IgE-sensitization in these situations are often high-
ly informative and provide results that are easy to
interpret and explain the patient's anamnesis [9].

Clinical characteristics of IgE-mediated food
allergy include rapid onset of symptoms (from
minutes to 2 hours after ingestion of the food al-
lergen) reproducibility of reactions in dynamics
with repeated contact with the same product and
typical symptoms:

« urticaria, angioedema, itching of the skin,
ears, palms, feeling of heat, hyperemia in pre-
existing foci of dermatitis;

« itching, swelling of mucous membranes of an
oral cavity, pharynx, nausea, vomiting, spas-
modic abdominal pain, diarrhea;

- itching, swelling of conjunctivae, lacrimation;

« rhinorrhea, sneezing, nasal congestion, nasal
itching, hoarseness of voice, stridor, cough,
difficulty breathing, wheezing, cyanosis;

. pallor, cold sweat, palpitations, loss of con-
sciousness and shock, tachycardia, arterial hy-
potension;

- anxiety, behavioral disturbances, irritability,
apathy, lethargy, seizures, tremors, metror-
rhagia;

« polysystemic reactions, including many of the
above symptoms, up to lethal outcome (ana-
phylaxis).
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The symptoms of IgE-mediated immediate-
type FA are varied and Its interpretation depends
on the clinical case. For example, the develop-
ment of isolated seizures against the background
of complete health is unlikely to make one suspect
FA in the first place. Sneezing fits after consump-
tion of a certain product are quite characteristic,
although are not very common [9].

Clinical manifestations that develop by
non-lgE-mediated and mixed mechanisms are
more difficult to interpret. Based on the patient's
complaints and anamnesis, a physician can iden-
tify a potential food allergen as the cause of
symptom. But the informativeness of methods for
detecting IgE-sensitization will be highly ques-
tionable.

Symptoms of non-IgE-mediated or mixed
mechanisms of FA include [9]:

« contact dermatitis;

- gastrointestinal forms of FA (food protein-
induced enterocolitis, allergic proctocolitis,
allergic enteropathy);

- exacerbation of atopic dermatitis;

« eosinophilic esophagitis, gastritis, enteritis;

- exacerbation of bronchial asthma.

In clinical practice, it is not uncommon for
patients with atopic dermatitis, suspecting food
allergy, to have various tests to detect IgE-sen-
sitization to food allergens by themselves, and
upon receipt of the results exclude a number of
foods from the child's diet. Based on this know-
ledge, the failure of this approach becomes clear.
Particularly alarming are the situations when strict
elimination diets are prescribed and number of
important foods are excluded from the child's diet
based only on laboratory tests, without sufficient
analysis of clinical picture [9].

Patient education should emphasize that many
variants of atopic dermatitis are not associated
with FA. The search for causative food allergens
is justified in patients with early-onset atopic der-
matitis, in patients with severe atopic dermatitis
at any age, and in patients with direct anamnesis
data indicating a provocative role of food in the
development of exacerbations [12]. However, it
should be remembered that the absence of spe-
cific IgE does not exclude the diagnosis of FA [1].

In foreign practice, provocative test for food
allergy diagnosis (PT) is often used after the sen-
sitization confirmation step, which demonstrate
the reaction to the suspected product under cont-
rolled conditions. PT is undoubtedly the "gold
standard" in the diagnosis of FA. A particularly
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useful function of PT is to demonstrate tolerance
to a product that has been excluded for a long
time from the child's diet and feared to be intro-
duced [9]. For practical purposes, an open PT is
sufficient. In complex expert cases and in scienti-
fic studies, double-blind placebo-controlled PT is
also used [9].

Due to technical complexity, lack of approved
protocols for PT, and lack of standardized food
preparations for PT, these tests are not performed
in the Russian Federation [1].

In Russian practice, the so-called diagnostic in-
troduction of a product is recommended as a dia-
gnostic technique, i.e. trial introduction of small
amounts of product previously excluded from
the diet to assess clinical symptoms. Diagnostic
administration is not used in children with ana-
phylaxis, when even minimal (trace) amounts of
an allergenic product cause complaints. For diag-
nostic administration, a small amount of the pro-
duct containing the suspected causative allergen
is used, based on the anamnesis (the amount of
the product for which the development of com-
plaints was noted, the severity of the reaction to
this amount). Start should be with a dose signi-
ficantly lower than the one that led to the clinical
manifestations of the allergic disease. The period
of observation of the patient after diagnostic ad-
ministration of the product depends also on the
nature of previous reactions to this product and
ranges from 2 hours in case of hypersensitivity of
immediate type (urticaria, rhinitis, asthma) and to
2 days in case of hypersensitivity of delayed type
(atopic dermatitis, gastrointestinal manifesta-
tions) in the anamnesis. If diagnostic introduction
of the product did not lead to the development of
symptoms, the product is introduced into the diet
in gradually increasing amounts [1].

DOES A CHILD WITH BRONCHIAL ASTHMA
NEED AN ELIMINATION DIET?

The prescription of diets with the elimination
of a number of "highly allergenic" foods to chil-
dren with bronchial asthma, allergic rhinitis and
other respiratory allergic pathologies seems to be
an important problem.

Bronchial asthma in childhood most often has
an atopic mechanism. In some cases, the child's
parents believe that food allergens provoke the
symptoms of the disease. Thus, 180 children (of
total 362 children aged from 6 to 18 years with
atopic bronchial asthma) noted a provocative role
of food in anamnesis. Among them, 70 children
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were found to have positive slgE to food aller-
gens, and only 20 children had a positive PT [13].

Food allergens are seriously inferior to inha-
lant allergens (house dust, pollen, fur) [14, 15].
Even though the frequency of sensitization to
this group varies from 0.8 to 25%. A significant
proportion of these patients do not have clinical
manifestations of food allergy, despite the detec-
tion of specific IgE in blood serum [14].

We present our own data on the analysis of
the dispensary group of patients observed in the
City Allergy Clinic of St. Petersburg (SPbFBO "Chil-
dren's City Clinic No. 44"). The data of case histo-
ries and results of repeated examinations of 263
children diagnosed with bronchial asthma (BA,
J45.0) at least 1 year ago were studied. The dis-
tribution of patients by age groups, comorbid di-
seases and severity is presented in Table 1.

After analysis of the data from case histories,
it was found that 91 (34.6%) patients had posi-
tive (>0.35 IU/ml) specific IgE in serum to a small
list of products (in descending order of frequen-
cy): chicken egg protein, milk (more often ca-
sein), cod, wheat, soy, and oats. During the direc-
ted questionnaire survey of patients (older than
7 years) and/or their parents, it was found that
when consuming certain foods, the development
of respiratory symptoms was repeatedly recor-
ded in 16 people (6.1% of the examined sample),
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of whom 3 (18.75%) had no specific IgE detected
in serum (reactions to fish and milk). Meanwhile,
only nasal itching, serial sneezing, and watery
rhinorrhea developed in 5 patients (31.25%) of
the subgroup. All of them had positive specific
IgE in serum. The remaining 11 patients (68.75%)
had distant wheezing, dyspnea, serial cough in
addition to rhinitis symptoms. Table 2 shows the
clinical characteristics of subgroups of patients:
patients in whom food consumption causes only
an exacerbation of allergic rhinitis (AR) and co-
morbid bronchial asthma (BA) is exacerbated by
inhalant allergens ("food AR"), patients in whom
food consumption causes a combined exacer-
bation of both AR and BA ("food BA"), and pa-
tients without clinically significant FA ("no food
allergy").

For patients in whom food consumption does
not lead to respiratory symptoms, anaphylactic
reactions have been described to insect stings
and penicillin antibiotics. Patients with repro-
ducible respiratory manifestations of food allergy
(exacerbation of AR and/or an attack of BA) are
usually younger and have polysensitization. Food
sensitization has a delineated clinical picture
even in the absence of specific IgE. Multisystemic
manifestations in the structure of food anaphy-
laxis are more characteristic for "food BA" than
for "food AR" (45.5% vs. 20%, a correct statistical

Table 1. Clinical features and medical history in examined patients

Tabnuua 1. KnuHnKo-aHamMHecTUYecKas XxapaKTepucTka o6cneoBaHHbIX NaLYIeHTOB

bpoHxuanbHaa actma
. (263 naymeHToB), n (%) /
XapakTtepucTtuka / Sign Bronchial asthma
(263 patients), n (%)

BospacTtHow nHtepsan / o 3 net 22(8,3)
Age interval Under 3 years

3-6 net 71 (27,0)

3-6 years

7-11 net 97 (36,9)

7-11 years

12-17 net 73 (27,8)

12-17 years
CTeneHb TAKeCTU OCHOBHOMO Nerkas / Mild 154 (58,6)
3aboneBaHua / Severity of the disease

CpepnHsasa / Moderate 81(30,8)

Taxenan / Severe 28 (10,6)
KomopburgHble 3ab6onesaHus / Annepruyeckuin punut / Allergic rhinitis 247 (93,9)
Comorbid diseases Atonunueckunint gepmatuT / Atopic dermatitis 69 (26,2)
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Table 2. Clinical features in patients with respiratory food allergy
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Tabnuua 2. KnuHnyeckne xapakTepucTuKm NaLieHTOB C PeCnpPaTOPHbIMUN NPOABAEHUAMMN NULLEBON anneprum

Muweson Muwesas .
. HeT nuweBon
annepruyecknin 6poHXManbHas
WHUT, N=5 actma, n=11 anneprum,
Moka3satens / Indicator puHAT, ! n=247
Food-induced Food-induced
S . No food allergy,
allergic rhinitis, bronchial asthma,
n=247
n=5 n=11
Bospacr, net, Me [Q25; Q75] / 5,2[4,1;9,3] 7,31[5,2; 14,6] 8,916,5; 15,1]
Age in years, Me [Q25; Q75]
[lons nayMeHToB C aTONUYECKUM AepMaTuTom, n (%) / 1(20) 5 (45,5) 63 (25,5)
Patients with atopic dermatitis, n (%)
[ona naumeHToB c aHapunakcmen, n (%) / 1(20) 4(36,4) 2(0,8)
Patients with anaphylaxis, n (%)
CpepHasa cyToyHasa gosa nulrkC*, mkr, Mo / 178,4+94,7 396,8+72,4 217,5+146,3
Mean daily dose of inhaled glucocorticosteroid, mcg, M+o

* [103a VHranALMOHHbIX MTIOKOKOPTUKOCTEPOMAOB paccumTaHa no 6ygecoHnay, cornacHo Tabnuue skBUnoTeHTHbIx Ao3 GINA 2023 [16].
* Daily dose of inhaled glucocorticosteroid was calculated as budesonide equivalent, according to GINA 2023 dosing table [16].

comparison is impossible due to the small num-
ber of observations). Such clinical picture makes it
necessary to strictly exclude the "guilty" product
from the patient's diet for many years. However,
in some children with normalization of laboratory
parameters, trial allergen administration is pos-
sible.

Patients with respiratory complaints but wi-
thout signs of food anaphylaxis often show a de-
crease or even absence of reaction to products
after several years of elimination measures. In the
study group, we identified 8 adolescent patients
(12-17 years of age) with no dietary restrictions,
clinical reactions to food and specific IgE to food
allergens, who had a history of transient respira-
tory complaints to egg, milk, or fish during pre-
school age.

SHOULD HYDROLYZED
ADAPTED FORMULA BE USED
IN ARTIFICIAL FEEDING

TO PREVENT FOOD ALLERGIES?

There are no absolutely effective techniques in
the prevention of food allergy in young children.
The most discussed measures for the prevention
of FA are the support of breastfeeding until the
age of 4-6 months, need for dietary restrictions
for the expectant mother and lactating woman,
and administration of hydrolyzed and partially
hydrolyzed formula to children at risk (with aggra-
vated heredity) who are artificially or mixed-fed.
There are pros and cons for each intake, and the
most balanced is the agreed position of domes-

tic pediatricians, presented in the national clinical
recommendations:

« there is no convincing evidence for the pre-
ventive effect of a strict hypoallergenic diet
for a mother during pregnancy; a varied
and nutritious diet is recommended for the
expectant mother;

« exclusion of causative allergens is recom-
mended for a mother if she suffers from an
allergic disease;

« abreastfeeding mother of a child, who is at risk
group, should be given a varied and complete
diet with restriction, but not exclusion, of the
most common allergens, including products
containing CMP [1].

In 2020, the European Academy of Allergolo-
gy and Clinical Immunology conducted a review
of the evidence for FA prevention in children,
excluding those recommendations for which the
evidence base was not considered strong [17].

The experts support breastfeeding. They
acknowledge with a low level of evidence the
undesirability of introducing milk-based formula,
but only for the time period in the first week of
life. In fact, they explain that in the first 1-3 days of
life, until the colostrum synthetized, if necessary,
the baby should not be supplemented with milk-
based formula without a recommendation. So
what should be supplemented and how to con-
tinue feeding a newborn in the absence of breast-
feeding after the age of 7 days?

The recommendations also include, with a
moderate level of evidence, the introduction of
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potentially allergenic foods such as chicken eggs
and peanuts in the 1st year of life [18]. A syste-
matic review of the literature did not show any
adverse events or signs of any harm to children
from feeding partially hydrolyzed formulas. The
use of partially hydrolyzed formulas is associated
with normal growth rates in children [19]. Thus,
the recommendation to prescribe formulas based
on partially hydrolyzed milk protein for prophy-
lactic purposes to high-risk children who require
artificial feeding is currently not supported or
prohibited by European guidelines. The volume
of evidence-based research is considered insuffi-
cient to produce any type of conclusion: neither
pros nor cons. The “partial hydrolyzed” formu-
la provides the same indicators of child growth
and development as the standard formula, and is
characterized by a high level of safety.

The agreed opinion of domestic experts is pre-
sented in the methodological recommendations
of the Union of Pediatricians of Russia. There is
currently no convincing evidence that hydrolyzed
formula prevents the development of FA. Never-
theless, some studies demonstrate a reduction
in the risk of atopic diseases in some children.
In children at risk for atopy who are artificially or
mixed-fed before 6 months of age, it is possible
to use formula with reduced allergenic properties,
particularly those based on moderately hydroly-
zed milk protein. The effectiveness of such an in-
tervention in children older than 6 months of age
(e.g., after lactation cessation) has not been stu-
died [20].

IS LATE INTRODUCTION
OF COMPLEMENTARY FOOD JUSTIFIED
FOR PREVENTION OF FOOD ALLERGY?

The opinion about the protective role of
exclusive breastfeeding for the prevention of
FA and the advisability of introducing the first
complementary foods no earlier than the age
of 6 months is widespread in different countries
of the world.

In the French ELFE cohort (6662 children),
the feeding patterns of children aged from 3 to
10 months were studied and information was col-
lected on allergic diseases that developed by the
age of 5.5 years. In this large cohort of children at
both high and low risk of allergic disease, there
was evidence that failure to introduce at least two
“highly allergenic” foods by 10 months of age re-
sulted in an increased risk of allergic conjunctivitis
and food allergy (the reverse of the relationship,
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when allergenic foods are not introduced, be-
cause the child already had a food allergy, was
controlled for in this study as a separate type of
statistical error) [21].

Many experts believe that the introduction
of complementary foods within the “window of
tolerance” (from 4 to 6 months of age) helps to
reduce the risk of developing atopy in subsequent
years of a child’s life [22, 23]. The key rule for the
careful introduction of complementary foods
in children at high risk of developing atopy is to
prescribe monocomponent products of no more
than 1 product per week. In general, the timing
of introducing complementary foods should be
the same as in healthy children [1, 23, 24]. From a
“window of tolerance” perspective, oral tolerance
induction should begin as soon as the child is able
to accept foods other than breast milk (or for-
mula), but before food allergy manifests. To start
eating solid food, it is necessary to develop an in-
terest in food, hold the head, sit with support, and
lose the reflex of “pushing out the spoon” with
the tongue. These conditions usually develop
between 4 and 6 months of age. However, by this
age the child may already be sensitized to food al-
lergens and manifest an allergic disease. Thus, for
some children the “window of opportunity” may
be very narrow [25]. It is also unknown whether
oral tolerance to non-lgE-mediated forms of FA
can develop [25].

Key international studies, the 2015 LEAP and
2016 EAT studies, showed a reduction in the risk
of development of peanut food allergy with early
(4 to 11 months of age) introduction of peanuts
into complementary foods in children at high
and normal risk for allergic diseases, respectively
[26, 27]. A meta-analysis of early egg introduction
included 5 studies (1915 study participants) and
found that introducing eggs into complementary
foods between 4 and 6 months of age is associa-
ted with a lower risk of development of allergy to
egg [28].

Regarding the early introduction of other com-
plementary foods, there are mixed results from
studies. The most studied allergenic complemen-
tary foods, peanuts, are not very important for
Russia either as a cause of allergies or as a compo-
nent of complementary feeding in the first year of
a child’s life. There are no guidelines for the early
introduction of allergenic foods into the diet of
children. There are also no commercially available
dosed food supplements containing allergenic
foods. There are no drugs to induce oral tolerance.
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The global community is in the process of
development an evidence-based, practical stra-
tegy for feeding of infants in the first year of life
aimed at preventing of FA. Moreover, one of the
important components of this strategy may, over
time, be the early introduction of highly allergenic
products [29]. Interventions aimed at the forma-
tion of oral tolerance through early dosed syste-
matic introduction of highly allergenic foods into
the diet of a child in the first half of the year have
not currently been introduced in Russian pediatric
practice [1].

Exposing the body to a variety of food anti-
gens at a certain age may stimulate the formation
of immunological tolerance. However, the pro-
tective effect of timely introduction of comple-
mentary foods can also be realized through the
so-called Diet diversity, which is defined as the
number of types of foods or food groups in a per-
son’s diet over a certain period of time. Studies,
conducted in infants at the age of introduction
of complementary foods, show a greater diver-
sity of microbiota with a greater variety of diet,
which, in turn, can lead to a decrease in the risk
of allergies [30].

CONCLUSION

In the field of prevention, diagnosis and treat-
ment of food allergies in children at the present
time, there are significant unresolved problems.

1.Low awareness of primary care physicians
about the difference between the detection of
specific IgE and clinically significant food allergies.

2. Lack of protocols and approved recommen-
dations for conducting PT in outpatient clinics.

3. Insufficient data on clinical and laboratory
markers of the formation of food tolerance in pa-
tients with different mechanisms of pathogenesis
(IgE-dependent and independent forms) and dif-
ferent clinical manifestations (gastrointestinal,
skin, respiratory, systemic) of food allergy.

4. Limited therapeutic arsenal for acute allergic
reactions to food (in particular, the lack of adrena-
line autoinjectors).

5. Limited use of staged dietary expansion in
patients who have achieved clinical remission of
food allergy as a result of an elimination diet.

Nevertheless, the problem of food allergy
continues to concentrate the efforts of both the
international community and domestic scientists
to conduct research and subsequently develop
recommendations for the implementation of the
results obtained in real clinical practice.
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AOMOJIHUTENbHAA UHOOPMALNA

Bknap aBTOpoOB. BCce aBTOpbI BHecnu cylie-
CTBEHHbIV BKNag B pa3paboTKy KOHLenuuu, npo-
BeleHVe WCC/IefoBaHUA M MOAroTOBKY CTaTby,
npounu n opobpunu GrUHaNbHY BepCuio nepes
nybnukaymen.

KoHnuKT nHrepecoB. ABTOpbI fieKNapupyoT
OTCYTCTBUE ABHbIX M MOTEHLUNANbHbIX KOHNMKTOB
NHTEePeCcoB, CBA3aHHbIX C Nybnukauuen HacToA-
LLlen cTaTbu.

UctouHuK ¢uHaHcmpoBaHuA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUN BHeLHero GrHaHCMPOBaHUA
npw NPoBeAeHNN NCCnefoBaHNA.
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Abstract. Orthodontic care for the population can be considered much more broadly than just bite correction.
Malocclusion in somde cases are accompanied by severe conditions such as dysphagia. When assessing the
orthodontic status, this group of subjects has a distal jaw ratio, maxillary macrognathia, and deocclusion in
the frontal area. These disorders can be either isolated or combined. A decrease in the volume of the upper
respiratory tract is determined, which is associated with the distal position of the lower jaw. There are difficulties
in pronouncing sounds. When providing care to such patients, an integrated approach is needed with the
definition of a phased orthodontic treatment plan with a gradual transition from simple orthodontic devices to
more complex ones in their design. A special place in the treatment and rehabilitation of such patients is played
by functional correction devices, which simultaneously normalize the work of the muscles of the maxillofacial
region and correct the bite. Early diagnosis helps to reduce the severity of pathology in patients starting from
childhood. Treatment plans are offered, taking into account concomitant disorders. The use of orthodontic
devices for muscle correction at the first stages allows you to gradually switch to treatment using non-removable
equipment.Such a multi-level approach in the appointment of orthodontic devices makes it easier for the patient
to adapt to the equipment, gradually complicating the design of the devices. It is not always possible to get the
desired result, but there is always success in reducing the severity of the pathology. By correcting disorders,
orthodontists, together with other clinicians, qualitatively change the patient's lifestyle and general health.

Keywords: malocclusion, distal deep bite, open bite, dysphagia, violation of the volume of the upper respiratory
tract
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Pesiome. OpTO,D,OHTVILIeCKaFI NMOMOLLb HaceJIeHU0 MOXeT pacCMaTpuBaTbCA ropasgo wupe, Yem ToOJNIbKO UcCrnpaBs-
JieHne npukyca. AHOManMun OKKNI3un B HEKOTOPbIX JTy4aAax CONpoBOXAAOTCA TaKUMU TAXKENbIMU COCTOAHNAMUA,
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Kak gucdarus. Mpu oLleHKe OPTOAOHTMYECKOrO CTaTyca y 3TOW Fpynmnbl 06c/iefyemMblx MPUCYTCTBYET ANCTaNIbHOE
COOTHOLLEHME YeNOCTEN, MAaKPOTrHATUA BEPXHEN YENIOCTY, Ae30KK03UA BO GPOHTANIbHOM yyacTKe. T Hapy-
LUEHUS1 MOTYT HOCUTb KaK M30JIMPOBaHHBIN, TaK U COYETaHHbIV XapakTep. OnpefenseTca yMeHblueHe oobema
BEPXHUX AblXaTesbHbIX NyTer, YTO CBA3AHO C ANCTallbHbIM NMOMIOXKEHNEM HUMKHEN YentocTu. VimeloTca TpyaHOCTH
B MPOV3HOLLEHMM 3BYKOB. [1p1 OKa3aHUM MOMOLLY TaKMM MaLMeHTaM HEOOXOAUM KOMMEKCHBIN NOAXoA C onpe-
JefieHreM No3TanHOro njlaHa OPTOAOHTMYECKOrO NeYeHnsa Npu NOCTeNeHHOM nepexofe OT MPOCTbIX OPTOAOH-
TUYECKIX annapaToB K 6osee CIoXKHbIM Mo CBOeN KOHCTPYKLMK. Ocobyto posib B IeYeHUN 1 peabunmntaLmm Takmx
MauMeHTOB UrpatoT GYHKLMOHAbHbIE arnnapaTbi-KOPPEKTOPbI, KOTOPblE OAHOBPEMEHHO HOPMAN3YIOT PaboTy
MBbILLL, YEeSTIOCTHO-IMLEBOW 06/1acTN 1 UCMIPABAAIT NPUKYC. PaHHAS AMarHOCTMKa MO3BONIAET CHU3UTb TAXKECTb
NnaToNornm y naLMeHToB, HauMHaA C 4eTCKOro Bo3pacra. [lpegnaratoTca naaHbl NeYeHUsa C yYeTomM CONnyTCTBYIO-
LUX HapyLleHn. MpriMeHeHre Ha NepBbIX 3Tanax OPTOAOHTUYECKUX anmnapaToB A KOPPEKL MU PaboTbl MbILLL
NO3BOJIAET NOCTENEHHO NEPEXOANTb Ha NeYeHne C NPUMEHEHNEM HECbEMHOW TEXHMKN. TaKo MHOrOypPOBHEBbIN
NOAXOA B Ha3HAYE€HUM OPTOAOHTMYECKUX anMmapaToB NO3BOMAET NaUMeHTy fierye aganTMpoBaTbCA K annaparty-
pe, MOCTENEHHO YCIOKHAA KOHCTPYKLMIO annapaToB. He BO Bcex Cinyyadax BO3MOXKHO MOJyUMTb »KeflaeMbli pe-
3ynbTaT, OAHAKO BCErga ecTb yCrnex Ha MyTu CHUXEHUA TAXeCTn natonoruu. NpoBoasa KoppeKkumio HapyLleHui,
BPAUYU-OPTOAOHTBI BMECTE C APYTMMY KIUHULMCTAMV KaUYeCTBEHHO MEHSAI0T 06pa3 XIM3HM NauveHTa 1 ero obuyee

COCTOAHNE 300POBbA.

KnioueBble cnoBa: dHOMAUs NpUKyca, ducmarbHbll 2y60KuUli NPUKYC, OmKpbimbili NPUKYC, ducgazus, Hapyuwe-

Hue obvema BEPXHUX ObIXamesbHbIxX nymeu

ROLE OF ORTHODONTIC CARE IN DENTISTRY

Nowadays, the section of orthodontic care
plays a special role in a modern dentistry. A few
years ago, the study of this specialty took place
at departments of orthopedics, surgical dentist-
ry and pediatric dentistry, with separate sections
on orthodontic care. After some time, particular
departments of orthodontic care began to be
formed. Due to the fact that there were new de-
vices and protocols for treatment of anomalies
of dentition, different structure for the organi-
zation of educational and treatment processes
was required. The former connection with other
sections of dentistry allowed orthodontic care to
be enriched with the experience of joint manage-
ment of patients. Undoubtedly, it had a positive
impact on deeper understanding of the etiology
of many diseases and on preparation of comp-
rehensive treatment plans for patients of diffe-
rent ages with concomitant diseases. Nowadays,
orthodontists are the ones who develop a general
treatment plan for each patient, determine not
only disorders of stomatognatic system (SS), but
also establish cause-and-effect relationships bet-
ween severe bite disorders and changes occurring
in swallowing, breathing, and musculoskeletal
system.

Oral cavity is the beginning of digestive sys-
tem, so pathological changes occurring there
affect the health of all the humans body. It is es-
tablished that diseases of hard dental tissues, pe-
riodontal tissues and SS primarily affect the work
of a gastrointestinal tract, and also have a con-

nection with other life-supporting systems of the
body.

In children, detected disorders of SS allow an
orthodontist to assess the degree of dental status
of an oral cavity as a whole, to determine the re-
duction in the volume of oral cavity, position of
the tongue at rest and during movements, and
to identify a violation of the swallowing mecha-
nism (Figs. 1, 2). As a rule, such patients have
pronounced facial features, reduced height of
the lower third of face; a lower jaw occupies pos-
terior position, which, in addition to swallowing
disorders, gradually leads to persistent formation
of a decrease in the volume of upper respiratory
tract. If there is no assistance in correcting the
bite and normalization of other functions in ear-
ly childhood, these disorders acquire the status
of independent diseases when child grows up,
and correction of the bite does not lead to correct
functions of other systems.

During examination of oral cavity, doctors de-
termine the presence of carious and non-carious
lesions in the hard dental tissues. In such cases, if
there is a bite pathology, patients are unable to
bite food, chew and swallow it. Diseases of perio-
dontal tissues, which are often diagnosed in adult
patients, are manifested by a decrease in the level
and density of bone tissue, bleeding gums, mo-
bility of teeth and presence of mucosal traction.
It leads to a change in the quality of food in con-
sistency and composition, to decrease in chewing
efficiency and with significant destruction of the
ligamentous apparatus of tooth — loss of teeth,
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Fig. 1.

The clinical situation in the oral cavity and the appearance of a patient with malocclusion. OB, OD with protrusion of incisors.

There are irregularities in the position of individual teeth, narrowing of the jaws, and a change in their shape. There is no contact between
the incisors, the swallowing pattern is disrupted due to a change in the position of the tongue and improper operation of the muscles of the
maxillofacial region. The supramental fold is pronounced, the wings of the nose are not developed

Puc. 1. KnuHuyeckas cutyaums B NONOCTY PTa U BHELLHWIA BUS NaLUeHTa ¢ aHoMmanueil npukyca. [ny6oKuid, TpaBMuUpyoLniA AucTanbHbIi
NpUKYC ¢ NpoTpy3nen pesuos. IMEOTCH HapylleHUs B MOMOXEHUN OTAENbHbIX 3y60B, CY)XEHWe YentocTer, U3MEeHeHue ux popmbl.
OTCYTCTBYET KOHTAKT MEX[y pe3Lamu, HapyLleH NaTTepH rMoTaHns 3a CHeT N3MEHEHUs NO3ULUMK A3blKa U HEeMpaBubHOM PaboThbl MbILLIL,

YeJI0CTHO-NNLIEBON 06N1acTy. BbipaxKeHa cynpameHTanbHas cknaaka, Kpbiiibsi HOCA He PasBUTbI

which gives rise to secondary deformities of SS
and face. The presence of skeletal anomalies of the
bite with jaw deformity and malposition of teeth,
violation of functions at early age, leads to more
serious changes in the body of adult patients and
failure in the work of many systems. Even if such
bite anomalies are treated with orthodontic or
combined methods, disorders that occurred du-
ring the period of exposure of this anomaly to the
body are often isolated in an independent clinical
form, and its treatment is not always successful
after the correction of bite pathology.

Pathology of SS, namely bite disorders at the
skeletal level, also affect breathing, swallowing
and musculoskeletal system in general. If a person
has some bite anomalies with disturbed relation-
ship of the jaws, there is a shift in the center of
gravity of the head, changes in the cervical spine.
Posterior position of the lower jaw, narrowing of

the upper jaw lead to a decrease in the volume of
the oral cavity, violation of position of a tongue
at rest and while moving. Such problem changes
the swallowing pattern and leads to a decrease
in the volume of upper airway [4]. That is why in
orthodontic care, bite correction leads to signifi-
cant improvement, normalization in the function
of other organs and systems. Involvement of al-
lied specialists in their profile issues is undoub-
tedly necessary to provide quality care to patients
at any age.

NORMAL SWALLOWING

AND MANIFESTATION OF DYSPHAGIA
Normally, swallowing is accompanied by closed

lips and there is no tension of the muscles of the

face and neck. Approximately the swallowing itself

takes place within 0.2-0.6 s and performs about

600 times during the day [2]. In oral cavity, teeth
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Fig. 2.
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)

The clinical situation in the oral cavity and the appearance of a patient with malocclusion. 0B, OD with pronounced crowding of

incisors. There is a pronounced crowding of teeth in the upper jaw, narrowing of the jaws, elongation of the anterior segment of the dental
arch in the upper jaw and flattening on the lower. There is no contact between the incisors, the swallowing pattern is disrupted due to a
change in the position of the tongue and improper operation of the muscles of the maxillofacial region. The supramental fold is pronounced,
the lips close with tension, the wings of the nose are not developed

Puc. 2. KnuHuyeckas cutyaums B No0CTY pTa U BHELLHWIA BUL NALMEHTA C aHOManueil npukyca. My60Kuii, TpaBMUPYOLLAIA AUCTANbHBI
NPUKYC C PE3KO BbIPAXKEHHON CKY4EHHOCTbH) pe3LoB. IMetTCs Pe3Ko BbipaXKeHHas CKYYEHHOCTb 3y60B HA BEPXHEN YenoCTU, CyXXeHue
YenOCTelA, YANNHEHNe NepefHero 0Tpe3ka 3yOHON Ayri Ha BEPXHEN YEenKCTW W YNNOLLEHNE HA HidKHEld. OTCYTCTBYET KOHTAKT Mexny
pesuamu, HapyLUeH naTTepH rnoTaHus 3a CYET M3MEHEHNS NO3NLMN A3blKa U HENPaBuIbHOM Pab0Tbl MbILLIL, YEMHCTHO-NNLEBOI 06NACTH.

BbipaxkeHa cynpameHTanbHas Cknajka, ry6bl CMbIKAtOTCS C HANPSXXEHNEM, KPbiTbsi HOCA HE PasBUTBI

are closed, and a total time of swallowing can take
about 30-40 minutes for the entire temporal di-
urnal period. It has been found that during swal-
lowing, potential of bioelectrical activity of the
masseters and anterior fascicle of temporal mus-
cles increases [1]. When the swallowing pattern
is violated, depending on the degree of violation,
the work of facial muscles becomes visible exter-
nally, mimic muscles are involved, changes in the
tone of neck and back muscles occur. It is possible
to change the posture of the body and appearance
of head tilt. At the same time, the teeth may not
close, tongue begins to contact the lips and cheeks
[3]. Since the process takes not physiological but
pathological way, there is a violation of stereotypes
of muscles function of the maxillofacial region.
The "thimble symptom" is well known in chil-
dren and characterized by disorders of muscles

tone of perioral region if a child has an incorrect
distal bite with transversal narrowing of the jaws
and decrease in interalveolar height during swal-
lowing. The pathological process of swallowing
is carried out through laying a tongue between
front teeth, which are not closed. As the result,
positive pressure in the oral cavity appears and
muscles both of perioral region and floor of the
mouth, which are not characteristic for partici-
pation in this process, are included in the perfor-
mance. They create tension in facial expressions
when swallowing. As a rule, this bite abnormality
does not allow the patient to bite food well, chew
it, limits the movements of the tongue and forces
it to take a wrong position at rest and disrupts the
swallowing. This gradually leads to disturbancesin
function of many organs and systems, sometimes
directly unrelated to the oral cavity. Consequent-
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ly, in the long term, bite problems, accompa-
nied by pronounced deformity of the jaw bones,
lead to the development of both oropharyngeal
("high") and esophageal ("low") swallowing disor-
ders, known as dysphagia. Two key mechanisms
are known in the pathogenesis of dysphagia:
obstruction and dysregulation. Methods such as
pharyngeal examination, esophagography, eso-
phagogastroscopy, and determination of a hydro-
gen index are used in the diagnosis of dysphagia.
However, scientific articles almost never describe
the state of the SS and its muscles.

In patients with diagnosed dysphagia, which
is a persistent disorder, the act of swallowing
itself is impaired. This is a secondary pathological
process that develops against the background
of other diseases and persistent changes, which
include bite disorders. According to various lite-
rary sources, the prevalence of dysphagia is about
13%. It is detected in all age groups and tends to
increase with age.

DYSPHAGIA AS COMMON SYMPTOM
OF OROFACIAL MYOFUNCTIONAL DISORDERS

Orofacial myofunctional disorders (OMDs)
are manifested by impaired muscle function and
function of the facial region of the oral cavity.

OMDs can directly or indirectly affect breast-
feeding, skeletal growth and facial development,
chewing, swallowing, speech, occlusion, tem-
poromandibular joint movement, oral hygiene,
orthodontic treatment stability, facial aesthetics,
and more.

Most OMDs occur due to inadequate nasal
breathing with oral type of breathing and can
manifest as dysphagia. OMDs can affect the treat-
ment outcome of orthodontists, dentists, hygie-
nists, speech therapists, and other professionals
who work in the maxillofacial region.

Children’s Medicine of the North-West
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OMDs can also be an etiologic factor in cross-
bite and bad habits: in some severe cases, it can
cause sleep apnea (Fig. 3).

A study on how oral dysfunction can develop
into malocclusion, acquired craniofacial disorder,
and contribute to generational dysfunction, lea-
ding to disease, was conducted. Basic orthodontic
consultations are usually recommended from the
age of seven. However, the dysmorphic changes
that lead to malocclusion often manifest much
earlier. Similarly, after orthodontic treatment,
patients require permanent fixation of the result
when the bite is unstable, and without such re-
tention, the malocclusion may return. The study
provides an overview of the symptoms of OMDs
and describes the oral functional areas that influ-
ence occlusal and facial development: breastfee-
ding, airway obstruction, soft tissue constriction,
mouth breathing, oral position at rest, specific
oral habits (swallowing, chewing). Aspects of the
combined effects of OMD on the dentoalveolar
complex over time and maternal disease on the
developing fetus were also considered. As a result
of the study, malocclusion and acquired cranio-
facial dysmorphology result from chronic oral
dysfunction and OMD. Understanding the etiolo-
gy and pathogenesis of the pathology, including
open bite and impaired hard palate formation, is
critical to achieve long-term stability.

The neurobiological study of swallowing and
the dysfunction defined as dysphagia has been
studied for two centuries, beginning with elec-
trical stimulation applied directly to the central
nervous system and then followed by systematic
studies using specific interventions: transcranial
magnetic stimulation, magnetoencephalography
and functional magnetic resonance imaging. The
field has evolved from mapping central neural
pathways and peripheral nerves to identifying

Fig. 3.

Puc. 3.
cHa (McToynuk: https://ya.ru/images/)

Manifestations of orofacial myofunctional disorders in the form of malocclusion, bad habits, sleep disorders (Source: https:/
ya.ru/images/)

[TposineHns opoaunansHbIX MUOGYHKLMOHANBHBIX PACCTPOICTB B BUAE HAPYLLEHNA NPUKYCa, BPEAHOW MPUBbIYKN, HAPYLUEHNSA
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the importance of specific regions of the lower
brainstem in terms of interneurons that provide
sequential control of multiple muscles in the most
complex reflex evoked by the nervous system, the
pharyngeal phase of swallowing. Nowadays, there
is an emerging understanding of how higher cor-
tical areas interact with this brainstem control,
providing a broader perspective on the process of
functioning of the intact nervous system to cont-
rol the three phases of swallowing (i.e., oral, pha-
ryngeal, and esophageal).

RELATIONSHIP
BETWEEN DYSPHAGIA
AND BITE ANOMALIES

In the clinical picture, we see a combination
of severe skeletal forms of dentofacial anomalies
with disturbances in the function of muscles of
the maxillofacial region, swallowing and brea-
thing. The prerequisites for such disorders ap-
pears in childhood. Disturbances in muscle func-
tion, formation of malocclusion, and improper
swallowing occur due to the influence of various
etiological factors. At the age of four years, the
first contact of small patient with an orthodontist
may take place, and then a doctor can determine
amount of orthodontic care required in order to
eliminate or prevent existing disorders (Fig. 4, 5).

Fig. 4.
dysphagia

Puc. 4.

Fig. 5.
Puc. 5.

ISSN 2221-2582

At this stage, orthodontic functional removable
appliances are used — OT-correctors. It allows
to simultaneously normalize the pressure of the
muscles in perioral area and muscles of the oral
cavity, moving the lower jaw forward, providing
it with the necessary genetically determined
growth potential, and normalizing the swallo-
wing (Fig. 6). The process of using such devices is
quite simple. Children use them throughout the
day under adult supervision. It takes 4-6 months
to normalize functions. If there are associated
problems, such as strands of the mucous mem-
brane, short frenulum, correction is planned at
an older age.

When patients come with the same prob-
lems, but already in the period of dentition, it
is very important to help because this is one of
the fastest and strongest periods of growth of
the SS. If we cannot cover the full range of ab-
normalities that need to be treated further, our
functional treatment will not be as effective and
short in time. As a rule, patients have an occlusal
anomaly in sagittal vertical line and jaw narrow-
ing (Fig. 7). In the presence of bad habits of dys-
phagia, upper incisors are in protrusion. The use
of various types of OT-correctors [6] can achieve
results not only in the position of teeth and jaws,
but also normalize function (Fig. 8).

4-year-old patient with malocclusion in height, OD, muscle dysfunction and

MauneHTka 4 neT ¢ HapyLleHUsMU NPUKYca NO BbICOTE, LUEMbK MO caruTTany,
HapyLueHnem paboTbl MbILL U aucdaruen

A patient after orthodontic treatment. All violations have been eliminated

MauyeHTKa Nocne OPTOLOHTUYECKOrO NeYeHNs. Bce HapyLLIEHNs YCTpaHeHbI
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HEO6HbIe Kpbinbs Ans
NlaBNeHNS A3blKa, TPOMCX0ANT
pacluupeHue / Palatal tabs,
widens the palate with tongue
pressue

-
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BepxHe4entocTHble
BbICTYMbI, NPEAOTBPALLAOT
TONYOK A3blkoM / Maxillary

prongs prevents tongue trust

Tonkarenb TpeHupyet . 5
CMbIKaHve ry6 npu / ,
OTKpbITOM NpyKkyce / |
Pull tab to strengthen lip
muscles for an open bite
optional feature

i
: 1]

JInHreanbHas nonka

NOAAEPXKIUBAET A3bIK B HEGHOM
NPOCTPAHCTBE, Y4UT NPaBUILHOMY
rnotanmio / Lingual shelf elevaters
and keeps tongue in upper palate,

teaches proaper way to swallow

JIMHrBanbHble BbICTYMbI, NEPEMELLAIOT
YeNOCTb B NEPELHION NO3ULMIO,
HanpaBnsoT A3bI4YHO PACMONOXKEHHbIE
pesubl Brepes, NpejoTBpaLLaT CMeLLeHNe
HY Ha3ap / Lingual tabs maintain
mandible in forward, guides insicors
forward, prevent lower jaw from drifting
backwards

MogayLueyku cHUMaoT
[AaBneHune 3aaHux 3y60B
11 YMEHBLLAOT OTKPbITbIif
npukyc / Posterior pads
depress posterior teeth
and lessens an open bite

optional feature

Fig. 6.
design features

Puc. 6.

The appearance — QOT-corrector (in this case for patients with malocclusion and improper swallowing) with a description of its

BHewHuit Bug annapata — OT-KOPPEKTOpa BPEAHbIX MPUBbIYEK (B JaHHOM Cyyae Ans NaumeHToB C aHOManui npukyca

1 HenpaBuNibHbIM FJ'IOTaHI/IeM) C OMMCaHNeM ero KOHCTPYKTUBHbIX 0COBEHHOCTEN

Fig. 7.
Puc. 7.

Of course, the treatment protocol for such
patients is complex and depends on the clinical
situation and severity of the disorders.

In literary sources, there was a study that in-
cluded children, adolescents and adult patients
with a clinical diagnosis of “atypical swallo-
wing” [5]. An association has been established
between distal malocclusion, macrognathia,
open bite and swallowing disorders. At the same
time, some patients also had a posterior cross-
bite, and it was caused by a narrowing of the
upper jaw along the transversal. Authors of the
study concluded that “atypical swallowing” was
associated with malocclusion.

Malocclusion complicated by dysphagia. The result of using OT-correctors throughout the year

HapyweHue npukyca, ocnoxHeHHoe aucdarueil. Peaynbtar npumeHeHns OT-KOPPeKTOPOB B Te4eHMe rofa

Another study also focused on the causal re-
lationship between an open bite in the frontal
region and atypical swallowing [8]. These two
frequently associated conditions are current-
ly not fully understood and often accompanied
by speech impairment, and present a problem
for both young and adult untreated patients. It
is noted that therapy for these complex cases
may be orthodontic, speech therapy, or a com-
bination. Different treatments were compared
to determine effectiveness in improving skele-
tal health, normalization of muscle activity, and
stability over time. Only clinical situations in the
studied patients at the stage of dentition, i.e.,
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Fig. 8. Various types of OT-correctors: corrector of bad habits (a), Nite-Guide corrector (b), Occlus-0-Guide corrector (¢), which are used

to normalize bite and treat dysphagia during the period of replacement bite

Puc. 8.

Pa3nnyHble Buabl OT-KOPPEKTOPOB: KOPPEKTOp BpeaHbIx npusbiyek (a), Nite-Guide koppekTop (6), Occlus-0-Guide koppekTop

(B), KOTOPbIE NPUMEHSOTCA AN HOPMannU3auum npuKyca u neveHus gucdarui B nepuos CMEeHHOro npukyca

with deciduous or mixed dentition, with an ante-
rior open bite related to the type of swallowing
with the tongue positioned between the den-
tal arches, were included. Patients underwent
three different types of treatment: orthodon-
tic only; myofunctional/logopedic only; com-
bined). A combination of traditional orthodon-
tic and myofunctional therapy was found to be
the most effective treatment for anterior open
bite associated with atypical swallowing. It was
recognized that further research in this area is
needed.

Thus, it is clear that there is a relationship
between malocclusion, including open gnathic
bite, which is always accompanied by a narro-
wing of the jaws, especially the upper jaw,
and the position of the tongue, which affects
swallowing. One of the ways to influence the
correction of open bite in such cases is the ex-
pansion of the upper jaw. The study performed
in 2023 evaluated swallowing in relation to
oropharyngeal dysphagia (OD) in adolescents
with maxillary transversal insufficiency and
posterior crossbite with high palatal vault be-
fore and after rapid maxillary expansion (RME)
[9]. Twenty patients (mean age 13.0+3.1 years)
with bilateral posterior crossbite and high vaul-
ted palate (RME group: RMEG) and 20 controls
(mean age 13.4%+2.6 years) with class | teeth
crowding without posterior crossbite or high
vaulted palate (control group: CG) were exa-
mined. Signs and symptoms of overdose were
assessed using the Eating Assessment Tool-10
(EAT-10) questionnaire, patient complaints,
and physical examination of swallowing before
(T1) and 7 months after (T2) RME. Additionally,
fiberoptic endoscopic evaluation of swallowing
(FES) was performed. The prevalence of signs
and symptoms of overdose based on patient

complaints and physical examination of swal-
lowing were low (5-15%). The investigators
found no improvement in swallowing in pa-
tients with RME, which is apparently due to in-
sufficient time for complete remodeling of the
swallowing pattern.

The studies show a relationship of dyspha-
gia and one of the most complex bite disorders,
open in the frontal region, with a combination
of crossbite in the lateral. Doctors have used me-
thods to correct this skeletal disorder, but it had
not fully cured dysphagia.

In the period of permanent bite, only func-
tional therapy cannot help in achieving the de-
sired goals, because the long-term deformation,
which occurs under the influence of various etio-
logical factors, leads to a persistent bite disorder
in all planes. And disturbed swallowing, articu-
lation functions only consolidate this pathology
and make its treatment quite difficult. The lack of
space for erupting teeth, which causes crowding,
should be added. And the narrowing of the jaws
fixes the distal position of the lower jaw, which
aggravates the problem and affects facial fea-
tures. A narrowing of the upper airway volume
may occur (Fig. 9).

We observed a group of 12 patients (10-
12 years old) with the diagnosis of "deep trau-
matic bite, distal bite, sharp narrowing of
the tooth rows, severe crowding of incisors".
Accompanying disorders were: dysphagia, res-
piratory disorders. In accordance with the treat-
ment plan, they were fabricated appliances due
to RME technique. This made it possible to ex-
pand the upper dentition in a relatively short
period of time, eliminate crowding of teeth,
allow the lower jaw to move forward, thus nor-
malizing the volume of the oral cavity and swal-
lowing.
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MULTIDISCIPLINARY APPROACH
IN TREATMENT OF DYSPHAGIA
IN ORTHODONTIC CARE

Atypical swallowing is a myofunctional prob-
lem consisting of a change in the position of the
tongue during swallowing. Its high prevalence in
population, multifactorial etiology and recurrent
association with the presence of malocclusion
have made it a subject of great interest and dis-
cussion in science. Scientists not only studied the
possible association between atypical swallowing
and malocclusion, but also looked for a solution
to the problem: what type of therapy should be
used in such cases? [7]. The review was conduc-
ted on the Medline database. Documents from
1990 onwards were examined, except cases with
syndromes of central nervous system. A causal
relationship between two problems was estab-
lished, so, it was found that the habit of mouth
breathing occurs as a mechanism to compensate
for pre-existing malocclusion (especially in ca-
ses of open bite) and tends to aggravate cases of
malocclusion. It has also been shown that tongue
parafunction can adversely affect the course of
orthodontic treatment.Thus, the best therapeu-
tic approach seems to be a multidisciplinary one:
in addition to orthodontics, which is necessary to
correct the malocclusion, it is important to per-
form a myofunctional rehabilitation procedure
to correct the oral breathing habit, which pro-
vides long-term permanent results. There was
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evidence of a significant difference between the
results obtained with patients in the deciduous
and shift bite. There was also evidence of a sig-
nificant difference between results obtained with
early (deciduous or primary mixed bite) or later
treatment. A causal relationship between atypi-
cal swallowing and malocclusion has been estab-
lished. Early diagnosis and surgical intervention
have a significant positive effect on the outcome
of therapy.

Another study shows the effect of early ortho-
dontic treatment and myofunctional treatment in
children with erupting teeth on the correction of
anterior open bite, as well as on the normalization
of breathing, swallowing, and tongue position
[10]. Interventions used to correct anterior open
bite and other muscle functions such as breathing/
swallowing and tongue position were compared.
Quiality assessment was based on the Cochran
method for assessing the risk of displacement.
Random-effects meta-analyses were performed
to assess treatment effects. In 265 initial search
results, 15 articles were included in the review.
Eight were randomized controlled trials (RCTs)
and 7 were controlled clinical trials. Treatment
outcomes included skeletal and dentoalveolar
changes recorded cephalometrically, normaliza-
tion of mouth position and lip closure, improve-
ment in tongue positioning at rest/pressure and
modification of swallowing patterns. There was
no evidence to support the use of lingual stop
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Fig. 10.

Stages of treatment of a patient with orofacial myofunctional disorders, malocclusion, dysphagia

Puc. 10.  3Tanbl nedeHns naumeHTa ¢ opoaunanbHbIMi MUOGYHKLMOHABHBIMI PAaCCTPOMCTBAMI, aHOManmei npukyca, aucdarueii

appliances instead of fixed appliances for cor-
rection of anterior open bite in children with a
shift bite (SMD -0.03; 95% Cl 0.81-0.74; p=0.94).
It was concluded that early orthodontic and myo-
functional treatment in children in the dentition
and shift dentition appears to be a promising
approach, but no proven single treatment me-
thod has been established.

According to our clinical data, if a patient with
OMD bite anomalies, including dysphagia, needs
treatment from an orthodontist as an adult, we
see a complex pathology that, in addition to tradi-
tional orthodontic treatment, requires myofunc-
tional therapy. According to our clinical observa-
tions, the most complex group of patients is the
one with a combination of vertical discrepancy,

© 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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Fig. 11.  The relationship of the occlusion anomaly with disorders
of other important body processes

Puc. 11. B3ammocBA3b aHOManuu OKKNKO3UM C HapyLLleHUsAMU
JPYTUX BOXXHENLLNX NPOLLECCOB OpraHn3ma

namely open bite with vertical growth type and
dysphagia (Fig. 10). The orthodontic treatment
plan involves a compromise variant with improve-
ment of bite parameters and changes in muscle
tone. This combination of fixed appliances and
myofunctional therapy helps to reduce the seve-
rity of pathology with unchanged facial features.

Thus, a multidisciplinary approach, combined
orthodontic and myofunctional treatment, is sug-
gested in patients with OMD, severe dysphagia,
and bite anomalies (Fig. 11). Only in this case the
position and function of the tongue is improved,
effect on the bite towards its normalization and
thus eliminating some of the causes contribu-
ting to dysphagia. However, no clear answer with
treatment protocols has yet been developed,
although all studies confirm that treatment should
be started as early as possible.

CONCLUSION

Manifestation of dysphagia is always presentin
bite anomalies such as deep distal bite and most
pronounced in open bite in the frontal region.
These are skeletal abnormalities with lateral nar-
rowing of the maxilla and posterior positioning of
the mandible. In this case, there is a violation of
the position of tongue at rest and in movement,
violation of articulation and the work of the mus-
cles of maxillofacial region, narrowing of the up-
per airways. In general therapy it is necessary to
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expand the upper jaw, thereby increasing the vo-
lume of the oral cavity and changing the position
of the tongue. At the same time, it is recognized
that better works integrated approach, aimed not
only at correcting the bite, but also to normalize
the work of muscles of the dento-mandibular-fa-
cial region. These therapeutic measures are more
successful at an early age with the use of elasto-
meric correctors. They allow to simultaneously
work on the correction of the bite and normaliza-
tion of the tongue position, which leads to elimi-
nation of dysphagia. In the period of replacement
bite, RME appliances have proved to be a good
solution at the first stage of treatment. Thereafter,
the use of fixed appliances and elastomers is also
justified. Adult patients have the least potential
to benefit from correctors, as they have persistent
pathological disorders. The use of fixed applian-
ces can partially solve the issues of bite correction.
There is a need for further clinical research on this
topicin all age groups.
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OONOJIHUTEJIbHAA UHOOPMALINA

Bknapg aBTopoB. Bce aBTOpbl BHeCnn cyule-
CTBEHHbIV BKNag B pa3paboTKy KoHuenumu, npo-
BefeHVe WCCIefOBaHUA M MOArOTOBKY CTaTbW,
npounu 1 ogobpunn GrHANbHYK BepCUuio nepeq
nybnukaumen.

KoH$nuKT nHTepecos. ABTOpbl AeKNapupyoT
OTCYTCTBUE ABHbIX M MOTEHLMNANbHbIX KOHGNMKTOB
NHTEPeCOB, CBA3AHHbIX C NybnuKauuen HacTos-
Lien cTaTbu.

UcTouHuK PuHaHcmpoBaHusA. ABTOPbI 3asB-
nAT 06 OTCYTCTBMY BHeLWHero GrHaHCMpPoBaHNA
npv NPoBeAEHNN NCCNeJOBaHUA.
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Abstract. Optimization of nutrition is one of the main components of obesity therapy in patients of all age groups.
In children and adolescents, dietary correction of obesity is especially important due to the limitations of medical
and surgical treatments. The goal of diet therapy for obesity in children is not only to reduce body weight, but
also to provide the body with the nutrients necessary for further growth and development. Currently, the long-
term use of hypocaloric diets is not recommended in outpatient practice for obese children due to their negative
effect on nutritional status and quality of life. The method of choice is an individual isocaloric ration with sufficient
protein content and control of carbohydrates and/or fats, compiled taking into account food tolerance and taste
preferences of the child. It is necessary to educate patients to form a stereotype of healthy eating and adequate
eating behavior in later age periods. A promising therapeutic strategy can be considered the supplementation of
nutrients that are key to nutritional status. The article presents modern approaches to dietary therapy of obesity
in children and adolescents, which make it possible to ensure long-term adherence to treatment for patients and
their families.

Keywords: obesity, children, nutrition, diet therapy
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Pestome. ONTMm3aumnAa nMTaHNA ABNAETCA OGHUM U3 BeAyLMX KOMMOHEHTOB Tepannn OXnpeHna y naumeHToB
BCEeX BO3PaCTHbIX rpynr. Y neten n NOAPOCTKOB ANETNYECKaA KOPPEKUNA OXKNPEHNA NMEET 0cob60e 3HayeHve B
CBA3N C OrpaHNYeHNAMN MeaNKaMeHTO3HbIX U XNPYPrnyeCcKnx MmeTonoB eyeHunA. Lenbto ANeToTepannn OXu-
peHnAa 'y JeTel ABNAETCA He TONbKO CHUXKEHME MaccChl Tena, HO U obecrneyeHne OpraHM3mMa HyTpueHTamMu, He-
O6XOJJ,I/IMbIMI/I OnA fanbHerwero POCTa 1 Ppa3BUTUA. B HacToAwee BpemA B aM6ynaTopH0|7| NnpaKTnkKe anA neTen c
OXNpeHmnem He peKkoMmeHayeTCcAa AnTesibHOe NCNojib30BaHue FVII'IOKaJ'IOpVII7IHbIX [NET B CBA3U C UX HEFraTUBHbIM
OeNCTBMEM Ha NULLEBOM CTaTyC N Ka4eCTBO XU3HW. MeTtogom Bbl60pa ABNAETCA I/IHJJ,I/IBI/I,ElyaJ'IbeIVI HOPMOKaJlo-
pVII7IHbIVI PaunoOH C AOCTAaTOYHbIM COAEPKaHNEM 6enka un KOHTpPOJIEM COAepKaHnA yrneBo40B n/vnn XHNpPOoBs., Co-
CTaBNIEHHbIN C YY4ETOM NEepPeHOCMMOCTU NNLLEBDIX MPOAYKTOB N BKYCOBbIX npe,qnhoeanh pe6eHKa. HEO6XO,D,VIMO
O6yLIEHVIe nayneHToB AnA (I)OpMI/IpOBaHI/IFl cTepeoTna 340pPOBOro NTaHA N afeKBAaTHOIo NMLWEBOro noseae-
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HVS B fafibHellLne BO3pacTHble neprofbl. [lepcnekTMBHOM TepaneBTUUYECKO CTpaTermein MoXHO CUUTaTh JOTa-
LMI0 KIOYEBbIX /1A MULLEBOrO CTaTyca HYTPUEHTOB. B cTaTbe NpefcTaBneHbl COBPeMEHHbIE MOAXOAbI K AMeToTe-
panum oXnpeHKs y feTel 1 NOAPOCTKOB, MO3BOMALLME 06eCneunTb ANNTENIbHOE COXPAHEHNE NPYBEPKEHHOCTH

K le4YeHnto NayneHToB N nx cemern.

KnioueBble cnoBa: oxxupeHue, O0emu, numarue, 6uemomepanu;7

INTRODUCTION

The main component of treatment strategy
for obesity in children and adolescents is non-
drug therapy aimed at lifestyle modification, in-
cluding nutritional correction, increased physical
activity and normalization of eating behavior [1].
Non-medication treatment has proven efficacy
and safety, but requires strong motivation of each
patient and his/her family for long-term, in many
cases for many years, adherence to the recom-
mendations in present obesogenic (obesity-pro-
moting) environment. The goal of nutritional
therapy for obesity is to reduce the excess energy
value of food, which allows, in combination with
adequate physical activity, to achieve a negative
energy balance.

Since the beginning of the XXI century, the
approach to the nutrition of obese children and
adolescents has changed dramatically. In Russian
and international medical practice, strict food
restrictions have been replaced by healthy eating
rules designed to form of new dietary habits in pa-
tients and their families [2, 3]. The Russian clinical
guidelines for the treatment of obesity in children
enshrine the leading role in the dietary therapy
of obesity of a normocaloric diet that meets the
age-sex requirements of each child in energy and
nutrients [2]. Nowadays, all types of diets (hy-
pocaloric, ketogenic, with a reduced glycemic in-
dex, etc.) are considered to be alternative options
of diet therapy, which are used according to the
indications, limited in time courses and often in
hospital.

HYPOCALORIC DIET

The traditional approach in the treatment of
obesity in children for many decades was the pre-
scription of a hypocaloric diet with a reduction in
energy value at the expense of fats and carbohy-
drates. This method was based on the classical
diet no. 8 according to the system of M.l. Pevsner
and was recommended for both inpatient and
outpatient use [4]. Most researchers noted the low
effectiveness of the hypocaloric diet in the long
term for patients, who used it at home [5], but this

fact was often because of lack of discipline and
willpower. However, long-term implementation
of strict recommendations, including prohibition
of a wide range of foods and dishes, calorie coun-
ting, regulated diet without taking into account
individual food preferences, in the absence of
professional psychological support was accompa-
nied by a significant reduction in the quality of life
as a result of hunger and impaired social functio-
ning associated with food restrictions.

The hypocaloric diet is currently considered to
be the diet of choice for the treatment of obesity
in hospital [3]. It can be used in courses to reduce
body weight rapidly in case of morbid obesity
and/or if a patient has severe complications that
are not amenable to drug therapy (for example,
obstructive sleep apnea syndrome). Rapid weight
loss is also necessary in preparation for surgical
treatment requiring general anesthesia.

This diet is characterized by a reduced content
of simple carbohydrates and saturated fat. The
amount of protein in the diet should correspond
to the age norm or be slightly increased, and the
reduction of energy value is achieved by reducing
the content of carbohydrates and partially fats [1].
The example of hypocaloric menu for children in
hospital is presented in Table 1.

The maximum weight loss using this method
of diet therapy is noted in the first 3-5 days of in-
patient treatment. It is associated with an increase
in diuresis: during the transition from home food,
which in most families is characterized by a high
content of table salt, to a diet with normal sodium
content.

In obese children, controlling protein intake
requires special attention. Protein meals pro-
vide a sense of satiety, making dietary regimens
easier to tolerate. Ensuring adequate protein in-
take in hospital settings can be difficult. Unfami-
liar flavors of food, limited assortment of dishes,
including meat and fish, often lead to children's
refusal to eat, which causes a deficit in the intake
of essential nutrients. Within the framework of a
standard hypocaloric diet with regulated cooking
technology, fish and egg dishes, vegetable side
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Table 1. Sample menu of a hypocaloric diet for school-age children

Ta6bnuua 1. MpumepHoe MeHI0 rMnoKanopuiiHon AreTbl ANA AeTell WWKONbHOro Bo3pacra

HaumeHoBaHue 6ntofa / The course BbIXO',q B. r/un /
Quantity in gr/ml
13asmpak /| Breakfast
1. OMneT HaTypasnbHbIN, GaplunMpoBaHHbI 3eneHbiM ropolukom / Natural omelette with green peas. 130
2. Canat 13 NOMUAO0POB 1 OrypLOB C pacTuTenbHbiM Maciom / Tomato and cucumber salad with vege- 115/5
table oil.
3. Komnot u3 cyxodppykToB / Dried fruit compote. 200
II3aempak /Il Breakfast
1. Cydne 13 mopkosu c TBoporom / Carrot soufflé with cottage cheese. 215
2.Yan / Tea. 200
06ed / Dinner
1. Cyn pu1coBbIii C OBOLaMm BereTapuaHckuii, ¥> nopuumm / Vegetarian rice soup with vegetables, 250
2 portions.
2. Maco oTtBapHoe 6e3 conu / Boiled meat without salt. 55
3. BpoKkKonu oTBapHasa ¢ pactutenbHbiM Maciiom / Boiled broccoli with vegetable oil. 155/5
4. Cok ¢pyKTOBBIN (@bpuKocoBbIii) / Fruit juice (apricot). 200
MondHuk / Afternoon snack
1. OTBap wunosHuKa / Rosehip decoction. 200
2. flbnoko neueHoe 6e3 caxapa / Baked apple without sugar. 1 wr.
YxxuH / Supper
1. PyneT macHo 3aneueHHbIn / Baked meat roll. 105
2. Canat 13 CBeXeWl KanycTbl U MOPKOBY C pacTutesibHbiM maciiom / Fresh cabbage and carrot salad 130/5
with vegetable oil.
3.Yan / Tea. 200
Ha Houb / For the night
1. Kedup 1% / Kefir 1% 200
HAononnumensHro: / Additionally:
Xneb pxaHoii / Rye bread 100

SHepeemuyeckasa yeHHocme: 1628 Kkan / Energy value: 1628 kcal

dishes and salads are the least popular. Children
with selective appetite and with established stere-
otypes of irrational nutrition may completely skip
meals consisting of subjectively unacceptable
for them foods and dishes. Insufficient adherence
to nutritional therapy in such patients leads to a
decrease in protein and dietary fiber intake [6].

It should be remembered that the use of a
strict hypocaloric diet, especially in the absence
of sufficient physical activity in the hospital, may
lead to a decrease in the fat-free components of
body composition and be the cause of lower res-
ting energy expenditure in the long term [7-9].

There is a high risk of reducing fat-free com-
ponents of body if patient uses a hypocaloric
diet combined with hypodynamia. It limits the
indications for long-term treatment of obesity
in hospital [8, 10, 11]. Previously, it was believed

that treatment of obesity, regardless of its deg-
ree and the presence of complications, should
be started in an inpatient clinic to "isolate" the
child from the adverse effects of the family's die-
tary habits [12]. There was an opinion that in
hospital a child is taught discipline and a proper
dietary regimen. However, in practice, the low
motivation to reduce body weight in children,
especially preschoolers and younger schoolchil-
dren, does not allow the formation of individual
responsibility under conditions of strict food
restrictions. It should be remembered that the
use of a strict hypocaloric diet, especially in the
absence of sufficient physical activity in hospi-
tal conditions, can lead to a decrease in fat-free
components of the body and, in the long term,
be the cause of a decrease in resting energy
expenditure [7-9].
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The high risk of reducing fat-free components
of body composition in children using a hypoca-
loric diet combined with hypodynamia limits the
indications for long-term inpatient treatment of
obesity [8, 10, 11]. Previously, it was believed that
treatment of obesity, regardless of its degree and
the presence of complications, should be started
in an inpatient setting to "isolate" the child from
the adverse effects of the family's dietary habits
[12]. There was an opinion that inpatient hospita-
lization the child is taught discipline and a proper
dietary regimen. However, in practice, the low
motivation to reduce body weight in children,
especially preschoolers and younger schoolchil-
dren, does not allow to form individual responsi-
bility in the conditions of strict food restrictions.
In the past, so called fasting days were considered
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a mandatory component of treatment of obesity
in both children and adults [4, 13]. In essence, it
was a mono-diet used for one day. Both protein
(kefir, cottage cheese, boiled meat) and carbohyd-
rate (fruits, vegetables) models of nutrition were
used to reduce energy intake. There was an opi-
nion about the usefulness of "cucumber" and "wa-
termelon" fasting days. Such one-day restrictions
were recommended to be practiced at least once
a week. At present, this approach to dietary thera-
py of obesity cannot be recognized as acceptable
due to its nonphysiologic nature, lack of evidence,
and negative impact on metabolism. Despite sig-
nificant restriction of energy intake, nutrient im-
balance leads to abnormalities in body compo-
sition. Therefore, the ostensible effectiveness of
fasting days has often been attributed to dehyd-

Table 2. Sample menu of an isocaloric diet for school-age children

Tabnuua 2. NMpumepHoe MeHI0 HOPMOKaNoOPUINHOWN AMeTbl ANA AeTel WKONAbHOro Bo3pacTta

HavmeHoBaHue 6ntona / The course

Bbixog B r/mn /
Quantity in gr/ml

1. 3bIk oTBapHoOW / Boiled tongue.

3. Kode c monokom / Coffee with milk.

06e0d /Dinner

4. MacnuHbl / Olives.
5. KomnoTt u3 arop ¢ caxapom / Berry compote with sugar.

1. OTBap wunoBHKKa 6e3 caxapa / Rosehip decoction.
2. OpykTbl cBeXMe / Fresh fruits.
YxxuH / Supper

3. butoukn mopkoBHO-AbnouHble / Carrot and apple cutlets.
4.Yan /Tea

1. Viorypt / Yoghurt.
2. Kypara pasmoueHHas / Soaked dried apricots

|3asmpak/ | Breakfast

2. Kawa rpeyHeBas paccbinyartas ¢ pactutenbHbiM macsiom / Buckwheat porridge with vegetable oil.

I13aempak / Il Breakfast
1. TBopor cBexxenpurotosneHHbIn / Freshly prepared cottage cheese. 100
2. flbnoko neveHoe ¢ sirogamu 6e3 caxapa / Baked apple with berries without sugar.

1. bopLy BeretTapuaHckmin co cmeTtaHol / Vegetarian borsch with sour cream.
2. bedcTporaHos 13 oTBapHoro maAca / Boiled beef stroganoff.
3. KapTodenbHoe ntope ¢ pactutenbHbiM macsiom / Mashed potatoes with vegetable oil.

lMondHuk / Afternoon snack

1. Pynet macHow, daplumposaHHbii omnetom / Meat roll stuffed with scrambled eggs.
2. BuHerpeT oBoOLHOW C pacTuTenbHbiM Maciom / Vegetable vinaigrette with vegetable oil.

Ha Houb / For the night

75
170/10
130/50

1 wT.

500/10
55/60
200/10
30
200

200
200

125/5
150/10
180
180

125
60

HononHumeneHo: / Additionally:

1. Xne6 pxaHoii / Rye bread 100
2. Xne6 nweHwnyHbin / Wheat Bread 120
SHepzemuyeckasa yeHHocme: 2630 Kkan / Energy value: 2630 kcal

LECTURES
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ration of the body [14]. Exclusion of protein from
the diet is particularly dangerous because it pro-
motes mobilization of protein from depots, which
are primarily skeletal muscles. Current knowledge
about the high frequency of sarcopenic obesity
in all age categories and its role in the develop-
ment of comorbid pathology proves the danger
of protein exclusion from the diet even for a short
period of time [7, 8, 15, 16]. In addition, excessive
fructose consumption when using popular "ap-
ple" and "fruit" fasting days is an important etio-
logic factor in the development of nonalcoholic
fatty liver disease [17].

NORMOCALORIC DIET

Prolonged treatment of obesity in pediatric
patients is accompanied by certain difficulties,
because it requires not only creating an energy
deficit, but also providing the body with nutrients
necessary for further growth and development.
For example, in children, you cannot sharply limit
the fat component of the diet due to the need for
it to form an adequate hormonal background in
puberty. And the restriction of meat products can
increase the risk of anemia in adolescent girls. The
safest and most effective method of dietary thera-
py of obesity in children at the outpatient stage is
anormocaloric diet corresponding to the patient's
age-specific needs for energy and nutrients [18].

It should be noted, that the diet used to cor-
rect obesity is not a short-term diet, at the end
of which the patient can return to the usual style
of eating. Due to the need for long-term compli-
ance with the new nutritional rules in outpatient
clinics, it requires individualization of recommen-
dations, taking into account the food preferences
of a particular patient while maintaining the norm
of energy and nutrient intake. This approach al-
lows maintaining normal growth and develop-
ment rates, as well as maintaining high physical
and intellectual activity [1]. An example of a nor-
mocaloric menu for children is shown in Table 2.

To ensure maximum individualization of nutri-
tional therapy, it is recommended to make a diet
on the base of nutritional status of each patient.
The energy value of the diet should correspond
to the actual energy expenditure of the child.
"The gold standard" for determining individual
values of basic energy metabolism and oxidation
rate of macronutrients is indirect calorimetry [19].
Amount of nutrients is established depending on
the individual metabologram values. The impor-
tance of determining metabolic requirements is
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determined by the high frequency of violations of
their values in children. Thus, about half of obese
children have an increased rate of fat oxidation
associated with its excessive amount in the usual
diet. This feature indicates that there is no need
for a sharp restriction of fats, especially unsatura-
ted fats, in the diet of an obese child.

Indirect calorimetry is not a commonly avai-
lable method. Therefore, calculated formulas can
be used to determine the daily energy value of
the diet. In obese children, it is recommended to
estimate the level of basal metabolism using the
Shoefild formula, taking into account age and
sex [18]. When calculating the daily energy va-
lue of the diet, it is necessary to focus on the level
of physical activity of the patient. To determine
the daily energy requirement of individuals with
alow level of physical activity, the index of resting
energy expenditure is multiplied by a coefficient
of 1.4, with an average level — by 1.6, with a high
level of physical activity — by 1.9.

In children with a low obesity class in the ab-
sence of complications, general age-sex norms
of energy and nutrient intake can be used, as gi-
ven in the guideline "Norms of physiologic needs
in energy and nutrients for different population
groups of the Russian Federation" (2021) [18].

The daily ration of a child should be distributed
in such way, that the main part of it falls on the
first half of the day, i.e. the hours of greatest mo-
tor activity. The last meal should be at least two
hours before bedtime.

In formulating diets for obese children, a num-
ber of basic rules should be adhered to in order
to achieve optimal nutrient intake without severe
restriction or prohibition of any foods and meals
that do not allow long-term adherence to the re-
commendations. A complete ban may be approp-
riate only for the group of sweet soft drinks with
added sugar, which includes not only carbonated
beverages, but also commercially prepared juices/
nectars, bottled tea, morsels, and kvass [20, 21].

A child's daily menu should contain lean meat
(beef, veal, rabbit, chicken, turkey), fish (cod, hake,
pink salmon, etc.), eggs, and low-fat milk and dairy
products, including in the form of fermented milk
drinks. However, milk and dairy products with a
high fat content (milk with a fat content of more
than 3.2%, cream, sour cream with a fat content
of 20% or more, cottage cheese with a fat content
of more than 5%, cottage cheese desserts, gla-
zed cottage cheese, cottage cheese mass, cheese
varieties with a fat content of more than 40%)
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should be limited in the diet of obese children
and used no more than 1-2 times a month.

Inthe diet should be sharply limited the use of any
sausages, wieners, refractory animal fats (beef, mut-
ton, pork), trans fats (margarine). The amount of but-
ter can remain within the age-appropriate range.

Vegetable oil intake should be in line with
age-related needs. A diet containing adequate
amounts of vegetable fats helps to reduce hun-
ger. Vegetable oil should be used in its natural
form: for salad dressing, vinaigrettes. It can be
added to dishes cooked without fat.

Modification of the carbohydrate component
of the diet in obese children requires special
attention. The quota of simple carbohydrates is
reduced by significantly limiting foods with a high
glycemic index in the diet: added sugar, confec-
tionery, bread, primarily made of refined flour.
According to current Russian norms, the daily in-
take of added sugar should not exceed 10% of the
energy value of the diet, and for overweight and
obese persons it is recommended to reduce the
intake of added sugar to <5% of the daily energy
intake. Thus, obese children should limit added
sugar to 2-3 teaspoons per day.

Vegetables and fruits form an important part
of the diet. Dietary fibers in fruits and vegetables
stimulate intestinal peristalsis, contribute to the
regulation of lipid metabolism, and are a sub-
strate for normal gut microbiota. Foods rich in
dietary fiber create a feeling of satiety. Fruits and
vegetables provide the child's body with mine-
rals and vitamins, have a diuretic effect, remo-
ving excess fluid from the body. In this regard,
the diet should include cucumbers, cabbage
(white, cauliflower, Brussels, kohlrabi), zucchini,
tomatoes, pumpkin, radishes, carrots, turnips,
asparagus, leafy salads, unsweetened fruits and
berries. It is advisable to include in the diet se-
veral times a day dishes of raw and cooked ve-
getables (salads, vinaigrettes with vegetable oil,
boiled and stewed vegetables, etc.). The amount
of potatoes should be limited to 1/2-1/3 of the
recommended rate, replacing it with other ve-
getables. Potatoes are cooked in baked or boiled
form. Fried potatoes and mashed potatoes with
butter are not included in the diet.

In the diet of obese children should not be used
sours, canned compotes, fruit purees, including
homemade. Preference should be given to natu-
ral fresh fruits and berries without added sugar. In
the absence of fresh seasonal vegetables, berries
and fruits should be used frozen products.
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Food is cooked in boiled, steamed, grilled,
baked ways. In the diet of obese children, we do
not use dishes fried in oil, deep-fried. Surface
frying on a dry pan or with a minimum of vegetable
oil is allowed (it is recommended to use spray oil).

First meals should be predominantly vegetari-
an. Meat, chicken, mushroom and fish broths are
limited in the diet of an obese child. Meat and fish
dishes are given in the form of boiled portioned
pieces or in the form of steamed cutlets, beaters,
meatballs. As garnishes for second courses it is
recommended to use a variety of vegetables or
crumbly porridge: buckwheat, pearl, oatmeal and
millet. Rice, potatoes, pasta from durum wheat
varieties are included in the menu no more than
once a week.

Eggs (for chicken eggs — no more than 1 per
day, 3 per week) should be hard-boiled or used for
cooking [22].

According to current national clinical guide-
lines, the necessary conditions for effective treat-
ment include:

« restriction of sweet drinks: prohibition (con-
sumption of no more than 1 portion and no
more than once a week) not only of sparkling
sweet drinks, but also of juices, compotes,
morsels with permission to take drinking wa-
ter at the child's request;

« limit in sweet fruits — up to 1 serving (100 g)
per day;

- atleast 4 meals a day, breakfast is compulsory;

« prohibition of sweet dairy products;

« control of portion size/number of servings;
"food plates" are now widely used to show
the desired portion size. If a child wants to
eat a second portion of lunch/dinner allow
it 20 minutes from the first, provided it is
eaten regularly (at least 4 meals a day);

- enriching the diet with vegetables (300 g for
young children and 400 g per day for adoles-
cents, limiting the use of potatoes as the only
vegetable in such quantities), dietary fiber,
whole-grain products;

« teaching children to eat slowly without com-
puter/TV/mobile phone [2].

Forcing a child to consume certain foods that
are considered healthy but have ambiguous
organoleptic characteristics depending on the
method of cooking (fish, lean meat, cruciferous
vegetables, etc.) can lead to negative attitudes to-
ward these foods. If a food is strictly prohibited,
it is more likely to be consumed in excess in the
absence of control.

LECTURES
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ALTERNATIVE DIET THERAPIES

These diets are used for short-term prescription
to accelerate weight loss and increase patients’
motivation. Currently authorized approaches
in children include hypocaloric diets, ketogenic
diets, and reduced glycemic load diets.

Ketogenic diet

The main objective of the ketogenic diet is
to reduce the carbohydrate component of the
diet. The mechanism of action of this diet is ke-
tosis resulting from reduced carbohydrate intake.
ESPGHAN is authorized to use the ketogenic
diet as an alternative approach to diet therapy
for obesity in pediatric practice [23]. The indi-
cations for prescribing this diet in children and
adolescents are morbid obesity, as well as the
presence of complications of obesity (obstruc-
tive sleep apnea syndrome, metabolic syndrome,
etc.), in which rapid weight loss at the initial stage
of treatment is recommended. The duration of
the ketogenic diet in children and adolescents
should not exceed 10 weeks. The maximum rate
of weight loss is noted during the first 2 weeks,
and then ranges from 0.5 to 1 kg per week. Pa-
tients need regular medical follow-up to moni-
tor adherence to the diet and identify potential
side effects. Adherence to the ketogenic diet is
accompanied by a high risk of electrolyte imbal-
ance, especially hypokalemia. Possible complica-
tions include weakness, orthostatic hypotension,
diarrhea or constipation, and cholelithiasis. An
adequate drinking regimen is necessary to pre-
vent dehydration. Due to the restriction of fruits,
vegetables and dairy products, additional multi-
vitamin intake is recommended, providing 100%
of the recommended intake rate [13]. The com-
plete blood count, liver function parameters, se-
rum amylase and albumin levels, and the concen-
tration of ketones in urine should be examined at
least once a month [24].

After the end of the diet, carbohydrates are in-
troducing into the diet for several weeks. A num-
ber of studies have shown good tolerance for the
diet, absence of a pronounced hunger, preserva-
tion of a high quality of life. With short-term use,
this diet appears to be more effective than the
standard hypocaloric diet, which is confirmed
by a more significant reduction in body weight,
adipose tissue, as well as a decrease in insulin re-
sistance indices [23].

Despite the above advantages of the ketoge-
nic diet, it should be noted that the main indica-
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tion for its use is pharmacoresistant epilepsy. The
number of randomized controlled trials on its iso-
lated efficacy in obese children is currently small.
Exclusion from the diet of most fruits, vegetables
and cereals, due to the need to sharply limit car-
bohydrate intake, leads to a deficiency of dietary
fiber. It has a negative impact on the gut micro-
biota and determines the limitation of the dura-
tion of use of the diet [6].

Diet with reduced glycemic load

Carbohydrate metabolism disorder with the
formation of insulin resistance develops in most
obese children. A differentiated approach to the
selection of foods containing carbohydrates, ta-
king into account glycemic index, can reduce the
load on the insular apparatus and thus improve
the clinical course of obesity. This approach ca-
tegorizes foods into high (=70), medium (56-69),
and low (<55) glycemic index groups. Reduction
of body weight in this variant of the diet is slower
than in the ketogenic diet, but is not accompa-
nied by negative effects. A sufficient amount of
unsweetened fruits and vegetables determines
the feeling of satiety and contributes to a longer
adherence to the recommendations [5]. It has
been shown that children lose more fat mass on a
low glycemic load diet than on a fat-reducing diet.
In children aged 6-12 years, the use of such diet
results in loss of body weight in a short time. In
adolescents 13-18 years of age, a reduced glyce-
mic load diet, in addition to body weight loss and
optimizing body composition in the short term,
contributes to the maintenance of the achieved
values after 1 year [25].

"Food traffic light"

The "traffic light” diet does not fully qualify as
an alternative nutritional therapy for obesity in
children, as it is intended for long-term use. This
approach is part of a program designed for ele-
mentary school children and their families that
includes family counseling, increased physical ac-
tivity, and regular counseling by a psychologist.
The goal is to preferentially consume foods with
low energy value. Products are divided into 3 ca-
tegories: "green”, "yellow" and "red" (Table 3). Low
calorie foods (most fruits and vegetables) are con-
sidered "green" and recommended for frequent
consumption. Moderate energy foods (e.g., ce-
reals) are considered "yellow" and restricted. "Red"
high calorie foods are to be severely restricted.
The program involves educating the family about
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grocery shopping and individual psychological
training to support the child's motivation to lose
weight [26]. The target group for this nutrition
program is obese children aged 6-12 years.

It is shown that the use of the "food traffic
light" diet leads to a decrease in body weight in
obese children with preservation of the achieved
results in the long term (5-10 years follow-up).
The effectiveness of the "food traffic light" prog-
ram depends on the implementation of additio-
nal recommendations and family participation in
lifestyle changes. In modern foreign recommen-
dations, this approach to nutrition has proven
effectiveness and is one of the behavioral strate-
gies for forming a healthy lifestyle in obese chil-
dren [21].

A universal component of obesity treatment
programs is the monitoring of food eaten in the
form of a food diary. The diary is kept by the child
or parents. Daily physical activity is also noted.
Analysis of the food diary is performed both by the
pediatrician/nutritionist and parents or patient,
especially when the child is adolescence [1].

Despite the availability of various nutritional
approaches to the treatment of obesity in chil-
dren, itis often impossible to follow them for many
years. In this regard, the formation of a correct
stereotype (pattern) of nutrition, which is widely
used in foreign practice, seems relevant. The aim

Table 3. Nutritional Recommendations for the Traffic Light Diet
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of this approach is to consolidate the stereotype
of healthy eating in children and adolescents to
ensure optimal eating behavior in further age pe-
riods. Recommendations for the formation of a
healthy eating pattern as a component of therapy,
proposed by the European Society of Pediatric En-
docrinologists, include:
« reducing the consumption of fast food;
+ reducing the use of added sugars and elimi-
nating sugary drinks;
« reducing the consumption of foods rich in fat,
sodium and deeply processed foods;
« consuming whole fruits instead of fruit juice;
« teaching to control portion size;
« reducing saturated fat intake;
« consuming dietary fiber, vegetables and fruits
according to national recommendations;
« eating regular meals at specific times;
- identifying situations that encourage ove-
reating [20].

KEY NUTRIENTS IN PEDIATRIC OBESITY

An important aspect of the modern nutritional
approach for the treatment of obesity in children
is the search for key nutrients, which supplemen-
tation allows to control nutritional and metabolic
status in this category of patients. Polyunsatu-
rated fatty acids, L-arginine and polyphenols are
promising nutrients for inclusion in the diet.

Ta6nuua 3. PekomeHgaLMm No NUTaHWNIO AAA ANETbI «nuLeBoro ceetodpopa»

«KpacHbin» uset / “Red” color

«Kentbin» uset / “Yellow” color

«3eneHbln» uBeT / “Green” color

« Oactoyn / Fast food.

+ MaiioHes / Mayonnaise.

« TMnaBneHbin cbip / Process cheese.

+ KunpHasa cmetaHa / Full-fat sour
cream.

« KnpHoe MACo (CBUHVHa, XXMpHas
ntuua) / Fatty meats (pork, fatty
poultry).

+ KonueHoctn / Smoked meats.

+ TopTbl M NMPOXHbIe C Kpemom /
Cakes and pastries with cream.

« [pox>keBas Bbirneyka /

Yeast baked goods.

+ Benbinn xne6 / White bread.

« [a3upoBaHHble N cnagkue
HanuTky / Carbonated and sugary
drinks

o MaKapOHbI N3 TBEPAbIX COPTOB

nwenuybl / Durum wheat pasta.

+ Kaww Ha Boge (Kkpome maHHON) /

Porridge with water (except sem-
olina).

+ Bbineuka n3 Hecnapgkoro cnoeHoro

Tecta / Unsweetened puff pastry.

« OTBapHoOW KapTodens /

Boiled potatoes.

+ HexupHoe maco / Lean meat.
+ BapeHas konbaca / Boiled sausage.
« Topbkuin wokonag / Dark choco-

late.

« MacTtuna, mapmenag, 3epup /

Pastilla, marmelade, zephyr.

« Teeppabii cblp / Hard cheese.
« Teopor / Cottage cheese.
« Cnapkne ppyKTbl 1 CyXodpyKTbl /

Sweet fruits and dried fruits.

« lpaHocTtn / Spices.
« Ketuyn v conexbs / Ketchup and pickles

- Kanycra/ Cabbage.

+ 3eneHble canatbl / Green salads.
+ Orypupbl / Cucumbers.

» Tomatbl / Tomatoes.

+ MatunccoHbl / Squash.

- baknaxaHbl / Eggplant.

» Mopkosb / Carrot.

+ 3eneHb / Greens.

« fA6nokn / Apples.

+ Uutpycossble / Citrus.

+ Kny6Huka n cmopopauHa /

- OnuekoBoe macno / Olive oil.
« MopenpopykTbl / Seafood.

« OtBapHas pbiba / Boiled fish.
+ HexwpHbie noryptbl / Low-fat

+ Kedup, npoctoksalua /

+ fAnua BKkpyTyto (00 2 WTYK) /

Strawberries and currants.

yogurts.
Kefir, curdled milk.

Hard-boiled eggs (up to 2 pieces)

LECTURES
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Polyunsaturated fatty acids

Low-fat diet is not recommended in pediat-
ric practice due to the danger of fat deficiency in
the body and disruption of normal development
and health. At the same time, taking into account
the heterogeneity of the fat component, certain
positive effects in obesity can be achieved by
changing the qualitative composition of fat, in
particular, by reducing the level of saturated and
increasing unsaturated and polyunsaturated fatty
acids (PUFAs).

PUFAs are fatty acids containing at least two
double bonds. According to the position of the
first double bond relative to the methyl end, PUFA
molecules belong to the families w-3, w-6, w-9
and others. The ancestors of PUFA families, w-3
and w-6, are essential a-linolenic and linoleic fatty
acids, which cannot be synthesized in the human
body and must be supplied with food [27].

The main prerequisites for the use of PUFAs
to enrich the diets of obese children are: inf-
luence on the expression of genes-regulators of
carbohydrate and lipid metabolism, regulation
of inflammation, regulation of the formation of
endocannabinoids (regulators of appetite and
energy homeostasis). Dietary enrichment with
PUFAs, especially PUFAs of w-3 family, leads to
a decrease in triglyceride synthesis by the liver
and release of LDL from the liver into the blood-
stream and reduces fat deposition in depots.
Reduction of triglyceridaemia and improvement
of blood lipoprotein profile serves as a factor in
the prevention of cardiovascular complications
of obesity. In addition, w-3 PUFAs inhibit the
expression of genes associated with the deve-
lopment of chronic subclinical inflammation
accompanying obesity [28].

Actual nutritional studies show that the diet
of modern human is dominated by saturated
fatty acids to the detriment of PUFAs, and the
ratio of w-6/w-3 PUFAs is shifted towards the
predominance of w-6 and is 20-30:1 instead of
the recommended 5-10:1, It leads to the fact
that all metabolic processes in the body occur
against the background of inflammation due to
the predominance of metabolites of w-6 PUFAs,
which have the most pronounced pro-inflamma-
tory properties [29]. It was noted in the literature,
that w-6 PUFA, namely arachidonic acid, has adi-
pogenic properties associated with the forma-
tion of prostacyclin. It stimulates the synthesis
of substances necessary for the final stage of
adipogenesis, and 2-arachidonoyl-glycerol, the
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main endogenous cannabinoid, which, binding
to the appropriate receptors of the brain, stimu-
lates food intake and fat synthesis. Consequent-
ly, excess w-6 PUFA and high w-6/w-3 PUFA ratio
in the diet may lead to adipogenic effects [30].
Reduction of adipogenesis can be achieved by
reducing the proportion of saturated fatty acids
in the diet (no more than 10% of the daily fat
requirement) and reducing the ratio of w-6/w-3
PUFAs in the diet to the norm of 5-10:1 [31]. The
richest source of w-3 PUFAs is fish and seafood.
It is estimated that consumption of fish or sea-
food 1-2 times a week provides an average daily
intake of w-3 PUFAs at the level of physiologic
need for these compounds. The source of w-6
PUFAs are vegetable oils: sunflower, corn, etc.,
the content of these compounds is 40-60% of
the sum of fatty acids in the product.

L-arginine

Arginine may be considered as one of the key
nutrients in obese children. As a precursor to the
nitric oxide, amino acid arginine regulates many
metabolic processes including fatty acid, glucose,
amino acid and protein metabolism by activating
signaling pathways and gene expression. Argi-
nine's effects include stimulation of lipolysis and
expression of key genes responsible for activating
the oxidation of fatty acids to CO2 and water. In
addition, arginine regulates the interaction bet-
ween adipocytes and muscle cells during energy
metabolism by acting on cytokine and hormone
secretion [32]. Arginine action in skeletal muscles
restores insulin sensitivity [33].

There is a lot of researches showing that argi-
nine supplementation may be a new approach to
the treatment of obesity and metabolic syndrome.
Meta-analysis of randomized placebo-controlled
studies (12 studies: 492 participants) showed that
short-term (3 to 180 days) arginine administration
at a dose of 3 to 24 g/day improves endothelial
function and promotes endothelial recovery in
case of endothelial dysfunction, including against
the background of hyperlipidemia due to high fat
intake [34].

At the beginning of the XXI century, it was sug-
gested that arginine promotes the preservation of
fat-free mass in the process of body weight loss.
Arginine has been shown to be effective in the
treatment of abdominal obesity in adults [35].

Nowadays, there are few studies that have ex-
amined the effects of arginine in children. Howe-
ver, they confirmed good tolerability of arginine
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administration in the pediatric population [36].
Dietary supplementation with L-arginine at a dose
of 9 g/day in combination with nutritional therapy
and aerobic physical activity in obese adolescents
has been shown to be accompanied by stabiliza-
tion of body muscle mass [37].

A recent study of an arginine product for obese
children [38, 39] in addition to a hypocaloric diet
found a statistically significant reduction in in-
ternal organ fat area and preservation of skeletal
muscle mass and active cell mass.

Polyphenols

Polyphenols are minor biologically active com-
pounds of plant origin. They are found in various
food products: fruits, vegetables, cereals, nuts,
coffee, cocoa, spices, seeds. Depending on the
structure of the molecule among them are phe-
nolic acids, stilbenes, flavonoids, lignans. In the
literature, there are numerous data on the effect
of the consumption of polyphenolic compounds,
mainly flavonoids and their subclasses: lignans,
on the reduction of excess body weight [40].

The use of polyphenols both in the form of
dietary supplements and as part of foods of plant
origin can modulate the pathogenetic factors
of obesity. Biological effects of polyphenols in-
clude inhibition of adipocyte differentiation and
transformation of white adipocytes into brown
adipocytes, regulation of lipid metabolism, appe-
tite suppression, increase in energy expenditure,
and modulation of gut microbiota composition.
Polyphenolic compounds (especially resveratrol
and quercetin) can affect adenosine monophos-
phate-activated protein kinase, which triggers the
inhibition of fat accumulation, reduces cholesterol
synthesis, and modulates inflammatory cytokines
[41,42].

It was shown that the use of catechin contained
in green tea extract was accompanied by a de-
crease in lipid accumulation in the body due to in-
hibition of differentiation of 3T3-L1 preadipocytes
into adipocytes. And administration of epigalloca-
techin gallate at a dose of 583 mg of catechins per
day for 12 weeks caused a decrease in adipose tis-
sue mass and serum levels of cholesterol, low-den-
sity lipoproteins [43]. In another study, curcumin
was demonstrated to promote the conversion of
white adipocytes to brown adipocytes [44]. Green
tea polyphenols at a daily dose of 400-600 mg
increase antioxidant levels and decrease serum
leptin levels, reduce fatty acid absorption and de-
crease IL-6 and TNF gene expression levels. The
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ability of polyphenols to reduce high blood pres-
sure has also been proven in clinical studies [45].

CONCLUSION

Thus, nutritional optimization is one of the lea-
ding aspects of non-drug therapy of obesity in all
age groups. The particular importance of nutrition
in children and adolescents is related to the limi-
ted options for medical and surgical treatment of
obesity at this age. The development of an effective
approach to nutritional therapy is complicated by
the need to provide children with the energy and
nutrients necessary to maintain normal growth and
development. The method of choice is an indivi-
dualized normocaloric diet with sufficient protein
content and control of carbohydrate and/or fat con-
tent, tailored to the child's food tolerance and taste
preferences. Supplementation of key nutrients for
nutritional status may be considered a promising
therapeutic strategy.

Despite the crucial role of diet therapy in
obese patients, it should be taken into account
that it is only part of a comprehensive treatment
approach that includes a spectrum of non-drug,
pharmacologic, and surgical methods. The iso-
lated use of diet for the treatment of obesity is
not effective in the long term and should not be
recommended to patients as the only method of
weight loss.
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AONOJIHUTEJIbHAA NUHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHeECnM cylie-
CTBEHHbIV BKNAZ B Pa3paboTKy KoHLUenuuu, npo-
BefeHMe unccnefoBaHWA U MOATOTOBKY CTaTbW,
npounu n ogobpunu GrHanbHy Bepcuio nepeq
nyénukaumen.

KoH}nuKT nHtepecoB. ABTOPbI AEKNapMpyIoT
OTCYTCTBUE ABHbIX M MOTEHUMANbHbBIX KOHONMKTOB
WHTEPECOB, CBA3aHHbIX C My6nuKaLmen HacTos-
Len ctatbu.

LECTURES
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UcTtouHuk ¢punHaHcmpoBaHMA. ABTOPbI 3asB-

NAT 06 OTCYTCTBUY BHELHero GrHaHCMPOBaHMSA
npwv NpoBeAeHNN UCCNefoBaHUA.
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Abstract. The aim of this scientific review is to systematize and analyze the literature on the epidemiology,
pathogenesis, clinical manifestations, and treatment of children with comorbid pathologies — bronchial
asthma combined with type 1 diabetes mellitus — in the context of comorbidity or the diseases’ independence/
antimorbidity. The study demonstrated that the relationship between type 1 diabetes mellitus (T1DM) and bronchial
asthma (BA) is much deeper and more complex than previously thought under the Th1/Th2 paradigm. Allergic
and autoimmune diseases are considered comorbid pathologies that are closely interlinked, affecting the onset,
sequence of clinical symptoms, nature of control, and specificity of each other’s therapy. Scientific data indicate
the existence of a common complex polygenic basis for the development of both conditions. Genetic differences
may play a crucial role in the relationship between type 1 diabetes and bronchial asthma, but further research
in this area is needed. Current understanding of potential pathogenetic and immunological triggers playing key
roles in the onset, progression, and treatment of the combined T1DM+BA condition can be conceptualized as a
tripartite interaction of genetic factors, environmental conditions, and a unique cytokine profile in these patients.
The multifactorial connection should now be considered bidirectional by nature, with each element of this system
impacting the others without a clear sequential order. The pathogenesis of the combined pathology (T1DM+BA)
is based on immune dysregulation with a cytokine imbalance (a reduction in the number and depletion of reserve
capacities of T-reg cells, as well as a defect in the suppressive mechanism of IL-10). This results in the emergence
or intensification of the inflammatory process, an imbalance in autoimmunity mechanisms, further disrupting
immune homeostasis and leading to the development and progression of symptoms in both BA and T1DM.

Keywords: children, bronchial asthma, type 1 diabetes mellitus
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acTMa + caxapHblii AnabeT 1-ro Tvna NauueHTOB B KOHTEKCTE KOMOPOVAHOCTY WSV CAMOCTOATENIbHOCTI/aHTMOP-
6VAHOCTI JaHHbIX 3aboneBaHuin. B pe3ynbtate NpoBefeHHOro NCCefoBaHKA MOKa3aHo, YTo CBA3b MeXay caxap-
HbIM ArabeTtom 1-ro Tuna (CA1) n 6poHxmanbHo acTMolr (BA) HAMHOTO FIyGXKe 1 CIIOXKHEE, YeM CyLLIeCTBOBaBLLAsA
paHee napagurma Th1/Th2. Mpwn 3ToM annepruyeckre 1 ayTouMMyHHble 3a001eBaHNA ABAIOTCA KOMOPOVAHOM
maTosiormen, TeCHO B3aMIMOCBA3aHbl, OKa3blBalOT BAUAHME Ha Ae6I0T, NOCNe[0BaTENIbHOCTb BO3HUKHOBEHWA KNK-
HMYECKMX CUMMTOMOB, XapakTep KOHTPOMA M 0COGEHHOCTb Tepanuu Apyr apyra. HayuHble gaHHble cBUAETENb-
CTBYIOT O CYLLECTBOBaHNY OBLLEN CIIOXKHOI MONMIreHHON ocHOBbI popmupoBaHna C1 n BA. BO3MOXXHO, MMEHHO
reHeTUYeCcKmne pasfiMuma MOryT UMeTb peLlalollee 3HaYeHUe BO B3aUMOOTHOLLEHNAX CaxapHOro Auabeta 1-ro
TMa U GPOHXMASIbBHOWN acTMbl, HO UCCEAO0BAHUA B STOM HanpaBEHUN JOMKHbI OblTb NPOAOMKEHbI. /I mosTomy
COBPEMEHHOE NpefCTaBieHME O MOTEHLMANbHbIX MAaTOreHETUYECKMX 1 IMMYHONOFMYECKNX TPUITepax, UrpatoLLmx
pelLuatoLLyto posib B ebloTe, TeueHnr 1 Tepanuy couyetaHns bA+CJl1, MOXXHO NpeAcTaBUTb B BUAE TPONCTBEHHOMO
B3aVIMOOTHOLLEHUA 2eHemuy4ecKux (pakmopos, oKpyxaroweli cpedbl U yHUKAbHO20 YUMOKUHOB8020 NPOpusIA Yy AaH-
HbIX MaLmeHToB. MHOrodaKkTopHY10 CBA3b B HAaCTOALLEe BpeMs cieflyeT pacCMaTpriBaTb Kak AByHanpaBaeHHYo Nno
cBoel npupoge. Mpu 3ToM Kaxkablil S11EMEHT 3TOWN CUCTEMbI BAMAET Ha Apyrue 6e3 YeTKoro nociefoBaTeibHOro
nopsaka BO3HMKHOBEHMA. B ocHOBe natoreHe3a couetaHHou natonorun (CO1+BA) neXxuTt uMMyHHas aucperyna-
LA C LMTOKMHOBbBIM ANCHaNaHCOM (CHUMXEHVE KONMYECTBa 1 MCTOLLIEHNE Pe3ePBHbIX BOSMOXKHOCTEN T-reg KNeToK,
a TakKe gedekT nogasnaioLiero mexaHusma IL-10). Cnepcremem 3TOro ABNAETCA NoABeHVe/yCneHne Bocnanm-
TENIbHOTrO NpoLecca, pa3banaHCMPOBKa MEXaHVM3MOB ayTOVMMYHUTETA, YTO COMPOBOXKAAETCA eLle 6onblINM Ha-

pYyLLUEHVIEM UMMYHHOIO FOMeocTa3a 1 ¢opMMpoBaHNEM/NPOrPeCcCcMpPoOBaHEM CUMATOMOB Kak bA, Tak n CI 1.

KnioueBble cnoBa: 0emu, 6poHXUA/IbHAS dCmMd, CaxapHblli duabem 1-20 muna

INTRODUCTION

The relationship between autoimmune and at-
opic diseases is a subject of scientific interest and
close attention of scientists all over the world, es-
pecially in recent decades due to the widespread
and steady increase in the number of patients
not only with bronchial asthma (BA) but also with
type 1 diabetes mellitus (TIDM) [1].

BA is a heterogeneous disease manifested by
different phenotypes and characterized by chron-
ic airway inflammation, the presence of respirato-
ry symptoms (wheezing, dyspnea, chest conges-
tion and cough) that vary in time and intensity
and manifest with variable airway obstruction [2].
BA occupies the leading place among chronic res-
piratory diseases in children. Both in Russia and
abroad there is not only an increase in children
suffering from BA [2, 3], but also a shift of the dis-
ease debut to an early age (2-3 years of life). And
if in the second half of the XX century, the inci-
dence was higher in children living in more pros-
perous countries, then recently the trend of BA
growth has been registered in developing coun-
tries [4]. As it is known, the pathogenesis of BA
is quite complex and associated with a complex
influence of both internal (genetic predisposition
to atopy and bronchial hyperresponsiveness,
gender, obesity) and external factors (food, house-
hold — house dust mites, cockroaches; epider-
mal — animal allergens; fungal allergens, plant
pollen and other air pollutants, such as ozone,
sulfur and nitrogen dioxides, diesel combustion

products, tobacco smoke, active and passive
smoking; infectious agents — mainly respiratory
viruses; diet — increased consumption of high-
ly processed foods, increased intake of omega-6
polyunsaturated fatty acid and decreased intake
of antioxidants in the form of fruits and vegeta-
bles and omega-3 polyunsaturated fatty acid in
fatty fish; occupational hazards [2, 3, 5-71.

In the pediatric population, in parallel with the
increase in allergic respiratory diseases, there has
been a significant increase in autoimmune disor-
ders, the main one is TIDM [1]. It is a multifacto-
rial chronic pathology, caused by cell-mediated
immune destruction of the pancreas as a result
of a complex interaction between genes and en-
vironmental factors, when chronic insulitis leads
to T-lymphocyte destruction of B-cells with subse-
qguent development of absolute insulin deficiency
[8]. In most countries, including the Russian Fede-
ration, an increasing incidence of T1DM in child-
hood is registered. The prevalence of TIDM s 22.9
new cases per year per 100,000 children under
15 years of age [9] and number of such cases is in-
creasing by approximately 3-5% per year [10-12].
In meta-analysis, M. Mobasseri et al. [13] showed
not only a steady increase in the incidence of
T1DM in the last decade worldwide (the incidence
of TIDM was 15 per 100,000 people, and the pre-
valence was 9.5 per 10,000 people), but also the
existence of differences in the incidence of TIDM
in children in different geographical regions and
ethnic and racial distribution. Very high incidence
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(greater than or equal to 20 per 100,000 per year)
was in Sardinia, Finland, Sweden, Norway, Por-
tugal, UK, Canada and New Zealand and low in-
cidence (less than 5 per 100,000 per year) was in
China, Japan and Rwanda [14]. The incidence of
T1DM increased with age, with maximum in chil-
dren 10-14 years of age [14].

Scientists all over the world have noted that in
recent decades there has been a steady increase
in the number of patients with a combination of
atopic and autoimmune diseases, including BA
and T1DM. However, there are few articles devo-
ted to the study of pathogenetic aspects of mo-
lecular genetics and cell-receptor mechanisms of
its development and manifestation, peculiarities
of the clinical debut, interrelation/interaction, co-
morbidity or antimorbidity of the combined pa-
thology. But this knowledge is quite contradictory
(from statistically significant evidence of inverse
association between autoimmunity and one or
more atopic diseases to confirmation of positive
association) [15-18].

At the same time, every attempt to understand
this situation raises new and new questions con-
cerning the interaction/interrelation/influence of
autoimmune and atopic mechanisms in the gen-
esis of TIDM and BA, since the presence of two
such serious chronic diseases in one child requires
not only a careful selection of therapy, but, for ex-
ample, aimed at preventing the formation of com-
plications.

AIM

Therefore, the aim of this review was to sys-
tematize the data available in the literature con-
cerning the epidemiology, pathogenesis, clinical
features and therapy of patients suffering from
the combined pathology of BA and T1DM in the
context of comorbidity or independence/anti-
morbidity of such diseases.

TH1/TH2 PARADIGM

It is well known that BA and T1DM belong to
chronic inflammatory diseases. However, the
pathogenesis of each nosology is based on the
involvement of opposite branches of the adap-
tive immune system [15, 19], synthesizing dif-
ferent subpopulations of CD4+ T-helper cells of
types 1 and 2. Two ways mediate reactions of
cellular immune response (Th1) proceeding by
the mechanism of chronic inflammation, or re-
actions of humoral immune response associated
with the production of antibodies (Th2). The main
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cytokines of the Th1 immune response underly-
ing autoimmune pathology are pro-inflammato-
ry cytokines: interferon-y (IFN-y), tumor necrosis
factor-a (TNF-a), interleukin-2 (IL-2), while in Th2
immune response, which leads to IgE-mediated
(atopic) diseases (BA), are anti-inflammatory cy-
tokines: IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, and trans-
forming growth factor- (TGF-B) [15, 19-21]. The
difference in cytokine secretion between Th1-and
Th2-immune response cells leads to functional
differences, because Th1 cells, producing IFN-y,
activate CD8+ T-lymphocytes and macrophages
and promote cellular immunity, while Th2 cells
stimulate the synthesis of IgM, IgG1 and IgE and
activate eosinophils, contributing to the develop-
ment of atopy through activation of IL-4 and IL-5
synthesis [22]. At the same time, IL-4 and IL-10,
the exclusive products of Th2-immune response,
inhibit IL-2-mediated Th1-immune responses
and suppress the production of pro-inflammato-
ry cytokines [23]. And therefore, scientists sug-
gested that Th1 cytokines play a direct role in the
pathogenesis and progression of TIDM, while
Th2 cytokines should provide protection against
Th1-mediated destruction of B-islet cells. For this
reason, for almost three decades, there has been
a hypothesis based on the assumption that disea-
ses mediated by Th1- and Th2-immune responses
should be mutually exclusive, because the expan-
sion of Th1 clones in individuals with T1DM should
lead to a reduction of Th2 clones, thus preventing
the development of atopic diseases and vice versa
[24-30]. Consequently, autoimmune (associated
with Th1-1) and allergic (associated with Th1-im-
mune response) diseases would be mutually ex-
clusive [29-32].

This concept is supported by a number of com-
parative studies on epidemiology. It was shown
that patients with TIDM have a lower incidence
of BA than controls [33]. The authors considered,
one of the factors explaining the negative associa-
tion between TIDM and BA is an increase in the
level of glucocorticosteroids with anti-inflamma-
tory effect in patients with BA [34]. Consequent-
ly, according to scientists, the presence of TIDM
reduces the risk of manifestation of atopic disea-
ses. Also, a retrospective cohort non-comparative
study of the incidence of BA in 7230 children with
T1DM hospitalized at the Morozov City Children's
Clinical Hospital (MCCH) between 2003 and 2012
showed that the incidence of BA in patients with
T1DM was 0.86%, which is significantly lower than
the population data. This fact may be an indirect
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confirmation of the Th1/Th2 concept of immuno-
pathogenesis of TIDM and atopic diseases [35].
M.A. Toska et al. [36] evaluated lung function in
20 children with a combination of TIDM and al-
lergic rhinitis (AR) and in 59 controls suffering
only from AR. Scientists found that children with
AR had a significant increase in forced expiratory
flow rate (by 25 and 75% of forced vital capacity)
after bronchodilation compared to the group of
children with a combination of TIT1IDM and AR.
This result may indicate a possible protective role
of T1DM associated with AR in the development of
BA. In meta-analysis of 25 studies from Europe and
North America, C.R. Cardwell et al. [37] described a
decreased incidence of BA in children with TIDM
(OR 0.82; 95% Cl 0.68-0.99; p=0.04). Also in other
study, H.O. Mirghani et al. [38] showed a potential
protective role of TIDM in relation to the deve-
lopment of atopic dermatitis (AD) (OR 0.69; 95% ClI
0.67-0.72). J.P. Krischer et al. [39] found that in chil-
dren with the first-degree relative who had T1DM,
the occurrence of islet cell antibodies (ICA), as the
first autoantibodies associated with T1DM, re-
duced the subsequent risk of BA, AR, and AD, and a
presence of autoantibodies to insulin (Anti-insulin
IgG) or glutamate decarboxylase (GADA) — ato-
pic dermatitis [39]. Several studies [29-32] have
also shown that the occurrence of BA and allergic
respiratory symptoms is reduced in patients with
T1DM. This protection may extend to siblings of
probands without T1DM [25]. But, according to the
authors, this, firstly, suggests an effect mediated
by a common genetic background, and secondly,
by exposure to the same environmental factors
during pregnancy or early life [25].

Thus, for more than two decades, the Th1/Th2
paradigm has supported the theory of immune sys-
tem polarization. Internal and external factors act-
ing together initiate either a Th1-immune response,
which through the release of pro-inflammatory
cytokines (IFN-y, IL-2, lymphotoxin-a and others)
causes activation of macrophages, increases cellu-
lar cytotoxicity and so on, or Th2, which is mediated
by anti-inflammatory cytokines (IL-4, IL-5, IL-10, IL-
13, etc.) and leads to the activation of eosinophils as
well as induction of antibody formation, including
IgE. And thereby determining the balance between
two different inflammatory patterns [9].

"HYGIENE HYPOTHESIS"
AND OTHER FACTORS

Despite the large number of scientific data and
some success in the study of pathogenesis of both
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T1DM and BA, there is currently opposite data on
the interrelated course of these diseases. Among
the published works, there are studies both con-
firming relationship and pointing to genetic,
immunologic, and environmental factors contri-
buting to the antimorbidity of the pathologies [41,
42]. A retrospective cohort study was conducted
from 1998 to 2011 with use of data from the Taiwan
National Health Insurance System. The research
included 3,545 children younger than 8 years of
age (55.1% qirls and 26.5% boys) with TIDM and
14,180 control. It was shown that children with
T1DM had a 47% higher incidence of BA (6.49 vs.
4.42 per 1,000 persons, respectively) and an adjust-
ed risk ratio (HR) of 1.34 (95% CI [Cl]2 1.11-1.62).
Meanwhile, patients with T1DM, hospitalized more
than twice at emergency department because of
diabetes, had a 2-fold higher adjusted risk (HR) of
development of BA, which was 38.6 (95% Cl 28.5-
52.2) versus 17.4 (95% Cl 12.9-23.6). Consequently,
according to the authors, children with T1DM had
significantly higher incidence of bronchial asthma
than controls, and the absence of TIDM compen-
sation increased the risk of its formation [43].

M.H. Black et al. [44], as well as Y.T. Hsiao et al.
[43], showed a higher prevalence of BA in adoles-
cents with TIDM (10.8%) compared to the general
population (8.7%). Also authors found that young
people with TIDM, who had the highest number
of visits to emergency department or frequent
hospitalizations for TIDM, were characterized by
a higher risk of development of BA. S. Klamt et al.
[45], as well as H. Villa-Nova et al. [46] demon-
strated that children with TIDM more often had
manifestations of IgE-mediated allergies (allergic
rhinitis, urticaria and BA), as well as sensitization
to allergens compared to controls without dia-
betes, which, according to J. Kero et al. may be
explained by the coexistence of Th1 and Th2-de-
pendent pathologies. The authors hypothesized a
common environmental trigger for both diseases
[47], which may influence the susceptibility of pa-
tients to BA and T1DM [48].

In the studies, D. Strachan [49], P.l. Pfefferle et
al. [50] found that children living with several old-
er siblings, especially in the same bedroom [51], or
attending kindergarten before 1 year of age have
a lower risk of forming allergic diseases [50] and
T1DM [14] than children attending kindergarten
over 2 years of age and children from small fami-
lies. A child's life on a farm, associated with early
contact with farm animals, also plays a protective
role in the formation of TIDM [52].
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According to other authors, the improvement
of living conditions in developed countries has
led to a decrease in parasitic infections, which
may correlate with an increase in the frequency of
immune-mediated disorders. At the same time, a
number of researchers have pointed out the role
of parasitic infections in the formation of autoim-
mune and atopic pathology in children [53, 54].
They demonstrated that helminths can prevent
the development of such diseases by inducing
an increase in Th2 cytokines and reducing the
secretion of cytokines associated with the Th1/
Th17-immune response [55]. Helminths promote
the synthesis of gastrointestinal mucosa by syn-
thesis of FRHDM (Fasciola hepatica) and omega-1
(S. mansoni) [56], which are defense molecules of
helminth and possibly play an important role in
atopic and autoimmune diseases. Due to the lack
of research, the association of atopic and autoim-
mune diseases with the presence of helminths in
the body is controversial.

K.E. Fujimura et al. [57] found that the com-
position of gut microbiota in infants of the first
month of life is crucial for the development of the
immune system, so any changes during this pe-
riod can cause irreversible changes in this. Thus,
the microbiota in children at high risk of devel-
opment T1DM or BA is characterized by common
taxonomic features: low phylum biodiversity [18,
58], higher Bacteroides/Firmicutes ratio, relative
abundance of Clostridium and relative deficien-
cy of Lactobacillus and Bifidobacterium [18, 59].
Many authors believe that this phenomenon may
be based on the increased production of short-
chain fatty acids (SCFAs) by bacteria (acetate,
butyrate, and propionate), as they are involved
in the regulation of both innate and adaptive im-
mune systems via the G-protein-coupled receptor
(GPR43) [60]. Thus, acetate reduces the number of
autoreactive T cells, butyrate promotes the differ-
entiation and activation of Treg cells [61]. Com-
ponents inhibit the expression of class | genes of
the major histocompatibility complex (MHC) and
stimulate proteins on B-lymphocytes, promote
the differentiation of B cells into plasma cells and
memory cells that produce specific IgG and IgA
[62]. Meanwhile, acetate and propionate increase
insulin sensitivity, and butyrate maintains the in-
tegrity of the intestinal epithelium [63]. The find-
ings were confirmed in an experimental study in
non-obese mice with TIDM by supplementation
with butyrate and acetate, which had a protective
effect, reducing the incidence of autoimmune dia-
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betes or delaying its onset [64]. In addition, mice
with defective production of GPR43 or SCFAs
showed a stronger inflammatory response with
high production of pro-inflammatory cytokines
after exposure to conventional aeroallergens [65].
However, the mechanism of tolerance is main-
tained through a complex network of interactions
between several cell types (T- and B-lymphocytes,
DCs and others). At the same time, excessive mig-
ration of DCs can lead to its abnormal activation,
imbalance of immune response, which contri-
butes to autoimmune manifestations, infectious
and allergic diseases [66]. Chronic inflammation
can also induce the formation of neoepitopes that
avoid central tolerance and thus promote the for-
mation of autoantigens with massive activation
of autoreactive T lymphocytes [67]. At the same
time, gut dysbiosis in the presence of reduced mic-
robiota diversity, which is characteristic of many
chronic non-infectious diseases, plays a crucial
role in tolerance disorders and underlies the ge-
netic predisposition to the development of atopic
and autoimmune diseases (HLA-haplotypes, genes
encoding cytokines or their receptors) [68, 69].

Metsala et al. [70] in nationwide cohort study,
included Finnish children under 16 years of age
born between January 1, 1981, and December 31,
2008 who had BA (n=81,473) or T1IDM (n=9541)
by the end of 2009, a 10% random sample from
each birth year cohort (n=171,138) was selected
as the reference group. Children were identified
from the Central Register of Medicines main-
tained by the Finnish Social Insurance Adminis-
tration. Authors studied the association between
BA and T1DM using a multiple-condition mode-
ling approach to estimate the rate of transition
between health and disease from birth. Risk ra-
tios (RRs) with 95% confidence intervals (Cls)
were calculated to represent the change in the
rate of transition between both diseases. The
authors found that when adjusted for sex and
decade of birth, a pre-existing diagnosis of TIDM
reduced the risk of subsequent BA by 18% (95%
Cl 0.69-0.98), and a pre-existing diagnosis of BA
increased the risk of subsequent TIDM by 41%
(95% Cl 1.28-1.54). These results could not be
explained by the presence of maternal BA/TTMD
or birth-related factors. The authors suggested
that the association between these diseases is
more complex than previously thought, and its
direction may depend on the sequence of disease
onset (TTDM in children with BA or BA in children
with T1DM) [70].



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

Also, A.l. Smew et al. [71], in cohort study, in-
vestigated the bidirectional association between
BA and T1DM and possibility of a shared risk of
these diseases. It was made by investigating fa-
milial coaggregation model. The study included
1,347,901 children, who were born between Janu-
ary 1,2001 and December 31, 2013. The data was
obtained from several Swedish national registries.
All children were born to singleton pregnancies.
Cases of BA and T1DM were defined using a com-
bination of diagnoses and drug prescriptions:
121,809 children (9.5%) were diagnosed with BA,
3812 children (0.3%) had T1DM, and 494 children
were with a combination of BA and T1DM (0.4%
of all BA cases or 13% of all TIDM cases). The
authors noted the association between BA and
T1DM (OR 1.15; 95% Cl 1.05-1.27). Children with
BA had increased risk of development of T1IDM
later in life (OR 1.16; 95% Cl 1.06-1.27), but the
subsequent risk of development of BA was not
significantly different among children with TIDM
(OR 0.92; 95% Cl 0.75-1.12). Siblings of children
with BA were at increased risk of development of
T1DM (OR 1.27; 95% Cl 1.13-1.42) and vice versa.
Results remained positive after controlling for a
direct association of one disease with the other.
Consequently, the authors' findings suggest the
possibility of co-occurrence and coaggregation of
BA and T1DM in children, their siblings and, in ad-
dition, may indicate common familial factors con-
tributing to the comorbidity of the two diseases
[71]. Hyun D. Yun et al. [72], and Zeng et al. [73],
in meta-analysis, showed that BA was associated
with an increased risk of development of TIDM
(OR 2.11; 95% Cl 1.43-3.13; p <0.001 and OR 1.15;
95% Cl 1.06-1.25, respectively).

J. Xie et al. [74], conducted meta-analysis with
use of three databases (PubMed, Embase, and
Web of Science) from their inception to February
1,2021. They studied the presence of bidirection-
al causality between BA and T1DM based on the
calculation of pooled hazard ratios (HR), odds ra-
tio (OR), 95% confidence interval, and full genom-
ic studies (FinnGen). Weighted inverse variance
(IVW), weighted median, and MR-Egger methods
were used to estimate causal effects. MR-Egger
regression and residual sum MR-pleiotropy, an
outlier test were performed to assess robustness
and horizontal pleiotropy. According to data, BA
in children was associated with an increased risk
of TIDM (OR 1.30; 95% ClI 1.05-1.61; p=0.014),
whereas TIDM was not associated with risk of
BA (OR 0.98; 95% CI 0.64-1.51; p=0.941; OR 0.84;
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95% Cl 0.65-1.08; p=0.168). Analysis of variance
showed an increased genetic risk of TIDM in
children with BA (OR 1.308; 95% Cl 1.030-1.661;
p=0.028). IVW analysis showed no association be-
tween T1DM and genetic risk of BA (OR 1.027; 95%
C10.970-1.089; p=0.358). Based on their research,
the authors concluded that BA in children is a risk
factor for the development of TIDM. There is no
epidemiologic or genetic evidence of an associa-
tion of TIDM with the incidence of BA [74].

P. Fsadni et al. [75], compared the registered
incidence of TIDM with the prevalence of atop-
ic diseases, and found that TIDM has a positive
correlation with both recurrent wheezing and
BA. And L.C. Stene et al. [48], analyzing epidemio-
logical data, showed a strong positive associa-
tion between T1DM and BA and suggested the
presence of common environmental factors that
may influence the predisposition to both diseas-
es. At the same time, a multicenter case-control
study EURODIAB Study 2 Study Group in children
proved a negative association of TIDM with BA,
BA and rhinoconjunctivitis, respectively [76].

J. Wahlberg et al. [77], included in their study
7208 Swedish children and showed a relationship
between the presence of wheezing associated
with BA in the first year of life and subsequent ap-
pearance of autoantibodies to GADA and antibo-
dies to pancreatic B-cell tyrosine phosphatase
(IA-2A) at the age of 2.5 years. In addition, the
authors found that allergic rash at multiple sites,
recurrent at least three times within 12 months,
and symptoms due to sensitization to animal al-
lergens were associated with the risk of IA-2A.
Food allergies to egg, cow's milk, fish, nuts/mi-
neral (monovalent or in combination) were asso-
ciated with risk of formation of GADA and IA-2A.
The researchers concluded that allergic symp-
toms in young children are associated with the
appearance of autoantibodies which formed due
to T1IDM in the first years of life. This fact also con-
firms the relationship of these diseases [77].

GENETIC HYPOTHESIS

Genetic studies have shown that there are
genes involved in the development of both BA
and T1DM (CTLA-4 (lymphocyte-associated pro-
tein 4) and HLA-DQB1 0201/DQB1 0302). In this
case, N. Taleb et al. [30] found an association, but
not statistically significant, between the G-allele in
the 49th (A/G) nucleotide of the CTLA-4 gene and
increase in symptoms of BA, as well as a higher
risk of development of T1DM [30, 78]. According
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to the authors, CTLA-4 polymorphisms may repre-
sent a common genetic risk for both diseases [79].
A study of HLA-DQBT1 alleles showed a higher fre-
quency of HLA-DQB1 0201 in children with BA and
a higher frequency of HLA-DQB1 0301 in healthy
people [80]. At the same time, HLA-DQB1 0201
carriers and T1DM sufferers were characterized
by significantly fewer symptoms of BA compared
to patients with TIDM but not carriers of the
HLA-DQBT 0201 allele. In addition, patients carry-
ing HLA-DQB1 0302 tended to have a higher risk of
development of symptoms of BA [30]. According
to J.C. Barrett et al. [81], the minor allele T of two
SNPs (single nucleotide polymorphisms) in HLA-
DQBT (rs9273349 and rs1063355) can apparently
provide protection against both BA and T1DM. In
addition, genetic analysis of TLR2 (toll-like recep-
tor 2) showed that the T-allele in SNP rs3804100 is
a predisposition allele for both BA and T1DM, and
the C-allele is protective for both diseases [82].
M.F. Moffatt et al. [83] identified 9 regions with
10 SNPs associated with BA in a whole-genome
study, among which the ORLMD3/GSDMB region
was the only HLA antigen region common to both
BA that began in childhood and T1DM [81, 83].
In the ORLMD3/GSDMB region, SNPs rs2305480
and rs3894194, associated with atopy, were also
found to be associated with TIDM [83]. M.T. Hei-
nonen et al. [84] in population-based association
studies on T1DM and BA/allergic sensitization
evaluated the role of GIMAP4 and GIMAPS5 (GTPase
of the immunity-associated protein) polymorp-
hisms and found, that SNP GIMAP5 (rs6965571)
was directly associated with increased risk of both
BA and allergic sensitization, but inversely asso-
ciated with TIDM. SNP GIMAP4 (rs13222905) was
associated only with BA and allergic sensitization.
At the same time, the study of Das Sudipta et al.
[85] showed that chromosome 17921 contains a
cluster of genes, including ORMDL3 and GSDMB,
which are closely associated with both BA and type
T1DM. An ORMDL3 is located in the endoplasmic
reticulum and regulates sphingolipids, metallo-
proteinases, remodeling genes and chemokines,
as well as IL-6. An GSDMB is one of four mem-
bers of the GSDM family (GSDMA, GSDMB, GSDMC
and GSDMD) and responsible for the expression of
TGF-31, which is involved in the pathogenesis of
BA. However, in the study, included 150 children
with TIDM and 158 with BA, the authors found
no differences in IL-12R1 and IL-12R2 gene poly-
morphisms in both groups of children with such
diseases and in comparison to controls [1].
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CONCEPT "IMMUNE DYSREGULATION"

Studies conducted in the late XX and early
XXI century showed that cytokines of both Th1-
and Th2-immune response, which actively inter-
act in the destruction of B-islet cells, are involved
in the formation of TIDM. At the same time, the
morphology of pancreatic lesions is different [86].
Meanwhile, Th1 pancreatic lesions in TIDM in-
clude focal limited insulitis consisting mainly of
CD8+ and CD4+ T cells. And B-islet cells die by
apoptosis, preserving the surrounding exocrine
tissue. Th2 lesions consist mainly of eosinophils,
macrophages and fibroblasts. And B-islets die as
the result of necrosis. This results in the accumula-
tion of fibroblasts, formation of extensive extracel-
lular matrix and adipose tissue, which leads to tis-
sue necrosis. In addition, macrophages infiltrating
islets of Langerhans can secrete pro-inflammatory
cytokines IL-1q, IL-1(3, TNF-qa, and various chemok-
ines that promote the migration of dendritic cells,
macrophages, and T lymphocytes [56, 80, 87].
It is often combined with increased levels of IL-2
in plasma [80] and its circulating receptor (CD25)
in TIDM patients [56]. The kinetics of 3-cell dest-
ruction also differ depending on the cytokines of
the Th1/Th2-immune response: Th1 lesions are
faster, more aggressive and persist for longer pe-
riods of time compared to Th2 lesions [22]. Conse-
quently, Th2 lymphocytes and mediators are also
actively involved in the pathogenesis of TIDM by
facilitating infiltration by pancreatic mononuclear
cells and accelerating the destruction of B-islet
cells, which suggested, that TIDM is a Thl+
Th2-mediated disease [86, 88]. The progression of
T1DM from insulitis (pancreatic mononuclear cell
infiltration) to overt hyperglycemia is under the
control of the Th1 and Th2 immune response and
its respective cytokines [22].

Studies on animal models and people with
T1DM confirm the direct role of Th1-lymphocytes
and produced cytokines in the pathogenesis and
progression of the disease, destruction of B-cells
as a result of Th1-induced insulitis. IFN-y and oth-
er cytokines act mainly at the level of activation
of macrophages and CD8+ T-lymphocytes, in-
creasing B-cell infiltration and thus accelerating
its destruction through the release of preformed,
de novo synthesized cytokines/chemokines and
other mediators (nitric oxide, oxygen radicals,
serinesterases...) [89]. In addition, cytokines of
the Th1-immune response can induce activation
and expansion of autoreactive T cells, as well as
suppress the production of soluble cytokine an-
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tagonists, including the IL-1 receptor antagonist.
In turn, by enhancing 3-cell destruction, it can lead
to stimulation of IL-1 production by macrophages
and significant increase in the expression of IL-2
and other Th1 cytokines [22]. At the same time,
the predominance of Th1 cytokines in p-islet
cell infiltrates in female but not male NOD mice
(with genetically predetermined T1DM formation)
has been described as a major predisposing fac-
tor for the development of anti-p-cell immunity
and subsequent T1DM formation in females but
not in males [22]. Consequently, the authors hy-
pothesized that TIDM could be eliminated either
by induction of the expression of cytokine of the
Th2-immune response or by treating TIDM pa-
tients with drugs based on them (IL-4 and IL-10).
Recent studies more often show the possi-
bility of common pathogenetic pathways in the
formation of BA and T1DM, which may be based
on immune dysregulation [9, 90]. For example, in
evaluating the immunologic response in chil-
dren with autoimmune/atopic diseases, it was
shown that lipopolysaccharide (LPS)-stimulated
peripheral blood mononuclears in vitro express a
unique pattern of cytokines with a combination
of both Th1 and Th2 immune response activity.
Higher serum levels of IL-12 and IL-18 were found
in children with a combination of BA and T1DM
compared to controls. Moreover, IL-12 levels were
lower in patients with both diseases compared to
children with only one disease [91, 92]. The au-
thors believe that this phenomenon is based on
the depletion of mononuclear cells, which cannot
increase IL-12 production. The IL-18/IL-12 ratio in
serum in vivo was also significantly higher in chil-
dren with a combination of BA and T1DM com-
pared to patients with BA alone [91]. Meanwhile,
IL-18 is a key pro-inflammatory cytokine produced
by dendritic cells (DC), T- and B-lymphocytes, and
macrophages. It is pleiotropic and interacts with
a variety of cells. Its elevation is associated with
exacerbation of BA [93]. IL-12 is also produced by
DG, B cells and macrophages, but the main cellu-
lar targets are T lymphocytes and NK cells [87]. In
the pathogenesis of TIDM, IL-12 and IL-18 can en-
hance the cytotoxic activity of T lymphocytes and
NK cells, leading to impaired immunoregulation
through alteration of T-reg cell activity [94].

HYPOTHESIS ON THE ROLE OF T-REG CELLS
The hypothesis of T-reg cell overstimulation may

be a promising hypothesis in studying the patho-

genesis of TIDM+BA: patients with TIDM and aller-
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gy have higher levels of inflammatory cytokines
compared to children with only one disease. At the
same time, high cytokine levels persist despite hy-
persecretion of anti-inflammatory IL-10, suggesting
functional depletion of T-reg cells [9, 95].

T-regs express P3 protein identified as a tran-
scription factor essential for development and its
function (forkhead box, FOXP3). Also T-regs are
known to maintain immune homeostasis and pre-
vent autoimmunity, playing an important role in
formation of immune tolerance to own tissues [96],
regulation of host-commensal microflora inte-
ractions, and tissue repair. The deficiency and/or
dysfunction triggers autoimmune reactions and
inflammation [97]. Immunosuppression mediated
by T-reg cells can be provided by contact-depen-
dent suppressor mechanisms, inhibitory receptors
(CTLA-4, LAG3, galectin-1) or through perforin and
granzyme, B-dependent cytotoxic killing of target
cells [98]. In addition, T-reg cells can mediate con-
tact-independent suppression by acting through
IL-2 (T-reg cell-associated CD25) or by producing
inhibitory cytokines such as IL-10, TGF-f3, and IL-
35[99]. In addition to general suppressive activity,
T-reg cells can additionally differentiate in the pe-
riphery and specifically control Th1-, Th2-, Th17-,
or T follicular helper (Tfh) immune responses by
acquiring the transcription program of the speci-
fic effector cells they suppress (T-bet, IRF4, STAT3,
or Bcl-6, respectively) [100].

T-reg cells support a balanced adaptive im-
mune response, protecting tissues both directly
by repairing through the production of amphire-
gulin and indirectly by limiting tissue damage with
suppressing the inflammatory response [97]. T-reg
cells also protect against allergic diseases, trans-
plant rejection, atherosclerosis, and control meta-
bolic disorders [101]. Congenital genetic defects
affecting the number and/or function of T-reg cells
disrupt immune homeostasis, shifting the balance
towards autoimmunity, lymphoproliferation, aller-
gic dysregulation and ongoing lymphocytic infil-
tration of various organs, including the pancreas,
resulting in disease progression. The spectrum of
manifestations of T-reg cell defect may vary from
mild allergic or autoimmune diseases to lethal
outcomes of immune regulation. Thus, mutation
of IL-2Ra/STAT5b and CTLA4/LRBA disrupts the
homeostasis of the IL-2R-STAT5 signaling pathway
and, consequently, the function of T-reg cells. The
IL-2 receptor is known to consist of three subunits:
a (CD25), B (CD122)and y (CD132).CD25 binds IL-2
and is constitutively expressed in large numbers
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by T-reg cells. Its deficiency impairs the suppressor
function and metabolic activity of the latter due to
its defective production of IL-10, as well as inability
to bind and/or decreased sensitivity of CD25-de-
ficient T-reg cells to IL-2 [102]. This leads to the
development of both autoimmune disorders (al-
opecia, diabetes mellitus, thyroiditis, autoimmune
hemolytic anemia, etc.): chronic eczema, entero-
pathy, lymphoproliferation, and immunodeficien-
cy with recurrent infections caused mainly by her-
pes viruses [103-105].

It has also been found that children with the
combination of BA and T1DM have increased
spontaneous production of INF-y, TNF-a and IL-10
by peripheral blood mononuclear cells (compared
to the controls and patients with only one disease)
[92]. Meanwhile, it is well known that IL-10 acts di-
rectly on Th2 cells. Its specific function is to pre-
vent excessive inflammatory response, inhibit the
activity of Th2-immune response and Th17-medi-
ated reactions [106, 107]. The persistence of high
levels of pro-inflammatory cytokines despite hy-
persecretion of anti-inflammatory group (IL-10)
in patients with the combination of TIDM and BA
[108] may indicate a deficit of regulatory mecha-
nisms of the inflammatory response, its deple-
tion and the inability of T-reg cells to additionally
increase cytokine production [92]. This pattern
characterized by "depletion" of T-reg cells may also
be caused by a defect in TCD4+ inhibition, IL-10,
HLA gene polymorphisms and CTLA-4 defects in
combination with environmental triggers. Conse-
quently, a defect in IL-10 suppressive mechanism in
patients with combined T1DM+BA may contribute
to the development/progression of both atopic and
autoimmune diseases [109].

A number of authors have shown that in pa-
tients with combined TIDM+BA, T-reg and Th-17
can differentiate independently from Th1 and Th2
cells [110, 111]. At the same time, experimental
studies using laboratory animals have established
that in NOD model mice there may be an increase
in Th2-mediated reactions and the development
of experimental allergic asthma through the ac-
tivation of CD1d-dependent NK cells. Its conse-
quence is eosinophilia and the development of
allergic inflammation. This suggests that auto-
immune T1DM through activation of relevant cy-
tokines may enhance the Th2-mediated immune
response underlying the development of BA
[112]. In mice with knockout of the gene encoding
the IL-4 molecule, cytotoxic reactions mediated
by Th1-lymphocytes may also be impaired. At the
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same time, knockout of INF-y gene in NOD mice
does not prevent TIDM [116, 113]. In addition,
several studies have identified a special popula-
tion of ILC (Helper innate lymphoid cells) that play
a fundamental role in the early immune response.
Thus, ILC2 participate in allergic reactions by ac-
tivating the Th2 response, which contributes to
an increase in the number of T-reg cells produc-
ing IL-10, and IL-C1, which initiates the synthesis
of INF-y. It seems to play a key role in the patho-
genesis of inflammation in autoimmune diseases,
including T1DM [9].

EFFECT OF TIDM+BA ON DISEASE CONTROL
T.Hortenhuber et al. [114] conducted a prospec-
tive multicenter observational cohort study, based
on the DPV register (German-Austrian initiative —
Diabetes-Patienten-Verlaufsdokumentation) and
included 51 926 patients with TIDM under 20 years
of age. The prevalence of BA in young patients with
T1DMin Austriaand Germany was studied, as well as
its impact on metabolic control. Among all patients
included in the study, 1755 (3.4%) had a combina-
tion of TIDM and BA. These patients were more of-
ten male (61% vs. 52%, p <0.01) and had a reduced
height standard deviation (SDS) (-0.002+1.04 vs.
0.085+1.02, p <0.01) and increased body mass in-
dex (BMI)-SDS (0.31+£0.89 vs. 0.28+0.89, p=0.04).
The authors demonstrated that patients with com-
bined T1DM+BA required higher doses of insulin to
control TIDM (0.88+0.3 vs. 0.84+0.3 U/kg, p <0.01,
respectively) and experienced more severe hypo-
glycemia (4.5 [4.2; 4.8] vs. 3.2 [3.2; 3.3] cases/100
persons per year, p <0.01). Glycosylated hemo-
globin Alc (HbA1c) levels in patients with TIDM
did not differ between patients with and without
BA. However, differences were found depending
on the therapy received by patients with BA (cor-
ticosteroids vs. leukotriene receptor antagonists,
corticosteroids vs. sympathomimetics). Thus, those
who was taking sympathomimetics had higher
HbA1c value compared to the group taking other
drugs. The authors suggested an anti-inflammato-
ry effect of anti-asthmatic treatment, emphasizing
the complex relationship between lung function,
body mass index and glycemic control in chil-
dren with TIDM. The high insulin requirement,
they suggested, could be explained by additional
stress, less physical activity and, therefore, slightly
higher insulin resistance caused by inflammation,
which may be related to both BA and/ or medica-
tions, primarily inhaled glucocorticosteroids (IGCS)
and B,-agonists. However, no effect of asthma
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medications on metabolic control of T1DM or body
mass index has been found [114]. According to
J. Metsald et al.[115], the use of some antiasthmatic
drugs (IHCS, B,-agonists) can be potentially associ-
ated with the risk of TIDM development, relative
refractoriness of T1DM patients to BA due to its in-
creased level of glucocorticosteroids with anti-in-
flammatory effect [34].

F. Ahmadizar et al. [116], used in their research
Dutch PHARMO patient registration system, inclu-
ding children and adolescents under 19 years of
age who received at least 2 insulin prescriptions
between 1999 and 2009 (main group, n=915). The
use of asthma medications and occurrence of BA
exacerbations during 5 years before and after the
onset of T1DM was studied. Control group consis-
ted of 3590 patients of the same age and sex. The
analysis showed that the 5-year prevalence of the
use of medication for BA in patients with T1DM af-
ter its debut was significantly higher than in con-
trols (23.2% vs. 18.3%, respectively). There was no
statistically significant difference between groups
in the use of specific medications for treatment of
BA, with the exception of short-acting M-cholino-
lytics, which were significantly more frequently
used in the group of children with combined T1D-
M+BA compared with controls (5.5% and 0.62%,
respectively). Consequently, the authors believe
that T1IDM is associated with a statistically sig-
nificant higher use of antiasthmatic medications
after the onset of type 1 diabetes mellitus, espe-
cially in the first year after the onset of the disease
[116]. Children with TIDM and treated for BA had
significantly fewer episodes of hypoglycemia and
better glycemic control compared with children
with only T1IDM. Perhaps, the authors believe, the
drugs used for treatment of BA, particularly B,-ag-
onists, have therapeutic potential to reduce hy-
poglycemia and contribute to improved glycemic
control [116]. The authors collected data on 226
children, of whom 27 (12%) were being treated
for BA. Only 11 (out of 27) children were taking
their prescribed inhaled glucocorticosteroids.
But all children were taking ,-agonists at least
once a week. At the same time, the frequency of
hypoglycemia in children with TIDM and treated
for BA decreased by 20%. In children with TIDM
and treated for BA, 52% reported an episode
of hypoglycemia in the previous three months,
compared with 72% of children who had T1DM
only. There were no differences in the proportion
of children with nocturnal or severe hypoglyce-
mia. Although not significant, but children with
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the combination of BA+T1DM had better overall
control compared to children with TIDM alone
(HbA1c 8.8%, HbA1c 9.3%, respectively). T.D. Wu
et al. [117], M.H. Black et al. [44] also found a cor-
relation between T1DM and BA and demonstrat-
ed a higher rate of BA in children and adolescents
with T1DM. Scientists also demonstrated an asso-
ciation between concomitant BA, poor glycemic
control in patients with TIDM (HbA1c: asthma +
T1DM: 7.77+£0.26% (61.4£2.0 mmol/mol) vs T1IDM
alone: 7.49+0.2% (58.4+1.5 mmol/mol), p=0.034),
HbA1c levels and exacerbation of BA in patients,
especially if BA was untreated, i.e. patient did not
receive baseline therapy [44]. Similar data on the
higher prevalence of BA in children with T1IDM
and poor glycemic control affecting the course of
BA were shown in the study of Hsiao et al. [43] and
H. Villa-Nova et al. [46]. In the work of G. Yang et al.
[78] it was also reported about the negative asso-
ciation between HbA1c and exacerbation of BA in
47,606 adult patients in the UK. It was also found
that perhaps these two diseases can influence the
rate of achieving control of each other.

CONCLUSION

Thus, modern epidemiological studies show
that the relationship between type 1 diabetes
mellitus and bronchial asthma is much deep-
er and more complex than the existing Th1/Th2
paradigm. Allergic and autoimmune diseases are
comorbid pathologies, which are closely interre-
lated, and affect the onset, sequence of clinical
symptoms, pattern of control, and characteristics
of each other's therapy. Scientific data indicate
the existence of a common complex polygenic
basis for the formation of TIDm and BA. At the
same time, it is possible that the genetic differenc-
es discovered in the study of patients with a com-
bination of BA + TIDM may be of decisive impor-
tance in the relationship between type 1 diabetes
mellitus and bronchial asthma.

However, research in this direction should also
be continued. The current understanding of po-
tential pathogenetic and immunological triggers
that play a decisive role in the onset, course and
therapy of BA+T1DM combination can be repre-
sented as a triple relationship between genetic
environmental factors and unique cytokine profile
in these patients. The multifactorial relationship
should currently be considered as bidirectional
in nature, given that each element of this system
affects others without a clear sequential order
of occurrence. At the same time, pathogenesis
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of combined pathology (T1DM+BA) is based on
immune dysregulation with cytokine imbalance
(decrease in number and depletion of the reserve
capacity of T-reg cells, as well as defect in the sup-
pressive mechanism of IL-10). The consequence of
this is appearance/intensification of inflammatory
process, imbalance of autoimmunity mechanisms,
which is accompanied by an even greater disrup-
tion of immune homeostasis and formation/pro-
gression of symptoms of both BA and T1DM.

That is why physicians should be aware of
possible coexistence of autoimmune and atopic/
allergic diseases (BA+T1DM), complex mutual in-
fluence on each other's onset, common pathoge-
netic mechanisms of temporal connection, influ-
ence on the course and pattern of disease control,
as well as the specifics of therapy. It is needed to
improve management of patients, increase their
quality of life and form a favorable prognosis.
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OOMNMOJIHUTENbHAA UHOOPMALNA

Bknaa aBTopoB. Bce aBTOpbl BHeCnn cylye-
CTBEHHbIV BKNAag B pa3paboTKy KoHUenuuu, npo-
BeJeHVNe WCCIefoBaHUA 1 MOATrOTOBKY CTaTby,
npounun 1 opobpunn GrHanbHy Bepcuio nepeq
nyénukayuen.

KoH}nuKT nHtepecoB. ABTOPbI AEKTapupyoT
OTCYTCTBME ABHbIX Y MOTEHLMaNbHbIX KOHPNIMKTOB
WHTEPEeCOoB, CBA3AHHbIX C NybnuKauuen Hactos-
LLlen cTaTbu.

UcTouHmnKk ¢puHaHcmpoBaHUsA. ABTOpPbI 3asB-
NAT 06 OTCYTCTBMM BHeLWHero GrHaHCMPOBaHNSA
npv NPoBeAEeHNN NCCIe[oBaHNA.

REFERENCES

1. Chiara Mameli, Michele Ghezzi, Alessandra Mari, Gi-
ulia Cammi, Maddalena Macedoni, Francesca Chi-
ara Redaelli, Valeria Calcaterra, Gianvincenzo Zuc-
cotti, Enza D'Auria. The Diabetic Lung: Insights into
Pulmonary Changes in Children and Adolescents

10.

11.

12.

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

with Type 1 Diabetes. Metabolites. 2021;11(2):69.
DOI: 10.3390/metabo11020069.

Bronkhial'naya astma. [Bronchial asthma]. Ver-
siya: Klinicheskiye rekomendatsii RF. 2021. (in
Russian).

Global Initiative for Asthma (GINA) Strategy. 2021.
Shyamali C. Dharmage, Jennifer L. Perret, Adnan
Custovic. Epidemiology of Asthma in Children and
Adults. Front Pediatr. 2019;7:246. DOI: 10.3389/
fped.2019.00246.

Wu Z., Wang L., Tang Y., Sun X. Parasite-Derived
Proteins for the Treatment of Allergies and Autoim-
mune Diseases. Front. Microbiol. 2017.

Castagnoli R., Licari A, Manti S. Chiappini E.,
Marseglia G.L. Type-2 inflammatory mediators as
targets for precision medicine in children. Pediatr.
Allergy Immunol. 2020;31:17-19.

Global Initiative for Asthma. Global Strategegy for
Asthma Management and Prevention. 2020. Avai-
lable online:https://ginasthma.org/wp-content/up-
loads/2020/04/GINA-2020-full-report_-final-_wm:s.
pdf.

Sakharnyy diabet 1 tipa u detey. [Type 1 diabetes
mellitus in children]. Klinicheskiye rekomendatsii.
2022. (in Russian).

Enza D. Auria, Martina Minutoli, Alessandra Co-
lombo, Marco Ugo Andrea Sartorio, Fiammetta
Zunica, Gianvincenzo Zuccotti, Vassilios Lou-
garis. Allergy and autoimmunity in children:
non-mutually exclusive diseases. A narrative re-
view Front Pediatr. 2023;11:1239365. DOI: 10.3389/
fped.2023.1239365.

Zigi Tao, Aimin Shi, Jing Zhao. Epidemiological
Perspectives of Diabetes. Cell Biochem Biophys.
2015;73(1):181-5. DOI: 10.1007/512013-015-0598-4.
Irina Kononenko, Olga M. Smirnova, Aleksandr Y.
Mayorov, Marina Shestakova. Classification of dia-
betes. World Health Organization 2019. What's
new? Diabetes Mellitus. 2020;23(4):329-339. DOI:
10.14341/DM12405.

Dedov I.l., Shestakova MY. Peterkova V.A., Vi-
kulovaO.K., Zheleznyakova AV. Isakov M.A,
LaptevD.N., Andrianova Ye.A., Shiryayeva TYu.
Sakharnyy diabet u detey i podrostkov po dannym
Federal'nogo registra Rossiyskoy Federatsii: dinami-
ka osnovnykh epidemiologicheskikh kharakteristik
za 2013-2016 gg. [Diabetes mellitus in children and
adolescents according to the Federal Register of the
Russian Federation: dynamics of main epidemio-
logical characteristics for 2013-2016]. Sakharnyy
diabet. 2017;20(6):392-402. (in Russian).

Mobasseri M., Shirmohammadi M., Amiri T., Va-
hed N., Fard H.H., Ghojazadeh M. Prevalence and



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

incidence of type 1 diabetes in the world: A sys-
tematic review and meta-analysis. Heal. Pro-
mot. Perspect. 2020;10:98-115. DOI: 10.34172/
hpp.2020.18.

XiaY., Xie Z., Huang G., Zhou Z. Incidence and trend
of type 1 diabetes and the underlying environ-
mental determinants. Diabetes. Metab. Res. Rev.
2019;35:€3075. DOI: 10.1002/dmrr.3075.

Sgrazzutti L., Sansone F,, Attanasi M., Di Pillo S., Chi-
arelli F. Coaggregation of Asthma and Type 1 Dia-
betes in Children: A Narrative Review. Int J Mol Sci.
2021;22(11):5757. DOI: 10.3390/ijms22115757.

Klamt S., Vogel M., Kapellen T.M., Hiemisch A., Pren-
zel F, Zachariae S., Ceglarek U., Thiery J., Kiess W.
Association between IgE-mediated allergies and
diabetes mellitus type 1 in children and adoles-
cents. Pediatr. Diabetes. 2015;16:493-503.

Tianshi David Wu, Emily P. Brigham, Corinne A.
Keet, Todd T. Brown, Nadia N. Hansel, Meredith C.
McCormack. Association between pre-diabetes
& diabetes and asthma exacerbations in a claims-
based obese asthma cohort. J Allergy Clin Immu-
nol Pract. 2019;7(6):1868-1873.e5. DOI: 10.1016/j.
jaip.2019.02.029.

Knip M., Honkanen J. Modulation of Type 1 Dia-
betes Risk by the Intestinal Microbiome. Curr Diab
Rep. 2017;17(11):105. DOI: 10.1007/s11892-017-
0933-9.

Manali Mukherjee, Parameswaran Nair. Autoim-
mune Responses in Severe Asthma. Allergy Asth-
ma Immunol Res. 2018;10(5):428-447. DOI: 10.4168/
aair.2018.10.5.428.

Ovsyannikov D., Petryaykina Ye., Khaled M., Zas-
trozhin M., Karasev A., Buzina N. Epidemiologiya i
immunopatogenez bronkhial’noy astmy u detey i
podrostkov s sakharnym diabetom tipa 1. [Epide-
miology and immunopathogenesis of bronchial
asthma in children and adolescents with type 1
diabetes mellitus]. Vrach. 2014;25(2):53-55. (in Rus-
sian).

Kidd P. Th1/Th2 Balance: Th1/Th2 balance: the hy-
pothesis, its limitations, and implications for health
and disease. Altern Med Rev. 2003;8(3):223-46.
Azar ST., Tamim H., Beyhum H.N., Habbal M.Z., Al-
mawi W.Y. Type | (insulin- dependent) diabetes is a
Th1-and Th2-mediated autoimmune disease. Clin
Diagn Lab Immunol. 1999;6(3):306-10. DOI: 10.1128/
CDLI.6.3.306-310.

Tanaka T., Hu-Li J., Seder R. A., Groth B., Paul W.E.
Interleukin 4 suppresses interleukin 2 and inter-
feron-y production by naive T cells stimulated by
accessory cell-dependent receptor engagement.
Proc Natl Acad Sci USA. 1993;90:5914-5918.

24,

25.

26.

27.

28.

29.

30.

31

32.

ISSN 2221-2582

Kero J., Gissler M., Hemminki E., Isolauri E. Could
TH1 and TH2 diseases coexist? Evaluation of asth-
ma incidence in children with coeliac disease, type
1 diabetes, or rheumatoid arthritis: A register study.
J. Allergy Clin. Immunol. 2001;108:781-783.

Rabin R.L., Levinson A.l. The nexus between atopic
disease and autoimmunity: a review of the epide-
miological and mechanistic literature. Clin Exp Im-
munol 2008;153:19-30.

Marianna Rachmiel, Olga Bloch, Tzvi Bis-
tritzer, Naomi Weintrob, Regina Ofan, Nira Koren-
Morag, Micha J Rapoport TH1/TH2 cytokine ba-
lance in patient with both type 1 diabetes mellitus
and asthma Cytokine. 2006;34(3-4):170-6. DOI:
10.1016/j.cyt0.2006.04.012.

Patterson C.C., Gyuris E., Rosenbauer J.,, Cinek O,,
Neu A., Schober E. Parslow R.C., Joner G,
Svensson J,, Castell C., Bingley P.J., Schoenle E.,
Jarosz-Chobot P., Urbonaité B., Rothe U., Krzisnik C.,
lonescu-Tirgoviste C., Weets |, Kocova M., Sti-
pancic G., Samardzic M., de Beaufort C.E., Green A,,
Dahlquist G.G., Soltész G. Trends in childhood type
1 diabetes incidence in Europe during 1989-2008:
evidence of non-uniformity over time in rates of
increase. Diabetologia. 2012;55(8):2142-7. DOI:
10.1007/s00125-012-2571-8.

Meerwaldt R., Odink R.J., Landaeta R., Aarts F,
Brunekreef B., Gerritsen J., Van Aalderen W.M.C,,
Hoekstra M.O. A lower prevalence of atopy symp-
toms in children with type 1 diabetes mellitus. Clin.
Exp. Allergy. 2002.

Mattila P.S., Tarkkanen J., Saxen H., Pitkdaniemi J.,
Karvonen M., Tuomilehto J. Predisposition to ato-
pic symptoms to inhaled antigens may protect
from childhood type 1 diabetes. Diabetes Care
2002;25:865-868.

Taleb N., Bou Khalil P, Zantout M.S., Zalloua P,
Azar S.T. Prevalence of asthmatic symptoms in
Lebanese patients with type 1 diabetes and their
unaffected siblings compared to age-matched
controls. Acta Diabetol. 2010;47(Suppl 1):13-8. DOI:
10.1007/5s00592-009-0108-5.

Patterson C.C., Dahlquist G.G., Gyurts E., Green A,
Soltész G., Schober E., Waldhoer T, Weets I,
Rooman R., Gorus F. et al. Incidence trends for child-
hood type 1 diabetes in Europe during 1989-2003
and predicted new cases 2005-20. Amulticentre pro-
spective registration study. Lancet. 2009;373:2027-
2033.DOI: 10.1016/S0140-6736(09)60568-7.
Meerwaldt R., Odink R.J., Landaeta R., Aarts F,
Brunekreef B., Gerritsen J., Van Aalderen W.M.C,,
Hoekstra M.O. A lower prevalence of atopy symp-
toms in children with type 1 diabetes mellitus. Clin.

REVIEWS



ISSN 2221-2582

33.

34,

35.

36.

37.

38.

30.

40.

41.

42.

43.

Exp. Allergy. 2002;32:254-255. DOI: 10.1046/}.1365-
2222.2002.01311.x.

Ovsyannikov D.Yu., Khaled M., Petryaykina Ye.Ye.
Bronkhial'naya astma i sakharnyy diabet u detey:
slozhnyye vzaimootnosheniya. [Bronchial asthma
and diabetes mellitus in children: complex relation-
ships]. Pediatriya. 2013; 92(3):121-6. (in Russian).
Carvalho V., Barreto E., Cordeiro R. et al. Mast cell
changes in experimental diabetes: focus on atte-
nuation of allergic events. Mem. Inst. Oswaldo Cruz,
Rio de Janeiro. 2005;100(1):121-5.

Kuz’'menko L., Oboladze T., Khaled M., Rybkina I.,
Garyayeva l., Parsegova T., Petryaykina Ye. Ast-
maticheskimy status u podrostka s sakharnym dia-
betom tipa 1: kliniko-morfologicheskiye paralleli.
[Asthmatic status in a teenager with type 1 diabe-
tes mellitus: clinical and morphological parallels].
Vrach. 2015;2:78-80. (in Russian).

Maria Angela Tosca, Michela Silovestri, Gi-
useppe D’Annunzio, Renata Lorini, Giovanni
Arturo Rossi, Giorgio Ciprandi. May T1 diabetes
mellitus protect from asthma? Allergol. Immu-
nopathol. 2013;41(5):288-91. DOI: 10.1016/j.al-
ler.2012.10.009.

Cardwell C.R., Shields M.D., Carson D.J., Patter-
son C.C. Ameta-analysis of the association between
childhood type 1 diabetes and atopic disease. Dia-
betes Care. 2003;26(9):2568-74. DOI: 0.2337/dia-
care.26.9.2568.

Mirghani H.O., Alhazmi K., Alghamdi S., Alradda-
di M. The Cross-Talk between Atopic Dermatitis
and Diabetes Mellitus: A Meta-Analysis. Cureus.
2021;13(3):e13750. DOI: 10.7759/cureus.13750.
Krischer J.P., Cuthbertson D., Couluris M., Knip M.,
Virtanen S.M. Association of diabetes-related au-
toantibodies with the incidence of asthma, eczema
and allergic rhinitis in the TRIGR randomised cli-
nical trial. Diabetologia. 2020;63(9):1796-1807. DOI:
10.1007/s00125-020-05188-3.

Pusch E., Renz H., Skevaki C. Respiratory virus-in-
duced heterologous immunity. Allergol. J. Int.
2018;27:79-96. DOI: 10.1007/s40629-018-0056-0.
Tang C.,, Gao Y., Wang L., Zhu Y., Pan Q., Zhang R,
Xiong Y. Role of regulatory T cells in Schistoso-
ma-mediated protection against type 1 diabe-
tes. Mol. Cell. Endocrinol. 2019;491:110434. DOlI:
10.1016/j.mce.2019.04.014.

Zuo ZT, Ma., Sun Y., Bai C.Q, Ling C.H,, Yuan F.L.
The Protective Effects of Helicobacter pylori Infec-
tion on Allergic Asthma. Int. Arch. Allergy Immunol.
2021;182:53-64. DOI: 10.1159/000508330.

Hsiao Y.-T., Cheng W.C, Liao W.C, Lin C-L,
Shen T.-C., Chen W.-C., Chen C.-H., Kao C.-H. Type 1

44,

45.

46.

47.

48.

49.

50.

51.

52.

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

Diabetes and Increased Risk of Subsequent Asth-
ma: A Nationwide Population-Based Cohort Study.
Medicine (Baltimore). 2015;94:e1466. DOI: 10.1097/
md.0000000000001466.

Black M.H., Anderson A., Bell R.A., Dabelea D.,
Pihoker C., Saydah S., Seid M., Standiford D.A.,
Waitzfelder B., Marcovina S.M., Jean M Lawrence.
Prevalence of asthma and its association with gly-
cemic control among youth with diabetes. Pediat-
rics. 2011;128. DOI: 10.1542/peds.2010-3636.

Sabine Klamt, Mandy Vogel, Thomas M. Kapellen,
Andreas Hiemisch, Freerk Prenzel, Silke Zachariae,
Uta Ceglarek, Joachim Thiery, Wieland Kiess Asso-
ciation between IgE-mediated allergies and dia-
betes mellitus type 1 in children and adolescents.
Pediatr Diabetes. 2015;16(7):493-503. DOI: 10.1111/
pedi.12298.

Villa-Nova H., Spinola-Castro A.M., Garcia F.E.,
Solé D. Prevalence of allergic diseases and/or al-
lergic sensitisation in children and adolescents
with type 1 diabetes mellitus. Allergol Immuno-
pathol (Madr). 2015;43(2):157-61. DOI: 10.1016/j.
aller.2013.11.009.

Kero J., Gissler M., Hemminki E., Isolauri E. Could
TH1 and TH2 diseases coexist? Evaluation of asth-
ma incidence in children with coeliac disease,
type 1 diabetes, or rheumatoid arthritis: a register
study. J Allergy Clin Immunol. 2001;108(5):781-783.
DOl.org/10.1067/ mai.2001.119557.

Stene L.C., Nafstad P. Relation between occur-
rence of type 1 diabetes and asthma. Lancet.
2001;24;357(9256):607-8.  DOI:  10.1016/S0140-
6736(00)04067-8.

Strachan D. Family size, infection and atopy: The
first decade of the “hygiene hypothesis”. Thorax.
2000;55:2-10. DOI: 10.1136/thorax.55.suppl1.s2.
Pfefferle P.l., Keber C.U., Cohen R.M., Garn H. The
Hygiene Hypothesis — Learning From but Not Li-
ving in the Past. Front. Immunol. 2021;16(12):635935.
DOI: 10.3389/fimmu.2021.635935.

Cardwell C.R., Carson D.J,, Yarnell J., Shields M.D.,
Patterson C.C. Atopy, home environment and
the risk of childhood-onset type 1 diabetes:
A population-based case-control study. Pediatr.

Diabetes. 2008;9:191-196. DOIl: 10.1111/j.1399-
5448.2007.00366.x.
Heikkinen S.M.M., Pitkaniemi J.M., Kilpelai-

nen M.L., Koskenvuo M.J. Does farm environ-
ment protect against type 1 diabetes mellitus?
Diabetes Vasc. Dis. Res. 2013;10:375-377. DOI:
10.1177/1479164112474907.

. Van Crevel R, van de Vijver S., Moore D.A.J. The

global diabetes epidemic: What does it mean for



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

infectious diseases in tropical countries? Lancet
Diabetes Endocrinol. 2017;5:457-468. DOI: 10.1016/
$2213-8587(16)30081-X.

Stiemsma L., Reynolds L., Turvey S., Finlay B. The hy-
giene hypothesis: Current perspectives and future
therapies. ImmunoTargets Ther. 2015;27:4:143-57.
DOI: 10.2147/ITT.S6152.

Pulendran B., Tang H., Manicassamy S. Program-
ming dendritic cells to induce TH2 and tolerogenic
responses. Nat. Immunol. 2010;11(8):647-55. DOI:
10.1038/ni.1894.

Eissa M.M. Mostafa DK. Ghazy A.A., El Az
zouni M.Z., Boulos L.M., Younis L.K. Anti-Arthri-
tic Activity of Schistosoma mansoni and Tri-
chinella spiralis Derived-Antigens in Adjuvant
Arthritis in Rats: Role of FOXP3+ Treg Cells. PLoS
ONE. 2016;11(11):e0165916. DOI: 10.1371/journal.
pone.0165916.

Fujimura K.E., Lynch S.V. Microbiota in Allergy and
Asthma and the Emerging Relationship with the
Gut Microbiome. Cell Host Microbe. 2015;17:592—
602. DOI: 10.1016/j.chom.2015.04.007.

Aleksandar D. Kostic, Dirk Gevers, Heli Siljander,
Tommi Vatanen, Tuulia Hyotyldinen, Anu-Maaria
Hamaladinen, Aleksandr Peet, Vallo Tillmann, Paivi
Poho, Ismo Mattila, Harri Lahdesmaki, Eric A Fran-
zosa, Outi Vaarala, Marcus de Goffau, Hermie Harm-
sen, Jorma llonen, Suvi M Virtanen, Clary B Clish,
Matej Oresi¢, Curtis Huttenhower, Mikael Knip.
DIABIMMUNE Study Group; Ramnik J Xavier. The
Dynamics of the Human Infant Gut Microbiome
in Development and in Progression toward Type
1 Diabetes. Cell Host Microbe. 2015;17(2):260-273.
DOI: 10.1016/j.chom.2015.01.001.

Johnson C.C., Ownby D.R. The infant gut bacterial
microbiota and risk of pediatric asthma and allergic
diseases. Transl. Res. 2017;179:60-70. DOI: 10.1016/j].
trsl.2016.06.010.

Postler T.S., Ghosh S. Understanding the Holo-
biont: How Microbial Metabolites Affect Hu-
man Health and Shape the Immune System.
Cell Metab. 2017;26(1):110-130. DOI: 10.1016/j.
cmet.2017.05.008.

Kim C. B cell-helping functions of gut microbial
metabolites. Microb Cell. 2016;3(10):529-531. DOI:
10.15698/mic2016.10.536.

Kim M., Qie Y., Park J., Kim C.H. Gut Microbial Me-
tabolites Fuel Host Antibody Responses. Cell
Host Microbe. 2016;20(2):202-14. DOI: 10.1016/j.
chom.2016.07.001.

Han H., Li Y, Fang J, Liu G,, Yin J,, Li T,, Yin Y. Gut
Microbiota and Type 1 Diabetes. Int J Mol Sci.
2018;19(4):995. DOI: 10.3390/ijms19040995.

64.

65.

66.

67.

68.

69.

70.

71.

72.

ISSN 2221-2582

Eliana Marifno, James L. Richards, Keiran H. McLeod,
Dragana Stanley, Yu Anne Yap, Jacinta Knight, Craig
McKenzie, Jan Kranich, Ana Carolina Oliveira, Fer-
nando J. Rossello, Balasubramanian Krishnamurthy,
Christian M. Nefzger, Laurence Macia, Alison Thor-
burn, Alan G. Baxter, Grant Morahan, Lee H. Wong,
Jose M. Polo, Robert J. Moore, Trevor J. Lockett,
Julie M. Clarke, David L. Topping, Leonard C. Har-
rison, Charles R. Mackay. Gut microbial metabo-
lites limit the frequency of autoimmune T cells and
protect against type 1 diabetes. Nat. Immunol.
2017;18(5):552-562. DOI: 10.1038/ni.3713.

Aurélien Trompette, Eva S. Gollwitzer, Koshika Yada-
va, Anke K. Sichelstiel, Norbert Sprenger, Catherine
Ngom-Bru, Carine Blanchard, Tobias Junt, Laurent P.
Nicod, Nicola L. Harris, Benjamin J. Marsland. Gut
microbiota metabolism of dietary fiber influences
allergic airway disease and hematopoiesis. Nat.
Med. 2014;20(2):159-66. DOI: 10.1038/nm.3444.

Liu J., Zhang X., Cheng Y., Cao X. Dendritic cell mi-
gration in inflammation and immunity. Cell Mol
Immunol. 2021;18(11):2461-71. DOI: 10.1038/s41423-
021-00726-4.

Harbige J., Eichmann M., Peakman M. New insights
into non-conventional epitopes as T cell targets:
the missing link for breaking immune tolerance in
autoimmune disease? J Autoimmun. 2017;84:12-20.
DOI: 10.1016/j.jaut.2017.08.001.

Belkaid Y., Hand T.W. Role of the microbiota in im-
munity and inflammation Cell. 2014;157(1):121-41.
DOI: 10.1016/j.cell.2014.03.011.

Penders J., Gerhold K., Thijs C., Zimmermann K.,
Wahn U., Lau S. et al. New insights into the hygiene
hypothesis in allergic diseases: mediation of sib-
ling and birth mode effects by the gut microbio-
ta. Gut Microbes. 2014;5(2):239-44. DOI: 10.4161/
gmic.27905.

Metsala J., Lundqvist A., Virta L.J., Kaila M., Gissler, M.,
Virtanen S.M., Nevalainen J. The association between
asthma and type 1 diabetes: A paediatric case-co-
hort study in Finland, years 1981-2009. Int. J. Epide-
miol. 2018;47:409-416. DOI: 10.1093/ije/dyx245.
Awad I. Smew, Cecilia Lundholm, Lars Savendahl,
Paul Lichtenstein, Catarina Almqvist. Familial Coag-
gregation of Asthma and Type 1 Diabetes in Chil-
dren. JAMA Netw Open. 2020;3(3):e200834. DOI:
10.1001/jamanetworkopen.2020.0834.

Yun H.D., Knoebel E., Fenta Y., Gabriel S.E., Leib-
son C.L,, Loftus EV. Jr, Roger V., Yawn B.P, Li B.,
Juhn Y.J. Asthma and proinflammatory conditions:
a population-based retrospective matched cohort
study. Mayo Clin Proc. 2012;87(10):953-60. DOI:
10.1016/j.mayocp.2012.05.020.

REVIEWS



ISSN 2221-2582

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Zeng R, Wang Z., Zhang J,, Liang Z., Xu C., Wang J.,
Dong L. Type 1 diabetes and asthma: a systema-
tic review and meta-analysis of observational stu-
dies. Endocrine. 2022;75(3):709-717. DOI: 10.1007/
$12020-021-02973-x.

Junyang Xie, Gui Chen, Tianhao Liang, Ang Li,
Weixing Liu, Yiyan Wang, Xiaofen Wang, Xiaoxu-
an Kuang, DeMin Han, Wenjing Liao, Lijuan Song,
Xiaowen Zhang. Childhood asthma and type 1 dia-
betes mellitus: A meta-analysis and bidirectional
Mendelian randomization study. Pediatr Allergy
Immunol. 2022;33(9):e13858. DOI: 10.1111/pai.13858.
Fsadni P, Fsadni C., Fava S., Montefort S. Corre-
lation of worldwide incidence of type 1 diabetes
(DiaMond) with prevalence of asthma and atopic
eczema (ISAAC) Clin Respir J. 2012;6(1):18-25. DOI:
10.1111/j.1752-699X.2011.00239.x.

Strachan D., Sibbald B., Weiland S., Ait-Khaled N.,
Anabwani G., Anderson H.R., Asher M.1., Beasley R.,
Bjorkstén B., Burr M. et al. Worldwide variations in
prevalence of symptoms of allergic rhinoconjuncti-
vitis in children: The International Study of Asthma
and Allergies in Childhood (ISAAC) Pediatr. Allergy
Immunol. 1997.

Wahlberg J., Vaarala O., Ludvigsson J. Asthma
and allergic symptoms and type 1 diabetes-rela-
ted autoantibodies in 2.5-yr-old children. Pediatr
Diabetes. 2011;12(7):604-10. DOI: 10.1111/j.1399-
5448.2011.00758.x.

Ge Yang, Yueh-Ying Han, Erick Forno, Qi Yan, Fran-
ziska Rosser, Wei Chen, Juan C Celeddn. Glycated
hemoglobin Alc, lung function, and & hospita-
lizations among adults with asthma. J Allergy Clin
Immunol Pract. 2020;8(10):3409-3415.e1. DOI:
10.1016/j.jaip.2020.06.017.

Zalloua P.A., Abchee A., Shbaklo H., Zreik T.G., Ter-
wedow H., Halaby G., Azar ST. Patients with early
onset of type 1 diabetes have significantly higher
GG genotype at position 49 of the CTLA4 gene.
Hum. Immunol. 2004;65:719-724. DOI: 10.1016/j.hu-
mimm.2004.04.007.

Gao J,, LinY, QiuC, LiuY., MaY. Liu Y. Association
between HLA-DQA1, -DQB1 gene polymorphisms
and susceptibility to asthma in northern Chinese
subjects. Chin. Med. J. 2003;116:1078-1082.

Barrett J.C,, Clayton D, Concannon P, Akolkar B.,
Cooper J.D., ErlichH.A., Julier C.,, Morahan G., Nerup J.,
Nierras C. et al. Genome-wide association study and
meta-analysis finds over 40 loci affect risk of type 1
diabetes HHS Public Access Author manuscript. Nat.
Genet. 2009;41:703-707. DOI: 10.1038/ng.381.
Bjornvold M., Munthe-Kaas M.C., Egeland T., Jo-
ner G., Dahl-Jgrgensen K., Njelstad P.R. Aksels-

83.

84.

85.

86.

87.

88.

89.

90.

91.

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

en H.E., Gervin K., Carlsen K.C.L., Carlsen K.H., Un-
dlien D.E. A TLR2 polymorphism is associated with
type 1 diabetes and allergic asthma. Genes Immun.
2009;10:181-187. Genes Immun. 2009;10(2):181-7.
DOI: 10.1038/gene.2008.100.

Moffatt M.F., Gut |.G., Demenais F., Strachan D.P,
Bouzigon E., Heath S., von Mutius E., Farrall M.,
Lathrop M., Cookson W.O.C.M. A Large-Scale, Con-
sortium-Based Genomewide Association Study
of Asthma. N. Engl. J. Med. 2010;363:1211-1221.
DOI: 10.1056/NEJM0a0906312.

Mirkka T. Heinonen, Antti-Pekka Laine, Cilla So-
derhéll, Olena Gruzieva, Sini Rautio, Erik Melén,
Goran Pershagen, Harri J. Léahdesmaki, Mikael Knip,
Jorma llonen, Tiina A. Henttinen, Juha Kere, Riit-
ta Lahesmaa; Finnish Pediatric Diabetes Registry.
GIMAP GTPase Family Genes: Potential Modifiers
in Autoimmune Diabetes, Asthma, and Allergy. J.
Immunol. 2015;194:5885-5894. DOI: 10.4049/jimmu-
nol.1500016.

Sudipta Das, Marina Miller, David H. Broide. Chro-
mosome 17921 Genes ORMDL3 and GSDMB in
Asthma and Immune Diseases Adv Immunol.
2017;135:1-52. DOI: 10.1016/bs.ai.2017.06.001. Epub
2017 Jul 19.

Pakala S.V.,, Kurrer M.D., Katz J.D. T helper 2 (Th2)
T cells induce acute pancreatis and diabetes in
immune-compromised nonobese diabetic (NOD)
mice. J Exp Med. 1997;186:299-306.

Behzadi P, Behzadi E., Ranjbar R. IL-12 Family Cy-
tokines: General Characteristics, Pathogenic Mi-
croorganisms, Receptors, and Signalling Pathways.
Acta Microbiol. Immunol. Hung. 2016;63:1-25.
DOI: 10.1556/030.63.2016.1.1.

Tian J., Lehmann PV, Kaufman D.L. Determi-
nant spreading of T helper cell 2 (Th2) respon-
ses to pancreatic islet autoantigens. J Exp Med.
1997;186:2039-2043. J Exp Med. 1997;186(12):2039-
43.DOI: 10.1084/jem.186.12.2039.

Flodstrrom M., Eizirik D.L. Interferon gamma-in-
duced interferon regulatory factor-1 (IRF-1) expres-
sion in rodent and human islet cells precedes nitric
oxide production. Endocrinology. 1997;138:2747-
2753.DOI: 10.1210/end0.138.7.5286.

Kainonen E., Rautava S., Korkeamaki M., Isolauri E.
Unique cytokine secretion profile in children with
both type | diabetes and asthma distinct from that
of solely diabetic or asthmatic children. Cytokine.
2006;34:198-205.

Rachmiel M., Bloch O., Shaul A.A., Ben-Yehudah G,,
Bistritzer Z., Weintrob N., Ofan R., Rapoport M.J.
Young patients with both type 1 diabetes mel-
litus and asthma have a unique IL-12 and IL-18



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

secretory pattern. Pediatr. Diabetes. 2011;12:596—
603. DOI: 10.1111/j.1399-5448.2010.00751.x.

92. Kainonen E., Rautava S., Korkeamaki M., Isolauri E.
Unique cytokine secretion profile in children with
both type | diabetes and asthma distinct from that
of solely diabetic or asthmatic children. Cytokine.
2006;34:198-205. DOI: 10.1016/j.cyt0.2006.04.015.

93. Yasuda K., Nakanishi K., Tsutsui H. Interleukin-18
in Health and Disease. Int. J. Mol. Sci. 2019;20:649.
DOI: 10.3390/ijms20030649.

94. Joseph W. Dean, Leeana D. Peters, Christopher A.
Fuhrman, Howard R. Seay, Amanda L. Posgai,
Scott E. Stimpson, Maigan A. Brusko, Daniel J. Perry,
Wen-I Yeh, Brittney N. Newby, Michael J. Haller, An-
drew B. Muir, Mark A. Atkinson, Clayton E. Mathews,
Todd M. Brusko. Innate inflammation drives NK cell
activation to impair Treg activity. J. Autoimmun.
2020;108:102417. DOI: 10.1016/j.jaut.2020.102417.

95. Dean JW., Peters L.D., Fuhrman C.A., Seay H.R.,
Posgai A.L., Stimpson S.E., Brusko M.A., Perry D.J.,
Yeh W.-I., Newby B.N. et al. Innate inflammation
drives NK cell activation to impair Treg activity. J.
Autoimmun. 2020;108:102417.

96. Lio C.W.,, Hsieh C.S.Becoming self-aware: the thymic
education of regulatory T cells. Curr Opin Immunol.
2011;23(2):213-219. DOI: 10.1016/j.c0i.2010.11.010.

97. Fayhan J. Alroqi, Talal A. Chatila. T Regulatory Cell
Biology in Health and Disease Curr Allergy Asth-
ma Rep. 2016;16(4):27. DOI: 10.1007/s11882-016-
0606-9.

98. Marina I. Garin, Chung-Ching Chu, Dela Golshayan,
Eva Cernuda-Morollén, Robin Wait, Robert . Lechler.
Galectin-1: a key effector of regulation mediated by
CD4+CD25+ T cells. Blood. 2007;109(5):2058-2065.
DOI: 10.1182/blood-2006-04-016451.

99. Pushpa Pandiyan, Lixin Zheng, Satoru Ishihara,
Jennifer Reed, Michael J Lenardo. CD4+CD25+-
Foxp3+ regulatory T cells induce cytokine depriva-
tion-mediated apoptosis of effector CD4+ T cells.
Nat Immunol. 2007;8(12):1353-1362. DOI: 10.1038/
ni1536.

100.Yeonseok Chung, Shinya Tanaka, Fuliang Chu,
Roza I. Nurieva, Gustavo J. Martinez, Seema Rawal,
Yi-Hong Wang, Hoyong Lim, Joseph M. Reynolds,
Xiao-hui Zhou, Hui-min Fan, Zhong-ming Liu, Sat-
tva S Neelapu, Chen Dong. Follicular requlatory T
cells expressing Foxp3 and Bcl-6 suppress germinal
center reactions. Nat Med. 2011;17(8):983-988.

101. Vudattu N.K., Herold K.C. Delayed anti-CD3 therapy
in a mouse heart transplant model induced tole-
rance and long-term survival of allograft: achieving
tolerance. Immunotherapy. 2013;5(11):1173-1176.
DOI: 10.2217/imt.13.113.

ISSN 2221-2582

102. Barron L. et al. Cutting edge: mechanisms of IL-2-de-
pendent maintenance of functional regulatory T
cells. J Immunol. 2010;185(11):6426-6430.

103. Goudy K. et al. Human IL2RA null mutation mediates
immunodeficiency with lymphoproliferation and
autoimmunity. Clin Immunol. 2013;146(3):248-261.

104.Bezrodnik L. et al. Follicular bronchiolitis as pheno-
type associated with CD25 deficiency. Clin Exp Im-
munol. 2014;175(2):227-234.

105.Tang C., Gao Y., Wang L., Zhu Y., Pan Q., Zhang R.,
Xiong Y. Role of regulatory T cells in Schistoso-
ma-mediated protection against type 1 diabetes.
Mol. Cell. Endocrinol. 2019;491:110434.

106.Jansen K., Cevhertas L., Ma S., Satitsuksanoa P., Ak-
dis M., van de Veen W. Regulatory B cells, A to Z.
Allergy. 2021;76(9):2699-715. DOI: 10.1111/all.14763.

107. Catalan D., Mansilla M.A., Ferrier A., Soto L., Olei-
nika K., Aguillon J.C. et al. Immunosuppressive
mechanisms of regulatory B cells. Front Immunol.
2021;12:611795. DOI: 10.3389/fimmu.2021.611795.

108.0uyang W., O'Garra A. IL-10 Family Cytokines IL-10
and IL-22: From Basic Science to Clinical Translation.
Immunity. 2019;50:871-891. DOI: 10.1016/j.immu-
ni.2019.03.020.

109. Saraiva M., Saraiva M., Vieira P, Vieira P., Vieira P,
O’Garra A., O'Garra A. Biology and therapeutic po-
tential of interleukin-10. J. Exp. Med. 2020;217:1-19.
DOI: 10.1084/jem.20190418.

110. Bluestone J.A., Buckner J.H., Herold K.C., Immu-
notherapy: building a bridge to a cure for type 1
diabetes. Science. 2021;373:510-516. DOI: 10.1126/
science.abh1654.

111. Rabin R.L., Levinson A.l. The nexus between at-
opic disease and autoimmunity: a review of the
epidemiological and mechanistic literature. Clin.
Exp. Immunol. 2008;153:19-30. DOI: 10.1111/j.1365-
2249.2008.03679.x.

112. Araujo L.M., Lefort J., Nahori M.A. et al. Exacerbated
Th2-mediated airway inflammation and hyperres-
ponsiveness in autoimmune diabetes-prone NOD
mice: a critical role for CD1d-dependent NKT cells.
Eur J Immunol. 2004;34(2):327-335. DOI: 10.1002/
€ji.200324151..

113. Trembleau S., Penna G., Gregori S. IL-12 administra-
tion accelerates autoimmune diabetes in wild-type
and IFN-gamma-deficient nonobese diabetic mice,
revealing pathogenic and protective effects of IL-12-
induced IFN-gamma. J. Immunol. 2003;170(11):5491-
501. DOI: 10.4049/jimmunol.170.11.5491.

114. Thomas Hortenhuber, Wieland Kiess, Elke Froh-
lich-Reiterer, Klemens Raile, Rainer Stachow, Esther
Bollow, Birgit Rami-Merhar, Reinhard W. Holl. Asth-
ma in children and adolescents with type 1 diabe-

REVIEWS



ISSN 2221-2582

115.

116.

17.

tes in Germany and Austria: Frequency and meta-
bolic control. Pediatr Diabetes. 2018;19(4):727-732.
DOI: 10.1111/pedi.12618.

Johanna Metsald, Annamari Lundqvist, Lauri J. Virta,
Minna Kaila, Mika Gissler, Suvi M. Virtanen, Jaakko
Nevalainen. Use of Antiasthmatic drugs and the risk
of type 1 diabetes in children: a Nationwide case-
cohort study. Am J Epidemiol. 2020;189(8):779-787.
DOI: 10.1093/aje/kwaa002.

Ahmadizar F., Souverein P.C., Arets H.G.M., de
Boer A., Maitland-van der Zee A.H. Asthma rela-
ted medication use and exacerbations in children
and adolescents with type 1 diabetes. Pediatr
Pulmonol. 2016;51(11):1113-1121. DOI: 10.1002/
ppul.23428.

Tianshi David Wu, Emily P. Brigham, Corinne A.
Keet, Todd T. Brown, Nadia N. Hansel, Meredith C.
McCormack. Association between pre-diabetes
& diabetes and asthma exacerbations in a claims-
based obese asthma cohort. J Allergy Clin Immu-
nol Pract. 2019;7(6):1868-1873.e5. DOI: 10.1016/j.
jaip.2019.02.02.

JINTEPATYPA

1.

w

Chiara Mameli, Michele Ghezzi, Alessandra Mari, Gi-
ulia Cammi, Maddalena Macedoni, Francesca Chi-
ara Redaelli, Valeria Calcaterra, Gianvincenzo Zuc-
cotti, Enza D'Auria. The Diabetic Lung: Insights into
Pulmonary Changes in Children and Adolescents
with Type 1 Diabetes. Metabolites. 2021;11(2):69.
DOI: 10.3390/metabo11020069.
bpoHxmnanbHaa actma. Bepcus:
pekomeHpauun PO. 2021.

Global Initiative for Asthma (GINA) Strategy. 2021.
Shyamali C. Dharmage, Jennifer L. Perret, Adnan
Custovic. Epidemiology of Asthma in Children and
Adults. Front Pediatr. 2019;7:246. DOI: 10.3389/
fped.2019.00246.

Wu Z, Wang L., Tang Y., Sun X. Parasite-Derived
Proteins for the Treatment of Allergies and Autoim-
mune Diseases. Front. Microbiol. 2017.

Castagnoli R., Licari A, Manti S., Chiappini E.,
Marseglia G.L. Type-2 inflammatory mediators as
targets for precision medicine in children. Pediatr.
Allergy Immunol. 2020;31:17-19.

Global Initiative for Asthma. Global Strategegy for
Asthma Management and Prevention. 2020. Avai-
lable online: https:/ginasthma.org/wp-content/up-
loads/2020/04/GINA-2020-full-report_-final-_wms.pdf.
CaxapHbli guabet 1 Tuna y peten. KnnHuyeckne
pekomeHgaumu. 2022.

Enza D. Auria, Martina Minutoli, Alessandra Co-
lombo, Marco Ugo Andrea Sartorio, Fiammetta

KnuHunueckne

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Children’s Medicine of the North-West

2024 /Vol.12 N2 2
Zunica, Gianvincenzo Zuccotti, Vassilios Lou-
garis. Allergy and autoimmunity in children:

non-mutually exclusive diseases. A narrative re-
view Front Pediatr. 2023;11:1239365. DOI: 10.3389/
fped.2023.1239365.

Zigi Tao, Aimin Shi, Jing Zhao. Epidemiological
Perspectives of Diabetes. Cell Biochem Biophys.
2015;73(1):181-5.DOI: 10.1007/512013-015-0598-4.
Irina Kononenko, Olga M. Smirnova, Aleksandr Y.
Mayorov, Marina Shestakova. Classification of dia-
betes. World Health Organization 2019. What's
new? Diabetes Mellitus. 2020;23(4):329-339. DOI:
10.14341/DM12405.

Hepos WM. LectakoBa M.B., lNetepkoBa B.A.,
Bukynosa O.K. Mene3sHakosa A.B., Ncakos M.A,,
JlTanteB [.H., AngpunaHoBa E.A., lLnpsaesa T.1O0. Ca-
XapHbI ArabeT y fAeTel U NOAPOCTKOB MO AaHHbIM
MepepanbHoro perncTpa Poccuiickon Oepepauun:
AVHAMMKa OCHOBHbBIX 3MUAEMUOSIOTMYECKUX Xa-
pakTepucTnk 3a 2013-2016 rr. CaxapHblin gnabert.
2017;20(6):392-402.

Mobasseri M., Shirmohammadi M., Amiri T., Va-
hed N., Fard H.H., Ghojazadeh M. Prevalence and
incidence of type 1 diabetes in the world: A syste-
matic review and meta-analysis. Heal. Promot. Per-
spect. 2020;10:98-115. DOI: 10.34172/hpp.2020.18.
XiaY., Xie Z.,Huang G., Zhou Z. Incidence and trend
of type 1 diabetes and the underlying environ-
mental determinants. Diabetes. Metab. Res. Rev.
2019;35:e3075. DOI:10.1002/dmrr.3075.

Sgrazzutti L., Sansone F.,, Attanasi M., Di Pillo S.,
Chiarelli F. Coaggregation of Asthma and Type 1
Diabetes in Children: A Narrative Review. Int J Mol
Sci. 2021;22(11):5757. DOI: 10.3390/ijms22115757.
Klamt S., Vogel M., Kapellen T.M., Hiemisch A., Pren-
zel F, Zachariae S., Ceglarek U., Thiery J., Kiess W.
Association between IgE-mediated allergies and
diabetes mellitus type 1 in children and adoles-
cents. Pediatr. Diabetes. 2015;16:493-503.

Tianshi David Wu, Emily P. Brigham, Corinne A.
Keet, Todd T. Brown, Nadia N. Hansel, Meredith C.
McCormack. Association between pre-diabetes
& diabetes and asthma exacerbations in a claims-
based obese asthma cohort. J Allergy Clin Immu-
nol Pract. 2019;7(6):1868-1873.e5. DOI: 10.1016/j.
jaip.2019.02.029.

Knip M., Honkanen J. Modulation of Type 1 Diabe-
tes Risk by the Intestinal Microbiome. Curr Diab Rep.
2017;17(11):105. DOI: 10.1007/511892-017-0933-9.
Manali Mukherjee, Parameswaran Nair. Autoim-
mune Responses in Severe Asthma. Allergy Asth-
ma Immunol Res. 2018;10(5):428-447. DOI: 10.4168/
aair.2018.10.5.428.



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

OBcaHHuKoB L., MeTpankuHa E., Xaneg M., 3acTpo-
XunH M., Kapaces A., by3uHa H. Snugemnonorua un
MMMyHoMNaToreHe3 GPOHXMaNbHOM acTMbl Y AeTei
1 NOAPOCTKOB C CaxapHbiM AnabeTom Tvna 1. Bpau.
2014;25(2):53-55.

Kidd P. Th1/Th2 Balance: Th1/Th2 balance: the hy-
pothesis, its limitations, and implications for health
and disease. Altern Med Rev. 2003;8(3):223-46.
Azar ST., Tamim H., Beyhum H.N., Habbal M.Z., Al-
mawi W.Y. Type | (insulin- dependent) diabetes is a
Th1-and Th2-mediated autoimmune disease. Clin
Diagn Lab Immunol. 1999;6(3):306-10. DOI: 10.1128/
CDLI.6.3.306-310.

Tanaka T., Hu-Li J., Seder R. A., Groth B., Paul W.E.
Interleukin 4 suppresses interleukin 2 and inter-
feron-y production by naive T cells stimulated by
accessory cell-dependent receptor engagement.
Proc Natl Acad Sci USA. 1993;90:5914-5918.

Kero J., Gissler M., Hemminki E., Isolauri E.
Could TH1 and TH2 diseases coexist? Evalua-
tion of asthma incidence in children with coe-
liac disease, type 1 diabetes, or rheumatoid
arthritis: A register study. J. Allergy Clin. Immunol.
2001;108:781-783.

Rabin R.L., Levinson A.l. The nexus between atopic
disease and autoimmunity: a review of the epide-
miological and mechanistic literature. Clin Exp Im-
munol 2008;153:19-30.

Marianna Rachmiel, Olga Bloch, Tzvi Bis-
tritzer, Naomi Weintrob, Regina Ofan, Nira Ko-
ren-Morag, Micha J Rapoport TH1/TH2 cytokine
balance in patient with both type 1 diabetes mel-
litus and asthma Cytokine. 2006;34(3-4):170-6. DOI:
10.1016/j.cyt0.2006.04.012.

Patterson C.C., GyurUs E., Rosenbauer J., Cinek O.,
Neu A., Schober E. Parslow R.C., Joner G.
Svensson J., Castell C., Bingley P.J., Schoenle E.
Jarosz-Chobot P.,, Urbonaité B., Rothe U., Krzisnik C.,
lonescu-Tirgoviste C., Weets |, Kocova M., Sti-
pancic G., Samardzic M., de Beaufort C.E., Green A,,
Dahlquist G.G., Soltész G. Trends in childhood type
1 diabetes incidence in Europe during 1989-2008:
evidence of non-uniformity over time in rates of
increase. Diabetologia. 2012;55(8):2142-7. DOI:
10.1007/s00125-012-2571-8.

Meerwaldt R., Odink R.J., Landaeta R., Aarts F.,
Brunekreef B., Gerritsen J., Van Aalderen W.M.C,,
Hoekstra M.O. A lower prevalence of atopy symp-
toms in children with type 1 diabetes mellitus. Clin.
Exp. Allergy. 2002.

Mattila P.S., Tarkkanen J., Saxen H., Pitkaniemi J.,
Karvonen M., Tuomilehto J. Predisposition to ato-
pic symptoms to inhaled antigens may protect

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

ISSN 2221-2582

from childhood type 1 diabetes. Diabetes Care
2002;25:865-868.

Taleb N., Bou Khalil P, Zantout M.S., Zalloua P,
Azar S.T. Prevalence of asthmatic symptoms in Le-
banese patients with type 1 diabetes and their
unaffected siblings compared to age-matched
controls. Acta Diabetol. 2010;47(Suppl 1):13-8. DOI:
10.1007/500592-009-0108-5.

Patterson C.C., Dahlquist G.G., Gydrds E., Green A,
Soltész G., Schober E., Waldhoer T., Weets I,
Rooman R., Gorus F. et al. Incidence trends for
childhood type 1 diabetes in Europe during
1989-2003 and predicted new cases 2005-20. A
multicentre prospective registration study. Lan-
cet. 2009;373:2027-2033. DOI: 10.1016/50140-
6736(09)60568-7.

Meerwaldt R., Odink R.J., Landaeta R., Aarts F,
Brunekreef B., Gerritsen J., Van Aalderen W.M.C,,
Hoekstra M.O. A lower prevalence of atopy symp-
toms in children with type 1 diabetes mellitus. Clin.
Exp. Allergy. 2002;32:254-255. DOI: 10.1046/}.1365-
2222.2002.01311.x.

OscaHHnkoB [.10., Xanepg M., [letpainkuHa E.E.
BpoHxmanbHas acTMa 1 CaxapHblil fMabeT y feTen:
CNOXHble B3auMooTHouweHuA. lNeguatpua. 2013;
92(3):121-6.

Carvalho V., Barreto E., Cordeiro R. et al. Mast cell
changes in experimental diabetes: focus on atte-
nuation of allergic events. Mem. Inst. Oswaldo Cruz,
Rio de Janeiro. 2005;100(1):121-5.

Ky3bmeHko J1., O6onagze T., Xaneq M., PoibkuHa W.,
lapsaesa W., Mapcerosa T., NeTpanknHa E. ActmaTun-
YeCcKUMIA CTaTyC Y NOAPOCTKa C CaxapHbiM Junabe-
ToM TUNa 1: KNMHNKo-Mopdonormyeckme napanne-
nu. Bpau. 2015;2:78-80.

Maria Angela Tosca, Michela Silovestri, Giu-
seppe D'Annunzio, Renata Lorini, Giovanni Ar-
turo Rossi, Giorgio Ciprandi. May T1 diabetes
mellitus protect from asthma? Allergol. Immu-
nopathol. 2013;41(5):288-91. DOI: 10.1016/j.al-
ler.2012.10.009.

Cardwell C.R., Shields M.D., Carson D.J., Patter-
son C.C. A meta-analysis of the association be-
tween childhood type 1 diabetes and atopic
disease. Diabetes Care. 2003;26(9):2568-74. DOI:
0.2337/diacare.26.9.2568.

Mirghani H.O., Alhazmi K., Alghamdi S., Alradda-
di M. The Cross-Talk between Atopic Dermatitis
and Diabetes Mellitus: A Meta-Analysis. Cureus.
2021;13(3):e13750. DOI: 10.7759/cureus.13750.
Krischer J.P., Cuthbertson D., Couluris M., Knip M.,
Virtanen S.M. Association of diabetes-related au-
toantibodies with the incidence of asthma, eczema

REVIEWS



ISSN 2221-2582

40.

41.

42.

43.

44,

45.

46.

47.

48.

409,

and allergic rhinitis in the TRIGR randomised cli-
nical trial. Diabetologia. 2020;63(9):1796-1807. DOI:
10.1007/s00125-020-05188-3.

Pusch E., Renz H., Skevaki C. Respiratory virus-in-
duced heterologous immunity. Allergol. J. Int.
2018;27:79-96. DOI: 10.1007/s40629-018-0056-0.
Tang C.,, Gao Y., Wang L., Zhu Y., Pan Q., Zhang R.,
Xiong Y. Role of regulatory T cells in Schistoso-
ma-mediated protection against type 1 diabe-
tes. Mol. Cell. Endocrinol. 2019;491:110434. DOlI:
10.1016/j.mce.2019.04.014.

Zuo ZT,Ma., Sun., Bai C.Q, Ling C.H., Yuan F.L.
The Protective Effects of Helicobacter pylori Infec-
tion on Allergic Asthma. Int. Arch. Allergy Immunol.
2021;182:53-64. DOI: 10.1159/000508330.

Hsiao Y.-T., Cheng W.-C, Liao W.-C, Lin C-L,
Shen T.-C., Chen W.-C., Chen C.-H., Kao C.-H. Type 1
Diabetes and Increased Risk of Subsequent Asth-
ma: A Nationwide Population-Based Cohort Study.
Medicine (Baltimore). 2015;94:e1466. DOI:10.1097/
md.0000000000001466.

Black M.H., Anderson A., Bell R.A., Dabelea D,
Pihoker C., Saydah S., Seid M., Standiford D.A.,
Waitzfelder B., Marcovina S.M., Jean M Lawrence.
Prevalence of asthma and its association with gly-
cemic control among youth with diabetes. Pediat-
rics. 2011;128. DOI: 10.1542/peds.2010-3636.

Sabine Klamt, Mandy Vogel, Thomas M. Kapellen,
Andreas Hiemisch, Freerk Prenzel, Silke Zachariae,
Uta Ceglarek, Joachim Thiery, Wieland Kiess. As-
sociation between IgE-mediated allergies and dia-
betes mellitus type 1 in children and adolescents.
Pediatr Diabetes. 2015;16(7):493-503. DOI: 10.1111/
pedi.12298.

Villa-Nova H., Spinola-Castro A.M., Garcia F.E.,
Solé D. Prevalence of allergic diseases and/or al-
lergic sensitisation in children and adolescents
with type 1 diabetes mellitus. Allergol Immuno-
pathol (Madr). 2015;43(2):157-61. DOI: 10.1016/j.
aller.2013.11.009.

Kero J., Gissler M., Hemminki E., Isolauri E. Could
TH1 and TH2 diseases coexist? Evaluation of asth-
ma incidence in children with coeliac disease, type
1 diabetes, or rheumatoid arthritis: a register study.
J Allergy Clin Immunol. 2001;108(5):781-783. DOI:
10.1067/ mai.2001.119557.

Stene L.C., Nafstad P. Relation between occur-
rence of type 1 diabetes and asthma. Lancet.
2001;24;357(9256):607-8. DOI:  10.1016/50140-
6736(00)04067-8.

Strachan D. Family size, infection and atopy: The
first decade of the “hygiene hypothesis”. Thorax.
2000;55:2-10. DOI: 10.1136/thorax.55.suppl1.s2.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

Pfefferle P.l., Keber C.U., Cohen R.M., Garn H. The
Hygiene Hypothesis — Learning From but Not Li-
ving in the Past. Front. Immunol. 2021;16(12):635935.
DOI: 10.3389/fimmu.2021.635935.

Cardwell C.R., Carson D.J., Yarnell J., Shields M.D., Pat-
terson C.C. Atopy, home environment and the risk of
childhood-onsettype 1 diabetes: A population-based
case-control study. Pediatr. Diabetes. 2008;9:191-196.
DOI: 10.1111/j.1399-5448.2007.00366.X.

Heikkinen S.M.M., Pitkdaniemi J.M., Kilpeldin-
en M.L., Koskenvuo M.J). Does farm environ-
ment protect against type 1 diabetes mellitus?
Diabetes Vasc. Dis. Res. 2013;10:375-377. DOI:
10.1177/1479164112474907.

Van Crevel R., van de Vijver S., Moore D.A.J. The
global diabetes epidemic: What does it mean for
infectious diseases in tropical countries? Lancet
Diabetes Endocrinol. 2017;5:457-468. DOI: 10.1016/
$2213-8587(16)30081-X.

Stiemsma L., Reynolds L., Turvey S., Finlay B. The hy-
giene hypothesis: Current perspectives and future
therapies. ImmunoTargets Ther. 2015;27:4:143-57.
DOI: 10.2147/ITT.S6152.

Pulendran B., Tang H., Manicassamy S. Program-
ming dendritic cells to induce TH2 and tolerogenic
responses. Nat. Immunol. 2010;11(8):647-55. DOI:
10.1038/ni.1894.

EissaM.M.,MostafaD.K.,Ghazy A.A.,EIAzzouni M.Z.,
Boulos L.M., Younis L.K. Anti-Arthritic Activity of
Schistosoma mansoni and Trichinella spiralis De-
rived-Antigens in Adjuvant Arthritis in Rats: Role of
FOXP3+ Treg Cells. PLoS ONE. 2016;11(11):e0165916.
DOI: 10.1371/journal.pone.0165916.

Fujimura K.E., Lynch S.V. Microbiota in Allergy and
Asthma and the Emerging Relationship with the
Gut Microbiome. Cell Host Microbe. 2015;17:592-
602. DOI: 10.1016/j.chom.2015.04.007.

Aleksandar D. Kostic, Dirk Gevers, Heli Siljander,
Tommi Vatanen, Tuulia Hyotyldinen, Anu-Maaria
Hamalainen, Aleksandr Peet, Vallo Tillmann, Paivi
Poho, Ismo Mattila, Harri Lahdesmaki, Eric A Fran-
zosa, Outi Vaarala, Marcus de Goffau, Hermie Harm-
sen, Jorma llonen, Suvi M Virtanen, Clary B Clish,
Matej Oresi¢, Curtis Huttenhower, Mikael Knip.
DIABIMMUNE Study Group; Ramnik J Xavier. The
Dynamics of the Human Infant Gut Microbiome
in Development and in Progression toward Type
1 Diabetes. Cell Host Microbe. 2015;17(2):260-273.
DOI: 10.1016/j.chom.2015.01.001.

Johnson C.C., Ownby D.R. The infant gut bacterial
microbiota and risk of pediatric asthma and allergic
diseases. Transl. Res. 2017;179:60-70. DOI: 10.1016/j.
trsl.2016.06.010.



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Postler T.S., Ghosh S. Understanding the Holo-
biont: How Microbial Metabolites Affect Human
Health and Shape the Immune System. Cell Metab.
2017;26(1):110-130. DOI: 10.1016/j.cmet.2017.05.008.
Kim C. B cell-helping functions of gut microbial
metabolites. Microb Cell. 2016;3(10):529-531. DOI:
10.15698/mic2016.10.536.

Kim M., Qie Y., Park J., Kim C.H. Gut Microbial Me-
tabolites Fuel Host Antibody Responses. Cell
Host Microbe. 2016;20(2):202-14. DOI: 10.1016/j.
chom.2016.07.001.

Han H., Li Y., Fang J, Liu G,, Yin J, Li T,, Yin Y. Gut
Microbiota and Type 1 Diabetes. Int J Mol Sci.
2018;19(4):995. DOI: 10.3390/ijms19040995.

Eliana Marifo, James L. Richards, Keiran H. McLe-
od, Dragana Stanley, Yu Anne Yap, Jacinta Knight,
Craig McKenzie, Jan Kranich, Ana Carolina Oliveira,
Fernando J. Rossello, Balasubramanian Krishna-
murthy, Christian M. Nefzger, Laurence Macia, Ali-
son Thorburn, Alan G. Baxter, Grant Morahan, Lee
H. Wong, Jose M. Polo, Robert J. Moore, Trevor J.
Lockett, Julie M. Clarke, David L. Topping, Leonard
C. Harrison, Charles R. Mackay. Gut microbial me-
tabolites limit the frequency of autoimmune T cells
and protect against type 1 diabetes. Nat. Immunol.
2017;18(5):552-562. DOI: 10.1038/ni.3713.

Aurélien Trompette, Eva S. Gollwitzer, Koshika Yada-
va, Anke K. Sichelstiel, Norbert Sprenger, Catherine
Ngom-Bru, Carine Blanchard, Tobias Junt, Laurent
P. Nicod, Nicola L. Harris, Benjamin J. Marsland. Gut
microbiota metabolism of dietary fiber influences
allergic airway disease and hematopoiesis. Nat.
Med. 2014;20(2):159-66. DOI: 10.1038/nm.3444.

Liu J., Zhang X., Cheng Y., Cao X. Dendritic cell mi-
gration in inflammation and immunity. Cell Mol
Immunol. 2021;18(11):2461-71. DOI: 10.1038/s41423-
021-00726-4.

Harbige J., Eichmann M., Peakman M. New insights
into non-conventional epitopes as T cell targets:
the missing link for breaking immune tolerance in
autoimmune disease? J Autoimmun. 2017;84:12-20.
DOI: 10.1016/j.jaut.2017.08.001.

Belkaid Y., Hand T.W. Role of the microbiota in im-
munity and inflammation Cell. 2014;157(1):121-41.
DOI: 10.1016/j.cell.2014.03.011.

Penders J., Gerhold K., Thijs C., Zimmermann K.,
Wahn U,, Lau S. et al. New insights into the hygiene
hypothesis in allergic diseases: mediation of sib-
ling and birth mode effects by the gut microbio-
ta. Gut Microbes. 2014;5(2):239-44. DOI: 10.4161/
gmic.27905.

Metsala J.,, Lundqvist A. Virta L.J. Kaila M,
Gissler M., Virtanen S.M., Nevalainen J. The associa-

71.

72.

73.

74.

75.

76.

77.

78.

ISSN 2221-2582

tion between asthma and type 1 diabetes: A paedi-
atric case-cohort study in Finland, years 1981-2009.
Int. J. Epidemiol. 2018;47:409-416. DOI: 10.1093/ije/
dyx245.

Awad I. Smew, Cecilia Lundholm, Lars Sévendahl,
Paul Lichtenstein, Catarina Almqvist. Familial Coag-
gregation of Asthma and Type 1 Diabetes in Chil-
dren. JAMA Netw Open. 2020;3(3):e200834. DOI:
10.1001/jamanetworkopen.2020.0834.

Yun H.D., Knoebel E., Fenta Y., Gabriel S.E., Leib-
son C.L., Loftus EV. Jr, Roger V., Yawn B.P, Li B,,
Juhn Y.J. Asthma and proinflammatory conditions:
a population-based retrospective matched cohort
study. Mayo Clin Proc. 2012;87(10):953-60. DOI:
10.1016/j.mayocp.2012.05.020.

Zeng R., Wang Z., Zhang J., Liang Z., Xu C., Wang J.,
Dong L. Type 1 diabetes and asthma: a systema-
tic review and meta-analysis of observational stu-
dies. Endocrine. 2022;75(3):709-717. DOI: 10.1007/
$12020-021-02973-x.

Junyang Xie, Gui Chen, Tianhao Liang, Ang Li,
Weixing Liu, Yiyan Wang, Xiaofen Wang, Xiaoxu-
an Kuang, DeMin Han, Wenjing Liao, Lijuan Song,
Xiaowen Zhang. Childhood asthma and type 1
diabetes mellitus: A meta-analysis and bidirec-
tional Mendelian randomization study. Pediatr
Allergy Immunol. 2022;33(9):e13858. DOI: 10.1111/
pai.13858.

Fsadni P, Fsadni C., Fava S., Montefort S. Corre-
lation of worldwide incidence of type 1 diabetes
(DiaMond) with prevalence of asthma and atopic
eczema (ISAAC) Clin Respir J. 2012;6(1):18-25. DOI:
10.1111/j.1752-699X.2011.00239.x.

Strachan D., Sibbald B., Weiland S., Ait-Khaled N.,
Anabwani G., Anderson H.R., Asher M.l,, Beasley R.,
Bjorkstén B., Burr M. et al. Worldwide variations in
prevalence of symptoms of allergic rhinoconjuncti-
vitis in children: The International Study of Asthma
and Allergies in Childhood (ISAAC) Pediatr. Allergy
Immunol. 1997.

Wahlberg J., Vaarala O., Ludvigsson J. Asthma
and allergic symptoms and type 1 diabetes-rela-
ted autoantibodies in 2.5-yr-old children. Pediatr
Diabetes. 2011;12(7):604-10. DOI: 10.1111/j.1399-
5448.2011.00758.x.

Ge Yang, Yueh-Ying Han, Erick Forno, Qi Yan, Fran-
ziska Rosser, Wei Chen, Juan C Celedén. Glycated
hemoglobin Alc, lung function, and & hospita-
lizations among adults with asthma. J Allergy Clin
Immunol Pract. 2020;8(10):3409-3415.e1. DOI:
10.1016/j.jaip.2020.06.017.

. Zalloua P.A., Abchee A., Shbaklo H., Zreik T.G., Ter-

wedow H., Halaby G., Azar ST. Patients with early

REVIEWS



ISSN 2221-2582

80.

81.

82.

83.

84.

85.

86.

87.

88.

onset of type 1 diabetes have significantly higher
GG genotype at position 49 of the CTLA4 gene.
Hum. Immunol. 2004;65:719-724. DOI: 10.1016/j.hu-
mimm.2004.04.007.

Gao J,, Lin Y, Qiu C, LiuY,, MaY., Liu Y. Association
between HLA-DQA1, -DQB1 gene polymorphisms
and susceptibility to asthma in northern Chinese
subjects. Chin. Med. J. 2003;116:1078-1082.

Barrett J.C., Clayton D, Concannon P, Akolkar B.,
Cooper J.D., Erlich H.A., Julier C.,, Morahan G., Nerup J.,
Nierras C. et al. Genome-wide association study and
meta-analysis finds over 40 loci affect risk of type 1
diabetes HHS Public Access Author manuscript. Nat.
Genet. 2009;41:703-707. DOI: 10.1038/ng.381.
Bjgrnvold M., Munthe-Kaas M.C., Egeland T., Jon-
er G.,, Dahl-Jgrgensen K., Njolstad PR., Aksels-
en H.E., Gervin K., Carlsen K.C.L., Carlsen K.H., Un-
dlien D E. A TLR2 polymorphism is associated with
type 1 diabetes and allergic asthma. Genes Immun.
2009;10:181-187. Genes Immun. 2009;10(2):181-7.
DOI: 10.1038/gene.2008.100.

Moffatt M.F., Gut |.G., Demenais F., Strachan D.P,
Bouzigon E., Heath S., von Mutius E., Farrall M.,
Lathrop M., Cookson W.O.C.M. A Large-Scale, Con-
sortium-Based Genomewide Association Study
of Asthma. N. Engl. J. Med. 2010;363:1211-1221.
DOI: 10.1056/NEJM0a0906312.

Mirkka T. Heinonen, Antti-Pekka Laine, Cilla So-
derhéll, Olena Gruzieva, Sini Rautio, Erik Melén,
Goran Pershagen, Harri J. Lahdesmaki, Mikael Knip,
Jorma llonen, Tiina A. Henttinen, Juha Kere, Riit-
ta Lahesmaa; Finnish Pediatric Diabetes Registry.
GIMAP GTPase Family Genes: Potential Modifiers
in Autoimmune Diabetes, Asthma, and Allergy. J.
Immunol. 2015;194:5885-5894. DOI: 10.4049/jim-
munol.1500016.

Sudipta Das, Marina Miller, David H. Broide. Chro-
mosome 17921 Genes ORMDL3 and GSDMB in
Asthma and Immune Diseases Adv Immunol.
2017;135:1-52. DOI: 10.1016/bs.ai.2017.06.001. Epub
2017 Jul 19.

Pakala S.V., Kurrer M.D., Katz J.D. T helper 2 (Th2)
T cells induce acute pancreatis and diabetes in
immune-compromised nonobese diabetic (NOD)
mice. J Exp Med. 1997;186:299-306.

Behzadi P, Behzadi E., Ranjbar R. IL-12 Family Cy-
tokines: General Characteristics, Pathogenic Mi-
croorganisms, Receptors, and Signalling Pathways.
Acta Microbiol. Immunol. Hung. 2016;63:1-25.
DOI: 10.1556/030.63.2016.1.1.

Tian J., Lehmann PV, Kaufman D.L. Determi-
nant spreading of T helper cell 2 (Th2) respon-
ses to pancreatic islet autoantigens. J Exp Med.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

1997;186:2039-2043. J Exp Med. 1997;186(12):2039—
43.DOI: 10.1084/jem.186.12.2039.

Flodstrrom M., Eizirik D.L. Interferon gamma-in-
duced interferon regulatory factor-1 (IRF-1) expres-
sion in rodent and human islet cells precedes nitric
oxide production. Endocrinology. 1997;138:2747-
2753.DOI: 10.1210/end0.138.7.5286.

Kainonen E., Rautava S., Korkeamaki M., Isolauri E.
Unique cytokine secretion profile in children with
both type | diabetes and asthma distinct from that
of solely diabetic or asthmatic children. Cytokine.
2006;34:198-205.

Rachmiel M., Bloch O., Shaul A.A., Ben-Yehudah G.,
Bistritzer Z., Weintrob N., Ofan R., Rapoport M.J.
Young patients with both type 1 diabetes mellitus
and asthma have a unique IL-12 and IL-18 secre-
tory pattern. Pediatr. Diabetes. 2011;12:596-603.
DOI: 10.1111/j.1399-5448.2010.00751.x.

Kainonen E., Rautava S., Korkeamaki M., Isolau-
ri E. Unique cytokine secretion profile in children
with both type | diabetes and asthma distinct
from that of solely diabetic or asthmatic chil-
dren. Cytokine. 2006;34:198-205. DOI: 10.1016/j.
cyt0.2006.04.015.

Yasuda K., Nakanishi K., Tsutsui H. Interleukin-18
in Health and Disease. Int. J. Mol. Sci. 2019;20:649.
DOI: 10.3390/ijms20030649.

Joseph W. Dean, Leeana D. Peters, Christopher A.
Fuhrman, Howard R. Seay, Amanda L. Posgai,
Scott E. Stimpson, Maigan A. Brusko, Daniel J.
Perry, Wen-1 Yeh, Brittney N. Newby, Michael J.
Haller, Andrew B. Muir, Mark A. Atkinson, Clayton
E. Mathews, Todd M. Brusko. Innate inflammation
drives NK cell activation to impair Treg activity.
J. Autoimmun. 2020;108:102417. DOI: 10.1016/j.
jaut.2020.102417.

Dean JW., Peters L.D., Fuhrman C.A., Seay H.R.,
Posgai A.L., Stimpson S.E., Brusko M.A., Perry D.J.,
Yeh W.-I., Newby B.N. et al. Innate inflammation
drives NK cell activation to impair Treg activity. J.
Autoimmun. 2020;108:102417.

Lio C.W., Hsieh C.S.Becoming self-aware: the thymic
education of regulatory T cells. Curr Opin Immunol.
2011;23(2):213-219. DOI: 10.1016/j.c0i.2010.11.010.
Fayhan J. Alroqi, Talal A. Chatila. T Regulatory Cell
Biology in Health and Disease Curr Allergy Asth-
ma Rep. 2016;16(4):27. DOI: 10.1007/s11882-016-
0606-9.

Marina I. Garin, Chung-Ching Chu, Dela Golshayan,
Eva Cernuda-Morollon, Robin Wait, Robert|. Lechler.
Galectin-1: a key effector of regulation mediated by
CD4+CD25+ T cells. Blood. 2007;109(5):2058-2065.
DOI: 10.1182/blood-2006-04-016451.



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

99. Pushpa Pandiyan, Lixin Zheng, Satoru lIshihara,
Jennifer Reed, Michael J Lenardo. CD4+CD25+-
Foxp3+ regulatory T cells induce cytokine de-
privation-mediated apoptosis of effector CD4+
T cells. Nat Immunol. 2007;8(12):1353-1362. DOI:
10.1038/ni1536.

100.Yeonseok Chung, Shinya Tanaka, Fuliang Chu,
Roza I. Nurieva, Gustavo J. Martinez, Seema Rawal,
Yi-Hong Wang, Hoyong Lim, Joseph M. Reynolds,
Xiao-hui Zhou, Hui-min Fan, Zhong-ming Liu, Sat-
tva S Neelapu, Chen Dong. Follicular regulatory T
cells expressing Foxp3 and Bcl-6 suppress germinal
center reactions. Nat Med. 2011;17(8):983-988.

101. Vudattu N.K., Herold K.C. Delayed anti-CD3 therapy

in a mouse heart transplant model induced tole-

rance and long-term survival of allograft: achieving
tolerance. Immunotherapy. 2013;5(11):1173-1176.

DOI: 10.2217/imt.13.113.

Barron L. et al. Cutting edge: mechanisms of IL-2-de-

pendent maintenance of functional regulatory T

cells. JImmunol. 2010;185(11):6426-6430.

103. Goudy K. et al. Human IL2RA null mutation mediates
immunodeficiency with lymphoproliferation and
autoimmunity. Clin Immunol. 2013;146(3):248-261.

104.Bezrodnik L. et al. Follicular bronchiolitis as pheno-
type associated with CD25 deficiency. Clin Exp Im-
munol. 2014;175(2):227-234.

105.Tang C., Gao Y., Wang L., Zhu Y., Pan Q., Zhang R,,
Xiong Y. Role of regulatory T cells in Schistoso-
ma-mediated protection against type 1 diabetes.
Mol. Cell. Endocrinol. 2019;491:110434.

106.Jansen K., Cevhertas L., Ma S., Satitsuksanoa P,
Akdis M., van de Veen W. Regulatory B cells, A
to Z. Allergy. 2021;76(9):2699-715. DOI: 10.1111/
all.14763.

107. Catalan D., Mansilla M.A., Ferrier A., Soto L., Olei-
nika K., Aguillén J.C. et al. Immunosuppressive
mechanisms of regulatory B cells. Front Immunol.
2021;12:611795. DOI: 10.3389/fimmu.2021.611795.

108.0uyang W., O'Garra A. IL-10 Family Cytokines IL-10
and IL-22: From Basic Science to Clinical Translation.
Immunity. 2019;50:871-891. DOI: 10.1016/j.immu-
ni.2019.03.020.

109. Saraiva M., Saraiva M., Vieira P, Vieira P, Vieira P,
O’Garra A., O'Garra A. Biology and therapeutic po-
tential of interleukin-10. J. Exp. Med. 2020;217:1-19.
DOI: 10.1084/jem.20190418.

102.

110.

111.

112.

113.

114.

115.

116.

17.

ISSN 2221-2582

Bluestone J.A., Buckner J.H., Herold K.C., Immu-
notherapy: building a bridge to a cure for type 1
diabetes. Science. 2021;373:510-516. DOI: 10.1126/
science.abh1654.

Rabin R.L., Levinson A.l. The nexus between ato-
pic disease and autoimmunity: a review of the
epidemiological and mechanistic literature. Clin.
Exp. Immunol. 2008;153:19-30. DOI: 10.1111/j.1365-
2249.2008.03679.x.

Araujo L.M., Lefort J., Nahori M.A. et al. Exacerbated
Th2-mediated airway inflammation and hyperres-
ponsiveness in autoimmune diabetes-prone NOD
mice: a critical role for CD1d-dependent NKT cells.
Eur J Immunol. 2004;34(2):327-335. DOI: 10.1002/
€ji.200324151._

Trembleau S., Penna G., Gregori S. IL-12 admi-
nistration accelerates autoimmune diabetes in
wild-type and IFN-gamma-deficient nonobese
diabetic mice, revealing pathogenic and protec-
tive effects of IL-12-induced IFN-gamma. J. Immu-
nol. 2003;170(11):5491-501. DOI: 10.4049/jimmu-
nol.170.11.5491.

Thomas Hoértenhuber, Wieland Kiess, Elke Froh-
lich-Reiterer, Klemens Raile, Rainer Stachow, Esther
Bollow, Birgit Rami-Merhar, Reinhard W. Holl. Asth-
ma in children and adolescents with type 1 diabe-
tes in Germany and Austria: Frequency and meta-
bolic control. Pediatr Diabetes. 2018;19(4):727-732.
DOI: 10.1111/pedi.12618.

Johanna Metsald, Annamari Lundqvist, Lauri J. Virta,
Minna Kaila, Mika Gissler, Suvi M. Virtanen, Jaakko
Nevalainen. Use of Antiasthmatic drugs and the risk
of type 1 diabetes in children: a Nationwide case-
cohort study. Am J Epidemiol. 2020;189(8):779-787.
DOI: 10.1093/aje/kwaa002.

Ahmadizar F., Souverein P.C., Arets H.G.M., de
Boer A., Maitland-van der Zee A.H. Asthma rela-
ted medication use and exacerbations in children
and adolescents with type 1 diabetes. Pediatr
Pulmonol. 2016;51(11):1113-1121. DOI: 10.1002/
ppul.23428.

Tianshi David Wu, Emily P. Brigham, Corinne A. Keet,
Todd T. Brown, Nadia N. Hansel, Meredith C. McCor-
mack. Association between pre-diabetes & diabe-
tes and asthma exacerbations in a claims-based
obese asthma cohort. J Allergy Clin Immunol Pract.
2019;7(6):1868-1873.e5. DOI: 10.1016/j.jaip.2019.02.02.

REVIEWS



ISSN 2221-2582 Children’s Medicine of the North-West
2024 /Vol.12 N2 2

UDC 616-053.34/.36+613.953.11/.2+613.287.84+613.221
DOI: 10.56871/CmN-W.2024.37.27.005

MODERN APPROACHES TO THE INTRODUCTION
OF SUPPLEMENTARY FEEDING TO NEWBORNS
AND CHILDREN OF THE FIRST YEAR OF LIFE. HOW RIGHT

© Svetlana E. Pavlova, Aleksandra S. Panchenko,
Larisa A. Fedorova, Anna A. Fomenko

Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation

Contact information:

Larisa A. Fedorova — Candidate of Medical Sciences, Associate Professor of the Department of Neonatology with courses in
Neurology and Obstetrics and Gynecology of the Faculty of Additional Postgraduate Education. E-mail: arslarissa@rambler.ru
ORCID: https://orcid.org/0000-0001-9747-762X SPIN: 5474-0902

For citation: Pavlova SE, Panchenko AS, Fedorova LA, Fomenko AA. Modern approaches to the introduction of supplementary feeding
to newborns and children of the first year of life. How right. Children’s Medicine of the North-West. 2024;12(2):67-73. DOI: https://doi.
org/10.56871/CmN-W.2024.37.27.005

Received: 12.02.2024 Revised: 27.03.2024 Accepted: 05.06.2024

Abstract. Over the past decades, under the auspices of the World Health Organization, a lot of work has been
done in all countries of the world to support breastfeeding among medical institutions and public organizations.
The importance of the formation of a dominant lactation and the provision of professional assistance to a nursing
woman is determined. These measures allow you to resolve temporary difficulties and maintain long-term
breastfeeding. If there are objective reasons for additional feeding of the child, the appointment of infant formula
should be justified and personalized.
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Pe3stome. Ha npoTakeHUM nocnegHux fecATUneTun nog arugon BcemmpHom opraHnsalnmm 3apaBooXpaHeHns BO
BCEX CTpaHax Mupa BefeTcA 6onbluas paboTa No nogaepskke rpyAHOro BCKAPMIMBAHUA CPEAN MEAVLIHCKAX YY-
pexaeHni n obLiecTBeHHbIX opraHm3auuin. OnpepeneHa BaXXHOCTb GOPMUPOBAHWA AOMUHAHTbI TAKTaLMM 1 OKa3a-
HUSA NPOodECCUOHANIBHON MOMOLLIY KOPMSLLEN XKeHLUMHE. [laHHble MePONPUATUS MO3BONAIOT Pa3peLLUNTb BPEMEHHbIE
CJIOKHOCTM U COXPAHUTb ANIUTENIbHOE FPyAHOE BCKapMviBaHUe. [Npy Hannunm o6 beKTVBHbBIX MPUYMH A4J1st SOKOPMa
pebeHKa HazHauYeHNe AETCKMX MOJIOYHbIX CMeCel AOMKHO OblTb 060CHOBaHHbBIM U NEPCOHNOULIMPOBAHHBIM.
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INTRODUCTION

The problem of nutrition of children of the first
year of life is particularly relevant in the modern
pediatrics [1, 2].

Increasing the prevalence of breastfeeding
(BF) is a target indicator of population health in-
dicators. Modern science defines breastfeeding as
the most important postnatal factor of long-term
metabolic programming and a factor of protec-
tion against “civilization’s diseases” in later life [3,
4]. Breast milk (BM) is recognized as the normative
standard in infant nutrition [5, 6].

Timing of breastfeeding and type of feeding
are key aspects in shaping a healthy generation
in the future. The task of all obstetric institutions
is to provide timely and professional medical care
for mother and child, as well as support breastfee-
ding, including the organization of optimal fee-
ding for newborns who cannot be breastfed [7].

It should be noted that in recent years there has
been data on the not necessarily prescription of
formula feeding (FF) in obstetric centers. Thus, ac-
cording to foreign studies, about half of newborn
premature infants received supplementary fee-
ding in the early neonatal period. In more than half
of these cases, there were no objective medical in-
dications for the administration of supplementary
feeding. These data should be in the centre of at-
tention because the administration of supplemen-
tary feeding, regardless of the amount of formula
in the first 48 hours, sharply reduces the readiness
for breastfeeding in the subsequent period [8].

In Russia, the practice of prescribing FF to
healthy newborns without clear justification also
occurs at the maternity hospital stage. The presc-
ription of FF in obstetric institutions should be
considered as part of therapeutic measures [9].

The association of early introduction of infant
formula feeding with the risk of infectious diseases
and increased cases of food allergy has been deter-
mined [10, 11]. Artificial formula feeding increases
the risk of metabolic syndrome, type 1 diabetes
mellitus, and cardiovascular diseases [12-14].

A World Health Organisation meta-analysis
showed an association between breastfeeding and
a low prevalence of overweight or obesity in later
life. Perhaps one mechanism for this protective ef-
fectis related to protein intake and energy metabo-
lism, which are lower in children who receive breast
milk compared to those fed cow's milk [13, 14].

Based on the results of scientific studies, it has
been suggested that the development of cardiovas-
cular diseases is programmed in infancy, and a pos-
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sible reason for the development of pathology is the
lack of breastfeeding in the first year of life [13, 14].

Data from epidemiological scientific studies
have shown a correlation between cow's milk
consumption and the incidence of type 1 diabetes
mellitus (DM). It is now suggested that the intro-
duction of infant formula into the diet of children
during the first months of life is a trigger that may
provoke the development of type 1 DM [15, 16].

Administration of supplementary feeding in
obstetric institutions: in the form of mixtures based
on cow's milk proteins increases the risk of deve-
loping allergy to these proteins by 7 times [17].
It has been established that even a single use of
formula leads to an increased risk of allergy deve-
lopment regardless of the amount of formula [18].

There is strong evidence on the role of the gut
microbiota in the development of food allergy.
Gut microbiota is involved in the formation of oral
tolerance. Altered gastrointestinal flora is one of
the links in the pathogenesis of a food allergy.
There is an evidence that the addition of formulas
affects the composition of gut microbiota of the
child. The result of this effect is a decrease in the
number of bifido- and lactobacilli necessary for
competition with opportunistic microorganisms,
for the production of short-chain fatty acids and,
most importantly, for the stimulation of mucosal
immunity [10, 19, 20].

The influence of breastfeeding on the forma-
tion of child behaviour and intelligence has been
proven. Numerous mechanisms of this influence
have been described. The concept of the microbio-
ta-gut-brain axis deserves special attention [21, 22].

Breastfeeding contributes to optimal physi-
cal and psychological health and enhances the
child's mental and cognitive abilities [23, 24].
A well-known large-scale prospective study found
a direct correlation between the duration of
breastfeeding during the first year of life, speech
development and intellectual ability [23, 25].

It should be noted that not all mothers are able
to breastfeed after birth, and not all children are
able to breastfeed.

In the Russian Federation, the absolute con-
traindications for breastfeeding a child from the
mother's side are: HIV infection, acute mental dis-
orders, particularly dangerous infections, open
form of tuberculosis, carrier of T-lymphotropic
virus, treatment with cytostatic and radioactive
drugs. The presence of a number of congenital
metabolic diseases in children are absolute cont-
raindications to breastfeeding [26, 271].
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The awareness of a lactating woman about the
occurrence of lactation crises is important for the
preservation and maintenance of lactation. It is
known that lactation crises occur 3—-4 weeks after
delivery, in the 3-4th and 7-8th months. The du-
ration of lactation crises is 3-5 days. As a rule, al-
ready after 6-8 days more milk is being produced.

During this period of life, it is recommended to
frequently apply the baby to the breast, adequate
rest, plenty of warm drink, contrast shower on the
area of the mammary glands before feeding, light
massage of the mammary gland. A positive atti-
tude of the mother and orientation of all family
members to support breastfeeding are important,
which will help to avoid unjustified transfer of the
child to formula feeding [26, 28].

SUPPLEMENTARY FEEDING

The program for optimising infant feeding in the
first year of life provides clear recommendations on
the introduction of supplementary feeding in new-
borns and children in the first year of life [26]. When
introducing supplementary feeding in the neonatal
period, the physician should first of all be guided by
the initial weight loss of the child, which normally
should not exceed 10% by the third day [29].

The causes of pathological loss of initial body
mass on the part of both mother and child (e.g.
hypogalactia, anatomical features of the mam-
mary gland, dysphagia, newborn depression syn-
drome) should also be taken into account.

The protocol of the International Academy of
Breastfeeding Medicine emphasises that the first
choice of supplementary feeding is decanted mo-
ther's milk, donor milk and, only in exceptional cases,
infant formula. At the same time, mixtures based on
partial protein hydrolysis are the most preferable [30].

It has been established that if supplementary
feeding is necessary for a child from 2-3 days of life
(loss of 5-6% of body mass 1 day after birth, 7-8% —
after 2 days), supplementary feeding in the amount
of 10 ml does not affect lactation [31]. In case of
>10% body mass loss, the amount of supplementary
feeding per feeding can be at least 20 ml [32].

On the 1st September 2021, new sanitary and
epidemiological rules and regulations SanPiN
3.3686-21 came into effect, according to which
the decanted milk of the mother can be used for
delayed feeding of the child without subjecting
breast milk to special treatment [33].

In 2014, the Scientific Centre for Child Health
of the Russian Ministry of Health opened the first
donor breast milk bank in the Russian Federation
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(RF), and then two more breast milk banks were
opened (in Ufa and Chelyabinsk) [33].

Another negative aspect of early introduction of
supplementary feeding is the decrease in the pre-
valence and duration of breastfeeding. A systematic
review and meta-analysis of 9 prospective studies
on the effect of introducing breastmilk substitutes
to newborns between 4 days and 4 weeks post-
partum on the results of breastfeeding duration
showed that this practice is a statistically significant
risk factor for shorter breastfeeding duration [34].

According to the Programme for the Optimi-
sation of Infant Feeding in the First Year of Life,
insufficient weight gain in the first month of life
is the basis for the introduction of supplementary
feeding (a gain of less than 400 g in the first month
of life is pathological). Children with weight gain
for the first month of life in the range from 400 to
600 g, require an individual approach. This allows
timely prescription of measures aimed at stimu-
lating lactation and, if necessary, supplementa-
tion with infant formula [26, 35].

A rising weight curve centred on standardised
growth scales is used to assess and correct any sup-
plementary feeding interventions. Check-weighing
can be performed either weekly or daily, depen-
ding on the achievement of optimal weight gain
(26-30 g/day should be considered normal) [26, 36].

The approximate normal weekly weight gain in
the first 3 months of life is 180-200 g per week, and
120-130 g per week at the age of 3-6 months [26].
Control weights are not an objective indication of
lactation adequacy and allow to estimate only the
amount of breast milk received by the child.

It is necessary to take into account the degree of
morphofunctional maturity of the child, features of
his physical development, allergological anamne-
sis, and the presence of functional disorders during
choosing a product for supplementary feeding [37].
An important criterion for the correct choice of an
infant formula is its good tolerability: an absence
of dyspeptic disorders and allergic rashes.

There is no convincing evidence on the ad-
vantages of any of the used methods of supple-
mentary feeding, as well as the presence of risks
in their use. A baby can be fed in different ways,
either from a bottle or from a cup/spoon. In each
case, the doctor makes a decision depending on
the individual characteristics of the child and the
mother's preferences [26].

It is necessary to strive to ensure that infant for-
mula feeding is temporary, administered in a lim-
ited amount, carried out against the background
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of lactation stimulation and cancelled in a timely
manner if the child has stable (over several days)
weight gain of at least 20-30 g/day [26].

CONCLUSION

The introduction of supplementary feeding or
complete conversion of a child to formula feeding
should be strictly justified and carried out only when
the need to introduce formula into the child's diet is
objective, and the entire arsenal of means aimed at
stimulating lactation has proved ineffective. None,
even the most modern formula can serve as a full-
fledged substitute for mother's milk [37].

An effective measure to support lactation in the
mother and to maintain successful breastfeeding
in case of inability to breastfeed is feeding the child
with decanted breast milk. The use of decanted
breast milk without heat treatment maximises the
preservation of its biological value. The existing
developed and approved recommendations on
the organisation of individual breast milk banking
in children's medical institutions and at home will
certainly contribute to increasing the prevalence of
breastfeeding in the Russian Federation [33]. Only
the joint work of medical and public organisations
will make it possible to maximise the implementa-
tion of the program to optimise the breastfeeding
of children in the first year of life [38].
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OONOJIHUTENbHAA NHOOPMAL A

Bknapg aBTOpOB. BCe aBTOPbI BHEC/M CYLLECTBEH-
HbI BKMaf B pa3paboTKy KoHLUenuuu, nposefe-
HMe NCCnefoBaHNA U NOAMOTOBKY CTaTby, MPOYSIN 1
ono6punu GrHanbHyo BepCUto nepes Nyonmkaumei.

KoH}nuKT nHtepecoB. ABTOPbI AeKNapupyoT
OTCYTCTBUE ABHbIX Y MOTEHLMANbHbIX KOHGIMKTOB
WHTEepPEeCOB, CBA3aHHbIX C Ny6nuKauuen HacTos-
Len cTatbu.

UcTtouHuK ¢puHaHcmpoBaHMA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUN BHELHEro GrHaHCMPOBaHNWA
npv NPoOBeAeHNN NCCIefoBaHKA.
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Abstract. The article presents a review of the scientific literature on the peculiarities of the composition of goat's
milk. It is noted that whole milk of any farm animals, including goats, is not recommended for use by infants, since
their composition does not correspond to breast milk and the body of infants is not capable of adequate digestion
and assimilation of phylogenetically unsupported food. It is reflected that the use of innovative technologies in
the production of adapted dairy formulas based on goat’s milk for infants allows you to preserve all the natural
valuable components of raw materials. Clinical studies confirming the effectiveness of using starter formulas
based on goat’s milk are presented.
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JIMWWEHHBIX TPYAHOI O MOJIOKA
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Pesiome. B cTaTbe npeacTaBieH 0630p HayYHOW MTepaTypbl MO OCOGEHHOCTAM COCTaBa KO3bero mosoka. Ot-
MEUYEHO, UYTO LIeJIbHOE MOJIOKO JIObIX CeJIbCKOXO3ANCTBEHHbIX XMBOTHbBIX, B TOM YMCIIE U KO3, HE PEKOMEHO-
BaHO A/iA ynoTpebneHna AeTbMM rpyLHOrO BO3PACTa, Tak KaK MX COCTaB HE COOTBETCTBYET rpyAHOMY MOJIOKY U
OpraHv3m MnafeHLeB He CNocobeH K afleKBaTHOMY NMepeBapriBaHMIO Y YCBOEHWUIO GUNOreHeTMYECKN He npea-
YyCMOTPEHHOM nuwy. OTpaXkeHo, YTo NPYMEHEHNE NHHOBALIMIOHHbIX TEXHOMOTIA MPU MPOU3BOACTBE afanTMpo-
BAHHbIX MOJTIOYHbIX pOPMYJT Ha OCHOBE KO3bEro MOJTOKa /st MJTAEHLIEB MO3BOJIAET COXPAHUTD BCE ECTECTBEHHbIE
LieHHbIe KOMMOHEHTbI cbipbA. MpuBEAEHbI KNIMHMYECKME UCCefoBaHNA, MOATBEPKAaoLWMe 3GbEKTUBHOCTD MC-
Nosb30BaHUA CTapTOBbIX GOPMYJT HA OCHOBE KO3bEro MOJIoKa.

KnioueBble cnioBa: 2py0HOe MOJIOKO, KOpOBbe MOJIOKO, KO3be MOJIOKO, aST-KazeuH, aS2-kazeuH, [-KazeuH,
B-kazomopguH, onuzocaxapa, adanmupo8aHHAs MOJIOYHAs hopMya
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INTRODUCTION

A complete, properly organised diet can have
a protective long-term effect on human health.
This is especially relevant for the growing orga-
nism, since the transition to lactotrophic nutrition
triggers significant processes in it: the formation
of the gut microbiome, epithelial barrier, immune
and central nervous systems [1].

Despite the widespread use of cow's milk and
products prepared on its basis in the nutrition of
children and adults, goat's milk (GM) has attrac-
ted and continues to attract special interest of
the peoples of different countries of the world for
many centuries.

Traditionally, GM was prescribed in Ayurvedic
practice (Ayurveda is the art of healthy lifestyle,
in which all harmful environmental influences are
powerless before perfect health) as a medicine.
Abu Ali ibn Sina (Avicenna) wrote about its useful-
ness, stating that it preserves health and mental
clarity. Hippocrates used the healing properties of
this product to treat lung and stomach diseases.

In the Middle Ages, cheese made from GM was
widely used to treat children with rickets.

In the early twentieth century, the trigger for
the study of the beneficial qualities and compo-
sition of GM was the observation of infants who
did not receive mother's milk. The mortality rate
of children whose diets used goat's milk instead
of breast milk (BM) was significantly lower than
among those fed cow's milk.

In 1900 Paris Academy of Medical Sciences of-
ficially recognised GM as a highly dietary product
and recommended it for the nutrition of children
and people with poor health. In Russia children's
doctor and nutritionist V.N. Zhuk, author of the
popular book ‘Mother and Child’, was an active
propagandist of GM. With his active support and
participation, a farm was organised in the suburbs
of St. Petersburg to breed a special species of
goat, brought by special order of the government
from Switzerland [2].

Currently, the benefits of GM consumption for
the human body are actively discussed, including
hypoallergenicity, improvement of gastrointes-
tinal disorders, growth rate, bone mineral den-
sity, blood serum levels of cholesterol, calcium,
vitamin A, thiamine, riboflavin, niacin and others.
However, most claims about the benefits of GM
are based on unofficial data that are used in in-
dustry promotional materials and in the media [3].

For example, one of the main characteristics of
GM that has contributed to its appeal as an alter-
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native to cow's milk is its lower allergenicity. Thus,
to avoid consuming cow's milk in children with
intolerance, families often switch to goat's milk.
Until the 1990s, there were sporadic studies indi-
cating its weak sensitisation to cow's milk protein
allergy (CMPA) [4, 5].

CMPA is the most common food allergy in ear-
ly childhood, while in adults the remission rate to
this protein is 85-90% [6]. In a review published in
J. Dairy Sci (1980) it was noted that in many cases
the clinical picture of CMPA did not improve when
patients were transferred to GM [7].

C. Ballabio et al. (2011) examined individual
milk samples from 25 goats with different geno-
types of aS1-CN (the largest of the three subfrac-
tions of a-casein) by SDS-PAGE and immunoblot-
ting (IB) using monoclonal antibodies specific to
bovine a-casein (a-CN) and sera from children al-
lergic to cow's milk and showed that GM sensitisa-
tion is a function of the aS1-CN genetic polymor-
phism. Lower reactivity was observed for samples
with aS1-CN null genotypes (0101 or 01F). This
work confirmed that caution should be exercised
before offering GM to patients with CMPA as an
alternative product [8].

The same conclusion was reached by M. Lisson
et al. (2014), who indicated that although genetic
variants of ruminant caseins differ in their aller-
genicity, they are highly homologous (>80-90%)
and have similar structural, functional and bi-
ological properties. For example, the sequen-
ces of as1-, as2- and -caseins of cow, goat and
sheep have 87-98% homology [9]. Therefore, the
cross-reactivity of goat and buffalo IgE antibodies
with cow's milk caseins limits the use of products
based on them in patients with CMPA [10].

Currently, it is recommended to prescribe
products based on deep hydrolysis of bovine pro-
tein (whey or casein) or amino acid formulas for
children with CMPA, depending on the form and
severity [11, 12].

MAIN DIFFERENCES BETWEEN GOAT'S
AND COW'S MILK

1. Protein component of milk

Goat and cow's milk are casein-dominant pro-
ducts as the major proteins are represented by
80% casein (CN) and only 20% whey proteins
(globulins — B-LG and albumin — a-LA).

Analysis of the composition of major nutri-
tional milk samples conducted at National Milk
Laboratories (Wolverhampton, UK, 2019) noted
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that compared to cow's milk, GM has a lower con-
centration of total protein and casein in particu-
lar [13].

The casein fraction includes different types:
aS1-CN, aS2-CN, aS3-CN (the aS3-CN fraction is
less than 3%, so it is rarely mentioned in the lite-
rature), 3-CN, k-CN [7].

GM proteins are different from cow's milk pro-
teins. The former is dominated by low molecular
weight proteins (a-LA and 3-CN), which facilitates
their digestion by proteolytic enzymes, reduces
sensitisation and allergic attitudes not only from
the gastrointestinal tract (GIT), but also from the
whole organism [7]. In addition, M.E. Pintado and
F.X. Malcata (2000) found faster hydrolysis and di-
gestion of B-lactoglobulin by GM [14] and S. Bevi-
lacqua (2001) suggested that low aS1-CN content
in GM contributes to more efficient digestion of
-lactoglobulin [15].

At the turn of the century, the properties of
a-casein GM were actively studied. The hypothe-
sis of genetic regulation of aS1-CN production has
been proposed. At least 10 different genetic vari-
ants were found to affect the expression of aS1-
CN phenotype, which are related to goat breed,
milk composition and coagulation properties [16,
171. Later, it was reported that in goats, about 16
alleles are associated with aS1-CN protein synthe-
sis [18].

C. Cebo et al. (2012) in their work showed that
genetic polymorphisms in the aS1-CN locus af-
fect both the structure and composition of milk
fat globules. It has even been observed that in
mid-lactation, goats with the aS1-CN genotype
produce larger fat globules with low levels of polar
lipids in the milk fat globule membrane (MFGM)
than goats with the aS1-CN null genotype [19].

Recently, the B-casein protein fraction has
gained clinical importance. The gene responsible
for B-CN production has two common alleles, A1
and A2, which are characterised by the presence
of different amino acids at the 67th position. Thus,
the A1 allele contains the amino acid histidine,
while A2 contains proline. In the milk of goats
and sheep, B-CN-A1 is practically absent and the
milk of these animals is sometimes called A2 milk
[20, 21].

Under the action of peptidases [-CN-A1
[3-casomorphins are formed in the stomach from
[3-CN-A1: BCM-5, BCM-7, BCM-9, which can act as
ligands to opioid receptors. In animal experiments
it was shown that oral administration of B-caso-
morphins affects the motility of the digestive tract
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and exhibits analgesic effect [9, 22, 23]. It does not
occur when -CN-A2 is digested [21, 24].

BCM-7 has been found to slow intestinal mo-
tility, cause abdominal bloating, abdominal pain,
and increase the synthesis of proinflammatory
cytokines (myeloperoxidase and IL-4) and faecal
calprotectin [20, 25, 26].

In a study by J.S.J. Chia et al. (2017) provided
evidence that BCM-7, derived from [-CN-A1,
serves as a trigger for the development of type 1
diabetes mellitus in people with hereditary pre-
disposition [27]. In addition, BCM-7 is considered
as a possible cause of the development of sudden
death syndrome in children and the formation of
neuropsychiatric disorders such as autism and
schizophrenia [28].

The difference in the digestion of goat and cow
milk proteins in vitro has been noted. Thus, 96%
of goat casein is completely hydrolysed by trypsin
and only 76-90% of cow casein [29]. The low con-
tent or complete absence of aS1-casein in GM, as
shown above, with a relatively high albumin con-
tent, favours the formation of a soft, delicate clot
and small loose flakes, facilitating the digestion of
milk by proteolytic enzymes [15, 21, 26-31].

GM differs little from cow's milk in amino-acid
composition. GM contains slightly more leucine,
while cow's milk contains isoleucine. The amount
of valine is similar in both types of milk. GM has
a relatively lower content of the essential amino
acid lysine, but a higher level of the essential ami-
no acid histidine, which is essential for children,
and the sulfur-containing amino acid cystine,
which is able to bind heavy metals and is recog-
nised as a powerful antioxidant [32].

It is especially necessary to note the high level
of taurine in GM, which is 20-40 times higher than
in cows' milk [33]. Taurine is involved in the forma-
tion of bile acid salts, osmoregulation, antioxidant
defence, calcium transport, central nervous sys-
tem activity, blood pressure regulation, reduces
cardiovascular disorders [34], increases tolerance
to physical activity, due to which it is often used in
combination with steroids to improve metabolic
processes [35].

Of particularimportance are the growth factors
contained in GM, which can stimulate cell growth
and the expression of various functions. In studies
on laboratory animals it was found that transfor-
ming growth factor 3 (TGF-f) reduces the severity
of inflammatory reaction, induces the synthesis
of secretory IgA in the intestine and participates
in the formation of immunological tolerance [36,
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371. Insulin-like growth factor 1 (IGF-1) regulates
the growth processes of bone and cartilage tissue,
thus providing prevention of osteoporosis, and
also stimulates gut maturation in rats [36, 38].

It should be noted that both cow's and GM
have a complex plasmin enzyme system consis-
ting of plasmin (PL), plasminogen (PG), plasmino-
gen activators (PA), plasminogen activator inhi-
bitors [39].

For the first time I. Politis et al. (1994) demon-
strated that tissue plasminogen activators (t-PA)
are located in casein and serum fractions of GM,
and urokinase plasminogen activators (u-PA), in
addition, in somatic cells [39].

Electrophoretic studies by A.J. Trujillo (1997)
showed that plasmin hydrolyses the same regions
of B-casein in bovine and GM [40]. The plasmin
system is also involved in mammary involution.
Moreover, higher PL and PA activity is observed in
late lactation of cows [41].

The effect of casein fractions on the state of
intestinal microbiota was evaluated by sequen-
cing of 16SrRNA gene in experimental animals.
The study revealed correlation of B-casein with
bacteria of Enterococcus and Allobaculum genera,
and aS1-casein — with microorganisms of Akker-
mansia, Bifidobacterium and Eubacterium genera.
It was observed that the formation of the intes-
tinal microbiome was slightly more active when
mice were fed with GM, and the metabolic rates of
pyruvate, nucleotides and linoleic acid were sig-
nificantly higher than with cow's milk [42].

In a recent study, the benefits of GM peptides
were investigated and proved that they have
the potential to inhibit IL-6 overexpression and
control COVID-19 disease. In this study, peptides
derived from B-lactoglobulin, which inactivates
both the virus and its receptors in the host cell,
were identified using in silico computer analysis.
The following candidate peptides were studied:
YLGYLEQLLR, VLVLDTDYK and AMKPWIQPK with
strong conformations demonstrated the ability
to bind to the IL-6 receptor, inhibiting the activity
of SARS-CoV-2 virus without adversely affecting
other proteins of the immune system [43].

2. Fat component of milk

Goat's milk fat resembles cow's milk fat in rela-
tion to the lipid fractions of whole milk and cream,
containing 97 to 99% free lipids, of which 97% are
in the form of triglycerides. Bound lipids (1-3%)
are represented by neutral fat, glycolipids and
phospholipids.
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The main distinguishing criteria of GM fat com-
position are, firstly, the relatively small size of fat
globules, which are about 10 times smaller than
those of cow's milk, and, secondly, the fact that
non-fat GM has more free lipids than cow's milk
[7, 44].

GM lacks agglutinin, which ‘glues’ fat globules
together. Therefore, the small globules create a
larger surface area available for the action of pan-
creatic lipase, providing a relatively high digesti-
bility of GM fat compared to cow’s milk fat [44, 45].

In addition, a peculiarity of GM fat is its fat-
ty acid composition: it has a significantly higher
content of short- and medium-chain fatty acids
(SCFAs and MFAs: caproic, caprylic, caprine, lauric
and myristic acids [7]).

It is well known that SCFAs are an energetic
substrate for enterocytes that repair damaged
intestinal mucosal cells, which improves nutrient
transport across the basolateral membrane [46].

MFAs are absorbed in the intestine directly
into the venous network, bypassing the lymphatic
network, without the involvement of pancreatic
lipase and bile acids, which facilitates the diges-
tion of goat fat, unlike cow fat [47].

SCFAs and MFAs have antibacterial and antivi-
ral properties and dissolve cholesterol deposits.

In terms of unsaturated fatty acid content,
GM is superior to cows' milk as it includes higher
amounts of monounsaturated (MUFA) and poly-
unsaturated fatty acids (PUFA) with their deriva-
tives such as eicosapentaenoic acid (EPA), docosa-
pentaenoic acid (DPA) and docosahexaenoic acid
(DHA), which have beneficial effects on all human
tissues and organs [7, 13].

The lipoprotein lipase (LPL) system of GM is
lower than that of cows. It is more tightly bound
to fat globules (compared to casein micelles in
cows) and has a pronounced correlation with
spontaneous lipolysis (lipolysis at 4 °C). LPL acti-
vity in animals is affected by the stage of lactation,
milking frequency, starvation and lipid supple-
mentation [48].

3. Carbohydrate component of milk

The main carbohydrate in GM, as in any other
milk, is lactose, the concentration of which is com-
parable in goat and cow's milk.

The second carbohydrate ingredient of GM is
oligosaccharides, the level of which is 4-10 times
higher and the "palette" of their structure is more
diverse than in cow's milk [49-52]. In total, GM con-
tains about 40 different oligosaccharides [52, 53].
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The profile of oligosaccharides, in contrast to
cow's milk, is similar to breast milk oligosaccha-
rides (BMOs). Therefore, they can be considered
as a natural source of human oligosaccharides
with positive effects on the health of GM recei-
vers [54].

The functions of oligosaccharides are related
to biological and antibacterial properties. Rea-
ching the small intestine, oligosaccharides stimu-
late the growth of commensal microbiota, block
pathogen receptors, inhibit the thermostable
fraction of E. coli enterotoxin, and inhibit the inter-
action between leukocytes and endothelial cells,
thus fulfilling an anti-inflammatory function [54].

The anti-inflammatory effect of oligosaccha-
rides was demonstrated in experimental animal
models with hapten-induced and dextran-sul-
fate-sodium induced colitis [55, 56].

4. Mineral substances and vitamins of milk

Minerals are essential to the human body as
they play many vital functions including, but not
limited to, activation of cofactors, enzymes, me-
talloproteins, bone formation, oxygen transport,
and others.

Milk from goats and cows contains high con-
gruent concentrations of calcium and phospho-
rus. At the same time, the GM content of iodine,
potassium, copper, manganese, molybdenum is
higher, and sodium, sulphur, zinc — lower than in
cow's milk [57].

Some articles report lower iron values in GM
[58, 59], which is attributed to genetic variability
of dairy goat breeds, climatic and geographical
zones of pasture location, and differences in feed
composition. But, despite this, in some experi-
mental studies the better bioavailability of iron
and calcium from GM compared to cow's milk was
noted [60, 61].

As in any milk, in the milk of the discussed farm
animals determine almost identical content of
some vitamins, namely: B;, B,, B;, D [15, 57, 62].
However, there are also differences. Thus, in GM,
compared to cows, the level of ascorbic acid and
retinol is higher, while folate and vitamin B,,,
necessary for normal hematopoiesis, are lower
(61, 62].

Insufficient content in GM of a number of es-
sential nutritional factors, vitamins and trace ele-
ments, in particular, vitamin B,,, folic acid and iron
can lead to anaemia, accompanied by disorders in
the development of the central nervous system
and the formation of the immune response.
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An illustration of the above is the work of
C.A. Elvehjem (1953), which was carried out in the
middle of the last century, but has not lost rele-
vance and today. In his scientific work the author
showed that when rats were fed GM they had a
slower growth rate than when they were given
cow's milk. The addition of folic acid and cyanoco-
balamin to the diet of laboratory animals helped
to accelerate growth performance. Apart from
experimental studies, clinical observations have
recorded cases of severe anaemia in infants asso-
ciated with receiving GM. In this regard, the term
“goat milk anaemia” was even introduced [63].

Folic acid and vitamin B,, deficiency in chil-
dren receiving GM exclusively was the subject of
research in 1970 on megaloblastic anaemia and
continues to be a concern today [64-66].

5. Cellular components of milk

It has long been known that goat milk natu-
rally contains increased levels of somatic cells
(SCC) and some isoflavonoids compared to cows
due to the apocrine secretory system of the mam-
mary gland [13, 67]. The special live SCC defence
cells destroy pathogenic bacteria in the gut and
stimulate the growth of beneficial microbiota.
Phytoestrogens, including lignans, isoflavones,
and coumestans (particularly equol), have been
associated with the reduced risk of cardiovascu-
lar disease, type 2 diabetes mellitus, cancer, and
symptoms of osteoporosis, metabolic syndrome,
and menopause [13].

GOAT MILK-BASED FORMULAS

Although BF is the most appropriate way to
feed infants in the first months of life, most infants
stop receiving the mother's breast during this pe-
riod of life [68-72].

According to the Federal State Statistics Ser-
vice of Russia, as of December 2020, the num-
ber of children receiving mother's breast from
3 to 6 months of age was 43.9% and from 6 to
12 months — 39.2% [71]. At the same time, the
average duration of only BF (when a child receives
only the breast of his/her biological mother) cor-
responded to only one month against the WHO
recommended 6 months, predominantly BF
(along with breast milk, irreqular supplementa-
tion with formula milk in the amount of no more
than 100 ml per day or other liquid/thick food in
the amount of no more than 30.0 ml per day is
possible) — 4 months, and the total duration of
BF (only BF + predominantly BF) — 10.6 months
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[72]. Among all regions of the Russian Federation,
Moscow has the lowest duration of BF: only BF —
0.3 months, predominantly BF — 2 months, any
BF — up to 6 months on average. This low fre-
quency of BF is most likely due to the intensity of
life in the country's largest metropolitan area and
the mother's earlier retirement from her maternity
leave [73].

There are different reasons and circumstances
in which a child is deprived of mother's milk. But
whatever the case, it should always be remem-
bered that the introduction of complementary
feeding or complete transfer of the child to arti-
ficial feeding (AF) should be strictly justified and
carried out only when the need to introduce milk
formula into the child's diet is objective, and the
entire arsenal of means aimed at stimulating lac-
tation has proved ineffective.

In such a situation, the paediatrician is always
faced with the difficult question of choosing a
high-quality milk formula, which, although deve-
loped with maximum adaptation of farm animal
milk to the composition of breast milk, can never
be a complete copy of it.

The growth in global GM production has
prompted the creation of milk formulas and the
entire line of infant nutrition products based onit,
since whole milk from ruminants, including goats,
is not recommended for consumption by infants.
This restriction is due to the mismatch of GM com-
position with female composition and the imper-
fection of the infant's gastrointestinal tract to di-
gest and assimilate phylogenetically not provided
food [74-76]. Scientists have proved that con-
sumption of any kind of whole milk (goats, cows,
sheeps, etc.) with high concentration of protein
and mineral compounds by children of the first
year of life disturbs the function of kidneys, liver,
secretory activity of the digestive tract, irritates
the intestinal mucosa with subsequent develop-
ment of microdiapedesis haemorrhages, increa-
ses intestinal permeability for food proteins, cau-
sing sensitisation and azotemia [62, 74].

In connection with the foregoing, despite the
good digestibility of GM milk protein, fat, micro-
elements in adults, for the nutrition of infants, it
is necessary to use infant formulas based on it, to
the maximum extent adapted to the “gold stan-
dard”: the composition of women's milk [74, 77].

Goat milk-based infant formulas (GMF), which
are approved by the European Food Safety Au-
thority (EFSA), are available in many countries of
the world, including Russia [78].
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A systematic review and meta-analysis of four
randomised controlled trials (RCTs) conducted
in accordance with the recommendations of the
Cochrane Guidelines [79] summarised the current
evidence on the effectiveness of goat milk-based
starter formulas (GMF) compared with identical
cow's milk-based formulas (CMF) and presented
the results in accordance with the Reporting for
Systematic Reviews and Meta-Analyses (PRISMA)
[80]. Children on exclusively BF served as controls.
The data presented showed no significant diffe-
rences in anthropometric parameters and stool
frequency, or in symptoms of food allergy and/or
atopic dermatitis between children fed GMF com-
pared to CMF. Adverse events were similar in both
groups [81].

There is no doubt that GM has high nutritio-
nal value and beneficial properties [82, 83]. RCTs
have proved the adequacy of using GMF in the
nutrition of both healthy infants and infants with
severe nutritional deficiencies in comparison
with CMF. The dynamics of weight-growth gains
on the background of receiving the investigated
products in the groups were identical [84, 85].

To confirm the safety and biological value of
GMF, itis necessary to assess the taste preferences
of young patients, since the sensory characteris-
tics of infant milk formulas are the key factor cont-
ributing to their acceptance by a child on formula
feeding.

Most studies have investigated the palatability
of conventional CMF compared to formulas based
on soya or deep hydrolysis of BKM [86-89].

A multicentre, double-blind, multicentre RCT
conducted in and around Paris evaluated the
eating behaviour and appetite of children in the
first four months of life on AF. A total of 64 healthy
infants participated in the study and were divided
into two groups based on the product offered
(GMF and CMF). The authors noted that infants
who received GMF showed better overall appetite
than infants who were fed with CMF. This diver-
sity in infants preference may have been due to
differences in the composition of these formu-
las, namely protein and lipid profiles. In addition,
babies fed GMF had a better quality of life. There
was no difference in food enjoyment between the
groups [90]. These results suggest that GMF may
be an attractive alternative to CMF.

The composition of GMF is not significantly
different from CMF, but there are some special
characteristics that provide the former product
with technological (physicochemical) advantages
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[74,77,91,92]. This is most likely due to the com-
position of the raw materials used for the produc-
tion of these formulations. The composition of
milk nutrients has been found to be influenced by
several factors, the most significant of which are
considered to be: type and age of animal, breed,
method of animal husbandry, season of milk col-
lection, milking method, diet and duration of lac-
tation [93-95]. For example, H.C. Lythgoe directly
analysed 335 samples from individual goats from
21 herdsin Massachusetts backin 1940. Milk samp-
les were collected over a period of 16 months. The
work confirmed high individual and seasonal va-
riability in total solids content. This was primarily
related to variability in the fat component, which
was more pronounced in goats than in cows [96].

Recently, much attention in the development
of infant formulas has been paid to biological-
ly active components such as free amino acids,
nucleotides, polyamines, and growth factors be-
cause they are contained in breast milk [77].

The use of innovative technologies in the ma-
nufacture of adapted products for infants makes
it possible to preserve all those valuable natural
components present in whole GM and to balance
its composition in accordance with regulatory
documents [97, 98].

In the formulas, as in whole milk, a-lactalbumin
and B-CN remain dominant, with B-CN-A2, and
aS1-CN is practically absent, which resembles the
protein composition of women's milk. Due to this
combination of proteins, it is possible to reduce
the symptoms of digestive discomfort (such as
colic, bloating, abdominal pain, defecation diffi-
culties) in infants [74, 77].

The fat component of the formula is enriched
with essential PUFAs of the omega-3 and omega-6
class, and recently their derivatives: docosahexae-
noic (DHA) and arachidonic (ARA) fatty acids have
been introduced. This brings the composition of
the product closer to the fatty acid spectrum of
breast milk. The biological role of long-chain PUFAs
is in the synthesis of eicosanoids (prostaglandins
and leukotrienes) that regulate the processes of
inflammation and immune response, as well as in
the formation of virtually all cell membranes of the
body, especially in nerve cells of the brain and eyes.
DHA makes up about 40% of all polyunsaturated
fats found in the human brain. Formulas manage
to retain small-sized fat globules [74, 77].

Thetotallactose content of theformulasis close
to the recommended content. Oligosaccharides
are naturally present in infant GMFs. In a study by
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A. Leong et al. (2019) investigated the prebiotic
and anti-infective properties of natural oligosac-
charides in infant formulas (starter and follow-up)
based on goat's milk. The results proved the bi-
fidogenic (enhanced growth of bifidobacteria and
lactobacilli) and antipathogenic adhesive proper-
ties (reduced adhesion of E. coli NCTC 10418 and
S. typhimurium) of the oligosaccharides present in
the products. In addition, 14 oligosaccharides si-
milar to those found in whole GM were identified
in the formulas. Of these, five (2'-fucosyl-lactose,
3'-sialyl-lactose, 6'-sialyl-lactose, lacto-N-hexaose
and lacto-N-neotetraose) were found to be identi-
cal to breast milk oligosaccharides (BMO). Of great
importance, these 14 studied GMFs retained their
properties during heat treatment during formula
production [52-54].

Dairy GMFs contain vitamins and minerals
according to the physiological needs of children.

Considering the low level of vitamins E, C, B,,,
folic acid, iron in GM, these important nutrients
are necessarily added to the composition of the
products. In addition, they are introduced: L-car-
nitine, taurine, choline, nucleotides, which fa-
vourably affect metabolic processes in the body,
brain and vision development, maturation of the
immune and digestive systems [74, 77].

An extremely important aspect in the deve-
lopment of milk formulas is the osmolality index
(the number of osmotically active particles in
1 litre of solution), which is determined by the
concentration of proteins and salts. The permis-
sible concentration is calculated in such a way
that the kidney load is within the capacity of the
infant's body. The osmolality of breast milk is
240-280 mOsm/I, which corresponds to the capa-
bilities of the child's organism. It is no coincidence
that these values serve as the “gold standard” and
are recommended by WHO for starter milk formu-
las [97, 98].

CONCLUSION

Thus, milk formulas, especially starter formulas
based on goat's milk, have a strictly balanced mac-
ro- and micronutrient composition, are enriched
with essential nutritional factors, comply with
sanitary and hygienic requirements for this cate-
gory of food products to ensure optimal growth
and development of infants, which allows us to
consider them as an alternative to modern infant
formulas based on cow's milk and to use them in
the nutrition of not only healthy infants, but also
in the presence of a mild form of malnutrition.
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AONOJIHUTEJZIbHAA UHOOPMALNA

ABTOp Npountan n ogobpun GprHanNbHy Bep-

cuo nepeg nybnukaymen.

UcTouHnk ¢puHaHcmpoBaHuA. ABTOp 3asB-

naet o6 OTCYTCTB/M BHELUHETO cl)vnHchmposava
npun npoeeaeHnn nccnegoBaHnMA.
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Abstract. The active growth and development of a child may be accompanied by disorders of bone metabolism, and
if the child has a chronic pathology of the gastrointestinal tract, then the risk of a decrease in bone mineral density
increases manifold. Gluten intolerance is often accompanied by disturbances in nutritional status, in particular
changes in bone tissue. An important aspect of dynamic monitoring of patients with celiac disease is monitoring
the state of bone mineral density in order to timely detect and correct changes that have occurred. Densitometry
today is not a routine diagnostic method and is not included in research protocols for gluten intolerance; however,
literature data confirm the relevance of using this technique both among adults and in the pediatric population.
The article presents studies that show the presence of a decrease in bone mineral density both at diagnosis of
celiac disease and during subsequent follow-up. Arguments in favor of densitometry are presented and risk factors
for decreased bone turnover are identified. An integrated approach to assessing the effectiveness of diet therapy
and the nutritional status of patients, if followed, will significantly improve the quality of life of children.

Keywords: bone metabolism, bone mineral density, celiac disease
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Pesiome. AKTMBHBI POCT 1 pa3BUTHE PpebeHKa MOXKET CONMPOBOXAATLCA HapYyLIEHAMMN KOCTHOro MeTabonunsma,
a e/l pebeEHOK UMEET XPOHMUECKYIO MATOMOIII0 XKeJTyA0UHO-KMLLEYHOTO TPAKTA, TO PUCK CHXKEHWSA MUHepanb-
HOW MIIOTHOCTW KOCTHOW TKaHM KPaTHO Bo3pacTaeT. HemepeHOCMMOCTb FiloTeHa 3a4acTyto CONMPOBOXKAAETCA Ha-
pYyLIEHVAMUN HYTPUTUBHOTO CTATyCa, B YaCTHOCTU, UBMEHEHWUAMM CO CTOPOHbBI KOCTHOW TKaHW. BaXkHbIM acneKkTom
[AMHAMMYeCKoro HabsofeHVs 3a NauveHTaMm C Leivaknen ABsSeTCA KOHTPOSb 3a COCTOAHMEM MUHEPASIbHON
MAOTHOCTM KOCTHOWM TKaHW C LiefIblo CBOEBPEMEHHOIO BbIABIEHUA N KOPPEKLMM BO3HUKLLUX U3MEHeHWI. Mpo-
BEAEHNE AeHCUTOMETPUN B HAcTosLLee BPEMS HE ABMAETCA PYTUHHBIM METOLOM AMArHOCTUKM 1N He BKIOYEHO
B NPOTOKOJIbl CCNEAOBAHMA NPY HEMEPEHOCUMOCTY FitoTeHa. OfHaKo NMTepaTypHble AaHHbIE MOATBEPXKAAOT
aKTyanbHOCTb MCMOJIb30BaHVA AaHHOW METOAVKM Cpefmn B3pOC/bIX U B AETCKON nonynauuun. B ctatbe npusepne-
Hbl UCCNIEA0BaHNIA, KOTOPbIE MOKA3bIBAKOT HAIMUME CHUXKEHVA MUHEPaJIbHOW MAOTHOCTM KOCTHOM TKaHW KaK Mpu
MOCTAHOBKe AMarHo3a «Lenuakusa», Tak U Npu nocnegyowem HabnogeHun. MpruBoOAATCA apryMeHTbl B MOfb3y
NpoBefeHNs AeHCMTOMETPUN Y YKa3blBaOTCA GAKTOPbl PUCKa CHUXKEHUA KOCTHOTO MeTabosv3ma. KomnneKcHbIN
MOAXOA K oLleHKe 3hGEKTUBHOCTM AMETOTEPANMN U HYTPUTUBHOMO CTaTyCa MaLWEHTOB Mpu ee coboaeH no-
3BOJIUT B 3HAUMTENBHON CTEMEHU YNTYYLLINTb KAUECTBO XKN3HW AeTel.
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In recent years, the concept of gluten intole-
rance has changed dramatically, and the patho-
logy has evolved from a gastroenterological no-
sology into a multiorgan disorder that requires
a comprehensive approach in the assessment
of clinical manifestations, diagnosis, and careful
evaluation of the dynamics of the clinical picture
in further therapeutic support after the prescrip-
tion of a gluten-free diet (GFD) [1-3]. The wide-
spread and multifaceted clinical picture of gluten
intolerance suggests that a physician of any spe-
ciality may encounter this pathology or its compli-
cations [4-6].

Changes in bone metabolism can be both a
complication due to malabsorption syndrome in
gluten intolerance and the only manifestation of
the disease [7, 8]. Assessment of nutritional status
parameters and, in particular, bone metabolism,
is an integral part of the therapeutic management
of paediatric patients with chronic diseases, es-
pecially of the gastrointestinal tract [9-13]. Seve-
ral studies confirm that changes in bone mineral
density (BMD) are observed in patients of all ages
at the time of diagnosis of gluten intolerance [14,
15]. For adult patients, ACG and ESsCD guidelines
have been developed, which include performing
densitometry in patients over 40 years of age or
in the presence of symptoms of malabsorption
at the time of diagnosis of celiac disease [16, 17].
The study by F. Tovoli et al. (2023), in which they
evaluated the dynamics of bone metabolism in
patients with low densitometry values at dia-
gnosis and after the use of nutritional therapy for
10 years, shows that BMD values stabilise with
long-term dietary restriction of gluten [15]. We ob-
tained similar results earlier in paediatric practice.
During the examination of 32 children who had
been following the GFD for more than 6 months
since the diagnosis of celiac disease, a decrease
in BMD at densitometry of the lumbar spine was
found in 18.75% of children, half of whom had
low values. A significant dependence of bone
mineralisation reduction on the quality of dietary
adherence was revealed: the more often the child
violated the diet, the lower the BMD. There was no
history of fractures in the patients [7].

During analysis of literature data published bet-
ween 1996 and 2017, BMD levels were found to be
lower in children with celiac disease compared to
healthy peers [18]. In this regard, it is worth no-
ting the important aspect of dynamic monitoring
of BMD status during adherence to dietary thera-
py, especially when patient adherence is low. In
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this case, the frequency of densitometry should
be approached individually, depending not only
on adherence to diet therapy, but also on the pa-
tient's age, nutritional status, in particular, physi-
cal development and quality of symptom control.

However, contrary data exist. When densi-
tometry was performed in 24 children with celiac
disease (12 boys aged 8.7+3.3 years) at diagnosis
and after the use of GFD in therapy and subse-
guent comparison at two stages of the study in
each patient, it was found that BMD within refe-
rence values was noted in all patients studied at
the time of diagnosis and after treatment, with
no difference between the two points of analysis
[19]. A retrospective study including 86 patients
with celiac disease aged 2-18 years evaluated
the relationship between the z-scores of lum-
bar BMD calculated according to their chronolo-
gical age and height and their clinical, laboratory
and histopathological parameters. The authors
found that BMD according to densitometry data
when assessed according to chronological age
<-2 standard deviation (SD) in 26.7% of patients,
and when assessed according to height, the num-
ber of patients with <-2 SD decreased to 12.8%
of patients and correlated with their age at the
time of celiac disease diagnosis (r value=0.269).
At the same time, no statistically significant dif-
ferences between subgroups, between BMD va-
lues with respect to their clinical, laboratory and
histopathological parameters were found in any
group [20].

However, differences in BMD in patients with
celiac disease are more frequently noted. In a co-
hort retrospective study, we analysed demogra-
phic, clinical and laboratory data from the medical
records of: 673 children with celiac disease (63%
female, mean age at diagnosis 10.6 years, inter-
quartile range 7.8-13.9) who underwent densi-
tometry at diagnosis. Logistic regression analysis
showed that the mean aBMD-Z score at the initial
scan of the children at the time of diagnosis was
-0.4+1.2. Forty-six children had aBMD-Z scores
less than -2 (6.8%; 95% 5.2-9.0). Those who under-
went BMD reanalysis (n=108; 16.0%) had a signifi-
cantincrease in aBMD-Z score (mean change 0.29;
p=0.0005). A higher body mass index (BMI) was
associated with a more insignificant likelihood of
a low aBMD-Z score at initial densitometry (0.46;
95% 0.35-0.50). BMI-Z scores greater than -0.4
identified children with low aBMD-Z at their initial
BMD analysis (p=0.05). According to the authors,
BMI-Z scores can be used to identify children with
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celiac disease at risk of low BMD who should un-
dergo densitometric screening [21].

A cross-sectional study conductedinlran (2023)
included 48 children (mean age 9.96+3.17 years)
diagnosed with celiac disease (Marsh Il and Marsh
Il stages). The authors proved that 35.4% of the
patients had BMD within the normal range, 41.7%
had values at the lower limit, and 22.9% had low
bone mineralisation in femoral bone examination
by densitometry. When lumbar densitometry re-
sults were evaluated, it was found that 39.6% had
BMD within reference values, 25% had BMD at the
lower limit of normal, and 35.4% were diagnosed
with low BMD. No statistically significant corre-
lation was between age, sex, place of residence,
Marsh stage, adherence to GFD and bone densi-
tometry in both areas. A statistically significant
correlation was found between BMD in the lum-
bar region and two HLA types, namely HLA DQ8
and HLA DQ2/8 (p=0.016). Thus, the authors con-
firm the frequent occurrence of low BMD in chil-
dren with first diagnosed celiac disease [22].

In a study involving children with celiac disease
detected by screening and patients without ce-
liac disease, BMD was assessed by densitometry,
serum 25 (OH) vitamin D3, parathyroid hormone
(PTH), interleukin (IL)-1B3, IL-2, IL-4, IL-5, IL-6, IL-8,
IL-10, IL-12p70, IL-13, IL-15, gamma interferon
and tumour necrosis factor alpha. It was found
that at the time of diagnosis, children with celi-
ac disease detected at screening had an average
-0.03 g/cm lower BMD of both whole body and
spine compared to controls (p=0.009 and p=0.005
respectively), also an average -11.4 nmol/l lower
25(0OH) vitamin D3 level (p <0.001) and an average
+1.0 pmol/l higher PTH level (p<0.001). Systemic
levels of cytokines IL-1(, IL-6, IL-8, IL-10, IL-12p70,
IL-13 and tumour necrosis factor alpha were ele-
vated in celiac disease detected at screening com-
pared to controls (p<0.001). No differences in IPC,
25(0OH) vitamin D3, PTH and cytokine levels were
found in children receiving GFD compared to
controls [23]. This study confirms the diagnostic
significance of BMD control in patients with celiac
disease. Due to the fact that patients with celiac
disease are often diagnosed with reduced blood
vitamin D levels, it is considered appropriate to
perform dynamic BMD monitoring using densi-
tometry [24].

BMD assessment is an important component of
a comprehensive assessment of children's health;
timely diagnosis of decreased bone metabolism
will reduce the number of patient hospitalisations
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and the number of visits to specialists, preserving
the quality of life of children and their families
[25-27].
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AOMNOJIHUTENbHAA UHOOPMALNA

Bknap aBTOpOB. BCce aBTOpbI BHecnu cylie-
CTBEHHbIV BKNaj B pa3paboTKy KOHLenuuu, npo-
BeleHVe WCC/IefoBaHUA M MOArOTOBKY CTaTby,
npounu n ogobpunu GrHaNbHY BEpPCUio nepes
nybnukayuen.

KoH}nuKT nHTepecoB. ABTOpbI fieKNapupyoT
OTCYTCTBUE ABHbIX M MOTEHLNANbHbIX KOHNMKTOB
NHTEePeCcoB, CBA3aHHbIX C Nybnukauuen HacTosA-
LLlen cTaTbu.

UctouHuK ¢puHaHcmpoBaHMA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUN BHeLHero GrHaHCMPOBaHKA
npw NPoBeAEeHNN NCCnefoBaHNA.
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Abstract. The review describes the symptoms of damage to the skeletal system in celiac disease, chronic gastritis,
the condition after gastrectomy and inflammatory bowel diseases. The state of the vitamin D system and bone
metabolism in chronic diseases of the digestive system, the mechanisms of the influence of vitamin D on the
state of the intestinal mucosa, and risk factors contributing to pathological changes in bones in gastrointestinal
diseases are presented. The review shows that in most cases, impaired bone mineral density in diseases of the
digestive system is caused by impaired phosphorus-calcium metabolism, metabolism of the vitamin D system
and impaired intestinal microbiocenosis, and specific mechanisms for each nosological form require further
study.
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The course of any chronic disease negative-
ly affects the processes of bone modelling and
remodelling. The bone tissue loses its metabo-
lic rate, especially in childhood. As a result, bone
mass does not reach proper values, which creates
the ground for the formation of low bone mineral
density (LBMD) and osteoporosis in the future [1].

Researchers in recent decades have identified
characteristic changes that have occurred in the
course of chronic digestive diseases in children.
They include early debut, frequent relapses, and
an increase in combined gastrointestinal patho-
logy. In this case, the process of inflammation in
the mucosa of the stomach and small intestine
has widespread and pronounced morpholo-
gical changes, up to atrophic [2]. Disruption of
nutrient breakdown and absorption processes
in chronic gastrointestinal diseases with malab-
sorption syndrome in children is often combined
with low disharmonious indicators of linear body
size and changes in bone remodelling [3]. Pro-
longed micronutrient deficiency, including vita-
min D deficiency in children with gastrointestinal
pathology can lead to reduction in bone mineral
density [3-7].

Literature data clearly indicate that the role
of the upper digestive system (stomach and du-
odenum) in the absorption of micronutrients, es-
pecially phosphorus, calcium and vitamin D, is of
paramount importance [7]. Vitamin D affects bone
mineral density by regulating calcium absorption
in the gastrointestinal tract and influencing the
RANK/RANKL/OPG system [8]. Phosphorus, calci-
um and vitamin D deficiency in gastrointestinal
pathology leads to symptoms of osteomalacia:
frequent fractures, bone pain in various locali-
sations, posture disorders in sagittal and frontal
planes, and limb deformities [1, 3, 9]. Such symp-
toms have been described in the case of celiac
disease, chronic gastritis, condition after gastric
resection and inflammatory bowel diseases.

1,25(0OH),D have also been shown to be in-
volved in immune cell differentiation, modulation
of the gut microbiota, gene transcription and bar-
rier integrity, maintenance of the integrity of mu-
cosal tight junctions, improvement of folic acid
absorption and activation of cytochrome P450
3A4 expression [10].

The following mechanisms of vitamin D effect
ontheintestinal mucosa (IM) have been described:
regulation of colonic IM mucus secretion [11], en-
suring structural integrity [12], influence on the
composition and functions of the gut microbiota

ISSN 2221-2582

[13], increased expression of tight junction pro-
teins, and suppression of zonulin release [14]. The
effects of the vitamin D on the innate immunity
system are associated with stimulation of produc-
tion by neutrophils, macrophages and cells lining
epithelial surfaces of antibacterial peptides with
broad antimicrobial activity, such as cathelicidin
(cAMP) and B-defensin 2 (DEFB4) [15-17], with in-
creased antimicrobial action against some path-
ogens, induction of intracellular pathogen recog-
nition receptor NOD2, improved transcription of
cAMP and DEFB4, suppression of hepcidin anti-
microbial peptide expression, and decreased fer-
roportin-mediated export of intracellular iron [18,
19]. The effect of vitamin D on adaptive immunity
is to control the differentiation and maturation
of dendritic cells, expression on monocytes of
molecules involved in antigen capture, decrease
the pro-inflammatory Th1 response, increase the
anti-inflammatory Th2 response, increase the
number of T regulatory cells, and limit the num-
ber of CD4+ T cells [20]. Due to these pleiotropic
effects, vitamin D is associated with the activity of
immune-mediated diseases — those forms of pa-
thology in which lesions of both the bone system
and the digestive tract are manifestations of auto-
immune processes (inflammatory bowel disease,
celiac disease, autoimmune gastritis) [21-23].

Different forms of vitamin D are in the blood-
stream in the bound form with the VDBP receptor.
And the active form of vitamin D (1,25(0H),D,)
due to binding to the receptor exerts various bio-
logical effects by interacting with the nuclei of
target cells located in various organs and tissues,
such as the immune system, pancreas, cardiovas-
cular and muscular systems, and brain [24, 25].

The VDR gene is located on the short arm of
chromosome 12 and contains 8 protein-coding ex-
ons (exons 2-9) and 6 untranslated exons (exons
1a-1f) [26, 27]. A large number of polymorphisms
of the VDR gene have been described, which may
affect VDR expression and function and subse-
guent vitamin D-mediated effects [28]. VDR also
regulates the cell cycle, influences cell differenti-
ation and proliferation, controls the development
of cancer pathology, as well as inhibition of den-
dritic cell differentiation, and stimulation of the
synthesis of a number of hormones [26, 29].

The effect of calcium on the gastrointesti-
nal tract has been studied in basic research. It is
known that calcium is a secondary messenger
of cell metabolism regulation and a regulator of
synaptic transmission. Its action on the gastric
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and intestinal mucosa is regarded as astringent.
It attenuates peristalsis by acting on smooth mus-
cle. In foci of an inflammation, calcium stimulates
reparative regeneration in the intestine and sup-
presses excessive proliferation of gastric cells.
Calcium chloride thickens tissue and reducing the
permeability of cell membranes [30].

Reduced absorption of Ca from the intestine
due to accelerated chyme passage and reduced
secretion of hydrochloric acid, which converts
poorly soluble Ca compounds into soluble,
well-absorbed calcium chloride, also plays a role
in the genesis of osteopathies in gastrointestinal
diseases [31-33]. It is possible to explain degene-
rative-dystrophic changes of the spine in children
with digestive diseases from the point of view of
innervation disorders in neurometamers. Accor-
ding to this concept, neurotrophic changes are
primary. The pathology of the digestive and bone
systems in adolescents and adults is secondary
[34]. But there is another view — a recognition of
the influence of irritation from the affected organ
on the state of the musculoskeletal system, lea-
ding to muscle spasm, impaired mobility of mo-
tor segments in children, adolescents and adults,
persons suffering from gastric and duodenal ulcer
disease [35]. Cases of spasm of long back muscles
leading to scoliosis in liver and gallbladder disea-
ses have been described [35, 36]. Another possi-
ble cause of osteopathies in patients with gastro-
intestinal diseases is the use of medications that
negatively affect bone tissue. These include glu-
cocorticosteroids, anticonvulsants, thyroid hor-
mones, anticoagulants and antacids, diuretics
and nonsteroidal anti-inflammatory drugs, and
some other drugs [37-41]. The results obtained
in a number of studies indicate that long-term use
of proton pump inhibitors (PPIs) increases the risk
of osteoporosis-related fractures due to impaired
Ca absorption and inhibition of osteoclastogene-
sis [40]. Moreover, the side effect of PPIs, in addi-
tion to suppression of the acid-forming function
of the stomach, may be of a completely different
nature. Undoubtedly, the pharmacological target
of PPIs is H*K*-ATPase of parietal cells, which is
an organ-specific enzyme [42]. But M. uzuki et al.
suggested that PPIs can inhibit the activity of vac-
uolar H*-ATPase enzyme, which is close in bio-
chemical structure and is localised in the cyto-
plasm of many cells of the human body [43]. As
a consequence, essential functions may be affect-
ed, including bone resorption, which is a neces-
sary process for the restoration of normal bone.
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Recent studies have shown that long-term (for se-
veral years) use of PPIs for the treatment of chro-
nic gastroduodenal pathology increases the risk
of bone fractures as a manifestation of osteopo-
rosis [40, 44, 45]. At the same time, hypocalcaemia
and hypophosphataemia cause gastroduodenos-
tasis and pathological gastroesophageal and duo-
denogastric refluxes due to the development of
muscular hypotonia and impaired motor function
of the stomach and gut [46].

Thus, pathogenetic mechanisms of the bone
tissue pathology development in chronic gas-
trointestinal diseases in most cases are caused
by disorders of phosphorus-calcium metabolism
and vitamin D metabolism. Moreover, specific me-
chanisms in each nosological form require further
study .
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OOMNOJIHUTENbHAA UHOOPMALUA

ABTOp npountan n ogobpun GrHanbHyo Bep-
cuio nepep nybnukaumnen.

UctouHuK PpuHaHcmpoBaHusa. ABTOp 3anaBnA-
€T 06 OTCYTCTBMM BHELLIHErO PUHAHCUPOBAHUSA NP
nposefeHUn nccnegosaHua. IHpopmmnposaHHoe
cornacuve Ha nybnukauuio.
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Abstract. It is generally recognized that the health and well-being of a macroorganism depends on the adequate
functioning of the gut microbiota and brain. It is noted that the gut microbiota is involved in the formation of brain
functions through various pathways and systems, including the CNS. In such a situation, it is legitimate to assume that
the microbiota may be a trigger in the development of epilepsy. Statistically significant differences in the microbial
composition of feces between patients with epilepsy and healthy people were revealed. Epilepsy is a chronic
brain disease of various etiologies. Moreover, in 40-60% of patients, the cause of this ailment remains unknown.
Diversification of the gut microbial landscape has been shown to be accompanied by activation of epileptic paroxysms.
However, the composition and structure of the intestinal microcosm is so complex and insufficiently studied that it
is almost impossible to single out certain bacteria as the most "useful" or "dangerous" in epilepsy. It is assumed that
excessive local synchronization of the bielectric activity of the brain is due to minimal chronic inflammation and leaky
bowel syndrome with an imbalance in signal transmission along the brain-intestine axis. The main method of treating
epileptic paroxysms is the prescription of pharmaceuticals. At the same time, in every third patient with epilepsy,
refractory epilepsy occurs. The study of the species diversity, composition and function of the intestinal microbiota in
patients with epilepsy, but with somewhat contradictory results, indicate the presence of intestinal dysbiosis in them
and their potential value in the diagnosis and control of epilepsy treatment, especially in its refractory form.

Key words: microbiota, epilepsy, paroxysm, nervous system, intestinal metabolites, neurotransmitter, short-chain
fatty acids, ketogenic diet, probiotic, antibiotic
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Pesiome. O6LLeNpr3HAHHO, YTO 3A0POBbE 1 6Iaromnosyyne MakpoopraH3Ma 3aBUCAT OT afieKBATHOTO QYHKLMO-
HMPOBAHUA KMLLIEYHON MUKPOOMOTbI 1 Mo3ra. OTMeUEHO, UTO K/LLeYHaA MUKPOOMOTa NpYHUMaET yyactue B Gopmu-
pPOBaHMM GYHKLMIA FOSIOBHOrO MO3ra Yepes pasfivMyHble NyTW M CUCTEMbI, BKITIOYaA LIEHTPaSIbHYH HEPBHYIO CUCTEMY.
B Takon crTyaurm npaBOMOYHO NPEANONIOKNTb, YUTO MUKPOOMOTa MOXET ObiTb TPUFTEPOM B Pa3BUTUV SMUIENCUN.
BbifABNEHbI CTAaTUCTUYECKM 3HaUVIMble Pa3nnynsa B MUKPOOHOM cocTaBe dekanuii mexay 60/bHbIMU Snunencuen 1
3[0POBbIMU NIIOABMU. DNUNENCUA — XPOHUYECKOE 3a00/IEBaHME rOSIOBHOrO MO3ra PasfIMyHON STUOMOTUN, MPUYEM
y 40-60% 60/bHbIX NPUYMHA JAHHOTO Heflyra OCTaeTCs Her3BecTHa. [oka3aHo, UTo auBepcndrKaLma MUKPOOHO-
ro nersaxa KuLeyHriKa CONpoBOKAAETCA aKT/BaLMen SnunenTuyecknx napokcnsamon. OgHaKo COCTaB U CTPYK-
Typa K/LWEYHOIrO MUKPOMIMPA HACTONIbKO C/IOXKHbI M HEAOCTAaTOYHO M3YUYEHbI, YTO BbIAENNTb ONpefeneHHble 6ak-
TEPUM KaK Hanbonee «rnosie3Hble» UM «OMacHble» NMPU SMUIENCUN NMPAKTUYECKM HEBO3MOXHO. [Mpeanonaraercs,
YTO Upe3MepHas NoKalbHasa CUHXPOHM3aLWA OM3NEKTPUYECKON aKTMBHOCTM MOo3ra 06ycrioBfieHa MYHUMaNbHbIM
XPOHUYECKNM BOCMAJIEHVNEM M CUHAPOMOM «[IbIPABOrO KULLEYHVKa» C pa36alaHCPOBKOW Nepeaayn CUrHaaoB no
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oCy MO3r—KuLKa. OCHOBHOW METOA NeYeHUs SNUNENTUYECKUX MAPOKCU3MOB — HazHaueHne GpapMaLeBTUYECKIX
npenapatoB. [py 3TOM y KaXK[oro TPeTbero nauyeHTa ¢ snunerncuein uMeeT mecto pedpaktepHas anunencus. Ms-
yyeHune BULOBOro pasHoobpasms, coctaBa 1 GYHKLUM KULWEYHON MUKPOOMOTbI Yy NaLMEHTOB C SMNWMIENCHEN, HO C
HECKONbKO MPOTUBOPEUMBLIMIA Pe3ysibTaTaMU, YKa3blBalOT HA HAJIMUME Y HUX KMLLEYHOro AMCOMOo3a 1 Ha 1X Mo-
TeHLMaNbHYI0 LLEHHOCTb B AVArHOCTMKE 1 KOHTPOJE JIeUeHs SNuencum, o0CobeHHo npu ee pedpakTepHor popme.

KnioueBble cnoBa: MUKpo6uoma, anuJiencusd, NapoKcu3m, HepeHasa cucmemda, Kuwe4Hele mMemabonumel, Heapo—
mpaHcmummep, Kopomkouyeno4eyHble XKUPHble KUC/I0Mbl, KemMO2eHHAA ouema, npo6uomUK, aHmubuomuk

INTRODUCTION

The gut microbiome (GMB) is a group of micro-
organisms that includes many prokaryotes (bacte-
ria), eukaryotic microorganisms (such as fungi and
protozoa), archaea and viruses that associate with
the macroorganism [1-3].

In the modern world, the relationship of the
macroorganism with gut microbes is the result of
evolution over thousands of generations. Over mil-
lions of years, evolution has acted not only on our
23,000 genes, but also on nearly 4 million genes
(both human and microbial) that are present in and
on our bodies [4]. Metagenomic analyses have al-
lowed the identification of seven dominant types of
bacteria that contaminate the human gastrointes-
tinal (Gl) tract: Firmicutes, Bacteroidetes, Actinobac-
teria, Proteobacteria, Fusobacteria, Verrucomicrobia
and Cyanobacteria, among which Bacteroidetes and
Firmicutes account for more than 90% [5-71.

The study of the ontogenesis of the child's ner-
vous system confirms the parallel development of
the gut microbiome, the immune response and the
central nervous system (CNS). The cognitive function
of a child at the age of 2 years has been shown to be
highly dependent on the qualitative composition of
his or her gut microbiota in the first year of life [8].

In infancy, the brain has enormous metabolic
capacity and activity. Comprising 5-10% of total
body weight, the brain is responsible for almost
50% of the body's basal metabolic energy and is
therefore particularly sensitive to reduced energy
intake [9]. Due to the ability of microbial commu-
nities to control the amount of energy input, they
can control the development of the nervous sys-
tem during the first years of an infant's life.

Thus, the parallel maturation of the microbiome
and CNS during the first stages of life suggests that
the physiological development of the child's ner-
vous system is possible if microbiome processes are
optimised [10].

MICROBIOTA-GUT-BRAIN AXIS
Olt is generally recognised that the health and
well-being of the macroorganism depend on the

optimal functioning of the GMB and the brain.
A number of experimental and clinical studies
have shown that any negative impact on either
the microbiota or the brain simultaneously results
in damage to the functions of the two systems:
the Gl tract and the CNS. In other words, there is
a bidirectional co-operation of the GMB with the
brain, the so-called brain-gut-microbiota (BGM)
axis [11-14], which is confirmed by the latest re-
search on the microcosm of Homo sapiens.

It has been shown that changes in the structure
of the gut microbiota lead to the development of
not only intestinal diseases, metabolic disorders,
allergic and autoimmune pathology, but also a
number of neurological disorders, including neuro-
degenerative diseases (such as Parkinson's disease,
Alzheimer's disease, multiple sclerosis), autism, de-
pression, schizophrenia, and epilepsy. It has been
observed that patients with epilepsy have a high
incidence of digestive symptoms, and patients
with inflammatory bowel disease (IBD) have a high
predisposition to epilepsy [15-17]. In addition, sta-
tistically significant differences in faecal microbial
composition have been found between epilepsy
patients and healthy controls, as well as between
patients with all forms of epilepsy before and after
inclusion of ketogenic diet therapy [18-24].

Much of our understanding of interactions
along the BGM axis is based on metagenomics and
metabolomics data from experimental studies [25].

The complex bidirectional communications that
link GMB to the brain encompass mitochondrial
function, axis, hypothalamic-pituitary-adrenal, and
autonomic, neurohumoral, enteroendocrine and
immunomodulatory pathways. For example, it has
been noted that GMB is able to modulate the enteric
nervous system (ENS) and neuronal network through
activation of the vagus nerve, immune and APUD
system cells [8], as well as due to the synthesis and
perception of pro- and anti-inflammatory cytokines,
neurotransmitters (serotonin and GABA) and pro-
ducts of microbial metabolism such as secondary
bile acids and short-chain fatty acids (SCFAs) [26]. The
whole arsenal presented affects neuronal messages
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and appears to regulate brain functions and therefore
determines cognitive performance, behaviour, mood,
presence of anxiety and/or depression [25, 27-29].

Experimental work performed on mouse models
demonstrates the relationship of the gut microbiome
with the levels of key neurotransmitters and single
neuroreceptors in the brain. Gnotobionts (GF) show
a drop in brain-derived neurotrophic factor (BDNF)
expression, predominantly in the hippocampus [30].
Conversely, rodent models with a healthy microbiota
show increased expression of BDNF, which is im-
portant for mediating neural stem cell proliferation
[31]. Feeding GF mice with the probiotic Lactoba-
cillus rhamnosus (JB-1) regionally and differentially
modifies GABA receptor expression in them: there
is an increase in expression in cortical regions and a
decrease in prefrontal cortex and amygdala. These
transformations in the expression of central GABA
receptors are accompanied by changes in behaviour
associated with anxiety and depression [25].

Other experimental studies have revealed a
connection between GMB and the expression of
N-methyl-D-aspartate (NMDA) [30], serotonin 1A
[25] and tryptophan [13] receptors. The first recep-
tor mediates the effects of the excitatory neuro-
transmitter glutamate [31], while the second and
third mediate the effects of the inhibitory GABA.

In recent years, an aberrant microbiota profile has
been shown to be associated with autism spectrum
disorders, chronic pain, mood defects and affect de-
velopment, and neurodegenerative diseases [12,31-
36]. This is clearly supported by scientific research.
For example, transplantation of faecal microbiota
(TFM) into GF mice from patients with Parkinson's
disease caused motor deficits and neuroinflamma-
tion in rodents — two major features of Parkinson's
disease [37]. In the GMB structure of patients with
Alzheimer's disease compared to healthy individuals,
a decrease in the level of microorganisms of Firmi-
cutes phyla and Bifidobacterium genus and prolife-
rative growth of Bacteroidetes phyla were observed
[38]. In the faeces of patients with multiple sclerosis,
researchers found high levels of Akkermansia muci-
niphila and Acinetobacter calcoaceticus [39].

Considering that the gut microbiotais involved
in the formation of brain function through various
pathways and systems, including the CNS, it is
reasonable to assume that it may also be involved
in the development of the epilepsy [40].

GUT MICROBIOM AND EPILEPSY
Epilepsy is a chronic polyetiological brain di-
sease characterised by recurrent unprovoked (or
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reflex) seizures of motor, autonomic, sensory and
mental disorders resulting from excessive neu-
ronal discharges [41-43].

According to data published in the Lancet (2019),
epilepsy affects more than 70 million people around
the world [44]. The debut of the disease is mainly
occurr in childhood (about 75% of all episodes) [45].
The mechanisms of paroxysms are quite complex and
the etiological factors are multifaceted. Although still
in 40-60% of patients the cause of epilepsy remains
unknown [41, 46, 47]. Is it correct to identify any sei-
zures with epilepsy in such a situation? Certainly not,
since situationally determined seizures “theoretically”
have significant differences from epileptic seizures.

Firstly, epileptic paroxysms in most cases have
a recurrent, predominantly stereotyped character.
Moreover, their recurrence occurs without provo-
cation by external and internal stimuli. However, as
always, there are exceptions to the rule, and in some
forms of the disease there is polymorphism of seizures.

Secondly, in epileptic recurrent seizures, nerve
cell death occurs in the brain, whereas in situa-
tional seizures there is more often brain oedema
without neuronal death.

Thirdly, it is the presence on the electroen-
cephalogram of specific changes in epilepsy. Al-
though, if the patient has rare paroxysms, elec-
trical markers of diagnosis may be absent. And
epileptiform discharges on the EEG can occur in
patients without seizures.

However, in clinical practice, diagnosis of epilep-
sy is often a difficult problem that must be solved
because patients with epilepsy have an increased
risk of mental iliness, which increases their disability
and mortality. And the presence of uncontrolled
paroxysms can lead to impaired memory, cognitive
function and intelligence, delayed psychomotor
development and even brain death.

The most popular way to treat epileptic paro-
Xysms is to prescribe pharmaceutical drugs. However,
one in three patients with epilepsy cannot be treated
with anticonvulsant therapy, i.e. they have refractory
(resistant) epilepsy [48]. The International Antiepilep-
tic League (ILAE) task force defined drug resistance
as “the failure of adequate trials of two tolerated,
appropriately selected and used antiepileptic drug
regimens (whether as monotherapy or in combina-
tion) to achieve sustained seizure-free epilepsy” [49].

Alternative therapies: ketogenic diet (KD), neu-
rostimulation and surgery, which are resorted to in
resistant epilepsy, do not always achieve a positive
outcome. In order to justify the inclusion of new,
more promising treatment regimens in epilepsy
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management protocols, it is necessary to carefully
consider the various etiopathogenetic mechanisms
that may trigger the development of this disorder.
Currently, scientists consider the gut microbiota as a
possible trigger factor in the genesis of epilepsy [40].
The relationship of distortion of GMB compo-
sition has been established in models of epilepsy
and in clinical studies. Rats with colitis induced by
2,4,6-trinitrobenzene sulfonic acid (TNBS) have been
shown to have increased susceptibility to pentylene-
tetrazole(PTZ)-induced epilepsy [50]. In a mouse
model of PTZ-induced seizures, intestinal inflamma-
tion increases seizure activity and reduces the effica-
cy of antiepileptic drugs (AED). In turn, alleviation of
inflammation induces specific antiepileptic effects
[14]. Thus, a reversible inflammatory response was
observed in the hippocampus of rats treated with
TNBS, characterised by microglia activation and
an increase in tumour necrosis factor alpha (TNFa).
This suggests that gut inflammation increases CNS
excitability and inversion of inflammation [50].
There is evidence that stress is able to rearrange
the microbiocenosis. Simulated stress in rats pro-
vokes epileptic seizures and causes transformation
of the gut microbiota [51, 52]. Transplantation of
faecal contents of stressed rats to non-stressed ani-
mals generated in the latter an increased frequency
and duration of seizures after basolateral amygdala
excitation. At the same time, the inoculation of gut
microbiota into mice with simulated stress from
subjects not experiencing the disease prevented the
convulsive effects of chronic stress in the former [52].
A recent study in mice found that intestinal in-
flammation increases pharmacologically induced
seizure readiness [17], and administration of anti-in-
flammatory drugs reduced susceptibility to parox-
ysms and restored the efficacy of antiepileptic drugs.
In WAG/RIj rats of a genetic model of absent
epilepsy at one month of age and before the onset
of paroxysms, a change in GMB with a lower Bacte-
roidetes/Firmicutes ratio was detected. In 4 months
after the debut of absences, an inverse correlation
was recorded: an increase in the frequency of
seizures was accompanied by a further decrease
in the Bacteroidetes/Firmicutes ratio towards an
increase in Firmicutes phyla microorganisms [22].
In another experiment, it was observed that gut
microbiota infection triggered by Gram-negative
bacteria, such as Bacteroides fragilisor representa-
tive of the normal colon microbiota of humans, can
lead to the formation of cerebral cavernous mal-
formations (CCM), structural abnormalities in brain
capillaries that contribute to stroke and seizures
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in genetically predisposed mice [53]. Gnotobiont
mice do not develop such cerebral abnormalities.

Analysis of the faecal microbiota by 16S ribo-
somal DNA sequencing in patients with pharma-
coresistant epilepsy (PRE) and healthy individuals,
including children aged 1 to 4 years, identified
qualitative and quantitative abnormalities in GMB
composition in the former relative to the latter.
Patients with PRE had a decrease in the species
diversity of gut microbiota with a predominance of
Firmicutes phyla microorganisms, while in healthy
individuals Bacteroidetes phyla were dominant [54].

In the work A. Peng (2018) it is noted that the
number of microorganisms of the Bacteroidetes phyla
and Actinobacteria class is suppressed in patients
with the PRE compared to healthy controls, while
the number of representatives of the Firmicutes phyla
increases [8, 54]. The authors also revealed the dis-
similarity of intestinal microcosm patterns in patients
with the PRE and drug-responsive form of epilepsy.
In the first group (n=49) compared to the second
group (n=42), there was an increase in a-diversity,
i.e., the diversity in the number of microorganisms
within the family, abundance of rare bacteria, mainly
belonging to the phylum Firmicutes. The microbial
profile at the phylum level of patients with drug-sen-
sitive epilepsy resembled that of healthy indivi-
duals: microorganisms of the phylum Bacteroidetes
were dominant. In addition, an inverse correlation
between the titre of bifidobacteria and lactobacilli
in faecal samples and the frequency of seizures in
patients was established, i.e. intensive growth of
commensal microorganisms was accompanied by a
reduction in the number of seizures [8].

Another picture of the microbial landscape de-
scribed in the study of X. Gong (2020). In patients with
PRE compared to healthy controls, there was a de-
crease in Bacteroidetes and Proteobacteria phyla, as well
as enrichment of bacterial taxa of Actinobacteria and
Verrucomicrobia phyla and other bacteria at the level of
genus and family Nitrospirae and at the level of genera
Blautia, Bifidobacterium, Subdoligranulum, Dialister and
Anaerostipes (p < 0.05). Which means that specific
strains of intestinal commensals are transformed ac-
cording to clinical phenotypes, which may serve as a
potential biomarker for disease diagnosis [18].

B. Safak et al. (2020) performed a contrast ana-
lysis of the faecal microbiome between patients
with idiopathic focal epilepsy (n=30) and a group
of healthy individuals (n=10) and found that Pro-
teobacteria and Fusobacteria, which can cause au-
toimmune diseases, were present in significantly
higher titre in the first group compared to the
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second. Bacteroidetes and Actinobacteria, which
have positive effects on the immune system, were
present in lower titre in the first group [19]. This
work confirms the role of autoimmune mecha-
nisms and inflammation in the etiology of epilepsy.
In a study led by K. Lee (2020), 17 species of bac-
teria were identified in the group of patients with
epilepsy, while in the group of healthy people 18
species were identified [20]. Enterococcus faecium,
Bifidobacterium longum, and Eggerthella lenta were
found to be the strongest potential biomarkers in
a group of patients with untreatable epilepsy [20].
The study of the a- and B-diversity in adult pa-
tients in both the PRE (n=23) and drug-responsive
epilepsy (DRE) groups (n=21) showed no significant
differences. Some differences in the composition
of the gut microbiota were associated with the pa-
tients' response to AED. Thus, Bacteroides Finegoldii
and Ruminococcus were significantly more frequent-
ly recorded in the DRE group compared to the PRE.
Besides, the dissimilarity of representatives of the
microcosm took place depending on the data of
instrumental diagnostic methods. In individuals with
normal magnetic resonance imaging (MRI) pattern
B. finegoldii dominated, and in patients with normal
EEG pattern — Bifidobacterium dominated [21].
Thus, studies of GMB species diversity, compo-
sition and function in patients with epilepsy, but
with somewhat contradictory results, indicate the
presence of intestinal dysbiosis and their potential
value in the diagnosis and management of epilep-
sy, especially in its refractory form. However, the
presented reorganisation of GMB in patients with
epilepsy cannot be completely consistent given
the many variables affecting the gut microbiome,
namely differences in study design, age of patients,
diet and living conditions. For this reason, sufficient-
ly large samples with reasonably controlled varia-
bles are needed to obtain more accurate results.

BASIC MECHANISMS OF THE RELATIONSHIP
BETWEEN GUT MICROBIOM AND EPILEPSY
As it was noted above, changes in the GMB struc-
ture are accompanied by activation of epileptic paro-
xysms. This most likely occurs as a result of the de-
velopment of the "leaky gut" syndrome. Increased
permeability of the epithelial barrier allows bacteria,
toxic metabolites, endo- and exotoxins, and small mo-
lecules (inflammatory cytokines and excitatory amino
acids) to enter the bloodstream, alter the integrity of
the blood-brain barrier, and negatively affect the brain
[55, 56]. Thus, when the integrity of these two bar-
riers is compromised, immune cells and compounds
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released by microbiota enter the brain and disrupt
the balance between excitatory and inhibitory neuro-
transmitters, provoking the development of seizures.

Gut microbes metabolise alimentary tryptophan
into aryl hydrocarbon receptor agonists and interact
with its receptor to control microglia activation and
growth factor expression (TGFa and VEGF-B vascular
growth factor), thereby modulating the pathogenic
activity of astrocytes [57, 58]. Inflammatory cytokines
and chemokines released by astrocytes enhance mi-
croglia activity, including phagocytosis migration
of apoptotic cells and synapse contraction [59].
Contact between astrocytes and microglia increases
the production of pro-inflammatory cytokines with
infiltration of immune cells and subsequent chronic
neuroinflammation, as well as increased blood-brain
barrier permeability [60].

Microglia morphology was altered in gnoto-
biont- or antibiotic-treated animals. Defects in
maturation, activation and differentiation of neu-
rons were detected, which led to an inadequate
immune response to various pathogens. These
disorders could be eliminated only after recoloni-
sation with microbiota [61].

In addition to glial cells, peripheral immune
cells are involved in the establishment of epilep-
tic paroxysms: T cells and monocytes that transit
into brain tissue from the intestine [62]. The exact
mechanism of this transit is not fully established.

GMB may provoke epilepsy through an innate
immune response. Blood-brain barrier permeability
has been shown to increase throughout the life of
GF mice, and this is due to reduced expression of
occludin and claudin-5 proteins in the intestinal
endothelium [63]. Intestinal dysbiosis firstly reduces
claudin production and expands the permeability of
the intestinal mucosa with migration of microorga-
nisms, their metabolites and toxins from the intesti-
nal lumen [64], and secondly, it reduces the amount
of SCFAs, exacerbating blood-brain barrier permeabi-
lity and generating neuroinflammation [65].

Peptidoglycan (PGN) is a component of bac-
terial cell wall, which is mainly present in human
Gl tract. But PGN is also found in brain microglia
from patients with chronic encephalitis [66]. That
is, PGN can move from the gut to the CNS, con-
tributing to chronic inflammation and paroxysms.

GMB contributes to epilepsy by inducing and
adaptive immunity by synthesising cytokines that
penetrate the brain through the gut mucosa and
the blood-brain barrier and activate immune cells
in the brain to participate in the immune response.
For example, IL-17 produced by Th17 cells can be
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modulated by specific phyla of the gut microbiota,
primarily by Bacteroidetes [8, 67, 68]. It has been
shown that in patients with epilepsy, both in cere-
brospinal fluid and peripheral blood, IL-17 levels are
higher than in controls and have a direct correlation
with the frequency and severity of seizures [69-72].

Intestinal metabolites such as SCFAs are able to
influence immunoglobulin synthesis and secretion
by regulating B-lymphocyte differentiation [73, 74].
The absence of a commensal microbiota suppress-
es IgA and IgG1 formation and induces IgE, which
increases susceptibility to disease [75, 76].

Consequently, the gut microbiota induces an
immune response by initiating the gut-brain axis and
accounts for epileptogenesis. In addition to the above,
it can be added that an imbalance between excitatory
(glutamate, dopamine, noradrenaline) and inhibitory
(GABA and serotonin) neurotransmitters in the brain
centre lies in the development of epilepsy [77].

Intestinal microorganisms secrete neurotrans-
mitters that can also be generated by stimulation of
intestinal cells by gut metabolites. There is evidence
that the relative abundance of the genera Copro-
coccus, Ruminococcus and Turicibacter is positively
correlated with glutamate and glutamine levels
[78], while abundant colonisation of the gut by
A. mucinophilia and Parabacteroides is able to alter
amino acid levels in the intestinal lumen, serum
and hippocampus in such a way as to balance the
amount of seizure-related neurotransmitters, there-
by providing a protective anticonvulsant effect [79].

However, the composition and structure of GMB
are so complex and poorly understood that it is
problematic to identify certain bacteria as the most
"beneficial" or "dangerous" in epilepsy [80-82].

The most important neurotransmitter — 5-hy-
droxytryptamine (5-HT, serotonin) is involved in
the regulation of cognitive, behavioural and other
mental functions of humans. Its action is realised
through 7 main families of serotonin receptors
(5-HT1-5-HT7) and at least 14 subtypes, which
determines their different response to specific (in-
cluding pharmacological) ligands.

The main source of serotonin in the intestine is
enterochromaffin cells (ECs) [83]. It is presented that
patients with temporal lobe epilepsy are deficient in
serotonin. However, it has been observed that fluctu-
ations in its concentration in the gut are not able to
directly affect the brain because it does not penetrate
the blood-brain barrier [84]. However, 5-HT released by
ECs may have a potential effect on signal transduction
along the brain-gut axis, regulating afferent activity
of the abdominal part of the vagus nerve [85] and
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inflammatory responses [86]. It has been suggested
that altered levels of 5-HT in the gut are associated
with epilepsy. But there is no evidence to support this.

The concentration of another neurotransmit-
ter, N-acetylaspartic acid (NAA), is possibly de-
creased in patients with epilepsy. However, a pilot
study found that low levels of NAA are associated
with faecal Ruminococcus faecalis and this process
is mediated by serum cortisol [87].

The role of other neurotransmitters in the patho-
physiology of epilepsy is known, but it is not carried
out by the gut microbiota. It has been observed
that norepinephrine has a dual effect on the onset
of epilepsy depending on concentration: at low
doses it has a proepileptic effect, while high doses
can trigger epilepsy [88].

Dopamine and acetylcholine are closely related
to epilepsy and are able to indirectly influence brain
function through the enteric nervous system, vagus
nerve and by regulating the expression of peripheral
receptors [89]. For example, acetylcholine (ACh), a ma-
jor stimulant of the autonomic nervous system, acti-
vates signal transduction via cholinergic and nicotinic
receptors. Accumulating evidence suggests that dys-
function of nicotinic receptors, which are widely ex-
pressed in hippocampal neurons and cortex, may be
significantly involved in the pathogenesis of epilep-
sy. The dopamine-norepinephrine-adrenaline cycle
induces hormonal and neuronal pathways. Serotonin,
norepinephrine, histamine and melatonin can act as
both hormones and neurotransmitters [90, 91].

THE ROLE OF FACTORS CAPABLE

OF REMODELLING THE GUT MICROBIOME
AND INFLUENCING THE PROGRESSION
OF EPILEPSY

There is no doubt that diet, probiotics, antibio-
tics, and a number of other factors modify GMB
composition. Recently, there is emerging work
with a good evidence base that these same pre-
dictors can affect the nervous system and reduce
or increase epileptic seizures.

The ketogenic diet (KD) has been successful-
ly used to compensate for the course of a group
of severe neurological diseases [92, 93] and is re-
commended for children as an alternative treat-
ment for any form of epilepsy when traditionally
used antiepileptic drugs are ineffective ( the level
of persuasiveness of recommendations is A, the
level of evidence is 1) [43].

However, fundamental mechanisms of the an-
tiepileptic effect of KD need further investigation.
Current explanations are based on the operation
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of neurotransmitters, brain energy metabolism,
oxidative stress and ion channels [94], and micro-
biota remodelling [40, 95].

Adherence to classical KD for one month is ac-
companied by a significant decrease in total SC-
FAs, predominantly due to acetate, propionate
and butyrate. This is due to a drastic restriction of
fermentable carbohydrate intake and a decrease
in the number of fermenting bacteria [96].

Some SCFAs (propionate and butyrate) have an-
tiepileptic effects because they provide maturation
of microglia of the enteric nervous system and brain
and reduce the permeability of the blood-brain bar-
rier. Butyrate improves mitochondrial dysfunction
and protects brain tissue from oxidative stress and
apoptosis via the Keap/Nrf2/HO-1 pathway, thereby
increasing seizure threshold and reducing seizure in-
tensity [96]. Propionate treatment can reduce seizure
intensity and prolong the latency period of seizures
by reducing mitochondrial damage, apoptosis, hip-
pocampal damage and neurological deficits [97].

A 2016 systematic review presented 38 ran-
domised controlled trials (RCTs) investigating the
effects of probiotics on CNS function in both animals
and humans using a specific probiotic dose and dura-
tion of administration. Three strains of bifidobacteria
(B. longum, B. breve, B. infantis) and two strains of
lactobacilli (L. helveticus, L. rhamnosus) were tested
at doses ranging from 10% to 10" CFU. The course
of treatment was 2 weeks in animals and 4 weeks in
humans. Tested probiotics have shown efficacy in the
improvement of behaviour associated with psychiat-
ric disorders such as anxiety, depression, autism spec-
trum disorder (ASD), obsessive-compulsive disorder,
and memory recovery (spatial and non-spatial) [98].

In a prospective study of the efficacy of a probio-
tic mixture in patients with PRE, it was found that the
frequency of seizures decreased in 28.9% of patients
by more than 50%. In 76.9% of these patients, the
positive effect persisted 4 months after disconti-
nuation of treatment. This study showed that adju-
vant probiotics reduce seizure frequency and can be
used as an adjunctive treatment to AED [99].

In an experimental model of PTZ-induced ep-
ilepsy, a group of mice supplemented with pro-
biotics did not develop complete kindling (epi-
leptogenesis) due to an increase in GABA in brain
tissue. Consequently, the inclusion of probiotic in
the therapy significantly reduced the occurrence
of sustained hyperactivity of neurons due to their
profound disinhibition caused by the insufficiency
of inhibitory control mechanisms and the activity of
exogenous (endogenous) factors (PTZ) that caused
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excitation and disruption of antagonistic regulation
between excitation and inhibition processes [100].

The use of synbiotic or probiotic Lactobacillus
fermentum MSK 408 in combination with KD in the
treatment of PTZ-induced seizures reduced the side
effects of KD without impairing its antiepileptic effects.
Both KD and probiotic were found to increase GABA
metabolism by regulating the gut microbiota [61].

It has been observed that saplementation of
the diet of PRE patients with synbiotics enriches
the GMB with SCFA-producing microorganisms
[17], and Lactobacillus fermentum MSK 408 modu-
lates the GMB, has an effect on SCFA and restores
serum lipid profile and mRNA expression of tight
contact proteins in both the gut and CNS [24].
These are preliminary observations for additional
probiotic effects in the treatment of PRE. It is likely
that probiotics can be an adjunctive treatment for
refractory epilepsy and used in combination with
KD. However, further, larger placebo-controlled,
experimental and clinical studies of the mecha-
nism of action of pro- and synbiotics are needed.

Z. He et al. (2017) presented a clinical case of
a young man suffering from Crohn's disease and
seizures for 17 years. The patient underwent fae-
cal microbiota transplantation for the treatment
of Crohn's disease. During 20 months of follow-up,
he did not record a single episode of seizures de-
spite discontinuation of sodium valproate [101].

It was shown that treatment of newborns diag-
nosed rotavirus gastroenteritis with probiotics (Sac-
charomyces boulardii or Lactobacillus casei) reduced
the risk of seizures 10-fold compared to the control
group (children who did not receive probiotics).
The authors suggested that S. boulardii suppresses
paroxysmal brain activity by inhibiting the structu-
ral protein NSP4, which activates chloride channels
and reactive oxygen species, or by suppressing the
inflammatory response in general [102].

Six patients with PRE have been described, five of
whom had complete cessation of seizures and one
of whom had more than 90% reduction in seizure
frequency on antibiotic (AB) treatment. After discon-
tinuation of treatment for a fortnight, seizures recurred
in all patients [103]. It is possible that such a positive
effect of AB therapy is due to inhibition of the growth
of one or more intestinal microorganisms responsible
for the production of compounds that destroy the
balance between excitation and inhibition: the main
factor provoking the development of seizures. Ho-
wever, other mechanisms cannot be excluded.

Some ABs can cause epilepsy. For example,
lactam ABs, including penicillin, cephalosporins,
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and carbapenems, most commonly induce sei-
zures [104]. IV generation of cephalosporins: im-
ipenem and ciprofloxacin in combination with re-
nal dysfunction, brain damage and epilepsy pose
an increased risk of symptomatic seizures.

The use of ABs has short- or long-term effects
on GMB composition in both humans and animals
[105]. Often, ABs disrupt the balance of gut micro-
organisms and cause disease. Although there are
ABs that increase the abundance of beneficial mi-
croorganisms and play a positive role in the struc-
ture of the gut microbiota [105].

Different groups of ABs remodelling the GMB in
different ways. For example, macrolides inhibit the
growth of Actinobacteria (mainly Bifidobacteria) [106,
1071, oral vancomycin decreases the number of Fir-
micutes and increases the number of Proteobacteria
[108]. Penicillin has a weak effect on human GMB
[108]. The extent of amoxicillin-induced epilepsy is
independent of the composition of the gut microbio-
ta, which contradicts the hypothesis that GMB acts as
a "bridge" in AB-induced epilepsy. It should be con-
sidered that the effects of AB on the microbiota are
related to the initial composition of the microbiota
and the habits of the macroorganism [108, 109]. In
the future, a multicentre study is needed to further
elucidate the specific effects and mechanisms of
action of different antibiotics on epilepsy.

Antibiotics can cause the drug interactions with
AEDs, which alters the operability of the last ones
and consequently attenuates or enhances seizure
susceptibility. Most clinically important interac-
tions between antibiotics and AEDs result from in-
duction or inhibition of cytochrome P450 enzymes
that metabolise the drugs. This phenomenon has
been widely described for carbamazepine, pheny-
toin, phenobarbital and rifampicin [110].

Thus, studies of microbial diversity in patients
with PRE have captured that this form of the dis-
ease is often associated with the prevalence of Fir-
micutes phyla microorganisms. The use of agents
(pro-, antibiotics, etc.) capable of converting GMB
also converts paroxysmal brain activity in epilep-
sy. The study of the individual "metabolic profile"
in epileptic patients when using pro- and antibi-
otics may possibly introduce new strategies in the
treatment of this disease.

CONCLUSION

The microbiom—-gut-brain axis refers to the bi-
directional relationship between the gut and brain
and regulates gut and CNS homeostasis through
neural networks and neuroendocrine, immune
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and inflammatory pathways. Improvements in se-
quencing technology have highlighted the regula-
tory role of the gut microbiota in epilepsy.

Based on these findings, various means aimed at
the recovery of a healthy microbial community (the
diet, pre-, probiotics, antibiotics and even faecal mic-
robiota transplantation) should be used, which may
become in the near future one of the alternative treat-
ments for the refractory epilepsy and improve the
quality of life of patients suffering from this disease.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOpbl BHeCnn cyule-
CTBEHHbI BKNag B pa3paboTKy KoHuenumu, npo-
BefleHne uccnefoBaHUA U MOATOTOBKY CTaTby,
npounu n opobpunu GrHaNbHy Bepcuo nepes
nybnukaumen.

KoH$nuKT nHTepecos. ABTOpbl AeKNapupyoT
OTCYTCTBUE ABHbIX M MOTEHLMNANbHbIX KOHGNIMKTOB
WNHTEPEeCOoB, CBA3aHHbIX C NybnvKaumen Hactos-
Len cTaTbu.

UcTouHuK ¢puHaHcmpoBaHUA. ABTOPbI 3asB-
nAT 06 OTCYTCTBMY BHelHero GrHaHCMpOBaHMUA
npv NPoBeAEHNN NCCNeJOBaHUA.
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Abstract. The aim of the study was to evaluate the frequency of allelic variants of the genes of predisposition to
arterial hypertension in adults, depending on the gestation period of a premature newborn. The study design
is prospective, controlled, single — center, non-randomized. Genomic DNA samples were studied in newborns
with extremely low body weight (ELBW) and gestational age <28 weeks (n=95), premature newborns (NN) with
gestational age >28 but <34 weeks (n=105), as well as a population sample of adults (n=100). For the analysis, loci
with already known association with the development of arterial hypertension and coronary heart disease were
selected: AGT (rs4762), AGTR1 (rs5186), ACE (Ins\Del), ADRBT (rs1801253), ADD1 (rs4961), CYP11B2 (rs1799998),
eNOS (rs1799983), eNOS (rs1549758), eNOS (rs2070744). The distribution of allele frequencies between the study
groups was compared. Premature infants are significantly more likely to carry the allele C of the AGT gene. In
newborns with ELBW, we additionally found a more frequent occurrence of mutant alleles of the eNOS gene
and the rare GG genotype in the ADRBT gene. It is established that newborns with extremely low body weight,
in contrast to the population of premature babies, are carriers of a greater number of risk alleles of genes
predisposing to arterial hypertension.

Keywords: premature newborns, arterial hypertension, hereditary predisposition, gene polymorphism
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Pestome. Lienb paboTbl — OLleHKa YaCTOTbl HOCUMTENIbCTBA aiieflbHbIX BapMaHTOB FeHOB, NPeAPacronoXeHHOCTH
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nncb 06pasupbl reHomHol HK y HOBOpOXKAEHHbIX AETel C SKCTpeMasibHO HM3KoW Maccor Tena (SHMT) u recta-
LMOHHbIM BO3pacToM <28 Hegenb (n=95), HepOHOLWEHHbIX HOBOPOXAeHHbIX (HH) ¢ rectayOHHbIM BO3pacToM
>28 HO <34 Hepenb (n=105), a Takxe NoNyNALNOHHOM BbIGOPKM B3pocsibix (n=100). na aHanu3a 6b1v BbIOpaHbI
JTOKYCbI C YK€ U3BEeCTHOW accoumaumen C pa3BUTMEM apTEPUANbHON MMNEPTEH3MU 1 ULWEMUYECKON 6onesHbio
cepaua: AGT (rs4762), AGTR1 (rs5186), ACE (Ins\Del), ADRB1 (rs1801253), ADD1 (rs4961), CYP11B2 (rs1799998),
eNOS (rs1799983), eNOS (rs1549758), eNOS (rs2070744). [NpoBOAMNOCL CpaBHEHME pacnpedeneHnsa YacTtoT an-
nenemn U reHOTUMNOB MeXAay ncciegyembiMy rpynnamu nuiu. HegoHoLWeHHble feTy JOCTOBEPHO Yalle ABNATCA
Hocutenamu annens C reHa AGT. Y HoBopoXKaeHHbIX ¢ DHMT gononHMTeNnbHO BbisiBNieHa 6oree yacTas BCTpeyae-
MOCTb MyTaHTHbIX annenen reHa eNOS n pegkoro reHoTuna GG reHa ADRBT. YCTaHOB/IEHO, YUTO HOBOPOXKAEHHbIE
¢ SHMT, B oT/iMyme OT NOnNynAUMN HEAOHOLLEHHbIX AETEN, ABNAIOTCA HOCUTENAMY OONbLIEro YMcia PUCKOBbIX
annenen reHoB NPeAPacroNoKeHHOCTU K apTepuasibHOM rMnepTeH3NN.

KnioueBble cfioBa: HEOOHOWEHHbIe HOBOpO)KaeHHble, apmepuad’ibHadA cunepmeH3us, HAceo0cmeeHHas npeapac—

NOJI0OXKEHHOCMb, nonumopd)usm 2eHOo8

INTRODUCTION

Analysis of data on the long-term consequen-
ces of prematurity and, in particular, the associa-
ted early chronic noncommunicable diseases
such as arterial hypertension (AH) and metabo-
lic syndrome (MS) in adulthood, is one of the
urgent topics of clinical research in the last dec-
ade. Historically, the focus in the development of
cardiovascular diseases emphasized individual
risk factors. They were identified in the Framing-
ham Study and other longitudinal observational
projects so far [1]. The traditional risk factors are
hypertension, dyslipidemia, obesity, diabetes and
smoking. Subsequently, other potential predic-
tors of AH, such as inflammation and insulin resis-
tance, were included in this list [1]. The recogni-
tion of risk factors was a significant progress that
allowed to identify real clinical targets of thera-
peutic interventions. Subsequent studies have
shown that interventions that lead to risk factor
eliminating actually reduce the risk of morbidity
and mortality from cardiovascular disease [2].

At the same time, subtle mechanisms of these
outcomes remain poorly understood. As applied

to pediatric practice, causes related to environ-
mental factors, various aspects of the theory of
“fetal programming” and genetic features of pre-
mature infants are discussed in this aspect [3, 4].

Moreover, these data quite unambiguously
point to the significance of gestational age for the
early onset and even mortality from cardiovascu-
lar diseases, diabetes and lung diseases among
individuals [3-7]. However, not all studies show a
significant relationship between prematurity and
arterial hypertension in adult individuals [6]. Al-
though hereditary predisposition to AH may play
its role in the process [71].

AIM

The aim of the research was to evaluate the
frequency of carrying allelic variants of genes pre-
disposing to adult arterial hypertension in prema-
ture newborns depending on gestational age.

MATERIALS AND METHODS

Research design: prospective, controlled, sin-
gle-center, non-randomized. The research was
performed on the base of the Republican Clinical

OPUTUHAJIbHbBIE CTATBWU
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Perinatal Center of the Republic of Bashkortostan
in the period from 01.02.2019 to 01.03.2020. The
research was approved by the ethical commit-
tee of the State Budgetary Institution "Republi-
can Children's Clinical Hospital" of the Ministry of
Health of the Republic of Bashkortostan (Protocol
No. 9 of 21.01.2019).

Genomic DNA samples were collected from
neonates with extremely low birth weight (ELBW)
below 1000 g and gestational age of 28 weeks or
less (ELBW group; n=95); premature neonates (PN)
with low birth weight less than 2000 g but more
than 1000 g and gestational age less than 34 weeks
but more than 28 weeks (PN group; n=105), as well
as a population sample of adults from the Republic
of Bashkortostan (control, n=100) (Table 1).

Molecular genetic tests were performed at
the Center of Molecular Medicine of Bashkir
State University, Ufa. DNA samples (repeats)
isolated from peripheral blood lymphocytes of
the examined neonates served as a material for
the tests. The quality and quantity of isolated
genomic DNA were examined using a Qubit 3.0
fluorimeter (Invitrogen, USA). Amplification was
performed using reagent kits from Syntol, Rus-
sia, on a CFX96 Touch Real Time System detec-
tion amplifier (BioRad, USA). All loci were geno-
typed by real-time polymerase chain reaction
(PCR) in the presence of fluorescent probes using
Tagman technology according to the manufac-
turer's protocol (Syntol LLC, Russia).

The loci which were already associated with
the development of arterial hypertension and
coronary heart disease were selected for analy-
sis: AGT (rs4762) — angiotensinogen gene, AGTR1
(rs5186) — angiotensin Il type 1 receptor gene,
ACE (Ins/Del) — angiotensin-converting enzyme
gene, ADRBT (rs1801253) — [1-adrenoreceptor
gene, ADD1 (rs4961) — gene of alpha-subunit of
adducin protein, CYP11B2 (rs1799998) — gene
of cytochrome P450 second polypeptide, eNOS
(rs1799983) — gene of nitric oxide synthase, eNOS
(rs1549758), eNOS (rs2070744).

ISSN 2221-2582

Statistical analysis was performed according to
the “case-control” type: where “case” is a sample
of ELBW or PN, “control” is a population sample.
The distribution of allele and genotype frequen-
cies between the studied groups of individuals
was compared.

Hardy-Weinberg equilibrium conditions were
fulfilled for all polymorphic loci studied for both
cases and controls. The x? method was used to
calculate associations. Inheritance was estimated
using a multiplicative model. If there were statis-
tically significant differences in the distribution
of allele and genotype frequencies between the
study groups, calculations for the dominant and
recessive models were also performed.

RESULTS

The results of the analysis of allele and
genotype frequency distribution of polymorphic
loci of arterial hypertension susceptibility genes in
the preterm neonates are presented in Table 2.

No statistically significant differences between
groups (p >0.05) in polymorphic loci distribution
frequencies was shown for genes AGTRT (rs5186),
ACE (Ins-Del), ADRBT (rs1801253) gene, eNOS
(rs1799983, rs1549758 and rs2070744), ADD1
(rs4961), CYP11B2 (rs1799998).

At the same time, there were statistically sig-
nificant differences in the distribution of allele
frequencies (p=0.0002) of the polymorphic locus
rs4762 (Thr174Met) in the AGT gene between
samples of preterm newborns and controls. There
was performed an analysis of statistically signi-
ficant differences in the frequency distribution
of the homozygous recessive genotype of AGT
(rs4762) among the studied groups. The C allele
and CC genotype (according to the recessive in-
heritance model) were shown to be significant-
ly more frequent in newborns with PN than in
controls (84.2% vs 71% and 69.3 vs 46%, respec-
tively) — x?=14.31; p=0.0002; odds ratio 2.17;
95% confidence interval 1.45-3.26 and x?=15.33;
p=9.0E-5; OR 2.66; 95% Cl 1.62-4.36.

Table 1. Demographic characteristics of the studied groups of children

Tabnuua 1. Jemorpaduueckme xapakTrepucTuku ncciefyembix rpynn geten

Moka3saTtens / Indicator

DKCTPEMasIbHO HI3KasA Macca Tena /
Extremely low body weight (n=95)

HepoHoleHHble HOBOPOXAEHHbIe /
Premature newborns (n=105)

Bec, r 874,7+181,86 1486,54+482,31
PocT, cm 33,55+3,33 43,32+5,14
[ecTaUMOHHBIN BO3pacT, HeJenu 26,79+1,39 32,23+2,39
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Table 2. Comparative analysis of the distribution of allele frequencies of polymorphic loci of susceptibility genes to arterial

hypertension in the studied premature infants

Ta6bnuua 2. CpaBHUTENbHbIN aHaNnU3 pacnpepeneHna YacToT aieneli NoNMMopHbIX TOKYCOB reHOB MpeApacnoNioXKeH-
HOCTU K apTepunasibHOl rMNepTeEH3NN y NCCNIelyeMbiX HEJOHOLLEHHbIX fieTeil

« y OTHOLLEHNe WaHcoB /
_ | RoHTpONb 0Odds ratio
Annenu / Alleles Cnyuan/Cas Control X2 p

es (n=105) 95% AN /

(n=100) 3HaueHne
95% Cl

leH AGT (rs4762) Annenb C/ 0.842 0.710 14.31 0.0002 217 1.45-3.26
Gene AGT (rs4762) Allele C
leH AGT (rs4762) Annenb T/ 0.158 0.290 0.46 0.31-0.69
Gene AGT (rs4762) Allele T
leH AGTR1 (rs5186) Annenb A 0.766 0.790 0.43 0.51 0.87 0.58-1.32
leH AGTR1 (rs5186) Annenb C/ 0.234 0.210 1.15 0.76-1.73
Gene AGTR1 (rs5186) Allele A
leH ACE (Ins\Del) Annenb I/ 0.540 0.585 1.08 0.3 0.83 0.59-1.18
Gene ACE (Ins\Del) Allele |
leH ACE (Ins\Del) Annenb D/ 0.460 0.415 1.20 0.85-1.69
Gene ACE (Ins\Del) Allele D
[en ADRB1 (rs1801253) Annenb C/ 0.802 0.798 0.01 0.92 1.02 0.67-1.56
Gene ADRB1 (rs1801253) Allele C
len ADRB1 (rs1801253) Annenb G/ 0.198 0.202 0.98 0.64-1.50
Gene ADRBI (rs1801253) Allele G
[eH eNOS rs1799983 Annenb G/ 0.770 0.750 0.30 0.58 1.12 0.75-1.66
Gene eNOS rs1799983 Allele G
[eH eNOS rs1799983 Annenb T/ 0.230 0.250 0.90 0.60-1.33
Gene eNOSrs1799983 Allele T
[eH eNOS rs1549758 Annenb C/ 0.763 0.760 0.01 0.94 1.01 0.68-1.51
Gene eNOS rs1549758 Allele C
[eH eNOS rs1549758 Annenb T/ 0.237 0.240 0.99 0.66-1.47
Gene eNOS rs1549758 Allele T
[eH eNOS rs2070744 Annenb T/ 0.676 0.725 1.51 0.22 0.79 0.54-1.15
Gene eNOS rs2070744 Allele T
[eH eNOS rs2070744 Annenb C/ 0.324 0.275 1.26 0.87-1.84
Gene eNOS rs2070744 Allele C
[eH ADD1 rs4961 Annenb G/ 0.774 0.835 2.96 0.09 0.68 0.43-1.06
Gene ADD1 rs4961 Allele G
leH ADD1 rs4961 Annenb T/ 0.226 0.165 1.48 0.95-2.30
Gene ADD1 rs4961 Allele T
leH CYP11B2 rs1799998 Annenb T/ 0.492 0.515 0.27 0.6 0.91 0.65-1.28
Gene CYP11B2rs1799998 Allele T
[eH CYP11B2 rs1799998 Annenb C/ 0.508 0.485 1.10 0.78-1.54
Gene CYP11B2 rs1799998 Allele C

Subsequently, a comparative analysis was per-
formed in order to note the differences between
allele frequency distribution of the same genes
among a population-based sample of adults and
ELBW (Table 3).

Analyzing the data in Table 3, it may be noted
that there were statistically significant differences

in the distribution of allele frequencies (p=0.0007)
of the polymorphic locus rs4762 (Thr174Met) in
the AGT gene between the samples of ELBW and
controls, which is similar to the general group of
premature infants. In addition, it was found that
CC genotype (according to recessive inheritance
model) was significantly more frequent in ELBW
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Table 3. Comparative analysis of the distribution of allele frequencies of polymorphic loci of susceptibility genes to arterial
hypertension in the studied newborns with extremely low body weight

Tabnuua 3. CpaBHUTENbHbI aHaNW3 pacnpefeneHna YacToT anesneil NoNMMopdHbIX TOKYCOB reHOB NpefpacnonoXeHHo-
CTW K apTepuanibHOM rMnepTeH3NN y NCcefyemMbiX HOBOPOXKAEHHBIX C SKCTPEManbHO HU3KOI Maccoli Tena

OTHOLLEHME WaHCoB /
Cnyuvan / KoHTponb / 0Odds ratio
Annenn / Alleles Cases Control x> p 95% I/
(n=105) (n=100) o
3HaueHue 95% Cl
leH AGT (rs4762) Annenb C/ 0.853 0.710 11.53 0.0007 2.36 1.43-391
Gene AGT (rs4762) Allele C
[eH AGT (rs4762) Annenb T/ 0.147 0.290 0.42 0.26-0.70
Gene AGT (rs4762) Allele T
[eH AGTR1 (rs5186) Annenb A/ 0.805 0.790 0.14 0.71 1.10 0.67-1.80
Gene AGTRI (rs5186) Allele A
[eH AGTR1 (rs5186) Annenb C/ 0.195 0.210 0.91 0.55-1.49
Gene AGTRI (rs5186) Allele C
leH ACE (Ins\Del) Annenb I/ 0.51 0.585 2.18 0.14 0.74 0.50-1.10
Gene ACE (Ins\Del) Allele /
[eH ACE (Ins\Del) Annenb D/ 0.489 0.415 1.35 0.91-2.02
Gene ACE (Ins\Del) Allele D
leH ADRBIT (rs1801253) Annenb C/ 0.758 0.798 0.90 0.34 0.79 0.49-1.28
Gene ADRBIT (rs1801253) Allele C
leH ADRB1 (rs1801253) Annenb G/ 0.242 0.202 1.26 0.78-2.04
Gene ADRBT (rs1801253) Allele G
[eH eNOS rs1799983 Annenb G/ 0.862 0.750 7.68 0.006 2.08 1.23-3.51
Gene eNOS rs1799983 Allele G
[eH eNOS rs1799983 Annenb T/ 0.138 0.250 0.48 0.29-0.81
Gene eNOS rs1799983 Allele T
[eH eNOS rs1549758 Annenb C/ 0.851 0.760 5.10 0.02 1.80 1.08-3.02
Gene eNOS 151549758 Allele C
[eH eNOS rs1549758 Annenb T/ 0.149 0.240 0.55 0.33-0.93
[eH eNOS rs1549758 Annenb T
leH eNOS rs2070744 Annenb T/ 0.697 0.725 0.38 0.54 0.87 0.56-1.35
Gene eNOS rs2070744 Allele T
[eH eNOS rs2070744 Annenb C/ 0.303 0.275 1.15 0.74-1.78
Gene eNOS rs2070744 Allele C
leH ADD1 rs4961 Annenb G/ 0.791 0.835 1.21 0.27 0.75 0.45-1.26
Gene ADD1 rs4961 Allele G
[eH ADD1 rs4961 Annenb T/ 0.209 0.165 1.34 0.80-2.24
Gene ADD1 rs4961 Allele T
[eH CYP11B2 rs1799998 Annenb T/ 0.544 0.515 0.32 0.57 1.12 0.75-1.68
Gene CYP11B2rs1799998 Allele T
leH CYP11B2 rs1799998 Annenb C/ 0.456 0.485 0.89 0.60-1.33
Gene CYP11B2rs1799998 Allele C
than in controls (85.53% vs 71% and 70.5 vs 46%, Allele and genotype frequencies of polymorphic

respectively) — x?>=11.53; p=0.0007; OR 2.36; 95% loci in genes AGTRT (rs5186), ACE (Ins-Del), ADRB1
Cl11.43-3.91 and x?=12.03; p=0.0005; OR 2.81;95%  (rs1801253),ADD1(rs4961)and CYP11B2(rs1799998)
Cl 1.56-5.07. In addition, TT genotype was more  were not statistically significant (p >0.05). At the
often detected in the population sample com- same time, when comparing the genotype frequen-

pared to ELBW (p=0.05).

cy distribution of the polymorphic locus in ADRB1
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(rs1801253) between the studied groups, it was
shown that the GG genotype, which was homozy-
gous for a rare allele, was more frequently detec-
ted in ELBW (4.2% of cases) compared to the po-
pulation control (not detected) — x?=4.27; p=0.04;
OR 9.79; 95% Cl 0.52-18.43. Statistically significant
differences were found in the distribution of allele
frequencies (p=0.006) and genotypes (p=0.02) of
the polymorphic locus in eNOS (rs1799983) be-
tween the ELBW group and controls. The G allele
was significantly more frequent in newborns with
ELBW than in controls (86.2% vs 75.0%) — x?=7.68;
p=0.006; OR 2.08; 95% Cl 1.23-3.51. Whereas the T
allele was significantly less frequent among new-
borns with ELBW compared to the population aver-
age (13.8% vs 25.0%) — x*=7.68; p=0.006; RR 0.48;
95% Cl 0.29-0.81. The GG genotype also appeared
to be more frequently detected in the ELBW group
(73.4% vs 56.0) — x?=6.40; p=0.01; OR 2.17; 95%
Cl 1.18-3.97. Statistically significant differences in
allele frequency distribution (p=0.02) and eNOS
(rs1549758) were found between samples of neo-
nates with extremely low birth weight and controls.
The C allele was shown to be significantly more fre-
quent in children with ENMT as compared to con-
trol (85.1% vs 76.0%) — x?=5.10; p=0.02; OR 1.80;
95% Cl 1.08-3.02. Whereas the T allele was signi-
ficantly less frequent among neonates with ELBW
than the population average (14.9% vs 24.0%) —
x?=5.10; p=0.02; OR 0.55; 95% Cl 0.33-0.93. The CC
genotype was also more frequently detected in
the ELBW group (72.3% vs 57.0) — x?=4.98; p=0.03;
OR 1.97;95% Cl 1.08-3.60.

No statistically significant differences (p >0.05)
were found in distribution of allele and genotype
frequencies of the polymorphic locus in eNOS
(rs2070744) between groups.

DISCUSSION

The aim of the research was to determine that
increased incidence of cardiovascular disease in
adulthood may be related to hereditary predispo-
sition in individuals born prematurely. In addition,
gestational age was proposed to have some rele-
vance as well as.

Indeed, it was found that preterm infants were
significantly more likely to be carriers of the C al-
lele, gene AGT. AGT encodes a protein angioten-
sinogen, from which angiotensin | is formed un-
der the action of renin, which is actively involved
in regulation of systemic blood pressure [8].

Moreover, the research revealed that ELBW
have more pronounced features of patient's
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genotype predisposition to arterial hypertension.
This contingent of patients also had a higher fre-
quency of risk polymorphic alleles of eNOS and a
rare GG genotype of ADRB1. eNOS3 encodes a ni-
tric oxide synthase enzyme, which produces nitric
oxide (NO). Inhibition of NO synthase usually leads
to prolonged arterial hypertension [8]. ADRBIT is
a gene of B1-adrenoreceptor, it encodes protein
which is a target for beta-blockers. Therefore, the
extent to which a drug helps to reduce high blood
pressure partially depends on polymorphic loci of
this gene [8].

On the one hand, this fact confirms the well-
known paradigm that newborns with ELBW signi-
ficantly differ from premature infants with normal
body weight concerning their biological charac-
teristics [9]. On the other hand, predisposition
to early arterial hypertension in this contingent
makes it necessary to modify approaches to stra-
tegy planning for future targeting of health care
budget expenditures. In a large Swedish popu-
lation-based cohort study (923,686 women) and
a recent study from the USA, it was found that
mothers who gave birth to preterm infants had
an increased risk of cardiovascular disease in ca-
thamnesis [10]. In addition, preterm neonates are
known to have a significantly increased risk of co-
ronary heart disease and associated mortality [11].

Indeed, our research has several limitations. It
is very difficult to test the direct effect of single
polymorphisms on blood pressure due to the
minimal effect of each polymorphism. Assessing
the joint effect of genes in relation to quantitative
or qualitative phenotype, it is possible to encoun-
ter a methodological error when calculating the
genetic risk index, which is defined as the total
number of alleles associated with a disease [12].
It could be avoided by genome-wide association
researches in preterm neonates. Ideally, such
studies would have a strong contribution to ana-
lyze the monitoring of blood pressure data and
endogenous influences such as cortisol levels
and exogenous influences such as catecholamine
dosing. This will hopefully lead to identifying the
most significant genetic variants that can guide
therapeutic decisions.

In addition, it should also be recalled that en-
vironmental factors may also contribute to indi-
vidual clinical features of arterial hypertension.
Specifics of allelic variants of polymorphic loci in
ELBW parents had not been investigated in the
research. Ethnic characteristics of PN had not
been taken into account. Nor did we calculate the
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necessary number of controls. All the above-men-
tioned indicates the need for further validation of
the results obtained on a larger group.

CONCLUSION

The research demonstrated that neonates with
extremely low birth weight, in contrast to prema-
ture neonates with normal body weight, carry a
greater number of risk alleles of genes predispos-
ing to arterial hypertension, which may increase
the risk of developing AH in adulthood.
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AOMNOJIHUTENbHAA UHOOPMALUA

Bknap aBtopos. [./l. MupoHoB — KoHLuen-
umvAa 1 gusanH nccnenoBaHns, obpaboTka matepu-
ana, HanmcaHue craTtbu, aHanu3 nutepatypsbl; H0.C.
AnekcaHapoBMY — Habop 1 06paboTKa MaTepu-
ana, HanucaHwe ctatbk; AX.Hypranvesa — Ha-
60p 1 obpaboTka MaTepumana, HanucaHue cTaTby;
P.P.BanueB — BbIMNOMHEHME TEHETUYECKNX WC-
cnefoBaHui, obpaboTka MaTepuarna, HamucaHue
cTatby, aHanu3 nutepatypbl; A.C. borgaHoBa —
BbIMOJIHEHME reHeTUYeCKunx nccnegoBaHum;
C.I. MNeTpoBa — BbINOMHEHWE FrEHETUYECKNX NCCTIe-
foBaHui; D.K. XycHyTAMHOBa — peLieH3npoBaHme
VHTenneKkTyanbHoro cogepxunmoro; 1.0. iBaHoB —
peueH3poBaHNe WHTENNEKTYalbHOIrO COAepPXu-
Moro. Bce aBTopbl npounu n ogobpunu GrHanbHyo
Bepcuto nepeg nybnvkaymnen.
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KoH}nuKT nHtepecos. ABTOPbI AeKNapupyoT
OTCYTCTBUE ABHbIX I MOTEHLMaNbHbIX KOHGANKTOB
WHTEePEeCOB, CBA3aHHbIX C Myb6nuKaumen HacTos-
LLen cTaTbw.

UctouHuk ¢mHaHcupoBaHuA. PaboTta nog-
gepaHa MUHUCTepCTBOM HayKu U BbicLiero ob-
pa3oBaHua PO N FZWU-2020-0027.

NHdpopmmupoBaHHOe cornacme Ha ny6nuka-
yuio. ABTOPbI MONYYUSI MUCbMEHHOE cornacue
MauneHToB Ha Nyb6nmMKauuio MeAuLVHCKMX OaH-
HbIX.
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Abstract. The aim of the study was to evaluate the frequency of carrier allelic variants of polymorphic loci of genes
predisposing to overweight and type 2 diabetes mellitus, depending on the gestation period of a premature
newborn. The study design is prospective, controlled, single — center, non-randomized. Genomic DNA samples
were studied in newborns with extremely low body weight (ELBW) and gestational age <28 weeks (n=95),
premature newborns (PN) with gestational age >28 and <34 weeks (n=105), as well as a population sample
of adults (n=100). For the analysis, we selected loci with a well — known association with the development of
overweight and type 2 diabetes — ADRB2 (rs1042713) and (rs1042714), ADRB3 (rs4994), GNB3 (rs5443), PPARA
(rs4253778), PPARD (rs2016520), TCF7L2_IVS3 (rs7903146) and TCF7L2_IVS4 (rs12255372), PPARGCTA (rs8192678),
MTHFR (rs1801131), PPARG (rs1801282), MTNR1B (rs10830963), SIRT1 (rs7069102). The distribution of allele
frequencies between the study groups was compared. PN are significantly more likely to be carriers of the A allele
and the AA genotype of the rs8192678 locus in the PPARGCTA gene. In newborns with ELBW, we additionally
revealed a more frequent occurrence of the C allele and the CC genotype of the rs4253778 locus in the PPARA
gene. ltis established newborns with ELBW are more frequent carriers of rare allelic variants of genes predisposing
to metabolic syndrome

Key words: premature newborns, metabolic syndrome, hereditary predisposition, gene polymorphism
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Pe3iome. Llenib paboTbl — OLIeHKa YaCTOTbl HOCUTENBbCTBA a/ifIeNIbHbIX BAPMAHTOB NOIMMOPHbIX JIOKYCOB reHOB
npeapacnonoXeHHOCTN K OXKMPEHWIO U caxapHOMY AnabeTty 2-ro Tuna B 3aBUCMMOCTM OT CpOKa rectauumn He-
[LOHOLLEHHOrO HOBOPOXAEHHOTO. [IN3aiiH NcCnefoBaHNUA: MPOCMNEKTUBHOE, KOHTPONMNPYEMOE, OAHOLIEHTPOBOE,
HepaHaoMKM3npoBaHHoe. M3yuyanncb o0bpasubl JHK y HOBOPOXAEHHbIX C SKCTPEMasnbHO HU3KOW Maccown Tena
(OHMT) 1 rectauMoHHbIM BO3pacTom <28 Hefenb (N=95), HeAOHOLIEHHbIX HOBOPOXKAEHHbIX (HH) ¢ rectaumoHHbIM
BO3pacTom >28 n <34 Hegenb (n=105), 1 NnonynAUMOHHON BbIbopKK B3pocbix (n=100). ina aHanm3a 6biun Bbi-
6GpaHbl JIOKYCbI C y>Ke M3BECTHOW accoLmaLien K pa3BrUTHIO OXKMPEHWA 1 caxapHoro arnabeta 2-ro Tuna — ADRB2
(rs1042713) n (rs1042714), ADRB3 (rs4994), GNB3 (rs5443), PPARA (rs4253778), PPARD (rs2016520), TCF7L2_IVS3
(rs7903146) u TCF7L2_IVS4 (rs12255372), PPARGCIA (rs8192678), MTHFR (rs1801131), PPARG (rs1801282), MTNR 1B
(rs10830963), SIRTT (rs7069102). NMpoBoAnNOCL CpaBHEHME pacnpefesieHnsa YacToT annenen Mexay uccneapy-
eMbIMK rpynnamMu naymeHToB. HH JoCToBepHO Yalle ABNATCA HocuTenamu annena A n reHotuna AA nokyca
rs8192678 reHa PPARGCITA. Y HoBopoKaeHHbIX ¢ DHMT gononHuTenbHO BbiiBNEHa 6onee Yactaa BCTPEYaeMOCTb
annenu C n reHotuna CC nokyca rs4253778 reHa PPARA. YcTtaHOBNEHO, YTO HOBOpOKAeHHble ¢ SHMT anatotca
6onee YacTbIM/ HOCUTENAMMN PELKMX anieNlbHbIX BAPUAHTOB FreHOB NPeApPacronoXeHHOCTH K MeTabonnyeckomy
CcMHApoMmY.

KnioueBble cnioBa: HeOOHOWeEHHble HOBOPOXXOeHHble, Memabosudeckuli CUHOpPOM, HaC/IeOCM8BeHHAs Npedpacno-

JIOXKEHHOCMb, nonumopd)usm 2eHOo8

INTRODUCTION

Incidence of preterm birth has increased sig-
nificantly over the past 50 years and now affects
nearly 11% of all newborns [1]. During the same
period, medical advances have led to a significant
improvement in the survival rate. Currently, more
than 95% of premature neonates receiving mo-
dern neonatal and pediatric care survive to adult-
hood [2, 3]. Consequently, an unprecedented
number of preterm birth survivors are now tran-
sitioning to adulthood each year (>10 million per
year worldwide) [4]. This trend will have growing
clinical importance. Therefore, clinicians who pro-
vide adult health care will increasingly encounter
patients having undergone preterm birth. From
this perspective, particularly, mechanisms and
predictors of metabolic syndrome (MS), with obe-
sity, arterial hypertension, and type 2 diabetes
mellitus as its main manifestations, are being ac-
tively studied [5].

The genetic basis of MS predisposition has
been poorly examined so far. There is evidence
that predisposition to the disease may have he-

reditary nature. Although the clinical relevance of
presumed genetic markers still requires convin-
cing confirmation [6-8].

AIM

The aim of the research was to evaluate the fre-
quency of carrying allelic variants of genes predis-
posing to overweight and type 2 diabetes mellitus
in preterm newborns depending on gestational
age.

MATERIALS AND METHODS

Research design: prospective, controlled, sin-
gle-center, non-randomized. The research was
performed on the base of the Republican Clinical
Perinatal Center of the Republic of Bashkortostan
in the period from 01.02.2019 to 01.03.2020. The
research was approved by the ethical commit-
tee of the State Budgetary Institution "Republi-
can Children's Clinical Hospital" of the Ministry of
Health of the Republic of Bashkortostan (Protocol
No. 9 of 21.01.2019).



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

ISSN 2221-2582

Table 1. Demographic characteristics of the studied groups of children

Tabnuua 1. Jemorpaduueckme xapakTrepucTukmn nccsiefyembix rpynn geten

Mokasatenb / Indicator

DKCTpeManbHO HM3Kaa macca Tena / Ex-
tremely low body weight (n=95)

HepoHoleHHble HOBOPOXKAEeHHble /
Premature newborns (n=105)

Bec, r 874,7+181,86 1486,54+482,31
PocT, cm 33,55+3,33 43,32+5,14
[ecTauMOHHbIN BO3pacT, HeJenu 26,79+1,39 32,23+2,39

Genomic DNA samples were collected from
neonates with extremely low birth weight (ELBW)
below 1000 g and gestational age of 28 weeks
or less (ELBW group; n=95); premature neonates
(PN) with low birth weight less than 2000 g but
more than 1000 g and gestational age less than 34
weeks but more than 28 weeks (PN group; n=105),
as well as a population sample of adults from the
Republic of Bashkortostan (control, n=100) (Tab-
le 1).

Molecular genetic tests were performed at the
Center of Molecular Medicine of Bashkir State Uni-
versity, Ufa. DNA samples (repeats) isolated from
peripheral blood lymphocytes of the examined
neonates served as a material for the tests. The
quality and quantity of isolated genomic DNA
were examined using a Qubit 3.0 fluorimeter
(Invitrogen, USA). Amplification was performed
using reagent kits from Syntol, Russia, on a CFX96
Touch Real Time System detection amplifier
(BioRad, USA). All loci were genotyped by real-time
polymerase chain reaction (PCR) in the presence
of fluorescent probes using Tagman technology
according to the manufacturer's protocol (Syntol
LLC, Russia).

The loci which are associated with develop-
ment of MS (overweight, hyperglycemia) were
selected for analysis: the beta-2-adrenergic re-
ceptor gene — ADRB2 (rs1042713) and ADRB2
(rs1042714), the beta-3-adrenergic receptor
gene — ADRB3 (rs4994), guanine nucleotide-bin-
ding protein beta-3 — GNB3 (rs5443), peroxisome
proliferator-activated receptor gene — PPARA
(rs4253778), peroxisome proliferator-activated re-
ceptor protein delta gene — PPARD (rs2016520),
T-cell transcription factor 4 gene — TCF7L2_IVS3
(rs7903146) and TCF7L2_IVS4 (rs12255372), pero-
xisome proliferator-activated receptor gamma co-
activator 1-alpha gene — PPARGCIA (rs8192678),
methylenetetrahydrofolate reductase gene —
MTHFR  (rs1801131), peroxisome prolifera-
tor-activated receptor gamma gene — PPARG

(rs1801282), melatonin receptor 1B gene —
MTNR1B (rs10830963), Sirtuin 1 gene — SIRT1
(rs7069102).

Statistical analysis was performed according to
the “case-control” type: where “case” is a sample
of ELBW or PN, “control” is a population sample.
The distribution of allele and genotype frequen-
cies between the studied groups of individuals
was compared.

Hardy-Weinberg equilibrium conditions were
fulfilled for all polymorphic loci studied for both
cases and controls. The x> method was used to
calculate associations. Inheritance was estimated
using a multiplicative model. If there were statis-
tically significant differences in the distribution
of allele and genotype frequencies between the
study groups, calculations for the dominant and
recessive models were also performed.

RESULTS

The results of the analysis of allele and
genotype frequency distribution of polymorphic
loci of metabolic syndrome (MS) predisposition
genes in the preterm neonates are presented in
Table 2.

No statistically significant differences between
groups (p >0.05) in polymorphic loci distribution
frequencies was shown for ADRB2 (rs1042713,
rs1042714).

In addition, no statistically significant diffe-
rences between groups (p >0.05) in polymorphic
loci distribution frequencies was shown for genes
polymorphic loci ADRB3 (rs4994), GNB3 (rs5443),
PPARA (rs4253778), PPARD (rs2016520), TCF7L2
(rs7903146) and TCF7L2 (rs12255372), MTHFR
(rs1801131), MTNRI1B (rs10830963) and SIRTI
(rs7069102).

No significant differences between the groups
were also found in allele frequency distribution
of the polymorphic locus PPARG (rs1801282).
However, according to the dominant inheritance
model, it was shown that the GG genotype was
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Table 2. Comparative analysis of the distribution of allele frequencies of polymorphicloci of susceptibility genes to metabolic

syndrome in the studied premature infants

Tabnuua 2. CpaBHUTENbHbBIN aHaNU3 pacnpeaeneHna YacToT auieneii NoNMMopdHbIX IOKYCOB reHOB MpeApacnosNioXKeH-
HOCTU K MeTabonnuyeckomy CMHAPOMY Y NCCleayeMbiX HEAOHOLLEHHbIX feTel

OTHoweHue waHcos /Odds

Allele G rs1801282 in the PPARG gene

Cnyvan/ | KoHTponb/ _
Annenu / Alleles Cases Control X2 p ratio
(n=105) (n=100) 3HauveHue | 95% AW/ 95% Cl
Annenb Ars1042713 B reHe ADRB2/ 0.437 0.429 0.03 0.85 1.03 0.73-1.46
Allele Ars1042713 in the ADRB2 gene
Annenb Grs1042713 B reHe ADRB2 / 0.563 0.571 0.97 0.69-1.37
Allele Grs1042713 in the ADRB2 gene
Annenb Crs1042714 B reHe ADRB2 / 0.619 0.616 0.00 0.95 1.01 0.71-1.44
Allele Crs1042714 in the ADRB2 gene
Annenb G rs1042714 B rene ADRB2 / 0.381 0.384 0.99 0.70-1.41
Allele G rs1042714 in the ADRB2 gene
Annenb Trs4994 B reHe ADRB3 / 0.837 0.875 1.52 0.22 0.73 0.45-1.20
Allele Trs4994 in the ADRB3 gene
Annenb Crs4994 B reHe ADRB3 / 0.163 0.125 1.37 0.83-2.25
Allele Crs4994 in the ADRB3 gene
Annenb Trs5443 B reHe GNB3 / 0.321 0.290 0.59 0.44 1.16 0.80-1.68
Allele Trs5443 in the GNB3 gene
Annenb Crs5443 B reHe GNB3/ 0.679 0.710 0.87 0.60-1.25
Allele Crs5443 in the GNB3 gene
Annenb Grs4253778 B reHe PPARA / 0.817 0.866 2.16 0.14 0.69 0.42-1.13
Allele G rs4253778 in the PPARA gene
Annenb Crs4253778 B reHe PPARA / 0.183 0.134 1.45 0.88-2.37
Allele Crs4253778 in the PPARA gene
Annenb A rs2016520 B reHe PPARD / 0.829 0.821 0.05 0.82 1.05 0.67-1.65
Allele A rs2016520 in the PPARD gene
Annenb G rs2016520 B reHe PPARD / 0.171 0.179 0.95 0.60-1.49
Allele G rs2016520 in the PPARD gene
Annenb Crs7903146 B reHe TCF7L2/ 0.800 0.788 0.12 0.73 1.08 0.70-1.65
Allele Crs7903146 in the TCF7L2 gene
Annenb Trs7903146 B rene TCF7L2/ 0.200 0.212 0.93 0.61-1.42
Allele Trs7903146 in the TCF7L2 gene
Annenb G rs12255372 B rene TCF7L2 / 0.801 0.832 0.83 0.36 0.81 0.52-1.27
Allele G rs12255372 in the TCF7L2 gene
Annenb Trs12255372 B rene TCF7L2 / 0.199 0.168 1.23 0.79-1.93
Allele Trs12255372 in the TCF7L2 gene
Annenb Grs8192678 B reHe PPARGCIA / 0.608 0.730 8.69 | 0.003 0.57 0.40-0.83
Allele G rs8192678 in the PPARGCIA gene
Annenb Ars8192678 B reHe PPARGCITA / 0.392 0.270 1.74 1.20-2.53
Allele A rs8192678 in the PPARGCTA gene
Annenb Ars1801131 B reHe MTHFR / 0.659 0.655 0.01 0.93 1.02 0.71-1.46
Allele Ars1801131 in the MTHFR gene
Annenb Crs1801131 B rene MTHFR / 0.341 0.345 0.98 0.69-1.41
Allele Crs1801131 in the MTHFR gene
Annenb Crs1801282 B reHe PPARG / 0.816 0.813 0.01 0.92 1.02 0.66-1.58
Allele Crs1801282 in the PPARG gene
Annenb Grs1801282 B reHe PPARG / 0.184 0.187 0.98 0.63-1.52
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Ending of the table 2 / OkoHyaHue mab6sn. 2

Cnyuan/ | Kontponb/ OTHouweHme waHcos /Odds
Annenwn / Alleles Cases Control NG p ratio
(n=105) (n=100) 3HaveHue | 95% AN/ 95% Cl

Annenb Crs10830963 B rene MTNRIB / 0.671 0.670 0.00 0.98 1.00 0.70-1.44
Allele Crs10830963 in the MTNRIB gene
Annenb Grs10830963 B reHe MTNRIB / 0.329 0.330 1.00 0.69-1.43
Allele G rs10830963 in the MTNR1B gene
Annenb Crs7069102 B reHe SIRT1 / 0.441 0.413 0.29 0.59 112 0.74-1.69
Allele Crs7069102 in the SIRTT gene
Annenb Grs7069102 B reHe SIRT1 / 0.559 0.587 0.89 0.59-1.35
Allele G rs7069102 in the SIRT1 gene

Table 3. Comparative analysis of the distribution of allele frequencies of polymorphicloci of susceptibility genes to metabolic
syndrome in studied newborns with extremely low body weight

Ta6bnuua 3. CpaBHUTENbHDbIN aHaNM3 pacnpegeneHns YacToT amiesiell NoNMMOPPHbIX JIOKYCOB FeHOB NpeapacnosioXeH-
HOCTU K MeTaboInuyecKkomy CUHAPOMY Y Ncc/ieAyeMbiX HOBOPOXKAEHHbIX C SKCTPeMaslbHO HU3KOI Maccoil Tena

Cnyuan/ | KoHTponb / OTHoOlWeHMe WaHcoB /
Annenu / Alleles Cases Control X2 p Odds ratio
(n=95) (n=100) 3HaueHune | 95% [IN/ 95% Cl

Annenb Ars1042713 B rene ADRB2 / 0.437 0.429 0.02 0.88 1.03 0.69-1.54
Allele Ars1042713 in the ADRB2 gene
Annenb Grs1042713 B reHe ADRB2 / 0.563 0.571 0.97 0.65-1.45
Allele G rs1042713 in the ADRB2 gene
Annenb Crs1042714 B reHe ADRB2 / 0.622 0.616 0.02 0.9 1.03 0.68-1.55
Allele Crs1042714 in the ADRB2 gene
Annenb G rs1042714 B reHe ADRB2 / 0.378 0.384 0.97 0.65-1.47
Allele G rs1042714 in the ADRB2 gene
Annenb Trs4994 B reHe ADRB3 / 0.837 0.875 1.52 0.22 0.73 0.45-1.20
Allele Trs4994 in the ADRB3 gene
Annenb Crs4994 B reHe ADRB3 / 0.163 0.125 1.37 0.83-2.25
Allele Crs4994 in the ADRB3 gene
Annenb Trs5443 B reHe GNB3 / 0.340 0.290 114 0.29 1.26 0.82-1.94
Allele Trs5443 in the GNB3 gene
Annenb Crs5443 B reHe GNB3 / 0.660 0.710 0.79 0.52-1.22
Allele Crs5443 in the GNB3 gene
Annenb G rs4253778 B reHe PPARA / 0.763 0.866 6.23 0.01 0.50 0.29-0.87
Allele G rs4253778 in the PPARA gene
Annenb Crs4253778 B reHe PPARA / 0.237 0.134 2.01 1.15-3.50
Allele Crs4253778 in the PPARA gene
Annenb Ars2016520 B reHe PPARD / 0.858 0.821 0.95 0.33 1.31 0.76-2.27
Allele A rs2016520 in the PPARD gene
Annenb Grs2016520 B reHe PPARD / 0.142 0.179 0.76 0.44-1.32
Allele G rs2016520 in the PPARD gene
Annenb Crs7903146 B reHe TCF7L2 / 0.805 0.788 0.16 0.69 1.1 0.67-1.84
Allele Crs7903146 in the TCF7L2 gene
Annenb Trs7903146 B reHe TCF7L2 / 0.195 0.212 0.90 0.54-1.50
Allele Trs7903146 in the TCF7L2 gene
Annenb G rs12255372 B reHe TCF7L2 / 0.800 0.832 0.64 0.42 0.81 0.48-1.36
Allele G rs12255372 in the TCF7L2 gene
Annenb Trs12255372 B reHe TCF7L2 / 0.200 0.168 1.23 0.74-2.07
Allele Trs12255372 in the TCF7L2 gene
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Ending of the table 3 / OkoHuaHue mab6s. 3

Cnyuan/ | KoHtponb/ OTHolweHue WaHcoB /
Annenwn / Alleles Cases Control X? p Odds ratio
(n=95) (n=100) 3HaueHne | 95% [/ 95% Cl

Annenb G rs8192678 B reHe PPARGCIA / 0.626 0.730 4.81 0.03 0.62 0.40-0.95
Allele G rs8192678 in the PPARGCITA gene
Annenb A rs8192678 B reHe PPARGCIA / 0.374 0.270 1.61 1.05-2.48
Allele A rs8192678 in the PPARGCTA gene
Annenb Ars1801131 B reHe MTHFR / 0.632 0.655 0.23 0.63 0.90 0.60-1.37
Allele A rs1801131 in the MTHFR gene
Annenb Crs1801131 B reHe MTHFR / 0.368 0.345 1.1 0.73-1.68
Allele Crs1801131 in the MTHFR gene
Annenb Crs1801282 B reHe PPARG / 0.796 0.813 0.19 0.67 0.90 0.54-1.48
Allele Crs1801282 in the PPARG gene
Annenb Grs1801282 B reHe PPARG / 0.204 0.187 112 0.67-1.85
Allele G rs1801282 in the PPARG gene
Annenb Crs10830963 B reHe MTNR1B / 0.671 0.670 0.00 0.98 1.00 0.70-1.44
Allele Crs10830963 in the MTNR1B gene
Annenb Grs10830963 B reHe MTNRIB / 0.329 0.330 1.00 0.69-1.43
Allele G rs10830963 in the MTNR1B gene
Annenb Crs7069102 B reHe SIRT1 / 0.458 0.413 1.00 0.32 1.20 0.84-1.71
Allele Crs7069102 in the SIRTT gene
Annenb Grs7069102 B reHe SIRTT / 0.542 0.587 0.83 0.58-1.19
Allele G rs7069102 in the SIRTT gene

significantly less frequent among PN than in con-
trols (0.5% vs 4.0%) — x?=4.92; p=0.03; OR 0.12;
95% Cl 0.01-1.10.

At the same time, there were statistically sig-
nificant differences in the distribution of allele
frequencies (p=0.0003) of the polymorphic lo-
cus rs8192678 in the PPARGCTA gene between
samples of preterm newborns and controls. The
G allele and the GG genotype (according to the
dominant inheritance model) appeared to be sig-
nificantly less frequent among preterm infants
(60.8% vs 73% and 43.2% vs 56.0%, respective-
ly) — x?=8.69; p=0.003; OR 0.57; 95% Cl 0.40-0.83
and x?=6.15; p=0.04; OR 0.60; 95% Cl 0.37-0.97.
Whereas the A allele and AA genotype, according
to the recessive inheritance model, were signifi-
cantly more frequent among preterm neonates
than the population average, x’=8.69; p=0.003;
RR 1.74; 95% Cl 1.20-2.53 and x?=6.15; p=0.01; RR
2.48;95% Cl 1.19-5.18.

Analysis of allele frequency distribution of
polymorphic loci of the above-mentioned genes
among neonates with extremely low body weight
are presented in Table 3.

No significant differences between groups
(p >0.05) were found in the allele and geno-
type frequency distribution of polymorphic lo-

cus in genes ADRB2 (rs1042714), ADRB3 (rs4994),
PPARD (rs2016520), TCF7L2 (rs7903146), and TC-
F7L2 (rs12255372), MTHFR (rs1801131), PPARG
(rs1801282), MTNR1B (rs10830963) and SIRT1
(rs7069102).

At the same time, there were found statistical-
ly significant differences in the distribution of al-
lele frequencies (p=0.01) and genotype frequen-
cies (0.03) of the polymorphic locus rs4253778
in the PPARA gene between the samples of ne-
onates with ELBW and the comparison group.
The G allele and the GG genotype (according to
the dominant inheritance model) appeared to
be significantly less frequent among ELBW than
in controls (76.3% vs 86.6% and 55.1 vs 74.2%,
respectively) — x?=6.23; p=0.01; OR 0.5; 95% ClI
0.29-0.87 and x?=7.00; p=0.008; OR 0.43; 95% ClI
0.23-0.81. The C allele was more frequently de-
tected among ELBW, x?=6.23; p=0.01; OR 2.01;
95% Cl 1.15-3.50.

There were revealed statistically significant
differences in the allele frequency distribution
(p=0.03) of the polymorphic locus rs8192678 in
the PPARGC1A gene between the samples of ELBW
and controls. The G allele was significantly less
frequent among ELBW than in the control group
(62.6% vs 73.0%) — x*>=4.81; p=0.03; OR 0.62; 95%
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Cl10.40-0.95. Whereas the A allele was significantly
more frequently detected among ELBW than the
population average (37.4% vs 27.0%) — x?=4.81;
p=0.03; OR 1.61; 95% Cl 1.05-2.48.

DISCUSSION

The study is devoted to the search for genetic
risk factors of metabolic syndrome development
which are associated with prematurity. Preterm
infants are significantly more likely to carry al-
lele A and homozygous genotype AA of the pol-
ymorphic locus in PPARGCTA (rs8192678). The
gene is responsible for the production of protein
coactivator 1-alpha-receptor, which is involved in
the metabolism of muscle tissues, fats and carbo-
hydrates [11].

Allele C and genotype CC of the polymorphic
locus rs4253778 in the PPARA gene were also sig-
nificantly more frequent in ELBW. PPARa receptor
is one of the subtypes of cell nucleus receptors ac-
tivated by Peroxisome Proliferator Activated Re-
ceptor (PPAR), which regulates lipid metabolism
in the liver and skeletal muscles, as well as glucose
homeostasis [9].

To some extent, the data obtained may indi-
cate that premature newborns have some genetic
predisposition to the development of metabo-
lic syndrome. Moreover, this is more significant
when the gestational age is less than 28 weeks.
A number of independent studies conducted in
recent years confirm our data [10-12].

The research has a few methodological limi-
tations. These are, first of all, the relatively small
number of patients, single-center design and lack
of randomization. Another limitation is the fact
that it was a single-stage study and not a longitu-
dinal one. Therefore, the significance of the iden-
tified risk factors for metabolic syndrome remains
relatively uncertain.

CONCLUSION

The research demonstrated that neonates
with extremely low birth weight, in contrast to
premature neonates with normal body weight,
as a rule, carry a greater number of rare alleles
of genes predisposing to metabolic syndrome,
which may increase the risk of developing MS in
adulthood.

The presented data allows us to assume that
the impact of unfavorable environmental factors
in development of MS may have a greater effectin
neonates with ELBW. Moreover, individuals born
earlier than 28 weeks of gestation are more pre-
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disposed to MS due to genetic risks, in addition
to the factors described in the framework of the
“fetal programming” theory.
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AONOJIHUTEJIbHAA NUHOOPMALIUA

Bknap aBTopoB. [1.Vl. MnpoHoB — KoHLUenmN-
uMa 1 ansanH nccnepoBaHus, obpaboTka maTe-
pvana, HanMcaHve CTaTbW, aHanu3 NUTepaTypbl;
t0.C. AnekcaHapoBuY — Habop nobpaboTka MaTe-
puana, HanucaHwue ctatbu; A.X. Hyprannesa — Ha-
60p 1 06paboTka maTepuana, HanncaHme cTaTby;
P.P. BanneB — BbINONHEHME TFEHETUYECKUX WUC-
cnefoBaHuin, obpaboTka MaTepuana, HanvcaHme
CTaTby, aHanu3 nutepatypbl; A.C. borgaHoBa —
BbIMOJSIHEHNE  TEHEeTUYECKUX  UCCNefOBAHUN;
C.I'. MeTpoBa — BbINOSIHEHNE FEHETUYECKMX UC-
cnegoBaHnn; J.K. XyCHYTOMHOBa — peueH3n-
poOBaHME UHTENNIEKTYaSIbHOTO  COAEPKMMOTO;
0.0. ViBaHOB —peLeH3npOoBaHNe WHTENNeKTY-
anbHoOro copepXmnmoro. Bce aBTopbl npounu n
opobpunn GuHanbHyo Bepcuio nepes nybnumka-
umnen.

KoHpnukr mHTepecoB. ABTOpbl AeKnapu-
PYIOT OTCYTCTBME ABHbIX M MOTEHUMNANbHbIX KOH-
bNUKTOB NHTEpeCoB, CBA3aHHbIX C Nyb6nukaumnen
HacToALeln CTaTbu.

UctouHuk ¢mHaHcmpoBaHuA. PaboTta nog-
gepaHa M1HUCTepCTBOM HayKu U BbicLIero ob-
pa3oBaHua PO N2 FZWU-2020-0027.
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WHdopmupoBaHHOe cornacme Ha ny6nuka-

yuio. ABTOpbI MONYUYUNIM NMUCbMEHHOEe corfacue
nauMeHToOB Ha Nyo6nuMKauuilo MeauUMHCKUX AdaH-
HbIX.
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Abstract. Early diagnosis of acute kidney injury (AKI) in very low birth weight (VLBW) and extremely low birth
weight (ELBW) preterm infants is a serious problem due to the lack of specific clinical manifestations, metabolic
features, immaturity of the renal tubular and tubule apparatus, and the intensive therapy provided. The aim
of the study is to compare the diagnostic value of classical markers of AKI(diuresis and serum creatinine) and
other biochemical parameters (serum cystatin C and urine b2-microglobulin) in children of this group in critical
condition. A total of 100 neonates with VLBW and ELBW were included in the study, 28 of whom developed AKI
during the first week of life (main group). Oliguria did not develop in any child, and a diagnostically significant
increase in serum creatinine was noted on the third day of life. An increase in serum creatinine and urine b2-
microglobulin levels in children of the main group compared to the comparison group was detected already
on the first day, which allows us to consider them more sensitive markers. However, the reference values of the
indicators in children with VLBW and ELBW need to be clarified.

Key words: acute kidney injury, creatinine, cystatin C, urine b2-microglobulin, preterm neonate, very low birth weight,
extremely low birth weight
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Pestome. PaHHAA ArarHOCTViKa ocTporo nospexaeHua noyvek (ONM) y HegoHOLWEHHbIX € oYeHb HU3Ko (OHMT) u
3KCTPEeMasibHO HM3KoWM Maccoi Tena (SHMT) npepacTaBnaeT coboi cepbesHyto Npobnemy BClefcTBUe OTCYTCTBUA
cneumdryecKnx KINMHUYECKUX NPOoABAEHW, 0CO6eHHOCTE MeTabonIM3ma, HE3PENoCTN KyboUYKOBOTO 1 KaHanbLie-
BOrO anmaparta Noyek, a Tak’ke NPOBOAVMON MHTEHCUBHOW Tepanuu. Lienbio paboTbl ABNAETCA CpaBHEHWE AMarHO-
CTNYECKON LIEHHOCTY Knaccuyeckmx mapkepos OII (anypes 1 CbIBOPOTOYUHbIN KPeaTUHWH) 1 ApYrinx buoxmmmye-
CKUX MoKa3aTesel (CbIBOPOTOYHbIN LcTaTH C 1 b2-MUKpOrnobynrH Moun) y AeTei aHHOW rpynnbl B KPUTUYECKOM
cocToAHuW. B nccnepoBaHmie 6binuy BKtoUyeHbl 100 HoBopoxaeHHbIx ¢ OHMT 1 SHMT, y 28 13 KOTopbix pa3Buioch
OIMM B TeueHMe NepPBO Hefen X13HW (OCHOBHaA rpynna). Onurypusa He pasBuiacb HY Y OfHOro pebeHKa, AnarHo-
CTVMYECKM 3HAUYMOE MOBbILLIEHNE CbIBOPOTOYHOIO KpeaTnHHA OTMEYaNioCb Ha TPETbU CYTKM »KU3HWU. YBENnyeHne
YPOBHA CbIBOPOTOYHOFO LucTatiHa C 1 b2-MUKpOrnobynnuHa Moun y AeTeil OCHOBHOW rpymbl MO CPaBHEHUIO C
rPYNMon cpaBHeHWA ONPeAEnANoCh YKe B MEPBbIE CyTKY, YTO NMO3BOJIAET CYUATATb KX bonee YyBCTBUTENbHBIMM Map-
kepamn. OgHako pedepeHcHble 3HaueHVA nokasaTenen y aetern ¢ OHMT n SHMT Hy>KgatoTcA B yTOUHEHNN.

KnioueBble cnoBa: ocmpoe nogpexxoeHue noyek, KpeamuHuH, yucmamuH C, b2-Mukpo2100y1uH, HeOOHOWEHHbIU

HOBOPOXOeHHbIU, 04eHb HU3KAA MACca meJia npu poxoeHUU, KpatiHe HU3KAs Macca meJsida npu poxoeHuu

INTRODUCTION

Neonates with very low birth weight (VLBW)
and extremely low birth weight (ELBW) are one
of the most challenging groups of patients in
intensive care units (ICU), requiring modern me-
thods of respiratory and drug therapy, enteral
and parenteral nutrition, careful monitoring and
care [1]. At the same time, about 87% of prema-
ture neonates with VLBW and ELBW receive at
least one nephrotoxic drug during hospitaliza-
tion [2]. Asphyxia is another common factor in
the development of the acute kidney injury (AKI)
in preterm neonates, leading to AKl in 30-56% of
cases [3, 4]. In addition, nephron development is
not completed until 32-36 weeks of gestation, so
the number of nephrons in extremely premature
neonates is lower compared to premature neo-
nates [5], which also predetermines the higher
incidence of AKI. Various authors estimate that
up to 50% of infants in ICUs have at least one epi-
sode of AKI [7], which, in turn, is an independent
risk factor for morbidity and mortality in preterm
neonates [8, 9].

Diagnosis of acute kidney injury in neonates
with VLBW and ELBW is difficult due to non-speci-
ficity of symptoms, rapid development of decom-
pensation, and the lack of generally accepted pa-
rameters for extremely premature neonates [6].
Currently, the KDIGO classification or its modified
version pKDIGO, based on the assessment of se-
rum creatinine level and diuresis rate, can be used
to diagnose AKI [10].

The question of whether this classification can
be used in preterm neonates remains debatable
[11]. It is known that creatinine concentration can
be affected by the catabolic orientation of meta-
bolic processes, increased protein load, maternal
creatinine level, the presence of hyperbilirubinae-

mia, and the method of testing [12]. In addition,
diuresis in preterm newborns is influenced by
their physiological tendency to polyuria and infu-
sion therapy [13].

Serum cystatin C and urine b2-microglobulin
can be used as alternative markers for AKI diag-
nosis. Cystatin C is a specific marker of renal tu-
bular damage [14, 15]. Urine b2-microglobulin
concentration reflects the functional status of tu-
bules [16].

AIM

To compare the diagnostic value of serum
creatinine levels and diuresis rate with serum cys-
tatin C and urine b2-microglobulin levels for ear-
ly diagnosis of acute kidney injury in critically ill
premature neonates with VLBW and WLBW in the
early neonatal period.

MATERIALS AND METHODS

This research was approved by the ethics com-
mittee of the Federal State Budgetary Educational
Institution of Higher Professional Education "Volga
Region Research Medical University" of the Minist-
ry of Health of Russia. It is a primary prospective,
non-randomized study. The research was carried
out on the basis of the neonatal intensive care
unit of the State Budgetary Institution of Neonatal
Clinical Hospital No. 40 "Regional Perinatal Cent-
re". The study included 100 premature newborns
selected according to the following criteria: pre-
maturity, birth weight less than 1500 g, absence
of congenital malformations of the cardiovascular
and genitourinary systems, life expectancy more
than 168 hours, and informed voluntary parental
consent for participation in the study.

28 patients were diagnosed with AKl regarding
pKDIGO critera. They formed the main group.
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72 patients had no signs of AKl in the early neona-
tal period (comparison group).

Median weight of the examined neonates was
990 [820-1250] grams. The gestational age was 28
[27-30] weeks. The median APGAR score at the 1st
minute was 4 [3-5] points, and 6 [5-6] at the 5th
minute. All patients required respiratory support
to varying degrees. 29 patients used nCPAP as res-
piratory therapy, 63 patients required ventilatory
support and 8 patients required high-frequency
oscillatory ventilation (HFOV).

Table 1 demonstrates characteristics of the
main group (patients with AKI) and the compari-
son group (patients without diagnosed AKI).

All patients underwent necessary laborato-
ry and diagnostic tests on the 1st, 3rd, and 7th
day of life according to internal protocols of the
clinical department. Blood sampling for bio-
chemical analysis was taken in morning hours.
Peripheral vein blood was taken by means of a
disposable sterile vacuum tube with a clot ac-
tivator. Determination of serum creatinine was
performed on a MINDRAY BS-240pro apparatus.
The remaining biological samples (serum, urine)
were used for determination of cystatin C and
b2-microglobulin. The examination was per-
formed on a Thermo Scientific Konelab PRIME 60
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analyzer. No additional blood and urine samp-
ling was taken.

Statistical processing of the obtained data
was performed by means of IBM SPSS Statistics
v.26.0 and Prism 9 (Graphpad) software package.
The obtained data was evaluated for confor-
mity to the law of normal distribution in order
to choose a method of parametric analysis. Kol-
mogorov-Smirnov criterion was used which is
recommended when the number of subjects is
more than 60. In addition, the Fisher's F-criteri-
on was calculated to assess homoscedasticity of
dispersions of the obtained data, which is one
of the conditions for applicability of parametric
analysis methods as well. According to the data
obtained, all the compared distributions dif-
fered from the normal one; therefore, non-para-
metric analysis methods were used. In addition,
asymmetry and kurtosis indices were estima-
ted, which also confirmed the distribution was
non-normal.

The data of descriptive statistics are presented
in the form of Me [Q1; Q3], where Me is the medi-
an, Q1 and Q3 are the first (25%) and third (75%)
quartiles, respectively. In this case, non-paramet-
ric Mann-Whitney U-test was used in assessing
statistical significance of differences between two

Table 1. Characteristics of patients in the main group and comparison group

Ta6bnuua 1. XapakTepucTiika nayieHTOB OCHOBHOW rPyMMbl U rpynibl CpaBHEHUA

. OcHoBHasa rpynna/ | lpynna cpaBHeHna / Com-
Mokasatenn / Indicators Main group (n=28) parison group (n=72) P

Bec npu poxgaeHun, r / Birth weight, g 990,0 [810,0-1100,0] 1145,0 [945,0-1340,0] p=0,008*

[nviHa Tena npu poxaeHun, cm / Body length at birth, cm 35,0 [31,5-38,0] 37,0 [34,5-40,0] p=0,014*

Cpok rectauun / Gestation period 26,50 [25,00-28,50] 29,00 [27,50-31,00] p=0,001*

Taxenana acdukcna (oyeHka no APGAR 3 1 meHee Ha 9 (32,1%) 15(20,8%) 0,234

1-1 MuHyTe) (abc., %) / Severe asphyxia (APGAR score

3 or less at 1st minute) (abs., %)

WHuBa3usHas UBJT (@abc., %) / Invasive AVL (abs., %) 25 (89,3%) 46 (63,9%) 0,012*
OR=6,32

NHoTponHas nogaepxka (@bc., %) / 13 (46,4%) 17 (23,6%) 0,025*

Inotropic support (abs., %) OR=4,99

SHMT (abc., %) / ELBM (abs., %) 20 (71,4%) 26 (36,1%) 0,001*
OR=0,226

[Lotaums C3M (abc., %) / FFP subsidy (abs., %) 4 (14,3%) 6 (8,3%) 0,449

NmmyHoTepanus (@6c., %) / Immunotherapy (abs., %) 6 (21,4%) 18 (25%) 0,401

* 3HaueHuA cTaTUCTUMYeCKM 3HaunMble. / Values are statistically significant.
MpumeyaHnue: VIBJ1 — nckycctseHHan seHTuUnAuna nerknx; C3MN — ceexkesamoporkeHHasA nnasma; SHMT — sKcTpemanbHO HM3KaA Macca Tena.

*Values are statistically significant.

Note: AVL — artificial lung ventilation; ELBM — extremely low body weight; FFP — fresh frozen plasma
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independent samples. In this case, nonparamet-
ric Mann-Whitney U-criterion was used to assess
statistical significance of differences between two
independent samples. Friedman criterion was
used for "before-after" studies (when studying in-
dices of OPP markers in dynamics on the 1st, 3rd,
and 7th days) which is a nonparametric analog of
repeated-measures analysis of dispersion. Nomi-
nal data were compared using Pearson's x? crite-
rion. Odds Ratio (OR) was used as a quantitative
measure when comparing relative indices. OR is
defined as the ratio of the probability (odds) of an
event occurring in a group exposed to a risk fac-
tor to the probability of an event occurring in the
control group.

Differences were considered statistically signi-
ficant at a significance level of p <0.05.

Since b2-microglobulin is supposed to be one
of the main diagnostically important markers, the
sample size of patients was based on the b2-mic-
roglobulin data. Required number of patients for
comparing b2-microglobulin levels depending on
AKI was determined by Lehr's formula for average
values (at a given research power of 90%) and by
the formula for calculating the sample size when
comparing two averages.

The value of the minimal clinically signi-
ficant difference of b2-microglobulin concen-
tration in urine of patients with and without AKI
as well as standard deviation (3.4) was substi-
tuted into the formula. The value was determined
from the pilot study involving 20 patients, it was
equal to 3.69 mg/L. Thus, the minimum sample
size was calculated, which amounted to 19 pa-
tients for each group (main and comparison
groups), so the sample size of 100 patients is suf-
ficient.

Table 2. Diuresis dynamics (ml/kg/h)

Tabnuua 2. iIntHamuKa guypesa (Mn/Kr/yac)
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RESULTS

Acute kidney injury was detected in 28 pre-
term neonates participating in the research.
Newborns with AKI were significantly more
frequently diagnosed with ELBW (p=0.001,
OR=0.226), and had shorter gestational age
(26.50 [25.00-28.50], (p=0.001)). The severity of
their condition required more intensive care: ar-
tificial lung ventilation (ALV) in 89.3% (p=0.012,
LS=6.32 ), inotropic support in 46.4% of cases
(p=0.025, LS=4.99).

Commonly accepted criteria of AKI (diuresis
and serum creatinine levels), as well as serum cys-
tatin C and urine b2-microglobulin values were
analyzed in dynamics (Table 2).

Diuresis remained normal in both groups, sig-
nificantly increasing by the end of the early neo-
natal period. No cases of oliguria were observed.
Meanwhile, all newborns received infusion ther-
apy from the first day of life in accordance with
clinical recommendations. In case of haemodyna-
mic instability, drugs with inotropic action (main-
ly dopamine at a starting dose of 4-5 mcg/kg per
minute) were prescribed.

The same children from the main group
showed increased laboratory markers during the
first week. However, timing and values of the first
increase differed (Table 3).

However, there is no definite agreement on
the normal value of serum creatinine in extreme-
ly premature neonates. In case of preterm new-
borns, the normal value of serum creatinine is less
than 45 pmol/l, whereas normal values for neo-
nates with a gestational age of less than 32 weeks
are considered to be higher than 120 umol/I [17].

Therefore, dynamics is most important for dia-
gnosing AKl, i.e., the increase in creatinine level in

lpynna nauneHTos / ) B _

Patient group 1-e cyTkmn / 1st day 3-u cytkn / 3rd day 7-e cyTkn / 7th day p
OcHoBHas rpynna / 3,10 [2,55-4,15] 5,00 [4,50-5,80] 5,70 [4,20-6,40] <0,001*
Main group (n=28) p,-,=0,001

p,_;=0,419

p,_3<0,001
lpynna cpaBHeHua / 3,75[2,79-4,30] 4,95 [4,40-5,45] 5,65 [5,25-6,50] <0,001*
Comparison group p,_,<0,001
(n=72) p,_;=0,007

p,_3<0,001

* 3HayYeHNA CTaTUCTUYECKM 3HAYMMDbIE.
* Values are statistically significant.
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Table 3. Dynamics of serum creatinine level (umol/I)
Ta6bnuua 3. InHamMmuKa ypOBHS CbIBOPOTOUYHOIO KpeaTUHNHa (MKMOsb/n)
lpynna nauneHTos / Patient group 1-ecytkn/ 1stday | 3-ucytku/3rdday | 7-e cyTkn/7th day p
OcHogHas rpynna / Main group (n=28) | 38,00 [28,00-42,50] | 91,00 [70,00-103,00] | 124,50 [79,00-155,00] <0,001*
P, <0,001
p,_;=0,001
p,_5<0,001
[pynna cpaBHeHuA / 42,50 [33,50-46,50] | 57,00 [52,00-70,0] 52,50 [41,00-67,50] 0,155
Comparison group (n=72)
* 3HaYeHUA CTAaTUCTUYECKN 3HAUYMMbIE.
*Values are statistically significant.
Table 4. Serum Cystatin C level (ng/ml)
Tabnuua 4. YpoBeHb cbiIBOpoTOUHOro uucratuHa C (Hr/mn)
lpynna naunenToB / Patient group 1-ecytkn/ Istday | 3-ucytkn/3rdday | 7-e cytkmn/ 7th day p
OcHoBHas rpynna / Main group (n=28) 1,85 [1,72-2,02] 2,06 [1,74-2,16] 2,27 [2,07-2,66] <0,001*
p;_,<0,001
p,_;<0,001
p,_3<0,001
lpynna cpaBHeHna / Comparison group 1,57 [1,34-1,94] 1,52 [1,32-1,90] 1,84 [1,40-2,12] <0,001*
(n=72) P, <0,001
p,5=0,014
p,_3<0,001

* 3HaueHUA CTaTUCTUYECKM 3HAUMMDbIe.
* Values are statistically significant.

relation to the basal one. This approach is com-
mon for all classifications of acute kidney injury.

Serum creatinine levels did not exceed
50 umol/l in all patients on the first day. Controls
had even a slightly higher creatinine level. Serum
creatinine increased on average 2.5-fold by the
third day of life, and by the end of the first week
of life — 3-fold in controls. Serum creatinine re-
mained stable in the comparison group.

Dynamics of serum cystatin C levels showed a
different pattern (Table 4).

The cystatin C level was significantly hig-
her in the main group as early as on the first day
of life. Moreover, its values increased signifi-
cantly in dynamics. At the same time, reference
intervals of serum cystatin C, according to the
literature, are 1.34-2.57 mg/I for premature new-
borns and 1.36-2.23 mg/I for full-term newborns
[19].

Urine b2-microglobulin study was used to dia-
gnose tubule abnormalities (Table 5).

Similar changes were also shown in the study
of b2-microglobulin level. However, the differen-
ces between the main group and the comparison
group were even more significant, and the dy-

namics within the group during the first week of
life were less pronounced.

At the same time, the literature data on the
level of b2-microglobulin in newborns are also
limited. The level of b2-microglobulin equal
to 1.5+0.8 mg/L at the age of 1-2 days and
1.840.3 mg/L at the age of 3-5 days in healthy
newborns is considered normal [20]. Marker le-
vels in extremely premature neonates must be cla-
rified.

ROC-analysis was performed to determine the
diagnostic significance of renal damage markers
with the determination of sensitivity and specifi-
city of the models, as well as separating values for
each marker on the 1st, 3rd, and 7th day.

According to ROC-analysis, the creatinine le-
vel can be considered prognostically significant
for AKI development not earlier than the third
day of life. The area under the curve was 0.313;
0.824 and 0.924 on the 1st, 3rd, 7th day, re-
spectively. The sensitivity of the models on the
3rd, 7th day was 75 and 71.4%, specificity was
72.2 and 72%. Separation value: 70.5 umol/L;
92.5 umol/L. Fig. 1 shows the results of ROC-ana-
lysis.
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Table 5. Urine b2-microglobulin level (mg/L)

Tabnuua 5. YpoBeHb b2-mukporno6ynuHa (mr/n)
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lpynna naunenTos / Patient group 1-ecyTkn/ Istday | 3-mcytkn/3rdday | 7-ecytkn/ 7th day p
OcHoBHas rpynna / Main group (n=28) 6,24 [4,16-11,56] 6,66 [4,58-11,45] 6,90 [5,33-12,50] <0,001*
p,,=0,053
p,_5<0,001
p,_3=0,003
lpynna cpaBHeHusa / Comparison group 2,55 [1,05-5,65] 4,27 [0,95-15,90] 2,33[0,94-6,92] 0,026*
(n=72) p,,=0,808
p,_;=0,004
P3=0,273
* 3HaYeHUs CTaTUCTMYECKU 3HaUYMMbIe.
* Values are statistically significant.
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Fig. 1. ROG-curve of the prognostic significance of creatinine
level at 1, 3 and 7 days of life in the diagnosis of AKI

Puc. 1. ROC-kpuBas npOrHOCTUYECKOW 3HAYMMOCTU YPOBHS
KpeaTnHuHa Ha 1-e, 3-11, 7-e CyTKM Xn3Hu B anarHoctuke OMMN

When examining the diagnostic significance
of cystatin C level, the area under the curve on
the 1st, 3rd, and 7th days was 0.751, 0.901, and
0.943, respectively. The sensitivity of the models
was 78.6,82.1,and 92.9%. The specificity was 70.8,
79.2 and 86.1%. The separating value was 1.663
ng/mL; 1.733 ng/mL; 2.006 ng/mL. The result is
presented in Fig. 2.

When examining the diagnostic significance of
b2-microglobulin level, the area under the curve
on the 1st, 3rd, 7th day was 0.725, 0.720, and
0.817, respectively. The sensitivity of the models
was 60.7, 71.4, 82.1%. The specificity was 63.9,

Fig. 2. ROGC-curve of the prognostic significance of cystatin C
levels at 1, 3 and 7 days of life in the diagnosis of AKI

Puc. 2.  ROC-kpuBas npOrHOCTUYECKOW 3HAYMMOCTU YPOBHSA
uuctatuHa G Ha 1-e, 3-u, 7-e CyTKN Xu3HK B auarHoctuke OMI

62.5,70.8%. The separating value was 4.638 mg/L;
5.245 mg/L; 5.280 mg/L. The obtained ROC curve
is shown in Fig. 3.

According to the results of ROC-analysis, we
can conclude that the most significant markers
for the diagnosis of AKI starting from the first day
of life are cystatin C and b2-microglobulin. More-
over, their diagnostic significance increases by
the 7th day of life.

DISCUSSION
The number of patients diagnosed with acute
kidney injury amounted to 28% in the research,

ORIGINAL PAPERS



ISSN 2221-2582

ROC Kpussie ROC Curves
1.0 =
7
Z s o
> ] [
Z L
w
c
& s r‘r
E e
3 04 i
T
z ?
=
v
5 ¢ i}
3 02 |
£ J
[
=
0.0 rr )
0.0 02 0,4 0.6 0,8 1,0
1 - CneundnyHOCTL 1- Specificity

B2_mukpornobynuH_1_cyTku
B2_microglobulin_1

—— B2_MmuKpornodynun_3_cyTkun
B2_microglobulin_3
- B2_MuKpOrnobynuH_7_CyTku OnopHas AUHUA

B2_microglobulin_7 Reference line

Fig. 3.  ROC-curve of the prognostic significance of b2-
microglobulin levels on days 1, 3 and 7 of life in the diagnosis of AKI

Puc. 3. ROC-kpnBas nporHoCTUHECKOWM 3HAYMMOCTU YPOBHA b2-
MUKpOrnobynuHa Ha 1-e, 3-n, 7-e CyTKM XXn3HK B guarHocTuke OMNM

which does not exceed the average percentage of
patients with AKl in other studies.

This pathology was more frequently detected
in neonates with severe prematurity and birth
weight less than 1000 g. It confirms the higher
vulnerability and low compensatory capacity
of kidneys due to morphological and functional
immaturity, as well as the presence of a smaller
number of functioning tubules. This group of pa-
tients also required more intensive therapy: inva-
sive respiratory support, including high-frequen-
cy oscillatory ventilation, and inotropic drugs to
maintain stable hemodynamics. The obtained
data are consistent with the results of other stu-
dies [21], which revealed a close relationship bet-
ween the progression of respiratory failure and
the development of AKIl in premature neonates.
Acute injury makes a significant contribution to
the development of multi-organ dysfunction
syndrome.

All examined premature neonates did not
show oliguria in the early neonatal period. Ta-
king into account an inotropic drug which was
added to treatment in case of hemodynamic
instability, adequate renal blood flow and, ac-
cordingly, glomerular filtration were preserved.
Similarly, the persistent high rate of diuresis in
the early neonatal period might be associated
with reduced water reabsorption at the tubule
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apparatus. The results obtained indicated that
diuresis had a low significance in diagnosing
AKl in premature neonates in the first 7 days
of life.

The levels of serum creatinine, serum cys-
tatin C, and b2-microglobulin in urine were
increased in the same patients at different pe-
riods of time. Thus, each laboratory parameter
can be used to diagnose AKI in premature ne-
onates, since it can reflect the damage of both
the glomerular and tubule renal apparatus.
The absence of generally accepted reference
intervals for creatinine, cystatin C, and b2-mi-
croglobulin in preterm infants does not allow
us to assume AKI. It is necessary to assess the
increase of markers in dynamics in case of a sin-
gle study. Creatinine had the lowest sensitivity
among the markers analyzed in the research:
its increase was detected in all premature neo-
nates with AKI by the 7th day of life. Cystatin C
and b2-microglobulin showed higher sensitivi-
ty. Determination of b2-microglobulin in urine
should also be emphasized. Its concentration of
was significantly higher in the main group star-
ting from the first day of life, and it intensively
increased in dynamics by the 7th day of life. No
blood sampling is required for b2-microglobu-
lin determination, which is especially important
for patients with VLBW and ELBW.

CONCLUSION

1. Acute kidney injury. According to KDIGO
criteria it was diagnosed in 28% of very low and
extremely low birth weight infants in critical con-
dition in the first week of life.

2. All patients in our study had non-oliguric
AKI.

3. Cystatin C, creatinine and b2-microglobulin
were increased in the same newborns with AKI,
indicating pathological involvement of both glo-
merular and tubule renal apparatus.

4. Increase of serum creatinine in relation to
basal creatinine. It started on the 3rd day of life in
neonates with AKI.

5.Increase in serum cystatin C and urine
b2-microglobulin levels in the main group in the
first day of life and its subsequent growth allow to
consider them as sensitive AKI markers.

6. It is necessary to determine normal levels of
serum creatinine, cystatin C, and b2-microglobu-
lin in premature infants with extremely low and
very low birth weight in order to use them more
effectively in the diagnosis of AKI.
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OONOJIHUTEJIbHAA UHOOPMALINA

Bknapg aBTopoB. Bce aBTOpbl BHeCnu cyule-
CTBEHHbIV BKNag B pa3paboTKy KoHuenumu, npo-
BefleHMe uccnefoBaHWA U MOArOTOBKY CTaTbW,
npounu n ogobpunu GrHanbHy Bepcuio nepeq
nybnmkaumen.

KoH$nuKT nHTepecoB. ABTOpbl fieKnapupytot
OTCYTCTBUE ABHbIX M MOTEHLNANbHbIX KOHONMKTOB
WHTEPECOB, CBA3aHHbIX C Ny6nuMKauuen HacTos-
Len ctatbu.

UcTouHuK PuHaHcmpoBaHusA. ABTOpbl 3asB-
nAT 06 OTCYTCTBUM BHELIHEro GrHaHCMPOBaHUA
npv NPoBefeHNN NCCiefoBaHuA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
uuio. ABTOPbI NONYYUIN MUCbMEHHOe cornacue
3aKOHHbIX NpeAcTaBuUTENen NayMeHToB Ha Ny6nu-
Kauuio MegNUNHCKMX JaHHbIX.
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Abstract. Obesity is a serious medical and social problem of modern health care system. The problem of maternal
obesity associated with gynaecological, perinatal risks and risk of developing diseases in offspring. It has been
proven that excess body weight before pregnancy is a significant risk factor for the development of obesity and
metabolic syndrome in children. The article presents data from an analysis of physical development in children in
the first year of life born to obese mothers.
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Pestome. OXxnpeHmne siBNAETCA Cepbe3HON MeanKo-coLmanbHol NpobnemMoit COBPEeMEHHOMO 34paBOOXPaHEHNS
1 JocTuraet B Mupe Maclutabos anvgemun. MpobneMa MaTeprHCKOro OXMPEHNA CBA3aHa Kak C aKyLIepCKo-r-
HeKOJIOrMYeCKMMU 1 NeprHaTanbHbIMY PUCKaMU, Tak 1 C OJITOCPOYHbIM BVAHMEM MAaTEPUHCKOrO OXXMPEHUSA Ha
COCTOAHVE 300POBbA NOTOMCTBA. [loKa3aHo, YTo M36bITOUYHAA Macca Tena 10 6epeMEHHOCTY ABNAETCA CyLeCTBEH-
HbIM GaKTOPOM prICKa Pa3BUTUA OXKMPEHNA U METaboNIMUYEeCKOro CUHAPOMa Y AeTell. B ctaTbe npeacTaBieHbl faH-
Hble aHanr3a GU3MYeCcKoro pPa3BUTUA y IeTel, B NePBbIN rof KU3HU, POXKAEHHbIX OT MaTepel C OXKMPEHMEM.

KnioueBble cnoBa: d)usuquKoe passumue, demu, MamepuHCKoe OXXupeHue, u3bbimoy4yHaa macca mena

INTRODUCTION Health Organization (WHO) report on obesity in

Obesity is a serious medical and social problem  Europe for 2022, about 55.5% of the adult popula-
of modern public health. It is reaching epidemic  tionis overweight and obese [1]. The incidence of
proportions worldwide. According to the World  obesity among women of childbearing age is also
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steadily increasing [1]. This trend is currently the
most alarming, as numerous studies have proven
the role of maternal obesity in the development of
complications of pregnancy and childbirth, such
as habitual miscarriage, preeclampsia, gestational
diabetes mellitus, gestational arterial hyperten-
sion, weak labor, increased incidence of operative
delivery, bleeding in labor and early postpartum,
traumatic injuries in the mother and fetus, infec-
tions in the area of surgical interventions, and in-
trauterine retention [2-4]. Besides complications
of pregnancy, childbirth and perinatal risks, the
long-term effects of maternal obesity are actively
studied. It has been proved that excessive body
weight before pregnancy is a significant risk factor
for the development of obesity and metabolic
syndrome in offspring [5, 6]. Analysis of 2416 po-
pulation studies revealed that from 1975 to 2016,
there was an increasing trend in BMI in children
and adolescents [7]. Childhood obesity, in turn, is
associated with the risk of developing diseases in
adulthood, such as metabolic syndrome, cardio-
vascular and musculoskeletal diseases, atopic der-
matitis, type 2 diabetes mellitus, and the develop-
ment of psychological problems [8-11].

AIM

To analyze the dynamics of physical develop-
ment in children in the first year of life born to
obese mothers.

MATERIALS AND METHODS

90 children were included in the study: Group
1 — 54 children from obese mothers (mother's
body mass index (BMI) before pregnancy >30 kg/m?
Group 2 — 36 children from mothers with normal
BMI (18.5-24.9 kg/m2). The mean maternal BMI
at the time of delivery in group 1 was 38.1 kg/m?
and in group 2 was 22.7 kg/m?. The number of
children born through natural labor was 66.1%,
and by cesarean section — 33.9%. The number of
premature neonates in the groups was 4.6%, and
95.4% neonates were full-term. The average ges-
tational age of newborns was 39 weeks in both
groups. Girls accounted for 46.8%, boys — 53.2%
in the studied groups.

Anthropometric parameters were assessed at
birth according to sex and gestational age using
INTERGROWTH-21st standards [12]. The INTER-
GROWTH-21 scale (size at birth charts) was deve-
loped on the basis of data obtained by measuring
weight, body length, and head circumference in
healthy newborns of different gestational ages

ISSN 2221-2582

(33-42 weeks). Parameters within +1 SD were
evaluated as a variant of mean values. Deviations
which were more or less than 1 SD from the medi-
an were evaluated as "above average" and "below
average", respectively.

All children were assessed for anthropomet-
ric parameters every month. These parameters
were further analyzed by sex and age according
to WHO standards for children by means of the
WHO Anthro program. Anthropometric parame-
ters were assessed in standard deviations from
the mean (SDS — standard deviation score). Pa-
rameters within 1 SD were evaluated as a variant
of mean values. Deviations which were more or
less than 1 SD from the median were evaluated as
"above average" and "below average", respective-
ly. Body mass index (BMI), which is calculated as
the ratio of body weight in kilograms (kg) to the
square of body length expressed in meters (m?),
is the most informative method since it is difficult
to determine the amount of body fat directly. BMI
has been shown to correlate with the amount of
body fat in both adults and children. BMI was cal-
culated according to the standards for a particular
age and sex and was presented as the number of
standard deviations from the mean (SDS).

Statistical processing of the material was
carried out using standard methods of mathe-
matical statistics and IBM SPSS Statistics 26
software package. Description of quantitative
data was presented in the form of sample mean
standard deviation and 95% confidence interval
in the form of M+o (95% Cl) in case hypothesis
of normal distribution is accepted. If this hypo-
thesis was rejected, median (Me) and quartiles
of Q1 and Q3 were presented in the format Me
(Q1; Q3). The Shapiro-Wilk and Kolmogorov-
Smirnov criteria were used to test the hypothe-
sis of normal distribution. The Student's criterion
(with Welch's correction if there were different
dispersions) was used to compare independent
samples. Absolute value and relative value in
percentage were specified for qualitative indi-
cators. Qualitative attributes of the groups were
compared using Pearson's x? criterion. The re-
sults were considered statistically significant at
the p <0.05 level.

RESULTS

The research analyzed the dynamics of so-
matometric indicators and harmony of physical
development in children born to obese mothers
compared to children born to mothers with nor-
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Fig. 1. Dynamics of body length in groups of children born to obese women and women with normal body mass index (BMI) (hereinafter

in figure captions)

Puc. 1.  [QuHamuka AnuHbl Tena B rpynnax AeTer, POXKAEHHbIX XEHLUMHAMU C OXKUPEHWEM W XEHLUWHAMW C HOPMASTbHbIM WHAEKCOM

macceb! Tena (MMT) (3nech u ganee B NOAPUCYHOYHBIX MOAMUCAX)

Table 1. Increases in body length (cm) in examined children in 2 groups during the observation period

Ta6nuua 1. MpubaBku anviHbl Tena (cm) y o6cneqoBaHHbIX feTel B 2 rpynnax 3a nepuog HabniogeHus

Mpn6aBKy AnviHbI Tena B rpynnax (cm) /
Increases in body length in groups (cm)

MNepwuopa, mecaubl / Period, months

0-1 1-3 3-6 6-9 9-12

et ot maTepeli c oxupenviem / Children of obese mothers

2,3+0,2 77+0,4 | 4,0+0,2 7,5+02 2,9+0,1

[JeTn ot maTepeii ¢ HopmanbHbiM UMT / Children from mothers
with normal BMI

2,9+04 52+04 5,1£0,1 5,2+0,3 4,9+0,2

MNpumeyaHue / Note

p=0,42 | p=0,001 | p=0,04 | p=0,002 | p=0,001

mal BMI. The dynamics of average body length is
presented in Fig. 1.

Newborns born to obese mothers had statis-
tically significantly higher body length indices
than newborns born to mothers with normal
BMI (p=0.009). At one month of age, the average
body length was almost similar in both groups
(p=0.184). However, subsequent decremental
check-ups showed that the comparison group
had higher body length indices than the cont-
rols at 3 months (p <0.001), 6 months (p=0.001),
9 months (p <0.001) and 12 months (p <0.001).
This was attributed to higher body length gains
at 1-3 and 6-9 months. The data are summarized
in Table 1.

The level of physical development in children
during the first year of life was assessed by com-
paring body length with WHO age-specific stan-
dards (Child Growth Standards, 2006). The Z-score
for body length was calculated for each child. De-

pending on the individual Z-score value, children
were divided into the following groups:

- average physical development (APD) —
Z-score between +1 and -1;

« below average physical development
(BAPD) — Z-score in the range from 1.1 to 2.0;

 low physical development (LPD) — Z-score
<-2.1;

- above average physical development
(AAPD) — Z-score in the range from +1.1 to
+2;

+ high physical development (HPD) — Z-score
>+2.

« The distribution of children in both groups
by level of physical development is shown in
Fig. 2.

Average physical development in newborns
in both groups was recorded with the same fre-
quency (29.6 and 19.4%, p=0.1). Frequency of
other variants of physical development showed
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Puc. 3.

no statistically significant difference. However,
newborns in Group 1 were more likely to have be-
low average physical development (3.7 and 2.8%)
compared to those in Group 2.

At one month of age, all variants of physi-
cal development were registered with the same
frequency in the studied groups: APD (74.0 and
66.6%, p=0.4), BAPD (3.7 and 2.8%, p=0.3), AAPD
(20.4 and 27.8%, p=0.4) and HPD (1.9 and 2.8%,
p=0.3).

At 3 months of age, children born to obese
mothers were statistically more likely to have
AAPD (38.9 and 2.8%, p=0.002) compared to con-
trols. Children born to women with normal BMI
were more often diagnosed with average physical
development (51.9 and 63.9%, p=0.08) and below
average physical development (1.9 and 30.6%,
p=0.004). High physical development appeared
with equal frequency in the two groups (7.4 and
2.8%, p=0.3).

At 6 months of age, children born to obese
women were more likely to have average physical
development (79.6 and 55.6%, p=0.04) than the
comparison group. AAPD (11.1 and 8.3%, p=0.08)
and HPD (1.9 and 2.8%, p=0.2) had no statistically
significant differences in both groups. Below ave-
rage physical development was statistically signi-
ficantly more common in children born to women
with normal BMI (7.4 and 33.3%, p=0.03).

At 9 months, average physical development
was more frequently recorded in children born to
women with normal BMI (37.0 and 69.4%, p=0.03),
while children born to obese women were more

Dynamics of body weight in children born to obese mothers and children born to mothers with normal BMI

[unHamnka maccbl Tena y feTei, POXXAEHHbIX OT MaTeper C 0XXUPEHUEeM, U AeTel, POXAEHHbIX OT MaTepeil ¢ HopmanbHbIM UMT

frequently diagnosed with AAPD (48.2 and 5.6%,
p=0.002). High physical development (7.4 and
8.3%, p=0.1) and below average physical develop-
ment (7.4 and 16.7%, p=0.4) were diagnosed with
equal frequency in both groups.

At 12 months, above average physical develop-
ment was more often registered in Group 1 (42.5
and 13.8%, p=0.004). Average physical develop-
ment (51.9 and 77.8%, p=0.04) was statistically
significantly more often registered in Group 2. Be-
low average physical development (1.9 and 5.6%,
p=0.3) and high physical development (3.7 and
2.8%, p=0.4) had no statistically significant diffe-
rences in the groups.

The average values of body weight indices in
the group of neonates born to obese mothers
were also higher than in neonates born to mo-
thers with normal BMI (p=0.004). At the age of one
month, body weight indices in both groups had
no differences (p=0.150). However, starting from 3
months of life, the body weight indices of children
in the first group were higher than in the second
group (p <0.001). The data are presented in Fig. 3.

Children born to obese women had more
significant weight gain in the period from 1
to 9 months. However, in the period from 9 to
12 months, statistically significant weight gain
was higher in children from women with normal
BMI. The data are summarized in Table 2.

Absolute body weight values were assessed
according to the individualized Z-score. Individu-
al Z-score weight values between +1 and -1 were
taken as average body weight values. Undernu-
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Table 2. Rates of weight gain (g) in children born to obese mothers and mothers with normal BMI during the observation

period

Ta6bnuua 2. Temnbl npn6aBKM Macchbl Tena (r) y geten, poXaeHHbIX OT MaTepel C OXKUPEeHeM 1 MaTepell C HopMalibHbIM

WMT, 3a nepuog HabnoaeHus

MpubaBKky maccol Tena B rpynnax (r) /
Body weight gain in groups (g)

MNepwuopa, mecaupl / Period, months

0-1 1-3 3-6 6-9 9-12

OeTn ot maTepeit c oxupernem / Children of obese mothers

850+55 2768+16 | 1108+12 | 1612440 | 1132+135

JeTn ot matepei ¢ HopmanbHbiM MMT / Children from mothers
with normal BMI

1097102 | 1239+86 | 877+43 | 1440+151 | 1808+34

MpumeyaHne / Note

p=02 | p=0,001 | p=0,04 | p=0,06 | p=0,02

trition (UN) was diagnosed when body weight
Z-score was between -1.1 and -2. Malnutrition
(MN) was diagnosed with body weight Z-score
<-2.1. A child was considered to be overweight
(OW) if body weight Z-score was =+1.1. Children
with Me >+2SD were analyzed separately. The dis-
tribution of body weight values in both groups is
shown in Fig. 4.

The predominant number of newborns had
average absolute body weight values by the
moment of birth (55.6% in Group 1, and 55.6%
in Group 2) p=0.5). Underweight (5.6 and 8.3%,
p=0.2) and overweight (3.7 and 8.3%, p=0.1) had
no statistically significant differences in both
groups at birth . This trend was maintained until
3 months of age.

At 3 months, average body weight values
were more often registered in the group of chil-
dren born to women with stable normal BMI (44.4
and 77.8%, p=0.02), while children born to obese
mothers were statistically significantly more often
diagnosed as overweight (40.8 and 5.6%, p=0.02).
Children in this group were also more likely to
have body weight values =+2SD (7.4 and 2.8%,
p=0.04). Undernutrition (3.7 and 11.1%, p=0.04)
was more frequently recorded in children from
women with normal BMI. Malnutrition was equal-
ly registered in both groups (p=0.1).

At 6 months, average body mass indices were
more frequently registered in Group 1 (70.4 and
44.4%, p=0.02). Overweight was also more fre-
quently diagnosed in children of the 1st group
(25.9 and 11.2%, p=0.04), while undernutrition
(0.0 and 22.2%, p=0.02) and malnutrition (0.0 and
16.7%, p=0.02) were statistically more frequently
registered in the 2nd group.

At 9 months, average body weight indices
had no statistically significant differences in both
groups (37.0 and 50.0%, p=0.1). Undernutrition
(1.9 and 22.2%, p=0.03) was more frequently re-

corded in the group of children from women with
normal BMI, and overweight was more frequent-
ly diagnosed in the group of children from obese
women (48.1 and 11.2%, p=0.02).

At 12 months, overweight was more frequent-
ly diagnosed in Group 1 (50.0 and 25.0%, p=0.01).
Children in Group 1 were statistically more likely
to have body mass indexes above >+2SD (14.8 and
8.3%, p=0.04). Undernutrition was more frequent-
ly recorded in Group 2 (1.9 and 11.2%, p=0.03).
Average body weight (29.6 and 47.2%, p=0.1) and
malnutrition (3.7 and 8.3%, p=0.4) were equally
registered in both groups.

The harmony of physical development was as-
sessed by Kettle's mass and height index 2. Its va-
lue was determined by dividing body weight (kg)
by the square of body length (m2). The following
variants of physical development were distin-
guished depending on BMI: harmonious physical
development (HFD), Z-score +1 to —1; disharmo-
nious physical development due to body mass
deficiency (BMD), Z-score —1.1 to -2; malnutrition
(MN), Z-score BMI <-2.1; overweight (OW), Z-score
+1.1 to +2. Children with Me >=+2SD were analy-
zed separately. A comparative analysis of distribu-
tion in both groups according to harmony of body
length/weight ratio is presented in Fig. 5.

At birth, harmonious physical development
was registered in the predominant majority of
newborns in both groups and had no statistical-
ly significant differences (74.1 and 61.1%, p=0.2).
Disharmonious physical development due to
overweight (3.7 and 8.3%, p=0.3), underweight
(14.8 and 19.5%, p=0.09) and malnutrition (3.7
and 8.3%, p=0.3) was diagnosed with equal fre-
quency in both groups.

During the first month, harmonious physical
development was also observed in the majority of
infants in both groups (46.3% and 55.5%, p=0.3).
However, children born to obese mothers were
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Fig. 4. Distribution of children by body weight, in groups of children from obese women and women with normal BMI
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Fig. 4. Continuation. Distribution of children by body weight, in groups of children from obese women and women with normal BMI
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Fig. 5. Continuation. Distribution of children by body mass index (BMI) in groups of children from obese mothers and mothers with normal BMI
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statistically more often diagnosed with excessive
body weight exceeding Me >+2SD (14.8 and 2.8%,
p=0.04). The frequency of disharmonious physical
development due to body weight deficiency (25.9
and 19.5%, p=0.1) and malnutrition (0.0 and 5.6%,
p=0.3) had no statistically significant differences
in the studied groups.

At 3 months, children in Group 2 were statisti-
cally significantly more likely to have harmonious
physical development (40.8 and 77.8%, p=0.03),
while children in Group 1 were statistically more
likely to demonstrate disharmonious physical de-
velopment due to excess body weight (37.0 and
2.8%, p=0.02). However, excessive body weight
which exceeded Me =+2SD occurred equally
often in both groups (7.4 and 2.8%, p=0.3). Dis-
harmonious physical development due to body
weight deficiency (7.4 and 22.2%, p=0.04) and
malnutrition (7.4 and 8.3%, p=0.1) was recorded
with equal frequency in both groups.

At 6 months, harmonious physical develop-
ment prevailed in all groups (48.2 and 52.8%,
p=0.4). Disharmonious physical development due
to excessive body weight (33.3 and 11.1%, p=0.03)
was registered more often in children born to
obese women. However, there were no statisti-
cally significant differences in the disharmoni-
ous physical development due to BMI exceeding
Me >=+2SD (7.4 and 8.3%, p=0.1). Children born
to women with normal BMI were more frequent-
ly diagnosed with disharmonious physical de-
velopment due to weight deficit (7.4 and 22.2%,
p=0.04). Malnutrition (3.7 and 5.6%, p=0.1) was
diagnosed with equal frequency in the groups.

At 9 months, the majority of children in both
groups had a body weight to body length ra-
tio (BWLR) of 61.1 and 55.6% (p=0.2). Group 1
showed a predominance of disharmonious vari-
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ants of physical development caused by excessive
body weight (25.9 and 8.3%, p=0.04), while con-
trols demonstrated disharmonious physical de-
velopment due to weight deficit (3.7 and 22.2%,
p=0.02). Overweight exceeding Me >+2SD (7.4
and 9.3%, p=0.1) and malnutrition (1.9 and 8.3%,
p=0.07) occurred with equal frequency in both
groups.

At 12 months, harmonious physical develop-
ment prevailed in both groups as well (40.7 and
50.0%, p=0.2). Children born to obese women
more often had disharmonious physical deve-
lopment due to excessive body weight (25.9 and
8.3%, p=0.04), including those exceeding Me
>+2SD (29.6 and 11.1%, p=0.03). In contrast, chil-
dren born to women with normal BMI were more
often diagnosed with disharmonious physical de-
velopment due to weight deficit (29.6 and 11.1%,
p=0.03). Malnutrition was diagnosed with the
same frequency (1.9 and 13.9, p=0.06).

There was also conducted a correlation analy-
sis of the dynamics of body length, body weight
and weight-growth index of children depen-
ding on the mother's BMI. Correlation analysis
revealed a positive correlation of maternal BMI
with offspring body weight at birth, length and
body weight of children at the age of 3, 6, 9 and
12 months, as well as a positive correlation of ma-
ternal BMI with the weight-growth index of chil-
dren at the age of 6 and 12 months. The data are
presented in Table 3.

The obtained results demonstrate that children
born to obese mothers have higher integral indi-
ces of physical development at birth. It is worth
noting that there is a tendency to accelerate the
rate of weight and body length gain starting
from 3 months of life in Group 1. Thus, this group
demonstrates statistically significant differences

Table 3. Correlation of maternal BMI with indicators of physical development in children in both groups

Ta6bnuua 3. Koppensauna matepuHckoro UMT ¢ nokasatenamm ¢pr3myeckoro pa3BuTus y getei B 06emx rpynnax

NokazaTens / Index HoBopoxpaeHHble / | 1 mecay/ | 3 mecaua/ | 6 mecAaueB/ | 9 mecaues 12 mecaues /

Newborns 1 month 3 month 6 month / 9 month 12 month

OnvHa tena / length r=0,043 r=-0,171 r=0,650** r=0,453* r=0,751** r=0,375*
p=0,799 p=0,305 p<0,01 p=0,004 p<0,01 p=0,02

Macca Tena / Body mass r=0,772%* r=-0,088 r=0,562%* r=0,592** r=0,505** r=0,350*
p <0,01 p=0,6 p <0,01 p <0,01 p=0,001 p=0,03

Macco-poctoBoin nHgekc/ r=0,170 r=-0,153 r=0,285 r=0,537** r=0,039 r=0,456*
Body mass index p=0,308 p=0,361 p=0,083 p=0,001 p=0,817 p=0,02

**Koppenauua 3Haumma Ha yposHe 0,01 (gByxcTopoHHss) / Correlation is significant at the 0.01 level (2-tailed).
*Koppenayus 3Haurma Ha yposHe 0,05 (aByxcTopoHHss)/ Correlation is significant at the 0.05 level (2-tailed).
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in disharmony of physical development at the
age of 12 months, mainly due to excessive body
weight.

CONCLUSION

The obtained results of physical development
analysis prove the influence of maternal obesity on
anthropometric indicators in offspring and indicate
the risks of obesity and metabolic syndrome for-
mation at an early age. Children with excess body
weight at 12 months are at risk of developing obe-
sity at school age. Childhood obesity is associated
with metabolic disorders — diseases of the cardio-
vascular system, gastrointestinal tract, and muscu-
loskeletal system in adulthood. The topic requires
further study to identify possible mechanisms of
maternal obesity influence on the physical deve-
lopment and health of offspring as well as to iden-
tify simple, accurate markers of metabolic disorders
associated with obesity in young children.
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OONOJIHUTEJIbBHAA UHOOPMALIUA

Bknap aBTOpOB. BCe aBTOpbI BHECnM Cylue-
CTBEHHbI BKNaj B pa3paboTKy KoHUenuuu, npo-
BefeHVe WCCIefoBaHNA 1 MOArOTOBKY CTaTby,
npounu n ogobpunn GrHanNbHYK Bepcuio nepeq
nybnukaumen.

KoH$AuKT nHTepecoB. ABTOpbl AeKNapupyoT
OTCYTCTBUE ABHbIX Y MOTEHLUMNANbHbBIX KOHPNIMKTOB
WNHTEPEeCOoB, CBA3aHHbIX C NybnuKauuen Hactos-
Lien ctaTbu.

NcTouHnK ¢puHaHcmpoBaHuA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUY BHelHero GrHaHCMpoBaHmsA
npv NpoBeAeHNN NCCefoBaHuA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
ymio. ABTOpbl NONYYUNN MMUCbMEHHOe corfiacue

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

3aKOHHbIX NpefCcTaBuTeNel NaLMeHTOB Ha Ny6nu-
Kauuio MeaNLUHCKUX OaHHbIX.
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Abstract. Introduction. The choice of starting nutritional support in newborns depends on the severity of
multiple organ failure and the initial metabolic process in the early neonatal period. The purpose is to study the
prognostic value of clinical and laboratory parameters in assessing the metabolic status of newborns in need of
nutritional support. Materials and methods. 125 newborns are included in the study. They are divided into 2
groups: 69 children with the somatic disorder symptoms, 55 with surgical pathology. Prognostic assessment of
biochemical markers and their relationship with nosological profile and nutritional corrected types is performed
using statistical methods of data processing. Results and conclusion. In patients with somatic disorders
cardiorespiratory hypoxia affects the nutritional status in the short term. The tolerance to full enteral nutrition
is restored within a week. Surgical trauma is associated with the hypercatabolic syndrome, dysproteinemia and
fluctuations in body weight. The prognostic value of death is determined in groups: in the surgical one with
C-reactive protein growth (AUC >0,9, p=0,000), the elevated of blood urea nitrogen after surgery (AUC >0,8,
p=0,000) and lactate on the 7t day (AUC=0,989, p=0,000); in newborns with the somatic disorder C-reactive
protein growth is valuable in ICU admission and glucose concentration is on the 7th day (AUC=0,88 and AUC=0,94,
p=0,000 respectively). For nutritional support, the values of C-reactive protein are relevant in the somatic group.
There are actual levels of glucose, blood urea nitrogen, albumin on the first postoperative day. The duration of
parenteral nutrition is significantly affected by surgical treatment and albumin transfusion (p=0.000), n?=26.4%
(ANOVA method). In the choice of nutritional support the personalized approach is important to determine
metabolic status.

Keywords: newborns, metabolic status, parenteral nutrition, intensive care
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Pe3stome. BgedeHue. Bbi6bop HYTPUTUMBHOWN MOAAEPKKM M €€ Hayano y HOBOPOXAEHHbBIX 3aBUCUT OT TAXKECTU
MONNOPraHHON HeJOCTaTOYHOCTY, XapaKTepa NaTosiorny, NCXOLHOro MeTabonuyeckoro cratyca. lyess uccne-
008aHUA — V3yYeHVie NPOrHOCTUYECKON LIeHHOCTU KIMHUKO-NabopaTopHbIX NoKasaTenen B OLeHKe MeTabo-
JINYECKOrO CTaTyca Y HOBOPOXAEHHDIX, HYXAAMOLWNXCA B HYTPUTUBHOW nogaepkke. Mamepuanel u memoobl.
WccnepoBaHue npoBeaeHo y 125 HOBOPOXKAEHHbIX, pacnpefeneHHbIX Ha 2 rpynnbl: COMaTnyeckaa — 69 geten,
xupypruyeckaa — 56 fgeteld. [MporHocTnyeckas oueHKa OMOXMMNYECKMX MAapKePOB 1 X B3aMOCBA3b C MaTo-
Nlorven 1 BUAaMy HyTPUTMBHOWN KOPPEKLUMM BbIMOJIHEHA CTAaTUCTMYECKUMY MeToAamMy 00paboTKM AaHHbIX. Pe-
3yZlbmamel U 8b1800b1. Y COMaTVUYECKUX MALMEHTOB MMMOKCUA BCIEACTBUE KapAnopecnpaTopHON Aenpeccum
BAINAET Ha HYTPUTUBHbIV CTaTyC KPAaTKOCPOYHO C BOCCTAHOBNEHMEM TONEPAHTHOCTY K MOMHOMY SHTEpanbHOMY
NUTaHWUIO B TeYeHne Hepenuv. OnepaLioHHas TpaBMa COMpsMeHa C Pa3BUTMEM FMNepKaTaboInyeckoro CMHAPO-
Ma, NPOABAIOLLErOCA TAXKEOoN ANCNpoTenHeMren KonebaHnamy maccbl Tena. NporHoCcTnYecKyo LIeHHOCTb He-
6naronpuATHOro Kcxoda onpeaenvnu: B Xpypruyeckon rpynne poct C-peaktusHoro 6enka AUC >0,9, p=0,000,
ypoBeHb azotemun nocne onepauymm AUC >0,8, p=0,000, naktata Ha 7-e cytkn AUC=0,989, p=0,000; B comaTu-
yeckoli rpynne — C-peaKTVBHbIN 6eIoK Npy NMOCTYMAEHUN U KOHLEHTPALUW TOKO3bl Ha 7-e CyTKM (cooTBeT-
ctBeHHO, AUC=0,88 n AUC=0,94, p=0,000). Ina npoBefeHNA HYTPUTUBHOWN NOAAEPKKM aKTyalbHbl 3HaYeHUA
C-peakTUBHOro 6eJika B COMaTUUYECKOW rpyrme, B XMPYPruyecko — YPOBHMU r0KO3bl, MOYEBUHbI, anibOyMrHa B
1-e cyTKM nocneonepaynoHHoOro nepuoga. Ha gnutenbHoCTb NapeHTepanbHOro NMTaHUA 3HAYMMO BIUAIOT MNPO-
BeleHHOe XUpYyprudeckoe ieueHune v TpaHchysna anbbymmHa (p=0,000), n>=26,4 % (metog ANOVA). MNepcoHu-
OVLMPOBAHHBIN MOAXOA ONpeAeneHNs MeTaboNMYeCcKoro CTaTyca OCTAeTCsl akTyasibHbIM B BbIOOpEe HyTPUTVIBHOM
NnoafepKKu.

KnioueBble cnoBa: HOGOpO)KaEHHble, memabonuyeckul cmamyc, napeHmepdlsieHoe numadue, UHMmMeHcueHas

mepanus

INTRODUCTION

Counteracting critical conditions requires sig-
nificant metabolic demands from patients, es-
pecially in the neonatal period [1, 2]. Nutritional
deficiency significantly hinders the metabolic
effects of nutrients, moreover, it is a universal
component of multiorgan failure syndrome and
requires comprehensive clinical and laboratory
monitoring [2, 3]. The developed clinical proto-
cols for parenteral and enteral nutrition in new-
borns do not take into account the peculiarities
of dysmetabolism in newborns in critical condi-
tion associated with gastrointestinal insufficien-
cy in the postoperative period, the presence of
congenital malformations of the gastrointesti-
nal tract and intrauterine developmental delay
[3-5]. According to studies [6, 7], more than 70%
of neonates operated during the neonatal period
had a body weight deficit below the 50th centile
and required nutritional correction. The need for
a better understanding of the changes in the me-
tabolic status of neonates in critical condition de-
termined the relevance of the study.

AIM

To study a prognostic value of clinical and
laboratory parameters in the assessment of meta-
bolic status in neonates requiring nutritional sup-
port.

MATERIALS AND METHODS

The observational study was conducted at the
paediatric intensive care unit (ICU) of the State
Novosibirsk Regional Clinical Hospital approved
by the Local Ethics Committee of the State Novo-
sibirsk Regional Clinical Hospital (protocol No. 1
of 09.03.2021). The total study sample consisted
of 125 newborns hospitalized from 2020 to 2022.
Gender distribution: boys — 72 (58%), girls —
53 (42%). Newborns were divided into two groups
depending on the presence or absence of surgi-
cal pathology requiring surgical treatment for
urgent and emergency indications: somatic —
69 (group 1), surgical — 56 (group 2). 50 patients
(40%) had gestational age less than 37 weeks,
18 patients (14%) had fetal growth restriction
(FGR). There were 7 (5.6%) deaths: 4 in the somatic
group and 3 in the surgical group.

Inclusion criteria: Group 2 required surgical
treatment of intestinal pathology. All participants
were included in the study in case of the neona-
tal period (up to 28 days of life at admission), ab-
sence of cardiovascular insufficiency with shock
development, indications for long-term paren-
teral nutrition. Nosological characteristics of the
groups: Somatic group- presence of intrauterine
infection (pneumonia, enterocolitis stage I-1l) —
15 (22%), congenital heart defect — 13 (19%), ear-
ly neonatal sepsis — 8 (12%), respiratory distress
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syndrome of prematurity — 23 (33%), other —
8 (12%); Surgical group — oesophageal atresia —
14 (36%), high intestinal obstruction — 5 (9%),
low intestinal obstruction — 15 (27%), gastroschi-
sis — 2 (3.6%), diaphragmatic hernia — 4 (7%),
necrotising enterocolitis (NEC) grade lll — 5 (9%),
other — 9 (16%). Complications in the somatic
group: infectious ones — 26 (38%), haemorrha-
gic — 3 (4%), in the surgical group: infectious —
21 (37.5%), haemorrhagic — 4 (7.1%).

There were no significant intergroup differen-
ces in mortality and number of complications. In-
tensive therapy was performed according to the
generally accepted algorithm: respiratory therapy
to achieve target ventilation/oxygenation parame-
ters; hemodynamic therapy: to ensure the volume of
daily hydration according to physiological needs with
recalculation per day of life (for preterm neonates —
from 40 ml/kg to reach 130 ml/kg, less than 37 weeks
of gestation — from 60 to 140 ml/kg). Isotonic saline
solutions, components of parenteral nutrition,
and dilutions were included in the calculation.
When enteral nutrition (EN) had been tolerated,
the volume of intravenous infusion was reduced.
The algorithm and composition of parenteral nu-
trition (PN) were performed according to modern
protocols [1, 51. PN was performed in 101 neo-
nates (81%), albumin transfusion — in 60 patients
(48%). The substrate-energy composition of nutri-
tional support is presented in Table 1. The need
for parenteral nutrition in the surgical group was
211 hours (138; 301) and 118 hours (89; 160) in
the somatic group, p=0.000. The somatic group
achieved adequate volume of enteral nutrition
earlier at all stages (p <0.05).

The studied parameters were recorded over
3 stages: for surgical patients: stage 1 — the first
day after surgical treatment (when administered

Children’s Medicine of the North-West
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to ICU), 2 — the third day, 3 — the sixth-seventh
day. The same time stages were used for somatic
patients according to the time of stay in ICU. The
study included general clinical parameters (leu-
kocyte (Le), haemoglobin (Hb), haematocrit (Ht)
levels), biochemical monitoring (ionised calcium
(Ca?"), potassium (K), C-reactive protein (C-RP),
total protein (Prot), lactate (Lac), glucose (Glu), al-
bumin (Alb.), urea (Ur), creatinine (Cr), anthropo-
metric data.

Statistical processing of the material was per-
formed using IBM SPSS Statistics 20 program,
USA. Taking into account the non-normal nature
of data distribution (Kolmogorov-Smirnov crite-
rion), mathematical processing was carried out
using nonparametric statistics methods. The re-
sults are presented in tables and graphs in the
form of median with values of lower and upper
quartile (Q25; Q75). Two independent signs were
compared by the Mann-Whitney test, dependent
pairs of signs — by the Wilcoxon test, dependent
3 signs and more — by the Friedman test, corre-
lation analysis — by the Spearman rank test. Pre-
dictive analytics was performed by ROC-analysis
methods (calculation of area under the ROC-curve
(AUQ), overall model characterization (SE standard
error, Cl 95%: confidence interval) and decision
tree construction (CHAID method). The influence
of factors was assessed by multivariate analysis of
variance (ANOVA), n?%. The null hypothesis was
rejected at p <0.05.

RESULTS AND DISCUSSION

The neonates were compared in terms of the
fetal growth restriction (FGR) incidence (Table 2).
Odds Ratio (OR) = 1 (95% Cl 0.4-2.7), preterm in-
fants were 3.5 times more common in the somatic
group: p=0.001, OR 3.5 (95% Cl 1.5-4.7).

Table 1. Substrate provision and enteral nutritive initiation in groups at stages

Ta6bnuua 1. Cy6cTpaTHOE ob6ecneyeHre U Havano SHTepanbHOro NMTaHWA B rPynnax Ha 3Tanax

Moka3aTenb / Indicator
dtan/
Stage Ne rp. / 6enok, r/Kr/cyTku / yrneBopbl, r/Kr/cyTku / car- SHeprua, KKan/Kr/cyTkm / oM, %/
gr. Ne protein, g/kg/day bohydrates, g/kg/day energy, kcal/kg/day EN, %
1 1 1,5(1;2) 6,3 (4,7;8,6) 38 (36;48) 0
2 1,25(0,5; 2) 6,2 (4;8,4) 40 (22; 50) 0(0; 20)
2 1 2,8(2;3) 11,3 (8;13) 68 (49; 74) 0(0; 20)
2 2(1,6;3) 9.2(7;12,4) 60 (40; 72) 20 (0; 50)
3 1 2,5(1,3;3) 10 (5,5; 13,3) 65 (30; 75) 30(10; 70)
2 2(1;2,5) 9,3 (6,3; 11,6) 60 (41; 71) 60 (30; 80)
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Table 2. Anthropometric characteristics of groups

Tabnuua 2. AHTponomeTpuyecKme XxapakTepucTika rpynn
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Mokasatenb / Indicator

lpynna 1/
Group 1 (n=69)

lpynna 2/
Group 2 (n=56)

Kputepun MaHHa-YutHn /
Mann-Whitney test

Macca Tena, r / Body weight, g 2690 (2440; 3180) 3120 (2455; 3470) p=0,105
Bo3spacr, aHn / Age, days 1(1;8) 2(1;6) p=0,664
Anrap, 6ann / Apgar, score 7/7 (6/7;7/8) 7/8 (7/8; 8/9) p=0,002
Cpok rectauuu, Hegenu / Gestation period, weeks 35(33;39) 38 (37;39) p=0,021

Table 3. General clinical and carbohydrate status in two groups at stages

Ta6nvua 3. O6LEeKNVHNYECKWIA 1 YTNIeBOAHBIN CTaTyC B ABYX rpynnax Ha STanax

Moka3saTtensb / Indicator
Stan/
Stage Ne rp. / gr. Ne Le, 109/n/ Hb, r/n/ Ht, % / Lac, mmonb/n Glu, mmonb/n/
o Le, 10%1 Hb, g/l Ht, % Lac, mmol/I Glu, mmol/I
1 1 13 (11;18) 147 (128; 170) 44 (40; 52) 2,2(1,6; 4,4) 3,8(3;4,6)
2 15(12;17) 155 (142; 175) 47 (41;51) 1,6(1,3; 2,3)* 4(3,547)
2 1 12 (9; 15) 150 (135; 187) 43 (39; 55) 1,5(1,2;2) 4,7 (3,9;54)
2 13 (10; 19) 148 (130; 171) 45 (38; 49) 1,5(1,2;1,9) 4,3(3,7;51)
3 1 10 (9; 14) 142 (125; 167) 45 (38; 52) 1,8(1,5;2,1) 47 (4,4;5)
2 13 (9; 19) 147 (127; 154) 42 (37; 46) 1,5(1,2;1,8) 4,5 (4;4,9)
*3HaunmocTb Kputepma MaHHa-YutHu p=0,021.
* Significance of the Mann-Whitney test p=0.021.
Macca tena, r/ Body weight, g
The dynamics study of body weight is present- 4000
ed in Figure 1. A significant loss of the parameter
. . . 3500
was detected in newborns in the postoperative
period (Friedman's criterion x?=8.11, p=0.04) 3000
while the parameter was stable in the somatic
group (a trend was detected between the 2nd 2500
and 3rd stages, not reaching the accepted level of
significance; Wilcoxon's criterion, p=0.065). 2000
When comparing the results of general clinical
and biochemical analyses in the groups at stages, 1500 p=0,014 p=0,017 = p=0,015
the results are generally comparable (Tables 3, 4). 1000
Differences in lactate and creatinine concentra-
tions were noted on arrival; multidirectional dy- 500
namics in azotaemia remained by the end of the
week. 0 _
At birth 2 3 4

Correlation analysis of different markers have
been performed in groups according to Apgar
score. It revealed the fact that there is a direct
significant association between creatinine at all
stages with Apgar score (p=0.7, p=0.000; p=0.67,
p=0.000; p=0.54, p=0.000, respectively) and lac-
tate level at admission (p=0.72, p=0.000) in the so-
matic group. The surgical group showed a direct

Fig. 1.

Puc. 1.

O Comatuyeckne / Somatic
m Xupypruyeckue / Surgical

Dynamics of body weight in groups at the study stages.
The Mann-Whitney’s test significance

Ounamnka  maccel

Tena B

rpynnax Ha 3tanax

nccnenoBaHns. YkazaHa 3Ha4MmMocTb Kputepns MaHHa—YutHu
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Table 4. Biochemical parameters in groups at stages

Ta6bnuua 4. Buoxummyeckre napameTpbl B rpynnax Ha 3Tanax

Mokasatens / Indicator
2::;; Nerp./ | Ca%+, mmonb/n/ | K+, mmons/n/ | C-RP,mr/n/ | Prot., r/n/ | Alb., r/n/ | Ur,mmonb/n/ | Cr, mkmonb/n/

gr. Ne Ca2+, mmol/I K+, mmol/I C-RP, mg/Il | Prot., g/l Alb., g/l Ur, mmol/I Cr, pmol/I

1 1 1(0,9;1,3) 4(3,8;4,6) 2(0,513) | 44(41;48) | 31(28;32) | 5(3,4:8)3) 77 (67; 97)

2 1(0,9;1,2) 4,1 (3,8;4,8) 6(1,5;20) | 44(40;48) | 30(28;32) | 5,3(3,7;6,2) 73 (58; 82)*

2 1 1,1(0,9 1,3) 4,2 (3,9;4,5) 2(1;7) 45 (42;47) | 31(29;32) | 6,1(4,6;9) 68 (64; 84)

2 1,2(1,1;1,4) 4,4 (3,9;4,7) 10 (4; 21) 47 (43;50) | 31(28;35) 6(4,8;9) 59 (52; 78)*

3 1 1,3(1,1;1,4) 4,5 (4,1;4,6) 2(1,54) 46 (44;49) | 31(30;33) | 52(4,1;7,5) 57 (51; 66)

2 1,3(1,2;1,4) 4,5(4,2;4,7) 5(3;9) 48 (44;51) | 33(30;36) | 6,9(5,3;81)* | 54(48;67)*

*3HaummocTb Kputepua MaHHa-YutHu Ur; p=0,016, Cr; p=0,008; Cr, p=0,005, Cr; p=0,03.
* Significance of the Mann-Whitney test Ur3 p=0.016, Cr1 p=0.008; Cr2 p=0.005, Cr3 p=0.03.

Table 5. ROC-analysis of indicators in groups at stages (prediction of death)

Ta6bnuua 5. ROC-aHanu3 nokasaTener B rpynnax Ha 3Tanax (MPorHo3npoBaHue feTajibHOro ncxopa)

o
oo | o | o | AU st P 95% LA

BospacT, gHu / 1 0,814 0,083 0,000 0,651 0,978

Age, days 2 0,675 0,075 0,020 0,528 0,822

1 C-RP, mr/n / 1 0,879 0,076 0,000 0,730 0,99

CRP, mg/l 2 0,917 0,044 0,000 0,831 0,99

3 C-RP, mr/n / 1 0,686 0,098 0,058 0,494 0,878

CRP, mg/I 2 0,983 0,013 0,000 0,97 0,992

1 Ur, Mmonb/n / 1 0,979 0,022 0,000 0,936 0,993

Ur, mmol/l 2 0,883 0,064 0,000 0,757 0,99

1 Cr, MKMonb/n / 1 0,686 0,090 0,039 0,509 0,862

Cr, umol/I 2 0,803 0,092 0,002 0,610 0,973

3 Glu, Mmonb/n / 1 0,943 0,039 0,000 0,866 0,99

Glu, mmol/| 1 0,663 0,088 0,059 0,499 0,838

3 Lac, Mmonb/n / 1 0,393 0,095 0,261 0,206 0,580

Lac, mmol/l 2 0,989 0,012 0,000 0,966 0,992

Table 6. ROC-analysis of indicators in groups (prediction of the parenteral nutrition initiate)

Ta6bnuua 6. ROC-aHanu3 nokasaTtesnen B rpynnax (MPorHo3npoBaHye Hayana napeHTepanbHOro NUTaHus)

i::;e/ MokasaTenb / Indicator Ne rp. / gr. N@ AUC SE p 95% An
1 C-RP, mr/n / C-RP, mg/I 1 0,413 0,096 0,362 0,225 0,600
2 0,898 0,076 0,000 0,749 0,986
2 Alb., r/n/ Alb., g/I 1 0,487 0,086 0,878 0,319 0,655
2 0,819 0,074 0,000 0,673 0,964
1 Ur, mmonb/n / Ur, mmol/I 1 0,499 0,083 0,993 0,337 0,661
2 0,902 0,070 0,000 0,796 0,993
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TpaHcdy3us anbbymmna / Albumin transfusion
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Fig. 2.

Puc. 2.
MUTaHUs B rpynnax

correlation only between urea and creatinine at
stage 3 (p=0.537, p=0.000).

Prediction of outcome (fatal outcome) and
the need for parenteral nutrition was performed
by ROC analysis. The ignificant AUC is =0.8. Prog-
nostic markers of target variables are presented
(Table 5).

The predictive indicators of lethal outcome in
the surgical group were C-reactive protein con-
centrations over 93 mg/l (Se 89%, Sp 85%) in the
first three days and lactate concentrations over
5 mmol/l on the 7th day (Se 91%, Sp 83%). Neo-
nates with somatic pathology showed validity of
urea concentration on admission greater than 9.4
mmol/l (Se 87%, Sp 82%) and glycaemia less than
3.1 mmol/l (Se 84%, Sp 89%) on the 7th day.

Parenteral nutritional support was initiated in
neonates after surgical treatment with C-reactive
protein concentrations less than 33 mg/L (Se 83%,
Sp 87%) and urea levels less than 4.7 mmol/L (Se
84%, Sp 90%). Albuminemia of more than 24 g/I
(Se 86%, Sp 81%) determined tolerance to sub-
strate load on the 3rd day in the somatic group
(Table 6). ROC analysis was not informative for
predicting complications (factor sign 0/1). The
method of multifactorial analysis of variance
ANOVA revealed isolated and bifactorial influence
of albumin transfusion after surgical treatment of
complications during parenteral nutrition (Fig. 2).
Both surgical treatment and the need for albumin
transfusion appeared to have a statistically signifi-
cantinfluence on the duration of PN (p=0.006 and

1

Xupypruueckoe neuenue [/ Surgery

Interaction of factors (albumin transfusion and complications) and their influence on the duration of parenteral nutrition in groups

BaaumopeiicTBue (hakTopoB (TpaHCHy3us anbOyMUHA M OCMOXHEHWIA) W UX BANSHWUE HAa ANUTENbHOCTb MapeHTepanbHOro

p=0.047 respectively). The correlation of these
factors between each other was statistically signi-
ficant (p=0.000) and had a maximum contribution
to the variance of n?=26.4%.

Taking into account the comparability of the
groups in terms of outcome category (x?>=0.011,
p=0.09) and the majority of metabolic indices at
the stages, the decision tree method was used to
create a prognostic model of unfavourable out-
come (lethal outcome) and to identify significant
markers of intensive care for the whole sample.
Unfavourable signs were anaemia on admission
(haemoglobin less than 149 g/I) and kalaemia less
than 3.8 mmol/l on the 7th day (Fig. 3).

The present study revealed the nature of pa-
thology on metabolic status in neonates. The
influence of initial hypoxia on cardiorespiratory
maladaptation and metabolism has been con-
firmed in neonates with somatic pathology [8].
However, regression is noted within a week wi-
thout critical catabolic shifts and no weight loss,
despite priority restriction of hydration volumes.
The literature confirms [9, 10] that surgical trauma
is associated with profound metabolic disorders,
the development of hypercatabolic syndrome
which manifests in severe dysproteinaemia. The
number of albumin transfusions was significant-
ly higher in the surgical group x*=13, p=0.000,
OR=3.8 (95% Cl 1.8-8.2). Hypoalbuminaemia in
somatic neonates was associated with pre- and
postnatal nutrient deficiency (correlation with hy-
poglycaemia on admission was found). As for sur-
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| ucxop, / outcome |

‘ y3en 0/ note 0 ‘

favorable

: B6naronpuaTHbIR /

HebaronpuaTHbINA /
unfavorable

94,4%, n=118
5,6%, n=7

kanuemusa 3 stan [ kalemia 3 stage
p = 0,000, x¥*= 95,574, ct.c. 1/ df 1

—

y3enl/ <3,8 mmonb/n / yzen 2/ 3,8 Mmone/n /
note 1 <3,8 mmol/l note 2 >3,8 mmol/I
- 6naronpuaTHbIi / BharonpuaTHbIR /
favorable 22,2%, n=2 favorable 100%, n= 116
HebnaronpuaTtHbI / 77,8%, n=7 HebBnaronpusATHbIM / 0%, n=0
unfavorable unfavorable

2emozn06uH 1 aman / hemoglobin 1 stage
p = 0,005, ¥*= 9,000, ct.ce. 1 /df 1

ysen3/ 2149 mmons/n ysen 4/ >149 mmonb/n /
note 3 <149 mmol/I note 4 >149 mmol/I
6naronpuaTHbIn / - 6naronpuaTHbIit /
favorable 0%, n=0 favorable 100%, n=2
He6naronpuaTHoiii/ || 100%, n=7 He6naronpuathbiii/ | | 0%, n=0
unfavorable unfavorable

Fig. 3.
Puc. 3.

gical neonates, it was associated with C-reactive
protein concentration, i.e. with intensity of an in-
flammatory response to surgical aggression. The
growth of azotaemia in the postoperative period
is associated with the duration of post-stress pro-
tein hypercatabolism on the background of rep-
lacement therapy. The revealed metabolic shifts
in neonates with abdominal surgical pathology
confirmed the data presented by the authors [9].
The sergical group was supplied with lower daily
amino acid intake during the early postoperative
period compared to the somatic group, which
was characterised by rapid increase in the volume
of enteral nutrition and the amount of substrate-
energy support [11, 12]. Studies have confirmed
the importance to control the nutrient require-
ments in neonates after surgical treatment [13,
14]. The opportunity to achieve adequate enter-
al nutrition determined the stability of the body
weight index in this group.

The increase in the enteral nutrition rate was
associated with a positive difference in body
weight by the 7th day (direct, weak correlation
p=0.35, p=0.035). The studied groups were com-
pared in relation to the number of unfavourable

Decision tree method CHAID (Chi-squared Automatic Interaction Detection)

[epeso pewennii, metog CHAID (Chi-squared Automatic Interaction Detection)

outcomes (x?=0.01, p=0.9, OR=0.9 (95% CI 0.1-4.2)
and complications (x?=0.09, p=0.8, OR=,1 (95% ClI
0.5-2.3). The structure of complications coincided
in the groups. However, an infection component
was significant in the somatic pathology during
the eraly period, while it apeared in the surgical
group remotely. The prognostic unfavourable
shifts of indices were revealed: the presence of
hemoglobin deficiency on admission (less than
149 g/I) and kalaemia on the 7th day (less than
3.8 mmol/l).

CONCLUSIONS

1. Inflammatory response (C-reactive protein
less than 33 mg/L) and decreased azotemia less
than 4.7 mmol/L were the criteria for initiation of
parenteral nutritional support in neonates in early
period after surgical treatment.

2. The rate of initiation of parenteral nutrition
in neonates with cardiopulmonary maladaptation
was associated with an albouminemia level of more
than 24 g/L.

3. C-reactive protein concentration of more
than 93 mg/l in the first three days and lactate
concentration of more than 5 mmol/l by the end
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of the week were determined as prognostic indi-
cators of lethal outcome in newborns after surgical
treatment. Azotemia of more than 9.4 mmol/l on
admission and glycaemia of less than 3.1 mmol/I
were associated with an unfavourable outcome
in neonates with somatic pathology. For all neo-
nates, anaemia (haemoglobin less than 149 g/I)
and potassium level (less than 3.8 mmol/Il) at 7th
day were considered as prognostic unfavourable
shifts in parameters.

4. A personalized approach to the development
and control of metabolic status and nutritional
support remains relevant in treating neonates in
critical conditions and requires further research.
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OONOJIHUTEJIbHAA UHOOPMALINA

Bknap aBTOpoB. Bce aBTOpbl BHeCnn cylye-
CTBEHHbIV BKNaZ B pa3paboTKy KOHLenuum, npo-
BeleHNe WCCIefoBaHMA W MOATrOTOBKY CTaTbW,
npounu n ogobpunu GrHanbHy Bepcuio nepeq
nyénukaumen.

KoH}nuKT nHtepecoB. ABTOPbI AeKNapUpyIoT
OTCYTCTBUE ABHbIX M MOTEHLUNANbHbIX KOHONMKTOB
WHTEePEeCOB, CBA3aHHbIX C Ny6nuKauuen HacTos-
Len cTatbu.

UcTtouHuK ¢puHaHcmpoBaHMA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUN BHELHEro GrHAHCUPOBaHNWA
npv NPoBefeHNn NcciefoBaHUA.

MHdopmupoBaHHOe cornacme Ha ny6nuka-
yuio. ABTOPbI MONYyYUSIM MUCbMEHHOE corfacue
3aKOHHbIX NpefcTaBuTenel naymMeHToB Ha nybnu-
Kauuio MegNUNHCKMX AaHHbIX.
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Abstract. Introduction. Data on the role of Helicobacter pylori (Hp) in the development of gastroesophageal
reflux disease (GERD) are contradictory; most researchers believe that Hp infection has a protective effect on the
incidence of GERD. Ambiguous results have also been obtained regarding the effect of H. pylori eradication on
the development of GERD, reflux esophagitis and symptoms associated with reflux. Most meta-analyses have
found no significant differences in the development of GERD after H. pylori eradication between patients with
eradication and patients with persistent infection. But a number of studies have reported a significant increase in
the risk of GERD after successful eradication therapy. Most studies were conducted on a cohort of adult patients;
data on the effect of H. pylori on the course of GERD in children are fragmentary. Objective. To evaluate the effect
of eradication therapy on the course of gastroesophageal reflux disease in school-age children. Materials and
methods. The study included 55 children from 7 to 17 years 11 months (11.4+2.1 years) with an erosive form of
gastroesophageal reflux disease. Three observation groups were formed: first — H. pylori-positive patients with
eradication therapy; second — H. pylori-positive patients without eradication therapy; third — H. pylori-negative
patients. The dynamics of clinical symptoms and erosive changes in the esophagus were assessed. Results. When
comparatively assessing the clinical course of GERD in the groups of H. pylori-infected and H. pylori-negative
patients, no significant differences were identified. Heartburn and epigastric pain were noted with equal
frequency in both groups, belching was significantly more often observed in the group of H. pylori-negative
patients, and vomiting, on the contrary, was slightly more common in the group of H. pylori-positive patients.
The frequency of endoscopic signs of relapse of erosive esophagitis after 12-24 months was also comparable in
the compared groups: 7/20 (35.0%) in the group with eradication therapy and 8/20 (40.0%) without eradication
therapy. At the same time, the lowest relapse rate of 4/14 (26.8%) was noted in the group of H. pylori-negative
patients. Conclusions. Helicobacter pylori does not have a significant protective or negative effect on the course
of the erosive form of gastroesophageal reflux disease in school-age children.

Keywords: gastroesophageal reflux disease, children, H. pylori
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Pesilome. BgedeHue. [laHHble o ponu Helicobacter pylori (Hp) B pa3BuTun ractpoa3odareanbHon pednoKCHO
6051e3HM NPOTUBOPEUBbI. BONbLUMHCTBO UCCnefoBaTenen cumTaloT, UTo nHbekuua H. pylori oka3biBaeT 3aluT-
HbIli 3¢ deKT Ha 3aboneBaemMocCTb racTpossodareanbHoln pedntokcHon 6onesHun (FIPB). HeoaHo3HauHble pe-
3yNnbTaTbl MOMyYeHbl U B OTHOLIEHUWN BAUAHUA 3paguKkaummn H. pylori Ha pa3sutue IIPB, pedniokc-a3odarnta u
CMMMNTOMOB, CBA3aHHbIX C pedntokcom. B 6onbLunHCTBE MeTaaHaNn30B He BbIABNEHO CYLLECTBEHHbIX Pa3niunii
B pa3Butuu SPB nocne apagukauuu H. pylori mexxgy nauvieHTamy ¢ 3pagukaLlmen U naumeHTamm ¢ nepcucTu-
pytowen nHdpekyren. Ho B page paboT coobLieHO O 3HAaUYNTENBHOM MOBbIWEHNY pucka MPB nocne ycneww-
HOW 3papunKaLOHHON Tepanuun. bonbLMHCTBO UCCNefoBaHUN NPOBeJeHO Ha KOropTe B3pOC/blX NaLMeHTOB.
DaHHble o BAusHUM H. pylori Ha TeuyeHne MOPB y peteln dparmeHTapHble. Ljese — oLeHUTb BNvAHME 3paan-
KaLWHHOW Tepanuu Ha TeyeHue ractpossodareanbHon pedntokcHo 60ne3HN y feTel WKOIbHOro Bo3pacTa.
Mamepuanel u Memoosbl. B uccnegoBaHue BKoYeHo 55 geter ot 7 go 17 net 11 mecAues (cpepgHuii Bo3pacT
11,4+2,1 roga) c 3po3uBHO Gopmoli racTpos3odareanbHom pedniokcHol 6onesHn. ChbopmMmpoBaHO Tpu rpymn-
nbl HabnogeHns: nepBas — H. pylori-no3WTUBHbIE MALMEHTbl C MPOBEAEHHHON 3PaANKALIVIOHHON Tepanuen,
BTOpaA — H. pylori-no3uTuBHbIe MaUMeHTbl 6e3 3paguKaLMOHHON Tepanun, Tpetba — H. pylori-HeraTnBHbIe
nayuneHTbl. OLeHrBanach AUHaMUKA KIVHUYECKUX CUMITOMOB 1 9PO3/BHbIX U3MEHEHWI B NKiLieBoAe. Pe3ynb-
mamel. [py CpaBHUTENIbHOW OLeHKe KMHMYecKkoro TevyeHus MNPB B rpynnax H. pylori-nHuunpoBaHHbIX 1
H. pylori-HeraTBHbIX NaLMEeHTOB 3HaYMTeNIbHbIX OTIMUYUI He BbiABMEHO. /3Xora 1 anuractpanbHaa 6osb oT-
MEUannCb C paBHOM YacToTol B 06enx rpynnax. OTpbiXKa 4OCTOBEPHO Yalle oTMeyvanach B rpynne H. pylori-
HeraTuBHbIX NaLNEHTOB, @ PBOTa, HAOBOPOT, HECKONbKO Yalle B rpynne H. pylori-no3nTUBHbIX NayMeHToB. Ya-
CTOTa 3HAOCKOMUYECKNX MPU3HAKOB 0OOCTPEHUA 3P03MBHOro 330darmTa yepes 12-24 mecAua Obina Takxe
cornocTaBMma B CpaBHMBaeMmblx rpynnax: 7/20 (35,0%) B rpynne ¢ NpoBeAeHHOW 3pafnKaLIOHHOWN Tepanunen
n 8/20 (40,0%) 6e3 3paanKaLuMoHHOW Tepanuu. Mpy 3TOM HaMMeHbLas YacToTa peunansoB 4/15 (26,8%) oT-
MeueHa B rpynne H. pylori-HeraTuBHbIX NauneHTOB. Bbei8odsl. dpagnkauma H. pylori He oka3bliBaeT 3HaUMMOro
NPOTEKTUBHOIO WX HEraTUBHOIO 3pPeKTa Ha TeUEHNE 3PO3NUBHON GOPMbl racTpod3odareasnibHON pedioKc-

Hol 6onesHn y JeTen WKOJIbHOro BO3pacTa.

KnioueBble cnoBa: 2acmpo330¢azesnibHas pegokcHas 6onesHs, demu, H. pylori

INTRODUCTION

There are conflicting data on the role of H. py-
lori in the development of gastroesophageal re-
flux disease (GERD). In 1997, J. Labenz et al. first
suggested the hypothesis that eradication of
H. pylori could lead to the development of reflux
disease. And over the last 30 years, many studies
have shown that H. pylori infection is negatively
correlated with GERD. Moreover, most researchers
believe that H. pylori infection has a protective ef-
fect on the incidence of GERD in general [1-3].

Conflicting results have also been obtained
regarding the impact of H. pylori eradication in
relation to the development of GERD, reflux eso-
phagitis and reflux-related symptoms [4-6]. Xie
et al. performed a meta-analysis of cohort studies
and reported a significantly increased risk of GERD
in patients with successful eradication compared
to those with failed eradication (relative risk (RR)
1.70, 95% confidence interval (Cl) 1.30-2.23), and
a significantly increased risk in patients receiving
eradication therapy compared to those receiving
placebo (RR 1.99, 95% Cl 1.23-3.22) [7]. One re-
cent meta-analysis from 2020 also showed that
H. pylori eradication therapy increased the risk of
reflux esophagitis whether there were previous

cases of esophagitis (OR 1.46, 95% Cl 1.16-1.84,
p=0.01) or de novo reflux esophagitis (OR 1.42,
95% Cl 1.01-2.00, p=0.03). This fact was specific
for all studies, especially in Western populations
[8]. However, most meta-analyses have not found
significant differences in the development of
GERD after H. pylori eradication between patients
with eradication and patients with persistent in-
fection [9-11]. Nevertheless, Maastricht VI, re-
commends eradication therapy for patients with
GERD, taking into account that H. pylori is a first
class carcinogen [12]. As for children, the relation-
ship between H. pylori and diseases of the upper
digestive tract is probably even more complex.
Thus, in contrast to adults, there is no associa-
tion between H. pylori and functional dyspepsia
[13]. Most of the works devoted to the relation-
ship between GERD and H. pylori in children were
performed in 2000-2010. A. Moon et al. (2009),
in contrast to adults, showed a negative effect
of H. pylori on the formation of reflux esophagi-
tis in paediatric patients (mean age 8.2 years), the
odds ratio was 5.79 compared to H. pylori-nega-
tive patients [14]. J. Brazowski et al. showed that
Helicobacter pylori infection among children with
acid gastroesophageal reflux does not affect the
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prevalence of esophagitis. Thus, 13.8% of children
in the group with H. pylori infection and 18.3% in
the group without infection had esophagitis [15].
S.E. Zagorsky et al. also did not find any correla-
tion between clinical symptoms of GERD, H. pylori
and increased risk of erosive-ulcerative lesions of
the oesophagus in children and adolescents. The
authors based their study on medical check-ups
of 300 patients and H. pylori [16]. Paediatric clini-
cal guidelines for patients do not include recom-
mendations for eradication therapy in children
with GERD, resulting in the necessity to make an
independent decision on eradication therapy in
this group of patients [17]. Thus, studies on the
relationship between GERD and H. pylori infection
remain relevant.

AIM

To evaluate the effect of eradication therapy
on the course of gastroesophageal reflux disease
in school children.

MATERIALS AND METHODS

The study included 55 children from 7 to
17 years 11 months (11.4£2.1 years) with erosive
form of gastroesophageal reflux disease. The main
inclusion criteria: newly diagnosed symptoms of
dyspepsia, erosive changes in the oesophagus ac-
cording to fibrogastroduodenoscopy in children.
Helicobacteriosis was diagnosed on the basis of a
positive result of histological and/or rapid urease
test ("Helicobacter-test" of the Research Institute
of ECF, St. Petersburg). Initially all patients were
divided into two groups: the first — H. pylori-posi-
tive (40 children), the second — H. pylori-negative
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(15 children). Further, patients were divided into
two more groups (20 patients in each), depending
on the treatment tactics. Additional inclusion cri-
teria for the first group: eradication therapy, con-
trol endoscopic examination in 12-24 months,
absence of H. pylori according to histological or
rapid urease test. Additional inclusion criteria in
the second group: absence of eradication therapy,
control endoscopic examination in 12-24 months.
The final comparison was carried out among three
groups of patients: the first — H. pylori-positive
with eradication therapy (H. pylori+, eradication
therapy+), the second — H. pylori-positive wi-
thout eradication therapy (Hp+, eradication
therapy-), the third — H. pylori-negative patients
(Hp-). The dynamics of clinical symptoms and
erosive changes in the oesophagus were evalua-
ted. All obtained data were statistically processed
by means of STATISTICA v.6.1 (StatSoft Inc.) appli-
cation software package. Significance analysis of
differences in qualitative features was performed
using the x? criterion. Differences at p <0.05 were
considered as significant.

RESULTS

No significant differences were found be-
tween clinical features of GERD in Hp-infected
and Hp-negative patients. Heartburn and epigast-
ric pain were noted with equal frequency in both
groups. Belching was significantly more frequent
in the group of Hp-negative patients, and vomi-
ting, on the contrary, was slightly more frequent
in the group of Hp-positive patients. In addition,
stool disorders in the form of constipation, diar-
rhoea and their combination were significantly

Table 1. Comparative characteristics of symptoms in the groups of Hp-positive and Hp-negative patients with the erosive

form of gastroesophageal reflux disease

Tabnuua 1. CpaBHUTENbHasA XapaKTepUCTMKa CUMMTOMOB B rpynnax Hp-no3uTuBHbIX U Hp-HeraTMBHbIX NaLMEeHTOB
C 3po3UBHOI popMoOIi racTpossodareanbHo pediiokCHON 6onesHn

Cumnrom / Symptom Hp-I'IO?tI/I.TI/IBHbIe/ Hp—HeraTMBHble/ o

Hp-positive (n=40) Hp-negative (n=15)
SnuracTtpanbHaa 6onb / Epigastric pain 36 (90,0%) 14 (93,3%) 0,702
M3xora / Heartburn 15 (37,5% ) 7 (46,6%) 0,537
TowHoTa / Nausea 18 (45,0%) 3(20,0%) 0,090
OtpbixKa / Burping 12(30,0%) 9 (60,0%) 0,042
Psota / Vomiting 7 (17,5%) 0(0,0%) 0,083
PaHHee HacbiweHue / Early satiation 2 (5,0%) 1 (6,6%) 0,809
HapywweHuna ctyna (3anopbi/anapes) / 7(17,5%) 8(53,3%) 0,008
Of stool disorders (constipation/diarrhea)
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Table 2. Dynamics of the main symptoms before and after treatment in the compared groups

Ta6bnuua 2. lIntHamnKa OCHOBHbIX CUMIITOMOB [10 U MOCJIE JIeYeHs B CPaBHMBaeMbIX rpynmnax

lpynnbl HabnogeHnaA / CumnTtom / Symptom o neyenunsa / Mocne nevenusa /
Monitoring groups ymp Before treatment After treatment P
Hp+ apagunkalmoHHas bonu / Pain 19 (95,0%) 20 (100,0%) 0,312
Tepanva +/ Waxora / Heartburn 6 (30,0%) 3 (15,0%) 0,256
Hp+ eradication therapy +
OTpbixKa / Belching 6 (30,0%) 6 (30,0%) 1,000
TowHoTta / Nausea 10 (50,0%) 6 (30,0%) 0,197
Psota / Vomit 3 (15,0%) 0(0,0%) 0,072
YyBCTBO paHHero HacbiweHus / Feel- 0(0,0%) 0(0,0%) -
ing of early satiety
HapyuweHusa ctyna* / Stool disorders* 3(15,0%) 1 (5,0%) 0,292
Hp+ 3pagnKkaunoHHasn bonu / Pain 17 (85,0%) 16 (80,0%) 0,678
TepanvA-/ Waxora / Heartburn 9 (45,0%) 8 (40,0%) 0,750
Hp+ eradication therapy—
OrtpbixkKa / Belching 6 (30,0%) 6 (30,0%) 1,000
TowHoTa / Nausea 8 (40,0%) 5 (25,0%) 0,312
Psota / Vomit 4 (20,0%) 0(0,0%) 0,036
YyBCTBO paHHero HacblweHus / Feel- 2(10,0%) 2 (10,0%) 1,000
ing of early satiety
HapyweHua ctyna* / Stool disorders* 4(20,0% 4 (20,0%) 1,000
Hp- Bonu / Pain 14 (93,3%) 13(86,6%) 0,736
M3xora / Heartburn 7 (46,6%) 8(53,3%) 0,744
OTpbixka / Belching 9 (60.0%) 4 (26,6%) 0,092
TowHoTa / Nausea 3 (20,0%) 2 (13,3%) 0,633
PesoTa / Vomit 0 1(6,7%) 0,312
YyBCTBO paHHero HacblweHus / Feel- 1(6,7%) 0(0,0%) 0,312
ing of early satiety
HapyLeHuna ctyna* / Stool disorders 8 (53,3%) 2(13,3%) 0,029

* 3anop wu/vnu grapes.

* Of stool disorders (constipation/diarrhea).

Table 3. Frequency of exacerbations according to fibrogastroduodenoscopy in the compared groups after 12-24 months

Ta6nuua 3. YactoTa 060CTpEHMii MO AaHHbIM GpUGPOracTPOAyOAEHOCKONMUM B CPaBHUBaEMbIX rpynmnax yepes 12-24 mecsaua

Mpynna 1 fpynna 2
(Hp+, apaavkaumoHHas
(Hp+, apagrkaLoHHasn Tepanna-) /
Cragus 3aboneBaHus / Tepanua+) / grou 5 lpynna 3/ Group 3
Stage of the disease Group 1 p . (Hp-) (n=15)
Hp+ eradication Hp+:radlcatlon
_ therapy-
therapy + (n=20) (n=20)
O6ocTpeHune / Aggravation 7 (35,0%) 8 (40,0%) 4 (26,8%)
Pemunccuna / Remission 13 (65,0%) 12 (60,0%) 1 (73, 2%)
p p,,=0,744 p,_30,600
p,_;=0,051

OPI/IFI/IHAJ'IbeIE CTATBW
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more frequent in the group of Hp-negative pa-
tients. The results are presented in Table 1.

Subsequently, there was evaluated the
dynamics of the main clinical symptoms in
12-24 months. The proportion of patients with
complaints of heartburn, nausea, vomiting and
stool disorders slightly decreased in the group
of Hp-positive patients with the course of era-
dication therapy after the control period. Ho-
wever, the differences were statistically unre-
liable. The dynamics of symptoms in two other
groups (Hp-negative patients and Hp-positive
patients without eradication therapy) was also
insignificant. Significant differences concerned
individual symptoms only. The results are pre-
sented in Table 2.

The assesment of control endoscopic exami-
nation showed that the frequency of recurrence
of erosive esophagitis in the group of Hp-nega-
tive patients without eradication therapy was
8/20 (40,0%), which corresponded to the frequen-
cy of recurrence in the group of Hp-positive pa-
tients with eradication therapy — 7/20 (35,0%)
(p=0,744). At the same time, the frequency of
exacerbations was slightly lower in the group of
Hp-negative patients — 4/15 (26.8%). The results
are presented in Table 3.

DISCUSSION

No significant differences were found between
Hp-positive and Hp-negative patients when as-
sessing the severity of clinical symptoms of GERD.
Epigastric pain and heartburn were noted with
equal frequency in the groups of Hp-positive and
Hp-negative patients. Belching was more frequent
among GERD symptoms in Hp-negative patients.
Associated stool disorders in the form of consti-
pation, diarrhoea and their combination were also
more characteristic for Hp-negative patients. Sig-
nificant differences in the dynamics of symptoms
in 12-24 months in the groups of Hp-positive
patients after eradication therapy and without it
were not observed.

The frequency of endoscopic signs of recur-
rence of erosive esophagitis after 12-24 months
was also similar in the compared groups: 7/20
(35,0%) in the group with eradication therapy and
8/20 (40,0%) without eradication therapy. The
lowest recurrence rate of 4/15 (26.8%) was ob-
served in the group of Hp-negative patients. Thus,
eradication therapy had no significant positive or
negative effect on the recurrence rate in children
with erosive GERD.
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CONCLUSION

H. pylori eradication has no significant protec-
tive or negative effect on the course of erosive gas-
troesophageal reflux disease in school children.
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AONOJIHUTEJIbBHAA UHOOPMALIUA

Bknag aBTOpOB. BCce aBTOpbI BHeECnM cCylle-
CTBEHHbIV BKNag B pa3paboTKy KOHUenuuu, npo-
BefleHVe WNCCNefoBaHMA WM MOArOTOBKY CTaTbW,
npounu n ogobpunn GrHanbHy Bepcuio nepes
ny6nnkauuen.

KoH$nuKT nHTepecoB. ABTOpbl fieKNapupyoT
OTCYTCTBUE ABHbIX Y MOTEHUMaNbHbIX KOHGNNKTOB
NHTEepecoB, CBA3aHHbIX C nMybnukaumen HacTos-
Len cTaTbu.

UcTouHuk ¢puHaHcmpoBaHmnA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUM BHelHero GrHaHCUpoBaHWA
npu NpoBeAeHnn nccefoBaHmA.

NHdopmupoBaHHOe cornacue Ha ny6nuka-
yuio. ABTOPbI NMONYyYUIN MUCbMEHHOe corfacue
3aKOHHbIX NpefcTaBuUTENe NaLMeHToB Ha Nyonu-
Kauuio MeAULNHCKNX AaHHbIX.
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Abstract. Introduction. Assessing the quality of life of children with adenoid hypertrophy is a significant
multidisciplinary a problem of modern medicine that has a significant impact on the quality of life of children
through such phenomena as snoring, sleep apnea, night terrors, sleeping with the mouth open, etc., which is
determines the relevance of our research. Adenoid hypertrophy affects the quality of life of children not only
in relation to sleep, but also in other aspects. Purpose of the study: analysis of the quality of life in children
with adenoid hypertrophy. Research methods: we developed an original questionnaire based on principles for
assessing the quality of life of children. Parents of patients aged 2 to 10 years suffering from hypertrophy adenoids,
were asked to rate their child’s quality of life on a 10-point scale, where 1 is very bad, and 10 is excellent. The
main group included 202 children. The comparison group included 51 healthy children, whose parents answered
questions at clinic No. 4 in Belgorod, where they applied for the purpose of immunization and/or admission to
the sports section. Comparison of the main group and the control group was carried out using the Student's
test. The significance control point is p <0.001 for the main results. Results. None of the parents of children from
the main group rated their child’s quality of life as 10 points out of 10, and more than half (108, 53.5%) rated the
quality of life as low or below average (up to 5 points out of 10). A very poor quality of life (1-2 points out of 10)
was noted in every tenth child (24, 11.9%). Unlike the main group, in the comparison group a score of 6 points
was noted in only one child, and in the vast majority of cases (43, 84.3%) 9-10 points were given. Thus, as a result
of the study, a high degree of significance difference (p <0.001) was obtained between the main group and the
comparison group according to the Student’s test, which indicates a serious decrease quality of life of children
with adenoid hypertrophy, according to their parents.

Keywords: quality of life, adenoid hypertrophy, children
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Pe3siome. BeedeHue. OLieHKa KayecTBa »KUW3HWU AeTel ¢ runepTpodrien aieHouaoB — 3HauyvMas MHOTomnpo-
dunbHaA nNpobrnema COBPEMEHHON MefuWLVHbI, OKa3biBaloWlas 3HAUUTESIbHOE BJIVAHME HA KAayeCTBO XKM3HU
JeTell NOCPeACTBOM TaKMX ABIEHUN, KaK Xpan, OCTaHOBKA AblXaHWA BO CHE, HOUYHbIE CTPaxu, COH C OTKPbITbIM
PTOM U T.4., YTO U OOYCNOBAMBAET aKTyallbHOCTb HaLLIero nccnenoBaHus. Nrmneprpodua ageHonaoB BIUAET Ha
KauyecTBO XM3HW AeTell He TONbKO B OTHOLUEHUWN CHa, HO U B ApYrux acrnekTax. Ljese uccnedosanus: aHanus
KauyecTBa Xu3HU y geTel c runeptpoduein aneHonnos. Memodesl uccnedosaHus: Mbl pa3paboTany opurMHanb-
Hbll ONPOCHUK A1 OLEHKWN KauecTBa Xn3Hu geten. Pogutenn naumeHToB oT 2 go 10 neT, cTpagatowux runep-
Tpoduel ageHoNaoB, AOMXKHbI ObIIN OLLEHUTb KauecTBO »KM3HW CBOEro pebeHka no 10-6annbHON WKane, rae
1 — oyeHb nnoxoe, a 10 — oTAMYHOe. B ocHOBHYtO rpynny 6binu BKAtoueHbl 202 pebeHKa. B rpynny cpaBHeHUs
Bowen 51 340poBbIi pebeHOK, poanTeNn KOTOPbIX OTBEYanU Ha BOMPOChl B nonuknvHuke N2 4 r. benropo-
Ja, Kyga obpalyanncb € Lenbo MMMYyHM3aumMm 1/unm Jonycka B COPTMBHY cekuuio. CpaBHEHVIE OCHOBHOM
rpynnbl U FPYnnbl KOHTPONA NPOBOAUIOCH NO Kputeputo CTblogeHTa. KOHTpobHaA ToYKa JOCTOBEPHOCTU —
p <0,001 OCHOBHbIX pe3ynbTaTtoB. Pesysiemamel. Hn ogvH 13 poguTenein geten u3 OCHOBHOW rpynnbl He oue-
HWJT KAUeCTBO M3HWU CBOero pebeHKa Ha 10 6annos 13 10, a 6onee nonosuHbl (108, 53,5%) OLEHUIN KauecTBO
MXKM3HU KaK HU3KOEe N HXKe cpepHero (Ao 5 6annos 13 10). OueHb Nnoxoe KayecTBo Xu3Hu (1-2 6anna 13 10)
OTMEYasioChb y KaXkaoro aecatoro pebeHka (24, 11,9%). B otnnuve ot OCHOBHOW, B rpymnne CpaBHEHUs OL|eH-
Ka B 6 6anIoB OTMeY€eHa JivLib y OAHOro pebeHKa, a B nogasnstoweM 605blNHCTBE ciiyyaeB (43, 84,3%) Bbi-
cTtaBneHbl 9-10 6anno.. Takum 06pa3om, B pe3ynbTaTe NPOBEAEHHOro UCC/ieloBaHUsA Obina NoslyyeHa pasHuLa
BbICOKOW CTeneHn goctoBepHocTu (p <0,001) mexay OCHOBHOM rpynmnon 1 rpynnow CpaBHEHMA MO KPUTEPUIO
CTblofieHTa, KOTOpas CBUAETENbCTBYET O CEPbe3HOM CHVMKEHMM KauecTBa KMU3HU feTel ¢ runeptpoduen age-

HOMAOB, MO MHEHWIO UX poAUTESNEN.

KnioueBble ClOBa: KA4ecmeo Xu3Hu, 2unepmpogus adeHoudos, oemu

INTRODUCTION

Quality of life can be simply defined as the area
of human life that directly concerns the person and
is important to him or her [1].

As arule, the questionnaire method is used to de-
termine the level of quality of life. General-purpose
questionnaires can be used when studying large
population groups with various pathologies. In this
way, the results can be compared with each other,
regardless of whether the humans are healthy or
suffer from some disease, or if the groups of subjects
are numerically different. However, general-purpose
surveys are not useful tools for assessing individual
changes that occur in each specific person [2].

Quality of life assessment allows to clarify the
level of satisfaction of people with chronic disea-
ses [3]. The study involved preschool children with
chronic hypertrophy of adenoids. As a result of
questioning the parents of these children, a sharp
decrease in their quality of life was revealed, as well
as the specifics of the focus of complaints in chil-
dren of different constitutional types [4].

To study the quality of life of patients suffering
from some pathology, in most cases modified sur-
veys are developed based on the classic ones re-
commended by WHO. For example, to evaluate
the quality of life of children of different ages, the
QUALIN questionnaires are used [3, 5].

Chronic adenoid hypertrophy, being one of the
leading problems of modern pediatrics, affects the

somatic and functional development of the child
i.e. changes the quality of his life [6].

In pediatric otolaryngology (ENT), adenoid hy-
pertrophy is one of the most common reasons for
seeking medical attention and accounts for up to
45% of ENT pathologies. According to published
data, the vast majority of preschool and primary
school children suffer from adenoid hypertrophy of
varying degrees of severity. Age-related anatomical
and physiological characteristics of the structure of
the respiratory tract, can have a significant impact
on quality of life [7].

It is reliably known that such life-threatening
situations as obstructive sleep apnea occur in chil-
dren with adenoid hypertrophy much more often
than in the general population — up to 27% [4].

Disturbance of the structure and mechanisms of
sleep, including those associated with adenoid hy-
pertrophy, can lead to cognitive impairments such
as learning disabilities, memory difficulties, prob-
lems with logical thinking, delay of the acquisition
of new skills, as well as emotional and behavioral
disorders such as anxiety and depression, apathy,
irritability, obsessional states, and tics [8].

Adenoid hypertrophy affects the quality of life
of children not only in relation to sleep, but also in
other aspects: somatic, neuropsychological, cos-
metic, etc. [9]. For example, it has been shown that
the negative impact of adenoid vegetations on the
body at the current level is considered not only as a
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source of infection, but also as a manifestation of an
immunodeficiency state and is carried out in three
ways:

« mechanical obstruction caused by a hypertro-

phied pharyngeal tonsil;

« disruption of reflex connections;

- the presence of infection in tissue of the ade-

noids [10].

Most children and adolescents with chronic
adenoid hypertrophy have functional disorders of
the cardiovascular system and its autonomic requ-
lation, referred to as the rhinocardial reflex. In ado-
lescents with autonomic dysfunction, the degree of
nasopharyngeal tonsil hyperplasia directly corre-
lates with vegetovascular dystonia [11].

The works of A.V. Bykova et al. (2022), U.B. Muk-
hitdinova et al. (2017) show a close relationship
between adenoid hypertrophy and otitis media,
leading to an even greater decrease in the quality
of life of children [12, 13].

In the literature, we came across several studies
that focus on quality of life of patients with ade-
noid hypertrophy [1]. In the work of D.I. Stolyarov
[14], using the standardized questionnaire “SF-36
HEALTH STATUS SURVEY”, the physical and psycho-
logical components of assessment quality of life of
patients with adenoid hypertrophy were studied. It
was shown that the degree of hypertrophy of the
nasopharyngeal tonsil does not have a significant
effect on the quantitative indicators of the physical
component of children's health. However, adenoid
hypertrophy leads to a decrease in the indicators of
the mental component and a progressive deteriora-
tion in the quality of life with age.

ILA. Zhmakina et al. (2017), used in their study
the questionnaire “Pediatric Quality of Life Inven-
toryTM”, and showed, that physical development,
adaptive resources and the tension of vegetative
regulation of patients with adenoid hypertrophy
were evaluated. G. Tastanova et al. considered in
their article the physical development of primary
school children with pathology of the adenotonsil-
lar system [15].

Adenoid hypertrophy complicated by middle ear
pathology can lead to serious psychoemotional prob-
lems, changes in speech production and, accordingly,
adecrease in the quality of life and learning outcomes
[16]. The disease affects the formation of the facial
skeleton (adenoid face), malocclusion [17].

Thus, adenoid hypertrophy is a significant multi-
disciplinary problem of modern medicine that has a
major impact on the quality of life of children, which
determines the relevance of our research.

Children’s Medicine of the North-West
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AIM
The aim of the study is to analyze the quality of
life in children with adenoid hypertrophy.

MATERIALS AND METHODS

We developed an original questionnaire to as-
sess the quality of life of children. Among other
questions, parents of patients aged 2 — 10 years
suffering from adenoid hypertrophy had to evalu-
ate their child’s quality of life on a 10-point scale,
where 1 is very bad and 10 is excellent.

Inclusion criteria: children aged 2-10 years, no
other chronic diseases that could affect the pa-
tient's quality of life.

Exclusion criteria: other age groups, presence
of chronic diseases.

The main group included 202 children:
128 boys and 74 girls (M:F — 1,7:1). All children
were treated at the Children's Regional Clinical
Hospital in Belgorod for adenoid hypertrophy.

The comparison group included 51 healthy
children whose parents answered questions at
outpatient clinic No. 4 in Belgorod, where they
applied for the purpose of immunization and/or
admission to the sports section.

Comparison of the main group and the control
group was carried out using the Student's t-test.
The significance control point is p <0,001.

RESULTS AND DISCUSSION

The opinion of parents about the quality of
life in children in the main group and comparison
group is presented in Table 1.

Thus, none of the parents of children in the
main group rated their child's quality of life as
10 points out of 10, and more than half (108,
53,5%) rated the quality of life as low or below ave-
rage (up to 5 points out of 10). A very bad quality
of life (1-2 points out of 10) was noted by every
tenth child (24, 11,9%). Unlike the main group, in
the controls, a score of 6 points was noted in only
one child, and in the vast majority of cases (43,
84,3%), 9-10 points were given.

As it is shown in Fig. 1, only 43 parents (21,3%)
reported good quality of life (8-9 points). The re-
maining respondents noted a significant decrease
in quality of life, in the overwhelming majority of
cases directly related to adenoid hypertrophy
(159, 78,7%), in contrast to the control group.

For clarity, we ranked the point score in
Fig. 2 into three levels of quality of life: bad —
1-4 points, medium — 5-7 points, and good
8-10 points.
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Table 1. Quality of life scores for children with adenoid hypertrophy and healthy children

Ta6bnuua 1. bBannbHas ouleHKa KauecTBa XU3HU AeTel, cTpajalowux runeprpoduelt afjeHoUA0B 1 340POBbIX JeTel

Bannbi / Points 1 2 3 4 5 6 7 8 9 10
OcHoBHas rpynna / Main group 14 10 16 25 43 26 25 26 17 0
lpynna cpasHeHna / Comparison group 0 0 0 0 0 1 3 4 16 27
60
52,9
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31,4
30
21,3
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12,4
0 69 49
0 J o Mo I 0 0
1 2 3 4 5 6 7 8 9 10

B OcHosHas rpynna / Main group

Fig. 1.
Puc. 1.
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Percentage assessment of the quality of life of children from the main group and comparison group on a 10-point scale

[MpOoLEHTHAs OLEHKA Ka4yeCcTBa XN3HW AeTel U3 OCHOBHOW IPynnbl v rpynnbl cpasHeHus no 10-6annbHON WKane
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N
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B OcHosHas rpynna / Main group

Fig. 2.
Puc. 2.

As can be seen from Fig. 2, in the main group,
the quality of life of children suffered considera-
bly compared to the controls with a high degree
of significance — p <0.001 according to the Stu-
dent's t-test.

CONCLUSION

Thus, as a result of the conducted study, a
high degree of significance difference (p <0,001)
was obtained between the main group and con-
trols according to the Student’s t-test, which in-
dicates a serious decrease in the quality of life in

CpegHee / Medium

Xopowwuee / Good

[ Tpynna cpasHeHus / Comparison group

Distribution of the obtained data into 3 levels of quality of life

Pacnpegenexne nosy4eHHbIX JaHHbIX HA 3 YPOBHA Ka4eCTBa XU3HU

children with adenoid hypertrophy, according
to their parents. The results justify the need to
develop new methods of early diagnosis, treat-
ment and ranking of indications for conservative
and surgical treatment of adenoid hypertrophy
in children.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknag aBTOpOB. BCce aBTOpbl BHECAM Cylle-
CTBEHHbI BKNag B pa3paboTKy KoHuenuuu, npo-
BefeHVe WCCIefoBaHNA 1 MOATrOTOBKY CTaTby,
npounu 1 ogobpunn GrHanNbHY Bepcuio nepeq
nybnukaumen.

KoHnukT mHTepecoB. ABTOpPbl AeKnapu-
PYIOT OTCYTCTBME ABHbIX U MOTEHLUMANIbHbIX KOH-
bNVKTOB MHTEPECOB, CBA3AHHbIX C NybnnKauunen
HacToALWEN CTaTbu.

NcTtouHnk ¢puHaHcmpoBaHuA. ABTOPbI 3asB-
NAT 06 OTCYTCTBMY BHeLWHero GrHaHCMPOBAHNA
npv NpoBeAeHNN NCCefoBaHNA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
ymio. ABTOpbl NONYYUNIN MUCbMEHHOe cornacue
AHKEeTMpPYeMbIX Ha Ny6AnKauunio faHHbIX.
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Abstract. Introduction. Food allergy is a serious health problem in children. Quite often, parents underestimate
it. Sometimes it leads to the exclusion of some important foods. Food allergy also causes stress, anxiety and
even depression in parents and reduces the family’s quality of life. The adapted and validated FAQLQ-PF
questionnaire has been used in our comprehensive study of the quality of life in young children with food allergy.
Aims the purpose of our study is to rate the quality of life of children with food allergy. Materials and methods.
A prospective cohort observational study was conducted. An online electronic questionnaire was developed
containing questions from the FAQLQ-PF questionnaire for parents of children aged 0-5 years with confirmed
food allergy. Results. We obtained 45 questionnaires. The average age of the children was 3.14 years, among
them 25 (44.4%) boys and 20 (55.6%) girls. Most parents/legal guardians rated their own general health, their
children’s health, as good or fair. 67% of respondents had a significant degree of concern and 69% stress due
to the presence of food allergy in their children. 69% of parents were dissatisfied with dietary restrictions for
children, and this factor was significant for 9.6% of respondents. 16.7% of children were afraid to try new food
unfamiliar to them and experienced stress about this. Children with food allergy were significantly dissatisfied
with their social restrictions in 19.5%, compared with their peers, they were more restless (13.4%), cautious (25%)
and even less sociable (6.6%). Conclusions. The quality of life of children with food allergy is low not only due to
the clinical manifestations of the disease, but also due to restrictive measures associated with the exclusion of
food from the diet and reduced social activity.

Keywords: food allergy, children, quality of life, questionnaire, early age
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cUTYyauursam, 6ecnokoncTBy 1 AENPECCUN Y POAUTENEN, BANAS Ha KQUECTBO »U3HW BCEX YNIeHOB cembl. Ljentbro uc-
€71e008aHUSA CTaNIO U3YUYEHME KAaUeCTBa XIM3HW Y AeTel C NYLLEBON anniepruen n ux poguteneii. Mamepuane! u
mMemooebl. [1poBeieHO NPOCMNEKTUBHOE KOrOpTHOE 06CepPBaALIIOHHOE NCCIIefoBaHe MO KOMIMIEKCHOW OLIeHKe
KauyecTBa »*U3HY NMaLUeHTOB C BepudpnLMPOBAHHON NKLLeBON anneprueit. bbina paspaboTaHa 31eKTPOHHas OH-
NanH-aHKeTa, CofepKallas BONPOCh! U3 afanTUPOBAHHOIO W BanMan3MpoBaHHOro onpocHnka FAQLQ-PF. AHke-
TMPOBaHUeE BbIMOSIHEHO Y poAnUTeNei AeTel B BO3pacTe OT 6 MecALeB Ao 5 neT (n=45) ¢ noaTBepKAeHHON nuLle-
BOV annepruen. Pesynemamel. CpefHniA BO3pacT geten coctaBun 3,14 roga, cpeaun Hux 25 (44,4%) manbunkoB
n 20 (55,6%) peBouek. boNbLUMHCTBO poauTenein/3akoHHbIX npeactaButenei (67%) oueHvBanmn cBoe CO6CTBEH-
Hoe 06LLee COCTOAHNVE 300POBbsA 1 30POBbE eTel Kak Xopollee unv yaoBneTsoputenbHoe. HecmoTps Ha 370,
y pogutenel Habnoganacb 3HauMTENbHaA CTeNeHb 06eCNOKOEHHOCT 13-3a HaMuKA NULLEBON anneprum y mx
[eTel, a TakKe HabnoJanucb cTpeccoBble cutyaumm (69%). Pogutenn 6binv HE[OBONbHbI AMETUYECKMU OFpa-
HUYeHnAMKM y aeTen B 9,6% cnydaes. [Npy 5ToM feTn 60anncb NpoboBaTb HE3HAKOMYIO MM MULLY W UCMbITbIBaN
no AaHHoOMy noBopfy ctpecc (16,7%). Mpw nuwweBon anneprum Habnganncs coumnanbHbie orpaHmyeHns (19,5%),
TaKuMe KaK y4yacTre B COBMECTHbIX MOCELeHUAX CEMENHbIX MeCT OTAbIXa, BKIOUaA BEYEPUHKU 1 Gya-KopTbl TOp-
rOBbIX LIEHTPOB, AOLWKOJIbHbIX MEPOMPUATHAX, BKIIOYAOLLMX COBMECTHbIN Npuem nuwm (36,6%). MNo cpaBHeHMIO
CO CBOVIMY CBEPCTHVKAMM MauMeHTbl 6bln JocToBepHO 6ecnokolHbiMU (13,4%), 0CTOPOXKHbIMU (25%) 1 MeHee
obwuTenbHbIMU (6,6%). 3aknroyeHue. KauecTBO XM3HW AeTel C MULLEBON annepruen HU3Koe He TOMbKO 13-3a
KJIVIHNYECKNX MPOsIBIEHNI 3a00/IEBaHUS, HO 11 BBUAY OrPAHMNUNTESIbHBIX MEPONPUATUN, CBA3aHHbIX C UCKIOYe-

HMeM NPOAYKTOB NMNTaHNA B PaUMOHE N CHNXEHUA COLI,VIaJ'IbHOVI AKTUBHOCTW.

KnioueBble cnoBa: nuwesas a’iepeus, 0emu, Ka4ecmaeo XU3Hu, ONPOCHUK, paHHuCI 8o3pacm

INTRODUCTION

Food allergy (FA) is a hypersensitivity reaction
to food that causes a variety of allergic symptoms.
The prevalence of food allergy has increased dra-
matically, with some calling it a “new epidemic”.
Recent studies [1] show that the prevalence has
grown by almost 50% since 2007. An estimated
15 million people in the United States, including
ethnic groups, suffer from food allergy [2]. Accor-
ding to the World Health Organization (WHO), FA
occurs on average in 2,5% of the population [3].
Among young children, FA is common at 6-8%,
and in adolescents, at 2-4% [4].

Food allergy is a serious health problem in chil-
dren. Clinical manifestations of FA and the need
to adhere to strict restrictive diet lead to a deteri-
oration in the quality of life of both children and
entire family.

Several attempts have been made to create a
sensitive and valid instrument to assess the qua-
lity of life of children with FA and their families.
Quality of life surveys are multidimensional ques-
tionnaires from the patient's or caregiver's per-
spective that evaluate physical, psychological,
and social aspects [5]. Awareness of the risk of se-
vere allergic reactions, including rare cases of fa-
tal anaphylaxis, leads to anxiety and stress among
patients with FA and their caregivers [6].

B.L. Cohen et al. in 2004, developed a pre-
liminary survey with 17 questions to identify
parental anxiety about FA in their children [7].
When analyzing 352 questionnaires, high vali-

dity of the survey was determined (Cronbach's
alphais 0.95).

In another study, 221 parents of children with
FA aged 0 to 18 years were asked to fill out the
Food Allergy Parent Questionnaire (FAPQ), con-
taining 18 questions related to the diagnosis and
course of food allergy in their child [8].

The European Academy of Allergy and Clini-
cal Immunology (EAACI) has defined this survey
as the preferred tool for assessing the quality
of life of patients with FA aged 0 to 8 years [9].
It is a parent form of the food allergy quality of
life questionnaire (FAQLQ-PF) for children aged
0-12 years, i.e. it involves questioning the pa-
tients' legal representatives. A feature of this sur-
vey is its high sensitivity in evaluating the quality
of life and parental illness perceptions in their
children.

Studying the quality of life in children with
food allergy and their parents is a topical issue.
Which determined the purpose of our study.

AIM
The aim of this study is to rate the quality of life
in children with food allergies and their families.

MATERIALS AND METHODS

We developed an online electronic survey con-
taining questions from the FAQLQ-PF question-
naire for parents of children aged 0-5 years. The
questions from the survey were translated from
English into Russian.

ORIGINAL PAPERS
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In our study, the questionnaire included
47 questions. 44 of the 47 questions were about
the quality of life and psychological condition of
children, level of anxiety of parents, and social life
of the family. The survey addressed issues of ge-
neral health of children, as well as their parents/
legal representatives. Three questions included
patient demographic data: sex, age, date of birth.
Data collection was carried out from October
2023 to December 2023 in outpatient preventive
institutions of Moscow.

Study design
A prospective cohort observational study was
conducted. It was completely anonymous. Pa-
rents/legal representatives gave their informed
consent in advance.
The inclusion criteria were:
« the presence of informed consent;
+ children aged 0- 5 years inclusive at the time
of the questionnaire;
- confirmed diagnosis of food allergy in chil-
dren.
The exclusion criteria were:
« lack of informed consent;
« children over 5 years old at the time of the sur-
vey;
+ no diagnosis of food allergy in children.
We also excluded those questionnaires from
the analysis where parents did not provide all the
necessary information.

Ethical review

The study was carried out with the Local Ethics
Committee approval (Protocol No. 16-23 dated
September 14, 2021), all research stages were in
accordance with the legislation of the Russian
Federation, international ethics standards and
regulatory documents of research organizations.

Statistical analysis of the obtained results was
performed using a Microsoft Excel 2021 (develo-
per Microsoft, USA) software package and Stat-
Tech v.2.1.0 (developer Stattech LLC, Russia).

RESULTS AND DISCUSSION

A total of 49 parents/legal representatives of
children with a confirmed diagnosis of food aller-
gy participated in the survey. The study included
data from 45 questionnaires. Note: diagnosis of
FA is difficult. Some diagnostic techniques, such
as component diagnostics and basophil activa-
tion test, are limited in use, and the latter lacks
standardization [10].

Children’s Medicine of the North-West
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The studied groups of children did not dif-
fer significantly by sex: 25 (44.4%) boys and 20
(55.6%) qirls. The average age of children was
3.14 years (min — 6 months, max — 5 years).

The quality of life is traditionally studied
using surveys. Currently, the Russian-language
version of the special questionnaire The Food
hypersensitivity famiLy ImPact (FLIP) is used
in Russia to assess the quality of life of family
members of a child with FA (lIS-FA — index of
impact on family members of a patient with FA)
[11]. According to the results of a 2015 study of
the psychometric properties of the question-
naire, an average level of internal consistency
was demonstrated (Cronbach's alpha is from
0,72 to 0,83). Despite the satisfactory reliability
of this survey, researchers use IIS-FA to evaluate
the quality of life of family members of children
suffering from FA [12].

The adapted and validated FAQLQ-PF ques-
tionnaire has been used in our study [13]. The
number of questions in the FAQLQ-PF question-
naire varies depending on the age of the chil-
dren: 14 items (0-3 years), 25 items (4-6 years), or
30 items (7-12 years) with a response scale from 0
(minimal quality of life impairment) to 6 (maxi-
mum quality of life impairment).

There is currently no definite method of treat-
ment to induce lifelong natural meal tolerance
and cure food allergies. Available treatments only
aim to reduce the incidence of anaphylaxis by al-
lowing the child to tolerate small amounts of the
offending food, usually accidentally eaten. New
data confirm earlier introduction of allergenic
foods to infants to reduce the incidence of food
allergy. If standardized and widely implemented,
this may lead to a decrease in the prevalence of
food allergy [14, 15].

Parents/legal representatives rated their own
general health as excellent in 8% of cases, good
in 72% and bad in 20%. At the same time, they
described the general health of their children as
good in 74% of cases, fair in 20% and bad in 6%
of cases. Reliable differences (p <0,001) were ob-
tained in the assessment of the general health be-
tween legal representatives and children. At the
same time, the majority of respondents noted a
significant degree of concern about the physical
health of their children (67%) and every second
one — about the presence of FA. On the contrary,
the presence of FA in a child causes stress in 69%
of the respondents themselves and in 10% of the
respondents — for the whole family.
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The level of anxiety of parents of children with
FA was moderate. Most of all, parents were wor-
ried that their child could accidentally swallow
food that could trigger an allergy or suffer a se-
vere allergic reaction: 43,3 and 40,4% of respon-
dents, respectively.

Most children were dissatisfied with dietary re-
strictions, and this factor was significant for 9,6%
of respondents. Children were also afraid to try
new food unfamiliar to them and experienced
stress about this (16,7%). Parents noted a lack of
variety in diet if their children due to FA.

Quite often, parents underestimate food aller-
gies, sometimes leading to the exclusion of some
important foods. This also causes stress, anxiety,
and even depression in parents and affects the
quality of life of the family. Modern diagnostic
tests are useful when interpreted in the context
of the medical history, but cross-reactivity and the
inability to predict the severity of allergic reac-
tions remain a major problem.

The analysis of the social life of families showed
that the presence of FA in children did not limit
(27%) or limited slightly (35%) the types of activi-
ties accepted for the family (visiting food outlets,
resting places, preschool institutions, children's
clubs, etc.). Visits to restaurants, food courts, as
well as places of rest for the whole family became
impossible for some of the respondents. In addi-
tion, children with FA are limited in joint activities
with their peers, such as participation in family
parties, preschool activities, including sharing
food. Thus, children with FA themselves were sig-
nificantly dissatisfied with their social restrictions
compared to their peers, were more restless (in
1,4%), cautious (in 25%) and even less sociable
(in 6,6%).

We also found that, on average, due to the
presence of FA, children have to limit from 2 to
6 types of food (0-2 products — 40,9%; 3-6 pro-
ducts — 31,8%). More than half of the surveyed
parents have hope that their child will be com-
pletely cured of FA and its symptoms in the future.
Most children themselves wish that they had com-
pletely disappeared clinical manifestations of FA.

CONCLUSION

Thus, the quality of life of children with food
allergies is reduced not so much by the clinical
manifestations of the disease, but by restrictive
measures associated with the exclusion of food
products from the diet and a decrease in social
activity.

ISSN 2221-2582

Most parents assessed their own general
health and the health of their children as good or
fair. But a significant degree of concern about the
presence of food allergies in their children led to a
stressful situation in the family. AlImost all parents
were dissatisfied with the dietary restrictions of
their children. However, this fact was significant
for them less often than in the survey of children.
Children were afraid to try new food unfamiliar
to them and also experienced stress about this.
In case of food allergies, there were social restric-
tions for the family in participating in visits to
recreation areas, as well as preschool and school
activities, including sharing food. Compared with
their peers, patients were reliably restless, cau-
tious and less sociable.
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AOMNOJIHUTENbHAA NHOOPMALINA

Bknap aBTopoB. Bce aBTOpbl BHecnn cylye-
CTBEHHbIV BKNag B pa3paboTKy KOHUenuuu, npo-
BefleHVe WUCCNefoBaHMA 1M MOArOTOBKY CTaTbW,
npounu 1 ogobpunn GrHanbHy Bepcuio nepeq
nyonukaumen.

KoHJnuKT uHTepecoB. ABTOpbl [AeKknapu-
PYIOT OTCYTCTBME ABHbIX M MOTEHUNANbHbIX KOH-
GNMKTOB MHTEPECOB, CBA3AHHbLIX C NybnuKauuei
HacToALWEen CcTaTbu.

UcTouHuk ¢puHaHcmpoBaHUsA. ABTOPbI 3anAB-
nAT 06 OTCYTCTBUM BHeLHero GrHaHCUpPOBaHWA
npv NpoBefeHNN NCCIIefoBaHNA.

NHpopmupoBaHHOe cornacue Ha nybnuka-
yuio. ABTOPbI MONYYUIN MUCbMEHHOE corfiacue
aHKeTupyeMblxX Ha Ny6nuKaLuo faHHbIX.

REFERENCES
1. Tedner S.G., Asarnoj A., Thulin H. et al. Food aller-
gy and hypersensitivity reactions in children and

ORIGINAL PAPERS



ISSN 2221-2582

10.

11.

adults-A review. J Intern Med. 2022;291(3):283-302.
DOI: 10.1111/joim.13422.

Gupta R.S., Springston E.E., Warrier M.R. et al. The
prevalence, severity, and distribution of child-
hood food allergy in the United States. Pediatrics.
2011;128(1):e9-17. DOI: 10.1542/peds.2011-0204.
Muraro A., Werfel T., Hoffmann-Sommergruber K.
et al. EAACI Food Allergy and Anaphylaxis Guide-
lines Group. EAACI food allergy and anaphylaxis
guidelines: diagnosis and management of food
allergy. Allergy. 2014;69(8):1008-25. DOI: 10.1111/
all.12429.

Klinicheskie rekomendacii. Pishhevaja allergija.
[Food allergies]. Sojuz pediatrov Rossii. Moskva;
2021. (in Russian).

Dunn Galvin A., McMahon S., Ponsonby A.L. et al.
The longitudinal impact of probiotic and peanut
oral immunotherapy on health-related quali-
ty of life. Allergy. 2018;73:560-8. DOI: 10.1111/
all.13330.

Umasunthar T., Leonardi-Bee J., Hodes M. et al. In-
cidence of fatal food anaphylaxis in people with
food allergy: a systematic review and meta-analy-
sis. Clin Exp Allergy. 2013;43:1333-41. DOI: 10.1111/
cea.12211.

Cohen B.L., Noone S., Muioz-Furlong A. et al. De-
velopment of a questionnaire to measure quali-
ty of life in families with a child with food allergy.
J Allergy Clin Immunol. 2004;114(5):1159-63. DOI:
10.1016/j.jaci.2004.08.007.

Lebovidge J.S., Stone K.D., Twarog F.J. et al. Deve-
lopment of a preliminary questionnaire to assess
parental response to children's food allergies. Ann
Allergy Asthma Immunol. 2006;96(3):472-7. DOI:
10.1016/51081-1206(10)60916-7.

Muraro A., Dubois A.E., Dunn Galvin A. et al. EAACI
Food Allergy and Anaphylaxis Guidelines. Food al-
lergy health-related quality of life measures. Aller-
gy. 2014;69:845-53. DOI: 10.1111/all.12405.

Santos A.F, Alpan O. Hoffmann H.J. Basophil
activation test: Mechanisms and considerations
for use in clinical trials and clinical practice. Allergy.
2021;76(8):2420-32. DOI: 10.1111/all.14747.
Petrovskaya M.l, Namazova-Baranova L.S., Vi-
nyarskaya LV. Makarova S.G. Lingvisticheskaya
ratifikatsiya i otsenka psikhometricheskikh svoystv
russkoyazychnoy versii spetsializirovannogo vop-
rosnika FLIP dlya otsenki kachestva zhizni chlenov
sem’i rebenka s pishchevoy allergiyey: pervyye
rezul'taty. [Linguistic Ratification and Evaluation
of Psychometric Properties of the Specialized FLIP
Questionnaire in Russian for Assessing Quality
of Life of a Food-Allergic Child’s Family Members

12.

13.

14.

15.

Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

The First Results]. Pediatricheskaya farmakologiya.
2015;12(6):651-656. DOI: 10.15690/pf.v12i6.1488. (in
Russian).

Fedotova M.M., Naumov Z.A., Prokop’eva V.D.
i dr. Mediko-social'naja ocenka kachestva zhizni
sem’i s rebenkom, stradajushhim pishhevoj aller-
giej. [Medical and social assessment of the qual-
ity of life of a family with a child suffering from
food allergies]. Voprosy pitanija. 2023; 92(6):54-63.
DOI:  10.33029/0042-8833-2023-92-6-54-63. (in
Russian).

Dunn Galvin A., de Blok Flokstra B.M., Burks A.W.
et al. Food allergy QoL questionnaire for children
aged 0-12 years: content, construct, and cross-cul-
tural validity. Clin Exp Allergy. 2008;38(6):977-86.
DOI: 10.1111/j.1365-2222.2008.02978 x.

Halken S., Muraro A., de Silva D. et al. European
Academy of Allergy and Clinical Immunology Food
Allergy and Anaphylaxis Guidelines Group. EAACI
guideline: Preventing the development of food al-
lergy in infants and young children (2020 update).
Pediatr Allergy Immunol. 2021;32(5):843-58. DOI:
10.1111/pai.13496.

Elghoudi A., Narchi H. Food allergy in children-the
current status and the way forward. World J Clin Pedi-
atr. 2022;11(3):253-69. DOI: 10.5409/wjcp.v11.i3.253.

JINTEPATYPA

1.

Tedner S.G., Asarnoj A., Thulin H. et al. Food aller-
gy and hypersensitivity reactions in children and
adults-A review. J Intern Med. 2022;291(3):283-302.
DOI: 10.1111/joim.13422.

Gupta R.S., Springston E.E., Warrier M.R. et al. The
prevalence, severity, and distribution of child-
hood food allergy in the United States. Pediatrics.
2011;128(1):€9-17. DOI: 10.1542/peds.2011-0204.
Muraro A., Werfel T., Hoffmann-Sommergruber K.
et al. EAACI Food Allergy and Anaphylaxis Guide-
lines Group. EAACI food allergy and anaphylaxis
guidelines: diagnosis and management of food
allergy. Allergy. 2014;69(8):1008-25. DOI: 10.1111/
all.12429.

KnnHuueckne pekomeHgauuu. Nviesasn anneprus.
Coto3 neguatpos Poccun. M.; 2021.

Dunn Galvin A., McMahon S., Ponsonby A.L. et al.
The longitudinal impact of probiotic and peanut
oral immunotherapy on health-related quality of
life. Allergy. 2018;73:560-8. DOI: 10.1111/all.13330.
Umasunthar T., Leonardi-Bee J., Hodes M. et al. In-
cidence of fatal food anaphylaxis in people with
food allergy: a systematic review and meta-analy-
sis. Clin Exp Allergy. 2013;43:1333-41. DOI: 10.1111/
cea.12211.



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

10.

11.

Cohen B.L., Noone S., Mufioz-Furlong A. et al. De-
velopment of a questionnaire to measure qua-
lity of life in families with a child with food aller-
gy. J Allergy Clin Immunol. 2004;114(5):1159-63.
DOI: 10.1016/j.jaci.2004.08.007.

Lebovidge J.S., Stone K.D., Twarog F.J. et al. De-
velopment of a preliminary questionnaire to as-
sess parental response to children's food allergies.
Ann Allergy Asthma Immunol. 2006;96(3):472-7.
DOI: 10.1016/S1081-1206(10)60916-7.

Muraro A., Dubois A.E., Dunn Galvin A. et al. EAACI
Food Allergy and Anaphylaxis Guidelines. Food al-
lergy health-related quality of life measures. Aller-
gy. 2014;69:845-53. DOI: 10.1111/all.12405.

Santos A.F.,, Alpan O., Hoffmann H.J. Basophil ac-
tivation test: Mechanisms and considerations for
use in clinical trials and clinical practice. Allergy.
2021;76(8):2420-32. DOI: 10.1111/all.14747.
MNetposckaa M.W., Hama3osa-bapaHosa J1.C., Bu-
HApckas W.B. m pgp. JIMHrBucTMYecKas paTtudu-
Kaluus U OUeHKa TMNCUXOMETPUYECKMX CBOWCTB
PYCCKOA3bIYHOWN BepCcMM  CrneLunan3npoBaHHOro
BonpocHuKa FLIP ana oueHkun kauecTsa XU3HU une-

12.

13.

14.

15.

ISSN 2221-2582

HOB CeMblW pebeHKa C MULLEBOW annepruen: nep-
Bble pe3ynbraThl. [legmaTprueckan papmakonorus.
2015;12(6):651-6. DOI: 10.15690/pf.v12i6.1488.
Q®epotoBa M.M., Haymos 3.A., MNpokonbesa B.M.
1 ap. Megumko-coumanbHas OLeHKa KauecTBa Xuns-
HU cemMby C pebeHKOM, CTpajalowWwmum MuLLEBOWA
annepruen. Bonpocbl nutaHua. 2023;92(6):54-63.
DOI: 10.33029/0042-8833-2023-92-6-54-63.

Dunn Galvin A., de Blok Flokstra B.M., Burks A.W.
et al. Food allergy QoL questionnaire for children
aged 0-12 years: content, construct, and cross-cul-
tural validity. Clin Exp Allergy. 2008;38(6):977-86.
DOI: 10.1111/j.1365-2222.2008.02978 ..

Halken S., Muraro A., de Silva D. et al. European
Academy of Allergy and Clinical Immunology Food
Allergy and Anaphylaxis Guidelines Group. EAACI
guideline: Preventing the development of food
allergy in infants and young children (2020 update).
Pediatr Allergy Immunol. 2021;32(5):843-58. DOI:
10.1111/pai.13496.

Elghoudi A., Narchi H. Food allergy in children-the cur-
rent status and the way forward. World J Clin Pediatr.
2022;11(3):253-69. DOI: 10.5409/wjcp.v11.i3.253.

ORIGINAL PAPERS



ISSN 2221-2582 Children’s Medicine of the North-West
2024 /Vol.12 N2 2

UDC 616-002.5-053.2-084:615.28
DOI: 10.56871/CmN-W.2024.88.83.018

LATENT TUBERCULOSIS INFECTION IN CHILDREN
AND ADOLESCENTS: PREVENTIVE TREATMENT ISSUES

© Igor A. Glushakov' 2, Marina E. Lozovskaya', Mikhail G. Gutkin?,
Elena B. Vasilyeva', Irina A. Tomilova?, Galina V. Korf?2

1Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation
2Interdistrict Petrograd-Primorsky Anti-tuberculosis dispensary No. 3. 16 lit. A Studencheskaya str., Saint Petersburg 197343 Russian
Federation

Contact information:
Marina E. Lozovskaya — Doctor of Medical Sciences, Professor, Head of the Department of Phthisiology.
E-mail: lozovskaja-marina@rambler.ru  ORCID: https://orcis.org/0000-0001-5777-278X SPIN: 7650-6392

For citation: Glushakov IA, Lozovskaya ME, Gutkin MG, Vasilyeva EB, Tomilova IA, Korf GV. Latent tuberculosis infection in children
and adolescents: preventive treatment issues. Children’s Medicine of the North-West. 2024;12(2):187-194. DOI: https://doi.org/10.56871/
CmN-W.2024.88.83.018

Received: 15.02.2024 Revised: 11.04.2024 Accepted: 05.06.2024

Abstract. Preventive chemotherapy (PCT) for latent tuberculosis infection (LTBI) is considered one of the ways
to reduce the incidence of tuberculosis (TB) in the world. A number of issues of PCT in children have not yet
been fully resolved, including the effectiveness of preventing the active form of tuberculosis, taking into account
possible side effects. The purpose of the study was to evaluate the effectiveness of a course of PCT in children
with latent tuberculosis infection based on the generally accepted main criterion (absence of disease for 2 years)
and additional ones (dynamics of a test with the recombinant tuberculosis allergen (ATR), treatment tolerance
and course completion). On the basis of the Anti-tuberculosis dispensary No. 3 in St. Petersburg, a cohort of
children aged 0-17 years was analyzed — 150 people, taken for dispensary observation in group VI A (altered
sensitivity to tuberculosis allergens according to the ATR or Mantoux test). All children underwent phthisiatric
examination; 134 children were subject to preventive chemotherapy (positive ATR test), which the parents of
34 children refused. The children were divided into three groups: | group (55 people) children who do not have
family contact with a TB patient; Il group (45 people) — children in contact with a TB patient (children of the first
and second groups received PCT) and children of the third group — 34 children did not receive PCT (refusal). As
a result of comparison of the three groups, reliable data were obtained on the effectiveness of PCT according to
the criteria of preventing the disease and reducing the results of the ATR test. In no case did any adverse events
requiring drug discontinuation occur, which made it possible to achieve high rates of completion of preventive
chemotherapy courses. The conclusion is made about the need for preventive work with refusing parents to form
their adherence to preventive treatment.

Keywords: latent tuberculosis infection; children; teenagers; preventive treatment
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Pe3stome. OfHUM U3 MyTel CHUKeHWsA 3aboneBaemocTy Tybepkynesom (Tb) B Mupe cuMTaeTcA MpeBeHTVBHAsA
xumunotepanus (MXT) nateHTHoN TybepkynesHon nHoekuun (JTTU). Pag sonpocos MXT y geten A0 cMx fO KOH-
Lia He pelleH, B TOM uncie 06 3dbeKTMBHOCTM NpeaynpexaeHra akTuBHoM GopMbl Ty6epKyresa C y4eTom BO3-
MOHbIX NMO60YHbIX 3bPeKToB. Llenbio nccnegoBaHua 6bino oueHUTb 3bdeKTBHOCTL Kypca MNXT y petei ¢ na-
TEHTHOW TyOepPKyne3HON NHPEKLUN Ha OCHOBE OOLLENPUHATOrO OCHOBHOMO KprTepus (OTCYTCTBUE 3aboneBaHus
B TEUEHWe [BYX JIeT) U JOMONHUTENbHBIX (AVHaMUKa MPobbl C annepreHom TyOepKynesHbIM PEKOMOVIHAHTHbBIM
(ATP), NnepeHOCMMOCTb NeyeHnsa 1 3aBepLUeHHOCTb Kypca). Ha 6a3e MpoTuBoTybepKynesHoro gucnaHcepa N 3
r. CaHkT-TleTepbypra npoaHan1snpoBaHa KoropTa Aetel B Bo3pacte ot 0 o 17 neT: 150 yenosek, B3ATbIX Ha ANC-
naHcepHoe HabntogeHve no VI A rpynne (M3MeHeHHas YyBCTBUTENbHOCTb K Ty6epKyie3HbIM asifiepreHam no npo-
6e c ATP unu MaHTy). Bcem getam 6bi10 npoBefeHo dTr3natpryeckoe obcnenoaHve. 134 pebeHka nognexanu
NPEeBEHTMBHON XUMMOTEpanuu (MonoXxutenbHaa npoba c ATP), oT koTopol poauTeny 34 geTen oTkasanuco. [letn
6b111 pasgeneHbl Ha Tpu rpynnbi: | rpynna (55 yenoBek): feTn, He UMeloLL e CEMENHOTO KOHTaKTa ¢ 60nbHbIM TH; |1
rpynmna (45 yenoBek): AeTn U3 KOHTaKTa € 6onbHbIM T (getu | v Il rpynn nonyunnu MXT) u lll rpynna: 34 pebeHka He
nonyuunu MXT (oTKa3). B pe3ynbTate conoctaBieHysa Tpex rpyrnmn nojyyYeHbl 4OCTOBEPHbIe faHHble 06 3bdeKTB-
HocTu MXT no KpuTepuam nNpenoTBpaLleHns 3a6oeBaHNA Y CHUXKEHUA pe3ynbTaTtoB Npobbl ¢ ATP. Hu B ogHoM
cJlyyae He BO3HUKIIO HeXenaTeNbHbIX ABNeHNI, TPe6OoBaBLUNX OTMEHbI NpenapaToB, YTO NO3BOSIAIO AOCTUTHYTH
BbICOKIMX MOKa3aTeeln 3aBepPLIEHHOCTI KYPCOB NMPEBEHTUBHOM XumnoTtepanun. CaenaH BbIBOg O HEOOXOAMMOCTH
NPodUIAKTUYECKON PaboTbl C OTKa3bIBaOLMMUCA poauTenamu Ansa GopM1POBaHUA UX NMPUBEPKEHHOCTU K MPO-

d)I/IJ'IaKTI/I‘-IECKOMy nevyeHunto.

KnioueBble cnoBa: JameHmMHads mybepkyse3Has UH@ekyus, 0emu, N0OpOCMKU, Npe8eHMUBHOe JieyeHue

INTRODUCTION

According to the World Health Organization
(WHO), in modern conditions the priority direc-
tion for reducing tuberculosis (TB) is the preven-
tion and treatment of latent tuberculosis infec-
tion (LTBI) [1]. WHO experts believe that without
addressing the challenge of LTBI diagnostics and
treatment, the task of reducing tuberculosis inci-
dence in all countries will not be solved [2, 3].

Latent tuberculosis infection is a condition
in which mycobacterium tuberculosis (MBT) is
present in the human body, causing positive
reactions to immunological tests, including to
TB allergens in the absence of clinical and radio-
logical signs of tuberculosis [4]. Over the past
decade, an intradermal test with a recombinant
tuberculosis allergen (ATR or Diaskintest) con-
taining MBT antigens: ESAT-6 and CFP-10 has
been used in the Russian Federation to diagnose
LTBI and TB, as well as to determine indications
for preventive treatment of children. The ATR
test (compared to the Mantoux test) allows for
more effective identification of patients at high
risk for developing tuberculosis [5-8]. Thus, ac-
cording to E.M. Bogorodskaya et al., among chil-
dren aged 8-17 years who fell ill in Moscow in
2021, 33 out of 43 (76,7%) were detected using
screening with immunological tests before the
onset of clinical manifestations of the disease
(according to the results of an intradermal test
with ATR) [9].

Due to their anatomical and physiological
characteristics, children are most sensitive to TB
infection and have a high risk of developing the
disease, especially in the presence of comorbid
pathology [10-12].

According to clinical guidelines existing in the
Russian Federation, children with LTBI are recom-
mended the reventive treatment with anti-tuber-
culosis drugs (ATDs): preventive chemotherapy
(PCT) [4]. Traditionally, the effectiveness of preven-
tive therapy is assessed by the main criterion —
the absence of tuberculosis within two years after
its implementation [4]. However, even in the ab-
sence of preventive treatment, 5-10% of infected
persons are at risk of developing the disease, ac-
cording to WHO data. This is why there are conflict-
ing views on the issues of organizing preventive
therapy, mandatory nature of its implementation,
and search for effective and safe chemotherapy
regimens using anti-tuberculosis drugs with high
bactericidal activity continues [13-15].

In this regard, when choosing the tactics for
managing children with LTBI, it is necessary to take
into account the other possible criteria for the ef-
fectiveness and safety of chemotherapy: comple-
tion of PCT courses, tolerability of treatment in chil-
dren, and dynamics of immunodiagnostic samples.

AIM
The aim of the study is to evaluate the effec-
tiveness of preventive treatment courses in chil-
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dren with LTBI, taking into account the main and
additional criteria.

MATERIALS AND METHODS

A cohort of children (0-17 years old, n=150)
observed in the dispensary department No. 1 of
the Interdistrict Petrograd-Primorsky Anti-tuber-
culosis dispensary No. 3 in St. Petersburg in con-
nection with MBT infection in the period from
2018 to 2021 was analyzed. The ratio of boys and
girls was 56 and 44%, respectively (Table 1).

Inclusion criteria for the study: all children in-
fected with MBT and registered in group VI A of
medical follow-up. Exclusion criteria: presence of
active tuberculosis. Of the 150 children, 134 had a
TB positive ATR test result, the remaining 16 had
a TB negative ATR test result and were referred
with altered tuberculin sensitivity according to
the Mantoux test with 2 tuberculin units (TU) (16
children aged 0 to 7 years). These 16 children
were not indicated for preventive treatment, only
observation. The remaining 134 children with in-
dications for a course of chemotherapy (TB pos-
itive ATR test) were divided into three groups:
group | — without established contact with a
tuberculosis patient (n=55); group Il included
household contacts with a patient with active
TB (n=45) and group lll included children whose
parents refused preventive treatment despite in-
dications (n=34), including 14 from the foci of tu-
berculosis infection. Among tuberculosis contacts
(children of group Il), family contacts predomina-
ted 34 (75,6%): including 24 (53,3%) with a person
with bacterial excretion. Among the 14 children in
group Il (who refused chemotherapy) and those
with contact, 9 (64,3%) had family contacts, in-
cluding 5 (35,7%) with a person with bacterial ex-
cretion. The remaining 5 (35,7%) children had no
established tuberculosis contact.

All children underwent a full examination,
which contains taking the anamnesis, including
an epidemiological anamnesis, results of im-
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munodiagnostics (Mantoux tests with 2 TU, ATR
tests according to the indications of in vitro tests:
QuantiFERON® or TB-FERON), radiological ima-
ging, as well as laboratory tests.

To prevent the transition of LTBI to the active
form of tuberculosis, children of groups | and Il
were prescribed PCT in accordance with the Fe-
deral Clinical Guidelines (FCG), a regimen of two
anti-tuberculosis drugs: isoniazid (H) + pyrazina-
mide (Z) for 3-6 months in the absence of data
on drug resistance (DR) at the source of infection.
Children from contacts with DR to H (n=5) were
administered rifampicin (R) for 4 months; in case
of multiple drug resistance (MDR) (n=4), no treat-
ment was carried out, only monitoring in accor-
dance with the FCG [4].

The effectiveness of the PCT courses was as-
sessed based on four criteria: absence of the
disease for two years after the courses of PCT,
completeness of the courses, tolerance to anti-tu-
berculosis drugs and dynamics of immunodiag-
nostic samples.

All parents gave voluntary informed consent
for the study.

Statistical analysis was performed using MS Ex-
cel 2010 and the SPSS 17.0 software package. To
determine the reliability of differences, Student's
t-test for absolute values and Pearson's x? test for
relative variables were used. Statistical signifi-
cance was considered at a level of p <0,05.

RESULTS AND DISCUSSIONS

In 16 children (aged 0 to 7 years) who were re-
ferred to the anti-tuberculosis dispensary due to a
change in tuberculin sensitivity according to the
Mantoux test with 2 TU, ATR remained TB nega-
tive during dynamic monitoring without the pre-
scription of PCT after 6-12 months. The results of
the clinical and radiological examination did not
reveal any pathology. Based on this, the children
were removed from medical check-up and ex-
cluded from our further study.

Table 1. Age and sex composition of children infected with mycobacterium tuberculosi included in the study

Tabnuua 1. Bo3pacTHO-NMONOBOI COCTaB feTeil, MHPMLMPOBAHHBIX MUKOGaKTepusAMU TyGepKynesa, BKIIIOUYEHHbIX

B nccnepgoBaHme

PasgeneHve no nonosoi Bo3pact/ Age
npuHaanexHocTn / 0-3 ropa/ 4-7 net/ 8-14 net/ 15-17 net /
Gender division 0-3 years (n=12) 4-7 years (n=38) | 8-14years (n=59) | 15-17 years (n=41)
Oetn (myx.) / Children (men) 7 (58,3%) 20 (52,6%) 42 (71,2%) 15 (36,6%)
Lletw (xew.) / Children (women) 5 41,7%) 18 (47,4%) 17 (28,8%) 26 (63,4%)
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Table 2. Comprehensive assessment of the effectiveness and safety of preventive chemotherapy for latent tuberculosis

infection in children

Ta6bnuua 2. KomnnekcHasa oueHKa 3p¢eKTMBHOCTM M 6e30MacHOCTV MPEBEHTUBHOW XMMUOTEpanuu Mpu JIaTeHTHOM

Ty6epKynesHon uHbekuumn y geten

Mposepexne MXT / Carrying out PCT
Ill rpynna
Kputepum oueHkmn 3dpekTUBHOCTY / I rpynna (6e3 koHTakTa Il rpynna (oTka3z ot MXT) /
Performance evaluation criteria cMBT) / (c koHTakTom ¢ MBT) / Il group (refusal
| group (without contact Il group (with contact from PCT) (n=34)
with MBT) (n=55) with MBT) (n=45)
3aboneBaHue B TeueHue 2 net / 1(1,8%) 3(6,7%) 7 (20,6%)
lliness for 2 years P.,=0,32401; *Pyy=0,00932; *Py= 0,00445;
*y2= 1,515 *y2= 3,395 *y2= 9,049
HexenatenbHble ABNEHWNA, CBA3aHHblE 10 (18,2%)
c npuiemom MNTI1/ Adverse events associated P.,=0,10539; 15 (33,3%)
with taking PTPs *%?= 3,030
f /H . 6 (10,9%) 5(11,1%)
nnepdepmerTemua / Hyperenzymemia P,=1,00000;
x2=0,001
KnuHuueckre cumnTombl co ctopoHbl LIHC / 10
Clinical symptoms from the central nervous (7,3%) (22,2%) _
system *P|_||=0,04312;
*X2=4,594
3aBeplieHHocTb / Completeness 50 (90,9%) 40 (88,9%)
P.,=0,74143;
x?=0,230
3aBepLueHHOCTb ¢ nepepbiBamu / Complete- . 5(91%) 12 (26,7%)
ness with breaks P1y=0,02819;
*%2=5,802
YMeHbLUeHVe 4yBCTBUTENbHOCTM K ATP / 38 (69,1%) 28 (62,2%) 9 (26,5%)
Decreased sensitivity to ATR P,,=0,52782; *P,.y=0,00283; *P.,=0,00016;
x2=0,520 *42=9,942 *y2=15,315

* Pa3nunuunsa poctosepHbl. / Differences are significant.

Thus, further analysis included 134 children
with a TB positive ATR test when taken for medical
follow-up.

The analysis of cases of the disease within two
years after the course of PCT and other perfor-
mance evaluation criteria are given in Table 2.

Within two years after the course of preven-
tive chemotherapy, the disease was detected
in 1 (1,8%) person in group |, 3 (6,7%) children
in group I, and significantly more frequently in
7 (20,6%) children in group lll. Based on the re-
sults of phthisiological diagnostics, the following
forms of tuberculosis of the respiratory organs
were established: tuberculosis of the intratho-
racic lymph nodes (TITLN), primary tuberculosis
complex (PTC), and focal pulmonary tubercu-
losis. Thus, in group I, TITLN was diagnosed in
1 child, in group Il — TITN in 1 child and PTC in
2 children. In children of group Ill (who refused
chemotherapy), TITLN was diagnosed in 6 chil-

dren and focal tuberculosis was diagnosed in
1 child.

Analysis of the completion of the PCT courses
showed that almost all children in groups | and Il
finished it entirely: 90,9 and 88,9%, respectively.
The differences between groups are statistically
insignificant (p >0,05).

The tolerability of PCT was significantly worse
in children with tuberculosis contacts, including
3 patients who received an individual regimen:
DR to H — R intake for 4 months. The frequency
of adverse events (AE) during taking ATDs is pre-
sented in Table 2. At the follow-up examination
during the intake of ATDs in children of group |,
asymptomatic hyperenzymemia (increased le-
vels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST)) was observed in 10,9%
of cases, and clinical symptoms from the central
nervous system (CNS) were observed in 7,3%. In
children of group Il, hyperenzymemia was ob-
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Table 3. Dynamics of immunodiagnostic samples of patients
Ta6bnuua 3. JuHamMnKa UMMYHOAVArHOCTUYECKUX NPo6 naueHToB
I rpynna / Il rpynna/ Ill rpynna /
Mokasarens / Index Group | (n=55) Group Il (n=45) Group Il (1=34)
YBenuueHnue nanynol / Enlarged papule 10 (18,2%) 9 (20%) 24 (70,6%)
P.,=1,00000; *P,,=0,00007; *P_,=0,00001;
x?=0,053 *42=20,377 *\2=24,443
YmeHbLieHue nanynbl / Papule reduction 38 (69,1%) 28 (62,2%) 9 (26,5%)
P.,=0,52782; *P,.n=0,00283; *P,.,=0,00016;
x>=0,520 *42=9,94) *y2=15,315
Be3 guHamukm / No dynamics 7 (12,7%) 8 (17,8%) 1(2,9%)
P.,=0,57747; *p, ,=0,00283; *p,=0,07002;
x2=0,495 420,942 *y2=4,223
YacToTa runepeprmyeckmx peakumm o neyeHus / 25 18 22
Ha MOMeHT B3ATKA Ha yueT (Ill rpynna) / (45,4%) (40,0%) (64,7%)
Frequency of hyperergic reactions before treatment / P.,=0,68558; *P,.n= 0,04108; *P,.,=0,08578;
at the time of registration (Ill group) x°=0,300 *¥?=4,729 *¥?=3,125
YacToTa runepeprmyeckmx peakumi nocne neveHmsa / 10 (5,4%) 5(11,1%) 17 (50,0%)
npu KoHTponbHoM o6cnefosanum (Il rpynna) / P.,=0.40481; *Pyy= 0,00026; *P.y=0,00211;
Frequency of hyperergic reactions after treatment / ¥2=0,970 *x?=14,577 *%?=10,065
during control examination (lll group)
KoHBepcuA B oTpuLaTesibHbI pe3ynbtaT / 10 (18,2%) 5(11,1%) 0 (0%)
Conversion to negative result P.,=0,40487; *P,.y=0,00001; *P,,=0,00001;
x>=0,970 *42=70,536 *y2=56,269

* Pasnnumna goctosepHbl. / Differences are significant.

served in 11,1% of cases, and symptoms from
the CNS were observed in 22,2%. Symptoms
from the CNS included complaints of headache,
drowsiness, fatigue (these changes were mild and
short-lived). Hyperenzymemia was transient (an
increase in enzymes to a level 20-30% above nor-
mal), did not require complete discontinuation of
PCT, and was cured by hepatoprotective therapy
(Liv-52, Karsil).

When assessing the dynamics of immunodia-
gnostic samples in children who received PCT,
a decrease in the test with ATR was significantly
more often observed compared to children with-
out PCT, regardless of the presence of tuberculo-
sis contact (Table 3).

The frequency of hyperergic reactions before
treatment was higher in children from group I.
According to the results of the treatment, a de-
crease in the frequency of hyperergy in children
without tuberculosis contact by 8,4 times and in
children with tuberculosis contact by 3,6 times
was achieved. It is also worth noting that the ave-
rage size of a papule before treatment was higher
in children of group I. Conversion of the ATR test
result was observed more often in children of the

group I.

Thus, as a result of the work, high efficiency of
the preventive treatment was established. It con-
sisted primarily in preventing cases of transition
LTBI to clinically expressed forms of tuberculosis
within the next two years after PCT, as evidenced
by a reliably high percentage of sick children in
group Il (refusal of PCT). Satisfactory tolerability
of PCT in children of groups | and I, regardless of
the presence of tuberculosis contact, should be
noted: in no case were there serious AE requiring
the discontinuation of PCT, which made it pos-
sible to achieve high rates of completion of PCT
courses. It should be noted that the dynamics of
the test with ATR are an important criterion for
the effectiveness of preventive treatment. A clear
effect of therapy was shown both in reducing the
absolute values of the ATR test and in decrease the
proportion of hyperergic reactions. On the contra-
ry, in children of group Il (refusal of PCT), where
the number of sick people was higher, a decline
in sensitivity to the test with ATR was significant-
ly less common. Unmotivated refusals of parents
from preventive treatment indicate insufficient
work to form adherence to tuberculosis preven-
tion [16]. Decreased sensitivity to ATR reduces the
risk of developing a local form of TB in the future
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and indications for the number of repeated pre-
ventive chemotherapy and shortens the duration
of medical check-up [171].

CONCLUSION

1. Preventive chemotherapy covered 100 chil-
dren (74,6%) out of 134 with a TB positive test
with ATR, which is insufficient. The main reason
is parental refusal, which requires strengthening
preventive work to improve adherence to treat-
ment.

2. As a result of the PCT course, more than half
of the children achieved a decrease in the ATR
test. The incidence of TB was significantly lower
than in children without PCT (group lII: refusals).
Tolerability of therapy is satisfactory.

3. It is necessary to evaluate the effectiveness
of PCT courses using not only the main (absence
of TB for two years), but also additional criteria
(completeness of courses, tolerability of anti-tu-
berculosis drugs and dynamics of the sample
with ATR).
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AOMOJIHUTENbHAA UHOOPMAL A

Bxknap aBTOpoB. Bce aBTOpbl BHeCnn cylye-
CTBEHHbIV BKNaZ B pa3paboTKy KoHLenuum, npo-
BefeHNe WUCCNefoBaHMA U MOATrOTOBKY CTaTbM,
npounu n ogobpunn GuHanbHy Bepcuio nepen
nyonukaumen.

KoH}nuKT nHtepecoB. ABTOPbI AeKNapupyioT
OTCYTCTBUE ABHbIX M MOTEHLUNANbHbIX KOHONMKTOB
WHTEePEeCOB, CBA3aHHbIX C Ny6nukKauuen HacTos-
Lien cTatbu.

UcTtouHuK ¢puHaHcmpoBaHMA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUN BHELHEro GrHAHCMPOBaHNWA
npv NPoBefeHnn NCCiefoBaHuA.

ISSN 2221-2582

NHpopmupoBaHHOe cornacue Ha ny6nuka-
uuio. ABTOPbI NMOJyYNNIM NMUCbMEHHOE cornacue
3aKOHHbIX NpeacTaBUTENel NaLMeHToB Ha Ny6nu-
Kauuio MeANLMHCKNX AAHHbIX.
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KoM TybepKynesa, a Take iMlamMu C NoAo3peHrem
Ha Ty6epKynes 1 n3neyeHHbIMU OT Ty6epKynesa u
NPU3HaHUN YTPaTUBLINMK CUy NYHKTOB 16-17 No-
pAfKa oKasaHuWA MeauUMHCKON NoMoLm 605bHbIM
Tyb6epKynesom, yTBepXAeHHOro npukasom MuHu-
CcTepcTBa 3apaBooxpaHeHuna Poccninckon Oepepa-
unm ot 15 Hos6pA 2012 . N2 932H. (3apernctpupo-
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Abstract. Background. It is known that by adolescence, the basic neurohumoral mechanisms of autonomic
regulation are considered complete. However, without understanding the age-related evolution of vegetative
homeostasis, it is not possible to give an objective assessment of the correspondence of its level to the
characteristics of pubertal processes. Purposes. To identify the patterns of dynamic changes in the system of
vegetative homeostasis in children at the stages of postnatal ontogenesis to determine the degree of adequacy
of the processes of controlling morphofunctional transformations of puberty. Materials and methods. A total
of 145 healthy children were examined: 44 adolescents aged 13-17 made up the main group, 101 children
from 1 year of age to 13 years were included in the comparison group. In this work, the method of heart rate
variability analysis was used. Results. The article presents data on dynamic changes in the system of vegetative
homeostasis, consisting in the transition from the predominance of centralization in young children to the
dominance of controlling autonomy in the adolescent population. Conclusion. The revealed regularity is the
basis of the postnatal ontogenetic development of vegetative-regulatory mechanisms for the formation of the
optimal level of control of morphofunctional transformed processes of puberty.

Key words: children, autonomic regulation, puberty
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Pesiome. BsedeHue. /13BeCTHO, UTO K noJgpPOCTKOBOMY BO3PaCTy OCHOBHbIE HEVIpOFyMOpaﬂbeIe MeXaHU3Mbl
BereTtaTvBHOM perynaunm c4MTarTCA 3aBepLUeHHbIMN. OpHako 6€3 NoHMMaHuA BO3paCTHOVI 3BOJIOUMN BereTa-
TUBHOIo romeocTtasa flaTb 06beKTN BHYIO0 OLI€HKY COOTBETCTBUA €ro YPOBHA XapPaKTePUCTUKamM ny6epTaTH bIX MPO-
LleCcCoB He npeacrtaBiAeTCcA BO3MOKHbIM. Ueno uccnedosaHus. BoisBUTb 3aKOHOMEPHOCTN ANHaMNYeCKNX N3me-
HEHWI B CUCTEME BEreTaTMBHOrO roMeocTasa Yy JeTel Ha 3Tanax NoOCTHaTalbHOro OHTOreHe3a A onpeneneHna
CTeneHn afeKBaTHOCTU NpPoLeCcCcoB yrnpaBieHnA MOpd)Od)yHKLl,I/IOHaJ'IbeIMI/I I'Ip606pa3OBaHI/IFIMI/I nepuopaa nono-
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BOro co3peBaHusi. Mamepuasnsil u memoOdel. Bcero ob6cnepoBaHo 145 300poBbix aeteit: 44 nogpoctka 13-17 net
COCTaBWIN OCHOBHY!IO rpynny, 101 pebeHoK oT 1 roga »*usHu o 13 neT Bownu B rpynny cpaBHeHWA. B paboTe
MCNONb30BaNCA METOA aHanu3a BapuabenbHOCTM cepAeyHoOro putma. Pesynemamel. B ctatbe npeacTaBnieHbl
JaHHble O AVHAMUYECKUX N3MEHEHUAX B CUCTEME BEreTaTMBHOrO roMeoCTasa, 3akioYaloLWxca B nepexoae ot
npeobnagaHna LeHTpanv3aumm y feteil paHHero Bo3pacta K AOMUHMPOBAHUIO YNPaBAAoLLE/ aBTOHOMUM B NOA-
pOCTKOBOW nonynAumn. Bereodel. BoiABneHHasa 3aKOHOMEPHOCTb — OCHOBA MNOCTHATa/IbHOFO OHTOrEHETUYECKO-
ro pa3BUTUA BEreTaTUBHO-PErYNATOPHbBIX MEXaHV3MOB MO GOPMUPOBAHNIO ONTMMANIbHOTO YPOBHSA YNpaBfieHNsA
MopdOodYHKLMOHaNbHbIMY MPeobpa3oBaTenbHbIMK NpoLieccamy MybepTaTHOro neproga.

KnioueBble cnoBa: 0emu, BecemamusHas pezyniayus, nybepmammbiti nepuoo

INTRODUCTION

The formation of autonomic-regulatory struc-
tures in children occurs in accordance with the
general patterns of maturation of the functional
systems of the child's body [1-3]. It is known that
by adolescence, the main neurohumoral mecha-
nisms of autonomic regulation are considered
complete [4-6]. However, without understanding
the age-related evolution of vegetative homeo-
stasis (VH), it is not possible to make an objective
assessment of the correspondence of the level of
regulatory effects on the processes of formation of
the reproductive function [7-10]. At the same time,
the issues of optimization of the control mecha-
nisms of autonomic regulation at the stages of
postnatal ontogenesis, ensuring the optimal level
of morphofunctional processes of the puberty, re-
main insufficiently studied in the literature [11-13].
Obviously, the results of such studies would con-
tribute to the early diagnosis of predictors of psy-
chosomatic pathology, which often debut in chil-
dren of this age group [14-17].

AIM

The aim of the study is to identify patterns of
dynamic changes in the regulatory determinants
of VH in children at the stages of postnatal on-
togenesis in order to determine the degree of
adequacy of the processes of controlling morpho-
functional transformations of puberty, improving
early diagnosis and targeted correction of their
disorders.

MATERIALS AND METHODS

A comparative controlled study of dynamic
changes in inter-circuit, central and autonomous
dominance in the VH system was conducted in
145 healthy children. The main group consisted
of 44 adolescents (boys — 18, girls — 17) aged
13-17. The comparison group included 101 chil-
dren: 22 — first year of life, 35 — 4-7 years and
44 (boys — 19, girls — 25) aged 8-12 years. The

number of children in all groups was comparable,
the ratio of boys and girls did not differ signifi-
cantly (p >0,05). Gender differences were taken
into account in the groups of adolescent children.
Inclusion criteria: children attending preschool
institutions and comprehensive schools (except
for children of the first year of life) from | and lla
health groups (f-112). Unorganized children aged
1-3 years were excluded due to significant diffe-
rences in living conditions. The examination was
conducted in a children's clinic with the condi-
tions for electrophysiological studies observed.
Informed consent was obtained from all subjects
and their parents.

The autonomic-requlatory parameters were
studied by analyzing the heart rate variability
(HRV) using the VNS-Micro vegetotester 2000 Hz.
The recording was made on short sections (at
least 500 cardiac cycles) with subsequent proces-
sing using the Poli-Spectrum (Neurosoft, Russia)
program. Statistical analysis was performed using
the STATISTICA 20 (USA) program and included
the Mann-Whitney U and Kruskal-Wallis tests. To
compare variables in independent groups, the
bootstrap version of the Satterthwaite test (he-
teroscedastic version of the Student's t-test) was
used. Differences were considered statistically
significant at p < 0,05.

RESULTS

During the study, absolute values of the indi-
cators of time and frequency analysis of HRV were
compared, the results of which are shown in Fig. 1
and 2.

Asitis shown in Fig. 1, the level of tension in-
dex Sl, arbitrary units, and indicator of the ade-
quacy of regulation processes AMo/Mo in chil-
dren aged 13-17 years, compared with the data
for children in the first year of life, significantly
decreased: by 87,8 and 72,2% in the group of
boys and by 87,3 and 73,2% in girls, respectively
(all p <0.05).
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Fig. 1. Dynamic changes in absolute time region indicators of heart rate variability in healthy children, %. (Here and in Fig. 2 — statistical
significance of the differences (p <0.05): * — indicators of the age group to the data of the previous one; ** — data of the group 13-17 years
old to the indicator of the first year of life; B — boys; G — girls; SI, arbitrary units — tension index, AMo/Mo — indicator of the adequacy

of regulation processes, RMSSD, ms — representative indicator of parasympathetic activity.)

Puc. 1. [OMHamuyeckne n3mMeHeHUs abCOMOTHbIX 3HAYEHWIA noKa3aTenen BPeMeHHO 061acT BapuabenbHOCT CepAeYHOro putma y
300pOBbIX feTeil, %. (34eCb N Ha puC. 2 — CTATUCTUYECKAR 3HAYMMOCTb pasnuyuin (p <0,05): * — nokasartenein BO3PACTHOI rpynnbl K
[aHHbIM NpeAablayLien; ** — AaHHbIX rpynnbl 13-17 neT K nokasartento NepBoro rofa Xu3Hu; M — manbunkun, [ — gesoyku, Sl, ycn.
ell. — uHaekc HanpsxkeHus, AMo/Mo — nokasaTtenb afieKBaTHOCTYM NpoLeccoB perynsuun, RMSSD, Mc — penpe3eHTaTuBHbIA NOKa3aTelb
napacumnaTn4eckom akTMBHOCTH. )
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Fig.2.  Dynamic changes in absolute values frequency region indicators of heart rate variability in healthy children, %. TP, ms? — an
indicator of the total power of waves in the heart rate variability spectrum; VLF, ms? — indicator of activity in the very low frequency range;
ISCA — index of activation of subcortical structures

Puc.2.  [luHamuyeckne M3MeHeHUs aGCOMOTHBIX 3HAYEHWI MoKasaTenei 4actoTHoi obnacTu BCP y 3mopoBbix geten. TP, mc? —
nokasarenb CyMMapHOii MOLLHOCTI BOJH CMEKTpa BapiuabenbHOCTH cepaedHoro putma; VLF, Mc? — nokasaTenb akTUBHOCTM [ManasoHa
04€Hb HU3KUX 4acToT; ISCA — MHAEKC aKTUBALMI NOJKOPKOBbIX CTPYKTYP

As follows from the data in Fig. 2, by adoles-
cence, children showed a significant change in
the absolute values of the wave characteristics of
HRV in the form of an increase in the total power
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of all ranges of the frequency spectrum of TR, ms?
by 79,6 and 56,7% in boys and girls, respectively,
which indicated the dominance of the autono-
mous circuit generations in the VH system (all
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Table 1. Dynamic characteristics of the spectrum type in children of the examined groups, ms®

Ta6nuua 1. InHamnyeckne xapakTepucTMKM TUNa CNeKTpa y AeTein 06cnefoBaHHbIX rpynn, Mc>

Mokasatenu uactot, mc* / Frequency indicators, ms® Tun cnekTpa /
Bospact/ Age
HF, mc? (ms?) LF, mc? (ms?) VLF, mc? (ms?) Spectrum type
1rop/1year 9,0 33,9 571 VLF > LF > HF
4-7 net / 4-7 years 40,8 32,1 27,1 VLF > HF > LF
8-12 net/8-12 years 49,0 31,7 19,3 HF > LF > VLF
13-17 net/ 13-17 years old 51,9 32,7 15,8 HF > LF > VLF

p <0,05). The revealed dynamic frequency shift
towards the dominance of autonomy was ac-
companied by a weakening of the suprasegmen-
tal-segmental connection, as evidenced by an
increased index of activation of subcortical struc-
tures ISCA by 2,5 and 2,1 times (all p <0,05). It
should be emphasized that the reduction of bio-
potentials emanating from the very low frequen-
cy range VLF, ms? in children aged 13-17 years
compared to the data of children in the first year
of life: by 52,4 and 41,7% in boys and girls, re-
spectively, indicated a significant decrease in en-
ergy-metabolic expenditure for regulatory pro-
cesses (all p <0,05).

Table 1 provides information on the dynamics
of relative values of regulatory parameters, so-
called HRV spectrum type [3].

The data in the table indicate a high level of
centralization in the control of functional sys-
tems in children in the first year of life, in which
the dominant frequencies in the structure of the
total power of spectrum waves (TP, ms?) are the
biopotentials of the very low (VLF, ms?) and low
(LF, ms?) frequency ranges. It has been shown
that in the age group of 4-7 years, the influence
of high-frequency oscillations (HF, ms?) in the
regulatory process increases significantly, but by
adolescence, the spectrum type begins to corre-
spond to the optimal parameters (HF — 40-55%;
LF — 25-35%, VLF — 6-15%) of frequency pro-
portionality [8, 9].

It should be noted that in the groups of boys
and girls, no reliable differences in the studied
indicators that violate the general pattern of dy-
namic changes were revealed.

DISCUSSION

It is known that ergotropic tension associated
with high energy-metabolic expenditures, typical
for young children, is dictated by the high vulne-
rability of the organism and the incompleteness

of the formation of regulatory adaptation mec-
hanisms. At the same time, such high energy-
metabolic expenditures associated with control
centralization in adolescent children could cause
overstrain of adaptation mechanisms and deple-
tion of the functional reserve.

The results of the study allowed us to identi-
fy a significant pattern of transition of the cont-
rol function of the VH from high centralization in
young children to dominant autonomy in ado-
lescents. The physiological evolutionary deter-
minism of such a transformation is due to the
transition from energy-consuming ergotropic ac-
tivity to an energy-saving regime of inter-circuit
dominant autonomy in the control of functional
systems, creating optimal conditions for the ade-
quacy of the level of autonomic regulation to the
requirements of pubertal processes.

CONCLUSION

The revealed patterns are a conceptual basis for
the postnatal ontogenetic maturation and deve-
lopment of the child's organism, and the transition
to autonomy in the control of functional systems in
adolescence should be considered the physiolog-
ical essence of modulating the inter-circuit domi-
nant. The results of the study may have not only
theoretical significance, but also important practi-
cal application for pediatric practice as criteria for
functional maturity and harmonious development
of children at different age periods, as well as early
diagnosis and correction of their disorders.
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OOMNMONIHUTENbHAA UHOOPMALUA

Bknap aBTOpOB. BCce aBTOpbI BHecnu cylye-
CTBEHHbIV BKNaf B pa3paboTKy KOHLenuumu, npo-
BeleHMe WUCCNefoBaHUA W MOArOTOBKY CTaTby,
npounun 1 ogobpunn GbrHanbHy Bepcuio nepeq
nyénukayuen.

KoHonukKT wmHTepecoB. ABTOpbl Aeknapu-
PYIOT OTCYTCTBUE SAIBHBIX U MOTEHUMANbHBIX KOH-
ONMKTOB MHTEPECOB, CBSA3AHHbIX C Ny6nuKauunen
HacToALlel cTaTbu.

UcTtouHuk ¢puHaHcmpoBaHMA. ABTOPbI 3asB-
NAT 06 OTCYTCTBUY BHELHEro GrHaHCMPOBaHMWsA
npu NpoBeAeHNN UCCNefoBaHMA.

NHdopmmpoBaHHOe cornacme Ha ny6nuka-
ymio. ABTOpbl NONYyYUIM MUCbMEHHOE corfacue
3aKOHHbIX NpefcTaBuTeNel NaLMeHToB Ha ny6nu-
Kauuio MeanUMHCKNX AaHHbIX.
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HEeHMA BCMOMOraTe/bHbIX PenpoayKTUBHbIX TexHonorui (BPT) Ha cpoke 22 Hepenb 0 aHen — 27 Hepenb 6 AHEN
BK/OUMTESIbHO 3a Nepuog 2018-2022 rr. B pe3ysibTaTe OAHOMIOAHOW U MHOTOMIOAHOW 6epemMeHHOCTY (gBOV-
HK). Kaxkgyto rpynny pasgennniv TakKe Ha ele 2 noarpynnbl No cpokam rectaumm. CpaBHUBaNMCb Bce 4 nog-
rpynmbl Mexzay coboi. Ha ocHOBaHMY NPOBEAEHHOTO NCC/IEA0BAHNA MOXKHO OTMETUTb HEOLHO3HAYHOCTD TeYe-
HUA 6ePeMEeHHOCTY 1 POAOB Y AeTel CPAaBHUBAEMbIX FPYMM. TEM HE MeHee OTMeYaeTCA eAUHCTBO B peanmsaunm
OMONOTNYECKMX NMPOrPaMM POCTa U PA3BUTUSA, @ TaKKe AOCTOBEPHO HU3KMI YPOBEHb COMATMUYECKOTO 1 PeNpo-
ZAYKTUBHOTO 340POBbsA Y MaTeper, MIaHNPOBaBLINX 6epemMeHHOCTb Npy nomowy BPT. loToBWTCA co3gaHve fo-
Ka3aTe/lbHOro aJiropPUTMa, KOTOPbIN MOMOXKET MPAKTUKYIOLLM AOKTOPaM 1 OyayLnumM poauTensMm n3bexartb He-
»KenaTefibHbIX NOCNeACTBMA U MUHUMU3NPYET PUCKU ANA XKU3HW U 3[0POBbA HOBOPOXKAEHHDIX.

Knioyeeole crnosa: scnomozamesibHble penpo0yKmMueHble MmexHoI02UuU, 2/iy60Ko HeOOHOWeHHble demu, npexoe-
8peMeHHble poobl, becnsiooue, 1emaabHOCMb HOBOPOXKOEHHbIX

INTRODUCTION

After a short period of increasing birth rates
in 2010-2017, a decline began again, associated
with the generation born in the 1990s entering
childbearing age. Similar trends as in the Russian
Federation (RF) emerged in St. Petersburg, which
required the adoption of serious government
decisions in the area of improving women'’s and
children’s health. The President of the Russian Fe-
deration and the Government of Russia adopted
enhanced measures of social support for those in
need under the large-scale projects “Healthcare”
and “Demography”, which provide for accelera-
ted construction of schools and preschool institu-
tions [12].

At the same time, one of the problems in both
the medical and social spheres remains infertility.
In the context of a difficult demographic situation,
the use of all resources to increase the birth rate
becomes an important factor. If there is no effect
of treatment for infertility within a year, methods
of assisted reproductive technologies (ART) can
be offered, which involve not only the onset of
pregnancy, but also nursing of babies [9].

Currently, the number of births as a result of
ART is increasing and reaches 2,7% (data from the
ART registry report of the Russian Association of
Human Reproduction (RAHR) for 2021). According
to operational data from the Organizational and
Methodological Center for Analysis and Forecas-
ting of Maternal and Child Health of the Health
Committee of St. Petersburg, the number of chil-
dren born using ART in 2023 was more than 5%.

According to the data, presented by Christine
Wyns on July 5-8, 2020 at the European Society
of Human Reproduction and Embryology (ESHRE
2020) Annual Meeting, Russia ranks first in the
number of cycles of ART performed (137,211). In
previous years, according to RAHR, more than
1,5 million treatment cycles were carried out.

In Russia, the use of ART is regulated by Fe-
deral Law No. 323-FZ “On the fundamentals of
health protection of citizen of the Russian Fe-
deration” (Chapter 6, Article 55) dated Novem-
ber 21, 2011 and orders of the Ministry of Health
of the Russian Federation dated August 30, 2012
No. 107n (as amended on February 1, 2018) “On
the procedure for the use of assisted reproduc-
tive technologies, contraindications and restric-
tions on their use”, as well as “On approval of the
standard of medical care for infertility using as-
sisted reproductive technologies” dated October
30,2012 No. 556n.

Along with the problems of the birth rate, the
issue of nursing and rehabilitation of extremely
premature babies is no less acute. According to
the clinical practice guidelines “Preterm births”,
published in the letter of the Russian Ministry of
Health dated December 17, 2013 No. 15-4/10/2-
9480, “the frequency of premature births in de-
veloped countries is 5-7%, neonatal mortality is
28%. About 15 million premature babies are born
in the world every year. Preterm births (PB) are a
complex medical and social problem associated
with solving the problems of improving the sub-
sequent quality of life of children born premature-
ly, and are associated with material and economic
costs”.

As it is known, the severity of complications as-
sociated with prematurity is inversely proportion-
al to the gestational age [14]. The need to prolong
pregnancy, as well as improve the care of deeply
premature babies at all stages, have determined
the need for more careful monitoring of expec-
tant mothers, especially those who are planning
pregnancy using ART methods. It has also been
established that multiple pregnancies after in
vitro fertilization (IVF) are considered a high-risk
group for the development of perinatal patholo-
gy in the newborn, caused not only by prematu-
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rity, but also by the diseases that the mother has
and caused infertility [7].

AIM

The aim of the study is to compare, according
to certain criteria, the health status of neonates
born at early term gestation, after assisted repro-
ductive technologies and during spontaneous

pregnancy

MATERIALS AND METHODS

A retrospective, observational, prolonged
(at the time of hospitalization) study was con-
ducted of 42 pairs of newborn children born
in St. Petersburg and the Leningrad region
as a result of spontaneous pregnancy and af-
ter the use of ART at a period of 22 weeks
0 days — 27 weeks 6 days inclusive for the pe-
riod 2018-2022 as a result of singleton or mul-
tiple pregnancies (twins). Of these, 11 infants
in each group were born at a very early stage
(22-24 weeks), 31 children were born at early
term gestation (25-27 weeks). All 4 subgroups
were compared with each other. The obtained
data were analyzed using the IBM SPSS Statis-
tics v.26 statistical program and the WinPepi
additional counting program. Categorical va-
riables are presented as absolute values (n) and
their sample proportion (%). Quantitative vari-
ables are represented either by the mean and
its standard deviation (M£SD) or by the median
(Me) with the 1st and 3rd quartiles ([Q1; Q3]).
To compare the frequency characteristics of
qualitative variables, the Fisher’s exact test (F)
and Pearson’s chi-squared test (x*) were used;
to compare quantitative variables, nonpara-
metric comparison methods the Kruskal-Wal-

Table 1. Quantitative characteristics of the surveyed groups

Children’s Medicine of the North-West
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lis (KW) or Mann-Whitney (U) were used at the
null hypothesis rejection level of p <0,05.

The following criteria of comparison were used
in the work: anthropometric data of the child at
birth, scales predicting the condition of new-
borns, somatic diseases of the mother, obstetric
history of the mother, blood tests at birth (inclu-
ding an arterial blood gas test), blood oxygen
level, treatment carried out both in the maternity
hospital and in the hospital, examinations of the
infant during hospitalization, diseases of the child
at the time of discharge from the hospital, weight
upon transfer to the department of neonatal pa-
thology and weight at discharge, outcome. A total
of 100 criteria.

Exclusion criteria: babies born to mothers with
alcohol or drug abuse; children born through sur-
rogacy, egg or sperm donation (when the donor
was not a spouse); infants whose mothers suffered
from a severe viral infection during pregnancy (for
example, COVID-19); children from mothers with
viral hepatitis B, C, HIV; children from multiple
pregnancies (triplets); children with hereditary
diseases and severe congenital malformations.

RESULTS

In recent years, the problem of preserving the
life and health of premature infants with extreme-
ly low birth weight (ELBW) has become especially
acute in our country due to the improvement of
nursing technologies for this category, as well as
the introduction of new live birth criteria in the
Russian Federation recommended by WHO [13].
The incidence of premature births in the world
in recent years has been 9,5%, with 15,000,000
premature babies born annually and, despite the
emergence of new technologies, it is not decrea-

Ta6nuua 1. KonnuecTBeHHble XapaKTepUCTUKN 06CefoBaHHbIX TPy

OpHo- Mon / Sex Mcxop / Outcome
Cpoku rectaumm nnoaHas Muoronnoa-

POKY . 22-24 25-28 Has 6epemeH- Bbinucad/ | JIN/LO
(Gestation period) / Hem/w nen/w 6epemeH- HocT/ Twin discharged
Kputepwun (Criteria) AW A/Wg HocTb / Singl x/f m/m

pregnancy
pregnancy
Cb/SP, n (%) 11 (26,2) 31(73,8) 19 (45,3) 23 (54,8) 22 (52) | 20 (48) 34 (81) 8(19)
BPT / ART, n (%) 11 (26,2) 31(73,8) 15 (35,7) 27 (64,3) 24 (57) 18 (43) 31(73,8) 11 (26,2)
Bcero / Total, n (%) 22(26,2) | 62(73,8) | 34(40,5) 50 (59,5) 46 (55) | 38(45) | 65(774) | 19(22,6)

MpumeyaHue: BPT — BcnomoraTenbHble penpoayKTrBHble TexHonoruy; JIN — netanbHbiil ucxop; Cb — camocTtoATenbHan 6epemMeHHOCTb.
Note: ART — assisted reproductive technologies; LO — letal outcome; SP — spontaneous pregnancy.
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Table 2. Maternal morbidity

Tabnuua 2. 3aboneBaemocTb MaTepei
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Kputepwun / Criteria Tect / Test p

1. 3aboneBaHusa penpoayktusHon cdepbl / Diseases of the reproductive sphere X 0,032
2. 3aboneBaHunA 3HROKPUHHOM ccTembl / Diseases of the endocrine system F 0,000
3. 3a6oneBaHunA OCTPbIMU PECNPATOPHBIMU BUPYCHBIMU NHeKLnAMY /

Acute respiratory diseases F 0,036
4. 3aboneBaHunA opraHoB KpoBoobpatleHus / Diseases of the circulatory system X 0,313
5.3aboneBaHunA OpraHoB XeslyAo4YHO-KuweyHoro TpakTa / Diseases of the gastrointestinal tract X 0,051
6. 3aboneBaHNa opraHOB MoYeBbIAenuTeNnbHoM cuctemMbl / Diseases of the urinary system X 0,609
7. bonesHu rnas v npugatoyHoro annapata / Diseases of the eye and appendage X 0,058
8. 3aboneBaHusn, nepegatowmecs nonosbim nytem / Sexually transmitted diseases X 0,322
9. 3aboneBaHuA HepBHON cncTembl / Diseases of the nervous system X 0,500
10. lfecTaUMOHHbIN caxapHbln anabeT / Gestational diabetes mellitus X 0,260

sing [14]. In developed countries, it is increasing,
primarily as a result of the use of new reproduc-
tive technologies [18]. About 5% of them occur
before 28 weeks [16].

Perm scientists have found that every third
child born as a result of assisted medical techno-
logies is premature (32%). The main factors influ-
encing the birth of a preterm infant in IVF preg-
nancies are: maternal age over 35 years, duration
of infertility and a history of miscarriage [5].

When assessing the development and condi-
tion of babies born as a result of the use of ART,
some contradictions have arisen. Until now, ex-
perts of different medical specialties (embryolo-
gists, neonatologists, psychologists) have not
come to a consensus regarding the prediction of
health and quality of life of this group of children.

Due to the fact that, as a rule, ART is performed
in centers that are separated from the antena-
tal clinic where the woman is subsequently ob-
served, healthcare facilities where the delivery
occurs, and clinics where children are observed in
the coming years, and also the fact that 63% of
parents conceal the method of pregnancy, it is
practically impossible in the Russian Federation
to obtain reliable information about the health of
children born after ART [8].

In connection with the ambiguity of estimates
of the health and development of children con-
ceived by ART and usually carried out without
strict parallel control, certain doubts arise about
the equivalence of biological processes in na-
turally conceived babies and children conceived
through ART.
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Fig. 1. Registration in the women’s consultation
Puc. 1. TMocTaHOBKA Ha Y4eT B XKEHCKYH0 KOHCY/bTaLMI0

The scientific work plans to show the impor-
tance of assessing children's development using
the randomization method, namely, distribution
by development conditions (pairwise selection,
the “copy-pair” method) in order to minimize dif-
ferences in the pre-, intra-, and postnatal periods
of development of infants born in the early stages
of gestation.

Table 1 presents the design of the study. Chil-
dren were selected using the “copy-pair” method
by gestation period, place of birth and nursing
(St. Petersburg and the Leningrad Region), ma-
ximally matched by sex and number of fetuses
(single or twin pregnancy).

Initially, ART methods were used to overcome
reproductive problems associated with obstruc-
tion or absence of fallopian tubes. Currently, the
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Table 3. Comparative anthropometry data with glow
Ta6nuua 3. CpaBHUTENbHbIE AaHHbIE aHTPOMOMETPUY MPU POXKAEHNN
. . OKpY»HOCTb rofioBbI / OKpY»XHOCTb rpyau /
Kputepuu / Macca / Weight Poct / Height pyCircle heads p)éircle brea2¥
Criteria
Cb/SP BPT/ART | Cb/SP | BPT/ART Cb/SP BPT / ART Cb/SP BPT / ART
M (£SD) 792+145 7461145 531+2 31+3 23+4 23+2 21+2 2142
Me 790 750 31 32 23 23 21 21
[Q1; Q3] [680;900] | [670;860] [30; 33] [29; 33] [22; 25] [22; 25] [22; 25] [19; 22]
U/P 745/0,220 555,5/0,975 842,0/0,861 818,0/0,833

Mpumeyanue: BPT — BcnomoraTtenibHble penpogyKTuBHble TexHonorum; Cb — camoctontensbHan 6epemMeHHOCTb (34ech 1 fanee B Tabnuuax).
Note: ART — assisted reproductive technologies; SP — spontaneous pregnancy (here and further in the tables).
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indications for the use of these methods are much
broader and include various causes of infertility:
endocrine, idiopathic, male factor, etc. However,
the maternal health is extremely important for
the future child. Most women who have resorted
to ART are in the high-risk group for complicated
pregnancy and childbirth, which adversely affects
the intrauterine development of the fetus [17].
The health status of mothers undergoing ART and
mothers who became become pregnant naturally
at the time of conception and during pregnancy
differ; the results are shown in Table 2.

According to the data in Table 2, diseases of the
endocrine system, reproductive sphere and acute
respiratory diseases are higher in mothers whose
babies were born through ART. The total number of
diseases in mothers in the ART group is also higher
(p=0,032). Antibiotic therapy was used significantly
more often in pregnant women after ART (p=0,004).

Comparison of C-reactive (CRP) protein levels in newborns with assisted reproductive technologies (ART) and spontaneous

CpasHeHue ypoBHs C-peakTnBHoro 6enka (CPB) y HOBOPOXXAEHHbIX MPK BCIOMOTaTeSibHbIX PENPOLYKTUBHbIX TexHonorusx (BPT)

According to the chart (Fig. 1), mothers whose
children were born using ART at an extremely ear-
ly stage were registered with antenatal clinics ear-
lier than others (p=0,019).

Modern studies devoted to the evaluation of
long-term results are ambiguous and often con-
tradictory. Most studies do not show significant
differences between infants depending on the
method of conception [8, 21]. At the same time,
the need for a more in-depth study of this issue
is recognized, and it is also important to research
the general functioning of the family system in the
case of ART before making final conclusions [22].

The study did not reveal reliable differences in
the assessment of anthropometric data in new-
borns in the comparison groups. The Apgar scores
of neonates born early term gestation in the com-
pared groups did not reveal reliable differences
(p> 0,05 at all stages of assessing the condition
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of newborns; Apgar1 p = 0,225; Apgar2 p = 0,418;
Apgar3 p =0,507).

The prenatal period can be used to judge
both the effectiveness of ART and the adequacy
of fetal development. Factors influencing preg-
nancy outcome include the use of stimulating
hormones, changes in hormone levels, temporary
presence of gametes outside the woman's body,
the frequency of in vitro fertilization (IVF) and the
woman's somatic condition, the impact of envi-
ronmental factors on the mother and fetus during
intrauterine development, methods of delivery
and social factors [10].

Table 4. Treatment in the early postnatal period

Ta6nv|u,a 4. JleueHue B paHHeM NoCTHaTaJIbHOM nepuoae

ISSN 2221-2582

Some authors claim that the use of ART in-
creases the miscarriage rates, which may affect
the further development of children [1, 31.

According to the research conducted by
G.U. Asymbekova et al. (2014), in the group of
women with ART, it was more common to resort
to operative delivery, since the probability of dis-
eases and the risk of complications are higher for
them than for women with spontaneous preg-
nancy [2]. The author's work also obtained data
showing that operative delivery at an early stage
of gestation is significantly more often used for
mothers after ART (p = 0,024).

Kputepun / Criteria Cb / SP Me [Q1; Q3] BPT / ART Me [Q1; Q3] Tect P
1. IckyccTBeHHanA BEHTUNALMA Nerkmx : . _
(aHW) / Mechanical ventilation (days) 2317:38] 201[8;39] U=613,000 0,854
2. KncnopopHan 3aBUCUMOCTb (gHW) / 69 [59; 90] 78[57: 94] U=593,000 0,529
Oxygen dependency (days)
3. MNepexop Ha NosiHOe 3HTepasibHoe
nutaHme (gHn) / Transition to full enteral 49 [24; 83] 45 [23; 701 U=439,000 0,440
nutrition (days)
4. FiO, max popgom /
. . . 0,60 [0,40; 0,80] 0,50 [0,40; 0,70] U=749,500 0,232
FiO, max maternity hospital
5.FiO, min popgnom / . . _
FiO2 min maternity hospital 0,25[0,21;0,30] 0,25 [0,21; 0,30] U=838,500 0,685
6. FiO, B cTaunoHape / . . _
FiO, in the hospital 0,341[0,30; 0,45] 0,35[0,30;0,45] U=909,500 0,655
7. CypdakTaHT (konmuecTtso) / . . _
Surfactant (quantity) 101;2] 21[1;2] U=950,500 0,496
Konnuectso Konnuectso
Kputepwun / Criteria yenosek / Number yenosek / Number Tect p
of people n (%) of people n (%)
1. MHOTPOHHaﬂ Tepanua (agpeHaHMH)/ 13 (31%) 13 (31%) x?=0,000 0,593
Inotropic therapy (adrenaline)
2. iHoTPONHaA TepanuA (Rogamuk) / 20(47,6%) 14(33,3%) ¥2=1,779 0133
Inotropic therapy (dopamine)
3. IHoTponHas Tepanua (pobytamuH) / o o 2
Inotropic therapy (dobutamine) 34(81%) 34(81%) x’=0,000 0,609
4. TopmoHanbHas Tepanua / 26(61.9%) 20(47,6%) \=1730 0136
Hormone therapy
5. MNpoTnBocynopoxHas Tepanua / o N 2
Anticonvulsant therapy >(12:2%) 3(7,:3%) X=0,554 0.356
6. O6e3bonmsaHue (peHTaHnn) / o >
Anesthesia (fentanyl) 20(47,6%) 16(38,1) X=0,778 0,254
7. ATnbakTepuanbHas Tepanus / He He
Antibacterial therapy 42(100%) 42(100%) MPUMEHIMO / ﬂpMMGHMMO
. / Not appli-
Not applicable
cable
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Table 5. Pairwise comparison of mortality of children born in the early stages during ART and from independent pregnancy

Ta6bnuua 5. NMonapHoe cpaBHeHME NeTaNbHOCTU AeTeil, POXKAEHHbIX HAa paHHUX cpoKax npu BPT u oT camocTosTenbHom

6epemeHHOCT
06wt pakTop / Cb / SP (22-24) CB/SP (25-27) | BPT/ART (22-24) | BPT/ART (25-27)
Commo? factor b ¥ b ¥ b \ p
X
CpoKw rectaumm CB/ SP (22-24) 0,004 | 0949 | 2959 | 0,085 0,170 0,680
(Hen)/ _ CB / SP (25-27) 0,004 | 0949 6,002 | 0014 | 0465 | 0495
Gestation period
(weeks of gestation) | BPT/ART (22-24) 2,959 0,085 | 6,002 | 0,014 8,912 0,003
BPT/ ART (25-27) 0,170 0,680 | 0465 | 0495 | 8912 | 0,003
However, it is known that the risk of infec- DISCUSSION

tious complications during operative delivery is
2,8 times higher compared to vaginal delivery
[22]. Numerous scientific studies demonstrate
that children born as a result of operative delivery,
have an increased risk of allergic and autoimmune
diseases, type 1 diabetes mellitus and obesity in
the future, which dictates the obstetrician-gyne-
cologist to take a more rational approach to the
choice of the method of delivery [20, 21].

C-reactive protein (CRP) level in children born
through ART is shown in Fig. 2, which indicates a
more pronounced inflammatory process in children
born after ART (p=0,04). Other blood parameters in
this study did not reveal any significant difference.

Table 4 shows that there is no significant dif-
ference in the management of children born at
an early stage of gestation in a maternity hospi-
tal and in the intensive care unit of a hospital. The
treatment methods used corresponded to the
recommendations for the care of newborns with
respiratory distress syndrome [4].

Despite the fact that mothers of children born
through ART were registered at antenatal clin-
ics at a reliably early period, the mortality rate of
these newborns is higher than in the other groups
p=0,003 (Table 5).

In this work, no significant differences were
found in anthropometric data or in the tactics of
managing children in the study groups and those
born at early term gestation. In the maternity hos-
pital and intensive care unit of the hospital, treat-
ment was consistent with clinical practice guide-
lines for management extremely low birth weight
infants, as well as with protocols for providing me-
dical care to this category of neonates. However,
furtherin-depth research is required to identify the
causes of perinatal mortality in children born at a
very early stage (22-24 weeks), p=0,003 (Table 5)
after the use of ART, taking into account their sig-
nificant early registration at antenatal clinics.

The conducted research revealed a number of
organizational factors that substantially compli-
cated the work. Firstly, the lack of special docu-
ment labeling of pregnant women and children
born using ART entailed significant searches:
doses of estrogens, the number of cycles of main-
tenance therapy, etc. This was accompanied by
negativism of mothers who did not want to com-
municate on infertility and the methods of its
treatment that were used in each particular case.

The data from the performed work showed uni-
ty in the implementation of biological programs of
growth and development, as well as a significant-
ly lower level of somatic and reproductive health
in mothers who planned pregnancy using ART.
In addition, the pregnancy of expectant mothers
more often occurred against the background of
infectious diseases, which required the appoint-
ment, possibly due to greater immunodeficiency,
of antibacterial therapy.

The high CRP level in children of the ART group
at birth (p = 0,040) to a certain extent confirms the
presence of intrauterine infection [11]. Delivery
of women in this group was carried out surgically
(p = 06024), since the probability of diseases and
high risk of complications in them is higher than
in women with spontaneous pregnancy [15].

Treatment of newborns at the stage of the
maternity hospital and intensive care unit did
not differ significantly. At the same time, children
born after ART at a very early gestational age (22—
24 weeks) died significantly more often, which
is most likely a reliable sign in favor of reduced
adaptive capacities in babies conceived by ART.
Almost all of the deceased were diagnosed with
intrauterine infection.

In order to reduce the risk of adverse perinatal
outcomes, it is necessary to structure obstetric-gy-
necological, neonatal and pediatric counseling in
families planning ART at the outpatient stage [8].
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CONCLUSION

Thus, based on the conducted study, it can be noted
that the course of pregnancy and childbirth in infants
of the comparison groups is ambiguous. Extremely
premature babies are at high risk of infectious compli-
cations, which sharply reduces their adaptive capacities.
Modern studies are unanimous in their opinion about
the predominantly ascending route of infection in
case of intra-amniotic infection [6]. Obstetric problems
associated with ART are primarily due to the age of
the mother, the presence of extragenital pathology.
The most significant risk is multiple pregnancy, which
should be avoided, since in this case the situation
can become difficult to manage [19]. The high risk of
death or development of complications will appar-
ently require new recommendations for pregnancy
registration, its management and providing medical
care to newborns. A logical and relevant solution to
the problem may be the creation of ART registries [23].

These results showed only some differences be-
tween the groups of children. In order to identify risk
groups and determine the correct medical tactics, it
is planned to create an evidence-based algorithm
that will help practicing doctors and future parents
avoid undesirable consequences and minimize the
risks to the life and health of newborns.
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OONOJIHUTEJIbBHAA UHOOPMALINA

Bknap aBTOpOB. ABTOp IMYHO BHEC BKNaj B
pa3paboTKy KOHUenuuu, npoBepeHne uccneno-
BaHMA 1 MOArOTOBKY CTaTbW, Npoyen u ogobpwun
duvHanbHyO Bepcuio nepes nybnukaumnen.

UctouHuk ¢punHaHcnpoBaHuA. ABTOp 3adAB-
naeTt 06 OTCYTCTBMY BHELHero puHaHCMPOBaAHUSA
npu NpoBeAeHnn NCcnefoBaHuA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
yuio. ABTOp Nonyuun nucbMeHHoe cornacme na-
LMEHTOB Ha Ny6NMKauunio MegMLMHCKIX JaHHbIX.
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Abstract. The aim of the work was to review a clinical case of a child with type 1 diabetes mellitus (DM1) with
severe cognitive impairment due to the development of diabetic encephalopathy. The analysis of the preceding
factors of the manifestation of DM1 in a child is carried out, as a result of which, against the background of
prolonged hyperglycemia and insulin deficiency, there was an increase in metabolic acidosis with a subsequent
complication in the form of diabetic encephalopathy (DE). Subsequent metabolic and hypoxic changes in the
child’s body led to a decrease in cognitive functions.DE is a characteristic complication of DM1 in children,
since its development is mainly due to ineffective metabolic control, as well as incorrectly selected therapy. An
assessment of anthropometric data, as well as laboratory parameters, was carried out before and after adjusting
the treatment of DM1.

Keywords: type 1 diabetes mellitus (DM1), diabetic encephalopathy (DE), diabetic coma, metabolic acidosis treatment
of DM1, children
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Pestome. Llenb paboTbl — 0630p KIMHUYECKOrOo cilyyasn pebeHKa ¢ caxapHbiM grabetom 1-ro Tuna (CA1) c Bbipa-
YKEHHbIM HapYyLUEHNEM KOTHUTUBHbIX COCOBHOCTEN 13-3a Pa3BUTUSA ArabeTrnyeckon sHuedanonatun. MpoeeaeH
aHanu3 npeguwecTsyowrx ¢aktopos mMaHudectaunm CIA1 y pebeHKa, BCleAcTBUE KOTOPbIX Ha GpoHe anutenb-
HO MPOTEKABLUEN rMNeprinkeMnn U gepuunta MHCYIMHA CTyYnIcs MeTabonmnuecknin aurao3 ¢ NocIeayowmnm
OCJIOKHEHMEM B BMAE AnabeTnyeckon sHuedpanonatuv (03). JanbHelwme MeTaboimyeckne 1 rmnoKcuyeckrie
N3MEHEHVA B OpraHm3me pebeHKa NPUBENN K CHKEHWUIO KOTHUTUBHbBIX GYHKUMIA. [1D ABNAETCA XapaKTepHbIM
ocnioxkHeHnem C[11 y feTeli, MOCKOJIbKY ee pa3BuUTHE 00YCNOBIEHO MPENMYLLECTBEHHO HEIDPEKTVBHbBIM MeTa-
60NMYECKM KOHTPOJIEM, @ TaKXKe HEKOPPEKTHO NoiobpaHHoN Tepanvei. bbina npoBeaeHa oLeHKa aHTpornome-
TPUYECKMX JaHHbIX 1 TabopaToPHbIX NMoKa3aTesien Ao 1 Noc/ie KopPeKTMpoBKy nedeHns CA1.

KnioueBble cnoBa: caxapHsili duabem 1-20 muna, duabemuyeckas sHyepasonamus (43), duabemuyeckas komd,
mMemabosuyeckul ayudos, 0demu
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INTRODUCTION

In recent years, the morbidity of diabetes
mellitus has increased significantly in developed
countries with high economic growth. In a num-
ber of countries, there is a disproportionately
high increase in the incidence of type 1 diabetes
mellitus (DM1) in children under 5 years of age.
According to the International Diabetes Federa-
tion (IDF) for 2021, the total number of children
and adolescents (under 19 years) with DM1 in
the world is more than 1,2 million people, of
which more than half (54%) are children under
15 years of age. The morbidity of DM1 is increa-
sing every year. Annually, more than 108 thou-
sand children aged 0 — 14 years and more than
41 thousand adolescents aged 15 — 19 years fall
ill[3,4,12].

In most countries, the onset of DM1 develops
in up to 90% of cases, most often in childhood,
while among older age groups the prevalence of
DM1 is from 5 to 10% [3, 4, 6]. The peak incidence
occurs during the period of early puberty and is
detected in girls 1-2 years earlier than in boys. By
the end of puberty, the morbidity decreases for
children of both sexes [8, 17].

DM1 is accompanied by complications of the
kidneys, retina, peripheral nervous system and
blood vessels. Recently, diabetic complications of
the central nervous system (CNS) have been stu-
died more closely. There is no generally accepted
definition of diabetic encephalopathy (DE), but it
does not include cerebral edema that develops
during ketoacidosis or hypoglycemia.

Clinically, DE manifests itself as neurosis-like
disorders and psychotic-like experiences, organic,
neurological and autonomic clinical presentation
[8]. It includes characteristic biochemical, electro-
physiological and morphological changes that
can lead to cognitive impairment and significantly
reduce the quality of life of both the patient and
his relatives [3, 10, 16].

DE in its pure form occurs only in patients with
DM1 (in 80% of cases) since its development is
mainly due to ineffective metabolic control [3, 4].

According to epidemiological data, the onset
of diabetes mellitus at an early age has a major
negative impact on the developing brain. The
application of single-photon emission computed
tomography has shown a reduction in cerebral
blood flow in the frontal lobe areas and in the ba-
sal ganglia. Chronic hyperglycemia is associated
with a decrease in neurophysiological test results
and structural changes [4, 5].

ISSN 2221-2582

ENCEPHALOPATHY IN TYPE | DIABETES
MELLITUS

Recently, there has been increasing evidence
of adverse effects of DM1 on the CNS and cog-
nitive functions. Studies of children with DM1
have shown impairments in attention, proces-
sing speed, executive functions, intelligence and
memory [5, 7, 14].

The mechanism underlying DE in DM1 is mul-
tifactorial and is still far from being fully under-
stood (Fig. 1). It is assumed that insulin deficien-
cy and its impact on other neurotrophic factors
play an important role in mediating the effects
of neurotransmitters and ensuring interneuronal
interactions. Concomitant oxidative stress and
activation of apoptosis may be associated with
hyperglycemia, but perhaps to a greater extent
with impaired insulin signaling, which can be
corrected by C-peptide and intranasal adminis-
tration of insulin [1, 4]. All disorders over time
lead to neuronal cell loss and disintegration of
neuronal networks that are the basis of cognitive
function.

White matter atrophy associated with hyperac-
tivation of receptors for advanced glycation end
products is revealed [8, 10, 13].

The mechanism of cells and tissue damage by
endogenous and exogenous AGEs (advanced gly-
cation end products) is as follows:

1) activation of receptor-mediated signaling
pathways leading to oxidative stress, inflam-
mation and gene expression modulation;

2) changes in the structure and function of
stable long-lived proteins, in particular con-
nective tissue proteins due to irreversible
cross-linking with AGEs;

3) glycation of intracellular proteins and lipids
leads to disruption of cellular function [2,
9, 11].

White matter changes relate to decreased
expression of myelin protein, oligodendrocyte
loss, and are associated with increased astroglio-
sis, which is accompanied by increased expression
of receptors for advanced glycation end products,
tumor necrosis factor-alpha and interleukin-6 in
the white matter [2].

Absolute insulin deficiency leads to decreased
utilization of glucose by insulin-dependent tis-
sues. Hyperglycemia develops in the blood, and
severe energy “starvation” occurs in the tissues.
This contributes to a sharp increase in the level of
all insulin-counteracting hormones in the blood
(glucagon, catecholamines, cortisol, adrenocorti-
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Fig. 1. The mechanism of development of diabetic encephalopathy in DM1

Puc. 1.

cotropic hormone (ACTH), somatotropic hormone
(STH)). In the body, lipolysis, glycolysis and pro-
teolysis are activated, which leads to the formation
of substrates for gluconeogenesis in the liver and
kidneys. Gluconeogenesis in combination with
impaired glucose utilization by tissues is the most
important cause of rapidly increasing hyperglyce-
mia, the increase in plasma osmolarity, intracellu-
lar dehydration, and osmotic diuresis [10, 11, 13].

In turn, activation of lipolysis leads to the li-
ver not using fatty acids for triglyceride synthesis.
As a result, some fatty acids are included in beta
oxidation and ketogenesis. Ketone body synthe-
sis occurs from amino acids such as isoleucine,
leucine and valine, which accumulate as a result
of excessive proteolysis. Accumulation of acetyl-
CoA, acetoacetate and beta-hydroxybutyrate
leads to depletion of alkali reserve in the blood
and the development of metabolic acidosis. Syn-
thesis of ketones by the body is higher than their
consumption and utilization during excretion in

MexaHu3m pa3sutus auabetnyeckoit aHuedanonatum npu GA1

urine, which also leads to metabolic acidosis (dia-
betic coma) [15].

Proteolysis disrupts the nitrogen balance and
azotemia develops. Intracellular dehydration is
replaced first by extracellular and then by general
dehydration of the body. There is a reduction in
tissue and renal blood flow, a deficiency of elec-
trolytes Na*, K, Cl~is observed. Dehydration leads
to hypovolemia, which is the cause of a reduction
in cerebral, renal and peripheral blood flow. This
intensified the already existing hypoxia in CNS
and peripheral tissues. Tissue hypoxia promotes
in these tissues the activation of anaerobic glyco-
lysis and the accumulation of lactic acid, which
can cause lactic acidosis [10, 11, 171.

Thus, the severity of the patient's condition is
due to active dehydration of the body, decom-
pensated metabolic acidosis, electrolyte deficien-
¢y, hypoxia, hyperosmolarity and can be compli-
cated by diabetic encephalopathy and, in serious
cases, coma [1, 4, 8].



Children’s medicine of the North-West
2024/Vol. 12 N2 2

The pathogenesis of DE is associated with two
main types of disorders: metabolic and hypoxic. The
development of microangiopathy is mediated by the
accumulation of low-density lipoproteins (LDL) in
the blood vessel wall, activation of lipid peroxidation
(LPO) processes, increased formation of free radicals,
and suppression of the synthesis of prostacyclin,
which has an antiplatelet and vasodilatory effect. The
progression of microangiopathy leads to a reduction
in endoneurial blood flow with the development
of hypoxia, which contributes to the switching of
the energy metabolism of the nervous tissue to
ineffective anaerobic glycolysis, during which only
two molecules of adenosine triphosphate (ATP) are
formed from one molecule of glucose, while in the
reaction of aerobic glycolysis — 38 molecules. As a
result, the concentration of phosphocreatinine in
neurons decreases, the lactate content increases,
which leads to the development of oxygen and en-
ergy starvation of the nervous tissue. The reduction
in endoneurial microcirculation and aggravation
of nerve fiber function disorders contribute to a
decrease in production and an increase in destruc-
tion of nitric oxide (NO), which has a vasodilatory
effect, which can become one of the causes of the
development of arterial spasm, that is an important
pathogenetic mechanism for the development of
arterial hypertension in diabetes mellitus [3, 4, 8,
10, 11]. In addition to the pathogenetic significance
of endoneurial blood flow disturbances, metabolic
disorders also play an important role. It has been
established that the decrease in the impulse conduc-
tion velocity in myelinated nerve fibers is caused by
a pathologically high intra-axonal concentration of
Na* ions, in the development of which the main role
belongs to a decreased Na*/K*-ATPase activity, which
causes secondary vascular diseases, neurotrophic
disorders, neurotoxicosis and, as a consequence,
structural changes in neurons, as well as a violation
of nerve conduction velocity. Diabetes mellitus has
a huge impact on the white matter loss of the brain
[8,13,15].

CLINICAL CASE

A girl, 5 years 7 months old, was admitted
to the emergency department in clinic of the
hospital No. 1 with classic symptoms of diabetes
mellitus and ketoacidosis, as well as complaints of
weakness and sluggishness. Due to the untimely
seeking medical help, the patient's condition upon
admission was extremely serious. Laboratory data:
hyperglycemia (25 mmol/l), ketoacidosis, increased
glycated hemoglobin, glucosuria. On the third day,
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against the background of the administration of
high doses of insulin, clinical death was recorded
due to a sharp fall in blood glucose levels with
the subsequent formation of brain herniation. A
nasogastric tube was inserted into the patient.
On the 4th day from the onset of the disease, the
girl was transferred to the clinic of hospital No. 2
in extremely serious condition. The level of disor-
ders of consciousness: grade Il deep coma. Early
anamnesis without features. The patient was not
registered with medical specialists. A brain magne-
tic resonance imaging (MRI) was performed: signs
of hypoxic-ischemic encephalopathy in the form
of diffuse edema in the white matter of the brain,
ischemic/necrotic changes in the basal ganglia on
both sides, multifocal cortical laminar necrosis. Ex-
pansion of the external and internal cerebrospinal
fluid spaces. According to the results of multispi-
ral computed tomography of the brain, atrophic
changes in the brain and diffuse ischemia were
observed. Triventricular hydrocephalus was noted.

Three months later, the patient was transferred
to hospital 3 with the diagnosis: mixed ence-
phalopathy, organic brain injury of mixed genesis
(hypoxic-metabolic), decerebrate rigidity, struc-
tural metabolic epilepsy, type 1 diabetes mellitus,
severe protein-energy malnutrition.

Comprehensive drug treatment was carried
out, which included intensive insulin therapy
(levemir, novorapid), anticonvulsants (keppra)
and antiepileptic (clonazepam, convulex) drugs,
muscle relaxants (baclosan), anxiolytics (relani-
um), carminatives (espumisan baby), enzymes
(creon), a strict diet using nutrient mixtures (clinu-
tren+Hipp HA1).

Against the background of a properly selected
diet and drug treatment, positive dynamics were
noted in leveling the correlation between the ex-
pected and obtained results of BMI from 11,75 to
14,49 (Fig. 2); the child's weight from 15 to 19,5 kg
(Fig. 3, a, b), fat mass from 2,28 to 3,23 kg (Fig. 4);
fat-free mass from 12,72 to 14,21 kg (Fig. 5), total
water from 9,31 to 10,4 | (Fig. 6), basic exchange
from 982 to 1031 kcal (Fig. 7).

During the treatment, an increase in glucose
levels was periodically noted, which was stopped
by timely administration of insulin in an appropri-
ate dose (Fig. 8).

By the age of 5 years and 10 months, positive
dynamics in the patient's physical development
were revealed: she grew by 3 cm, gained 4,5 kg of
body mass. A decrease in body fat mass and a com-
pensatory increase in basic exchange were noted.

PRACTICAL NOTES
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The girl could independently swallow pureed food,
suck from a bottle, and her mother sometimes gave
her additional water from a cup. The child was dis-
charged from the hospital with recommendations
under the supervision of a pediatric endocrinologist
at her place of residence.

CONCLUSION
The uniqueness of this case is that it is neces-
sary to take into account the possible acute deve-

21,34

22,71

30 40 50 60 70 80 90 100

BepxHss rpaHuua / Upper bound

Graph of weight dynamics (a), A graph of the patient’s body weight compared to the norm corresponding to a given age (b)

[padhmk guHamukn maccel (a), rpadpuk Maccol Tena nauyueHTa B CPaBHEHNIO C HOPMOWA, COOTBETCTBYIOLLEN JaHHOMY BO3pacTy (6)

lopment of DE at the onset of the disease. In this
regard, an individual approach to the treatment of
such children is needed in a specialized hospital
under the supervision of a group of medical spe-
cialists (endocrinologist, gastroenterologist, neu-
rologist, nutritionist). Probably, the most effective
treatment of diabetes mellitus in these conditions
is the installation of an insulin pump and non-in-
vasive devices for monitoring blood glycemia. The
success of therapy also depends on the patient's
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nutrition, which can be ensured by insertion a
gastrostomy. The child's parents should be clearly
informed about the correct gastrostomy care.
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OOMNOJIHUTENbHAA
MHOOPMALMA

Bknap aBTopoB. Bce aBTOpbl BHeCnn cyule-
CTBEHHbIV BKNag B pa3paboTKy KoHuenumu, npo-
BefleHMe uccnefoBaHWA U MOArOTOBKY CTaTbW,
npounu n ogobpunu GrHanbHy Bepcuio nepeq
nyénukaumen.

KoH)nuKT mnHTepecoB. ABTOpbI fAeKknapwu-
PYIOT OTCYTCTBME ABHbIX Y MOTEHLMANbHbIX KOH-
bNUKTOB NHTEPEeCoB, CBA3aHHbIX C Nyb6nukauunen
HacToALWEN CTaTbu.
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UcTtouHuK PpuHaHcmpoBaHMA. ABTOpbI 3asB-
nAT 06 OTCYTCTBUN BHeLHEro GrHaHCMPOBaHNWA
npv NPoBefeHNN NCCIefoBaHMA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
ymio. ABTOpbI MOAYYMAN MUCbMEHHOE corfnacme
3aKOHHbIX MpeAcTaBuTenel naymeHta Ha nyb6nu-
Kauuio MegNUMHCKMX AaHHbIX.
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Valentina Ivanovna Guzeva (lvanova) was born
on April 15, 1944 — the year of the Great Patri-
otic War, when the victory of our people over
fascists was no longer in doubt, in the Russian
village Klyuchishchi, Knyagininsky District, Gorky
Region. Her father, Ivanov lvan Ivanovich, fought
against fascists until he was seriously wounded
and recognized as a disabled person of the Great
Patriotic War. Her mother, Ivanova Lidiya Ivanov-

Opo6peHa: 21.05.2024

lMpuHAaTa K neyaTn: 05.06.2024

na, as a home front worker, gave all her strength
for our victory. There were three more younger
children in the family. As the eldest, Valentina
Ivanovna took on many responsibilities for the
younger children — she made sure that they were
dressed and shod, fed on time, and did not hurt
each other.

After the birth of the children, the family
moved to Pavlovsk, a suburb of Leningrad, fat-
her worked as a foreman at a construction site,
mother worked two, and sometimes three jobs at
once. Over time, the family was provided with a
comfortable three-room apartment in Pavlovsk,
and all the children studied well at the Pavlovsk
school.

Responsibility for younger children taught
Valentina Ivanovna to be sociable, independent
and make responsible decisions. And so, after
finishing school, without consulting anyone, she
decided to become a pediatrician and submit-
ted documents to the admissions committee of
the Leningrad Pediatric Medical Institute (LPMI),
where, after successfully passing the entrance
exams, she was enrolled in the first year of the
pediatric faculty.

ANNIVERSARIES
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In order to make it to classes, she had to get
up early, take the commuter train to Vitebsk Sta-
tion in any weather, and get to the institute by
public transport. At the institute, as at school,
she had many friends, she was interested in so-
cial and scientific work, but was especially fond
of music and loved to sing — at some point she
even thought about becoming a singer. Howe-
ver, she did not change her future profession and
in 1967 successfully graduated from the univer-
sity, receiving a medical degree in the specialty
“Pediatrics”.

In those years, graduates of higher educatio-
nal institutions were assigned to work according
to the orders of the relevant ministry. Valentina
Ivanovna could have received a job referral in
Leningrad or Pavlovsk, but she preferred the po-
sition of a pediatrician at the Staritskaya Central
District Hospital. There, she quickly earned the
respect of the hospital staff and local residents.
To this day, Valentina lvanovna maintains good
relations with her former colleagues, and many of
them in Staritsa remember her with kind words.
Several years ago, already being chief freelance
children's specialist of the Ministry of health of
Russia in the specialty “Neurology”, she visited
the Staritskaya Hospital where she was warmly
welcomed by the current chief medical officer
and hospital staff.

The frameworks of the doctor's practical work
no longer satisfied Valentina Ivanovna, she wan-
ted to expand her scientific and practical know-
ledge, and this could only be done in the leading
pediatric training and research center. That is
why, after three years of work at the Staritskaya
hospital, Valentina Ivanovna asked the hospital
management to fire her in order to move to Le-
ningrad. They met her halfway, although it is not
every day that you meet doctors who, in 3 years
of work, have earned the gratitude from the Min-
ister of Health of the RSFSR himself with the wor-
ding “For many years of good work in organizing
and providing medical and preventive care to the
population, | express my gratitude."

At LPMI, Valentina lvanovna was first accepted
to the Clinical Hospital of the Institute as a doctor
of the children's emergency department (1970), in
1971 she was transferred to the position of senior
laboratory assistant of the Department of Nervous
Diseases, in 1973 — to the position of doctor of
the Clinic for Nervous Diseases, and in 1978 she
was elected by competition to the position of as-
sistant of the Department of Nervous Diseases.
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In 1979, Valentina Ivanovna married a teacher
of technical university and changed her last name
to Guzeva. Victoria, her first daughter was born in
1982, and a daughter Oksana was born in 1983. At
the same time, Valentina lvanovna did not inter-
rupt her scientific and pedagogical activities with
parental leave, and frequently had lack of sleep,
working even at night. Both daughters graduated
from the pediatric university, became neurolo-
gists, defended doctoral theses and have the title
of professor. Husband, Valentin Vasilyevich Guzev
is a Doctor of technical sciences, Professor.

At the Department, Valentina lvanovna per-
forms not only medical and teaching duties, but
also conducts a large research work in the field
of child neurology. As the result she published in
1983 the dissertation “Epileptic and non-epileptic
paroxysms in young children (clinic, diagnosis and
treatment)”, submitted for the degree of Candi-
date of Medical Sciences in the specialty “Nervous
diseases”. After successfully defending her thesis,
Valentina Ivanovna publishes about 30 scientific
and methodological papers devoted to the deve-
lopment and improvement of diagnostic methods
and therapy for patients with severe neurological
diseases, provides medical assistance and coun-
selling to sick children and their parents, and is
actively engaged in scientific work with students
within the framework of the student scientific so-
ciety.

In 1991, Valentina Ivanovna submitted her
thesis “Paroxysmal disorders of consciousness in
young children (diagnosis and rehabilitation)” for
the academic degree of Doctor of Medical Scien-
ces in the specialties of “Pediatrics” and “Nervous
diseases”, and in 1992 she was approved for the
academic degree of Doctor of Medical Sciences.

In 1993, she was awarded the academic title of
Associate Professor, and in 1994 — the academic
title of Professor in the Department of Nervous
Diseases and Neurosurgery.

In 1993, Valentina Ivanovna was elected head
of the Department of Nervous Diseases and
Neurosurgery, and in 1994 she was appointed
vice-rector for educational and scientific work of
the St. Petersburg State Pediatric Medical Univer-
sity (SPbSPMU). Despite the high administrative
workload, Valentina Ivanovna continued to carry
out teaching and scientific research in the field
of pediatric neurology. During the period 1993-
1994, she published about 160 scientific and edu-
cational and methodical works, supervised interns
and postgraduate students.
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Despite the high administrative workload,
Valentina lvanovna continued to carry pedagogi-
cal load and scientific research in the field of child-
hood neuroscience. Between 1993 and 1994, she
published about 160 scientific and methodologi-
cal works. She also directed interns and graduate
students.

Employees and teachers of the university high-
ly appreciated the activity of Valentina Ivanovna
Guzeva as vice-rector during difficult years for the
country, her attitude to people, honesty and prin-
cipled in solving questions related to the main di-
rections of the university’s work, and in 1999 they
elected her rector. It was necessary to put in order
the leaking roofs, the dilapidated facades of the
university buildings, and to solve other numerous
problems of the university.

Since 2000, Valentina Ivanovna has focused
on the management of the department, solving
scientific problems of child neurology. In addi-
tion to training students of various specialties in
the disciplines of the department, medical and
consultative assistance was provided to patients
with severe neurological diseases, diagnostic and
therapy methods for children with paroxysmal
disorders of consciousness were developed and
improved. The department served as a clinical
and scientific-methodological base for pediatric
neurology for all regions of Russia. Since 2003,
the epilepsy school “Epilepsy: achievements and
hopes” has been permanently operating at the
department.

As part of her teaching activities, Valentina Iva-
novna conducts lectures and practical classes with
students, residents, postgraduates and attending
physicians using modern computer technology,
provides counselling to students on organizing
educational and scientific work to achieve better
results in their studies, as well as long-term con-
sultative and medical assistance to parents of chil-
dren with serious illnesses.

Since 2012, as the chief freelance children's
specialist of the Ministry of health of Russia in the
specialty “Neurology”, she has been carrying out
the assignments and directions of the Ministry of
Health. During this period, the procedure for pro-
viding medical care for children in the specialty
“Neurology” was prepared and approved by the
Ministry of Justice and the Ministry of Health,
healthcare standards for children in the special-
ty “Neurology” and Federal Pediatric Neurology
clinical guidelines were developed, a specialized
commission of chief freelance pediatric neurolo-
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gists was created and is working, meetings of the
chief freelance specialists of the Ministry of Health
of the Russian Federation in pediatric neurology
are held.

Valentina lvanovna is a member of the Cent-
ral Methodical Commission for Neurology of the
Ministry of Health of the Russian Federation,
member of the certification Commission for neu-
rosciences at the Main Health Department of
St. Petersburg, member of the Presidium of the
Russian Society of Neurologists, member of spe-
cialized dissertation Council of Military Medical
Academy named after S. M. Kirov and Chairman
of the dissertation specialized Council of St. Pe-
tersburg Pediatric Medical University in the spe-
cialties “Pediatrics” and “Neurology”, member of
the European League Against Epilepsy, member
of the editorial board of three journals — “Life
with Cerebral Palsy. Problems and Solutions”,
“Pediatrician”, Epilepsy and Paroxysmal Condi-
tions”, and Deputy Editor of the journal “Pediatric
Neurosurgery and Neurology”.

Under the guidance of Valentina Ivanovna,
35 candidate and 4 doctoral theses on current
problems of neurology were defended. She is the
head of a research school in the field of theoreti-
cal development and practical implementation of
the results of scientific research into paroxysmal
conditions in children, conducts scientific work on
the development of new methods of prognosis
and therapy of patients with severe neurological
diseases, in particular, she has developed and im-
plemented into practice scientifically based algo-
rithms for diagnosing epilepsy and non-epileptic
disorders of consciousness in children, created
a modern program of clinical-instrumental-la-
boratory diagnosis and correction of cognitive
impairments in various neurological diseases in
childhood, studied the features of nervous sys-
tem involvement in full-term and premature new-
borns, vascular diseases in children and young
people, etc.

Since 2007, the Baltic Congress on Child Neu-
rology has been organized and held annually un-
der the leadership of Valentina lvanovna, since
2014 — with international participation, in which
about 1000 pediatricians take part, not only neu-
rologists, but also neonatologists, pediatricians,
surgeons, urologists and other medical specia-
lists from various regions of Russia and neighbo-
ring countries. Congress participants share their
achievements and problems, learn about new sci-
entific findings in the field of child neurology; re-

ANNIVERSARIES



ISSN 2221-2582

search schools operate at the congress and train-
ing seminars are held.

Valentina lvanovna gives reports and lectures,
takes part in the discussion and development
of scientific and practical recommendations on
pediatric neurology in various regions of Russia
and abroad.

In the last 5 years alone, she has published 143
scientificand methodological works. Among them
are 21 scientific articles in journals recommended
by the Higher Attestation Commission, 15 educa-
tional and methodological recommendations, the
Federal Child Neurology Guide, published under
her editorship and in which she is the author or
co-author of 28 chapters, 21 chapters in 7 mono-
graphs, 40 reports at 17 Russian congresses and
conferences with international participation on
current issues in neurology. Under her leadership,
five regular Baltic congresses (IX, X, XI, XIlI, XIlI)
were held.

During that period, she conducted studies of
the functional activity of the endocrine system
depending on gender and the form of epilep-
sy in children, developed effective methods for
correcting therapy for children with paroxysmal
disorders of consciousness and a comprehensive
etiopathogenetic approach to the diagnosis and
treatment of children’s epilepsy, substantiated
the concept of personalized therapy for epilepsy
in children. Valentina lvanovna also developed
new techniques for diagnosing, predicting and
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treating the consequences of pediatric traumatic
brain injury, substantiated methods for treating
adult patients with post-traumatic epilepsy de-
pending on nature of injury and duration of hos-
pitalization, identified the diagnostic and prog-
nostic value of the level of antibodies to myelin
basic protein in the blood of children with trau-
matic brain injury, and developed new scientific
research areas, according to which 4 candidate
theses in the specialty “Neurology” were suc-
cessfully defended at the Department over this
period.

The general list of published scientific and
methodological works of Valentina lvanovna con-
tains about 850 titles, including 25 monographs,
an invention patent, 94 articles published in jour-
nals recommended by the Higher Attestation
Commission.

Currently, she is the head of the Department
of Neurology, Neurosurgery and Medical Genetics
of the Federal State Budgetary Educational Insti-
tution of Higher Education “St. Petersburg State
Pediatric Medical University” of the Ministry of
Health of the Russian Federation.

In 1999, Valentina lvanovna was awarded the
Certificate of Honor of the Ministry of Health of
Russia for many years of productive organization-
al, scientific and pedagogical activity, in 2014 —
the medal "For Merit to National Healthcare", in
2017 — the state award "Honored Scientist of the
Russian Federation".
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MPABUNA O1A ABTOPOB

Yme. npukazom pekmopa
®rbOY BO C6IMmY MuHsdpasa Poccuu om 14.05.2024 2.
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HACTOALWUE NPABUJIA 411 ABTOPOB
ABNAIOTCA U3AATE/IbCKMUM IOTOBOPOM

Ycnosua Hactoswero Jorosopa (ganee «Jorosop»)
ABNATCA NyonnyHon odepToi B COOTBETCTBUM C
n.2cr.437 [paxpaHckoro  kogekca  Poccunckonm
QOepepaumu. JaHHbin JoroBop onpeaensaeT B3aMOOTHO-
WeHWA Mexay pepakumen xypHana «Children's Medicine
of the North-West (JeTckaa meguuuHa CeBepo-3anaga)»
(nanee no Tekcty «KypHan»), 3aperncrprvpoBaHHOrO
DepepanbHoli cny»k60i No Hag3opy B chepe CBA3M, UH-
$OPMaLMOHHBIX TEXHOMOIMIA U MAaCCOBBIX KOMMYHUKaLUIA
(POCKOMHAZ3OP), M Ne ®C77-805334 oT 1 mapTa 2021
r., UMeHyemow B JanbHewnwem «Pefakuma» n ABnAoLen-
€A CTPYKTYPHbIM nogpa3sgeneHnem GOrbOY BO CM6rmmy
MwuH3gpaBa Poccnn, n aBTOpomM n/vnm aBTOPCKUM KOS-
NeKTMBOM (M MHbIM NpaBoobagaTenem), MeHyeMbIM
B AaNibHelweM «ABTOP», MPUHABLLUM My6nYHOe npea-
noxeHve (opepTty) o 3aKknoyeHnn Jorosopa.

ABTOp nepepaet Pepgakuuu pgns mspgaHus aBTop-
CKUIA OPUTVIHAN WA PYKOMUCh. YKa3aHHbIN aBTOPCKNIA
OpWrMHan AOJIKEH COOTBETCTBOBaTb TpeboBaHMAM,
yKa3aHHbIM B pasgenax «[lpepctaBneHne pykonucu
B KypHan», «OdopmneHune pykonucu». MNMpu paccmo-
TPEHWW MOJyYEeHHbIX aBTOPCKMX MaTepuranos »KypHan
pykoBogcTByeTcs «EAMHbIMU TpeboBaHUAMN K PYKO-
NUCAM, NpefcTaBnseMbiM B OUOMeAULUHCKUE XKyp-
Hanbl» (Intern. committee of medical journal editors.
Uniform requirements for manuscripts submitted to
biomedical journals. Ann Intern Med. 1997;126:36-47).

B »KypHane neuataioTca paHee He onybnMKOBaH-
Hble paboTbl No Nnpodunto KypHana.

KypHan He paccmaTpuBaeT paboTbl, pe3ynbTaTbl
KOTOPbIX MO 6OJIbLUEN YacTy yKe Oblv ony6MKOBaHbl
WY OMKMCaHbl B CTaTbsX, NPeACTaBAEHHbIX UKW NPUHA-
TbIX ANA Ny6nmKaumm B gpyrue neyaTHble Uim 3NeKTPoH-
Hble CpefcTBa MaccoBol MHbopmauun. MpepcraBnas
CTaTblo, aBTOP BCErAa AO/MKEH CTaBUTb PedaKLuio B 13-
BECTHOCTb 060 BCeX HaMpaBfieHUsAX 3TOW CTaTb B Me-
yaTb U O NMpeabigyLUX Ny6nnKaumax, Kotopble MoryT
paccMaTprBaTbCA Kak MHOMXECTBEHHblE Unu Ayo6nupy-
e nNy6nKaunm Tom e camoi UM oveHb 6IN3KON
paboTbl. ABTOp AOMKEH YyBeJOMUTb pefakLUuio O TOM,
COAEPXUT NN CTaTbA y»Ke onybnnKoBaHHble MaTepua-
Nbl U NPEfOCTaBUTb CCbIIKM Ha MpeablayLLyto, UToobl
[aTb pefakuny BO3MOXKHOCTb MPUHATb PeLleHne, Kak
NOCTyNuTb B AaHHOW cuTyaumun. He npuHumatoTca K ne-

yaTu CTaTbu, NpeacTaBnsaoLWmne cobol oTaeNbHble 3Ta-
MNbl He3aBEePLUEHHbIX UCCIeA0BaHUIA, @ TakXKe CTaTby C
HapyLlueHvem «[paBu 1 HOPM ryMaHHOro obpalyeHmns
C 6006 BEKTAMM UCCTIefOBAHUIAY.

Pa3smelyeHre ny6nmnkaLmini BOSMOXHO TONIbKO MO-
cfle NoJslyYyeHnaA NOSIOXKUTENBHON peLeH3nun.

Bce cTaTbu, B TOM Uncie CTaTbh aCNVPAHTOB U [OK-
TOPaHTOB, Ny6nuKyTCA 6ecnnatHo.

NMPEACTABJIEHUE PYKOMUCKU B X KYPHAN
ABTOPCKMIA  OpWrMHaN MPUHUMAET  pefaKkuus.
MognucaHHaa ABTOPOM PYKOMWCb [OSMKHa OblTb OT-
npaBreHa B agpec pepakunu Mo 3MeKTPOHHONW nouTe
Ha agpec [t2007@inbox.ru, a Takxke yepes canT https://
ojs3.gpmu.org/index.php/childmed. ABTOp gonxeH oT-
NpaBUTb KOHEYHYI BEPCUIO pyKonucu u patb danny
Ha3BaHMe, cocToAwee 13 Gamunun NepBoro aBTopa U
nepBbiX 2-3 COKPALLEHHbIX CJIOB M3 Ha3BaHWA CTaTby.
NHpopmauuo 06 opopmMIEHNN MOXKHO YTOUHWUTbL Ha
cawte http://ojs3.gpmu.org/index.php/childmed/index.

COMNMPOBOAUTEJIbHbIE AOKYMEHTDI

K aBTOpCKOMY OpUrmHany Heob6xoarmMo NPUIoKNTb
3KCMepTHOE 3aK/lyYeHne 0 BO3MOXKHOCTY Ony6nnKo-
BaHVA B OTKPbITOM neyatn (bnaHK MOXHO ckayaTb Ha
canTe https://gpmu.org/science/pediatrics-magazine/
Chiidmed).

Pykonucb cumtaetca noctynuBlwen B Pepakuuio,
eCcnn OHa npeAacTaBieHa KOMMAEKTHO U odopmne-
Ha B COOTBETCTBUM C OMUCAHHbIMU TpeboBaHUAMMU.
MpenBapuTeNibHOE PacCMOTPEHKE PYKOMNCH, HE 3aKa-
3aHHoW Pepakuuen, He aBnaeTcsa GaKTOM 3aKJoUYeHNs
MeXy CTopoHaMu nsgatenbckoro [lorosopa.

Ona nyénukauun B KypHane HeobxoAMMo npepo-
CTaBUTb PYKOMWCb U HamnpasieHue Ha nybnukaumio ot
yUpexaeHus C paspeLleHnem Ha nybnmkaLlmnio B OTKpbI-
TOW nevatu.

ABTOPCKOE NPABO

Pepakuuma oTbrpaeT, rotoBUT K Nybnvkaumm n ny6-
NNKYeT nepefaHHble ABTopamm MaTepuanbl. ABTOp-
CKOe MpaBO Ha KOHKPETHY CTaTbl MPUHAOJIEXUT
aBTOpam CTaTbu. ABTOPCKMIA FOHOpap 3a nybnukauuu
cTaten B PKypHarne He BbinnaymsaeTca. ABTOp nepepga-
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eT, a Pefjakuua nprvHMMaeT aBTOpPCKMe MaTepuranbl Ha

cnenyoLmX yCIOBUAX:

1) Pepakuwmm nepenaetcs npaBo Ha odopmieHre, U3ga-
Hue, nepepauy *KypHana c onybankoBaHHbIM MaTepu-
anom ABTopa AnA uenen pepepupoBaHus cTaten 13
Hero B PedepaTtBHOM XypHane BUHUTW, PHAL n
6a3ax faHHbIX, pacnpocTpaHeHve MypHana/aBTop-
CKMX MaTepranioB B NEYaTHbIX U INIEKTPOHHbIX W3-
[aHunAX, BKNoYasa pa3melleHe Ha BbIOpaHHbIX 6o
co3faHHbIX Pepakuynen cantax B cetn NHTepHeT B
Lenax JocTyna K nybnmkauum B UHTEPAKTVBHOM pe-
XVMe Mob0ro 3arHTepeCcoBaHHOO LA U3 N06Oro
MecTa 1 B lloboe Bpems, a TakxKe Ha pacnpocTpaHe-
Hue MypHana ¢ ony6nnKoBaHHbIM MaTepuanom AB-
TOpa No NOANUCKe;

2) TeppuTOpMA, HA KOTOPOW pa3peLlaeTca NCNosb30-
BaTb aBTOpPCKuMiA maTepuan, — Poccuiickaa QOepe-
pauua un ceTb VIHTepHeT;

3) cpok pencteua JoroBopa — 5 nert. o ncreueHum
yKa3aHHOro cpoka Peflakuus octaBnisieT 3a coboi,
a ABTop noaTeepxpaaeT beccpoyHoe npaso Pepak-
LUUN Ha NPOAJOJIKEHUEe pa3MeLleHUs aBTOPCKOro
matepuana B cetn VIHTepHerT;

4) Pepakuus BrpaBe MO CBOEMY YCMOTpeHuto 6e3
Kaknx-nmbo cornacoBaHunin ¢ ABTOPOM 3aKnioyaTb
[lOroBOpPbI 1 COrnalleHns ¢ TPeTbUMM NNLamMu, Ha-
npaBfieHHble Ha JOMOJHUTENbHbIE Mepbl MO 3aLK-
Te aBTOPCKUX 1 N3JaTeNbCKUX Npas;

5) ABTOp rapaHTUpyeT, YTO 1Cnosnb3oBaHne Pegakunen
npeLoCTaBIEHHOrO UM MO HacTosALeMy [loroBopy aB-
TOPCKOro MaTepuarna He HapyLUUT NpaB TPeTbUX NNLL;

6) ABTOp OcCTaBnsAeT 3a co6oN NpaBo UCMOMb30BaTb
npefocTaBNieHHbI MO HacToAwemy [loroBopy aB-
TOPCKWI MaTepuran camoCcToATeNbHO, NepefaBaTtb
npasa Ha Hero No JOroBOpy TPETbUM NLaM, eCnu
3TO He NPOTMBOPEYUNT HacToAwwemy [loroBopy;

7) Pepakuma npepocTaBnsetr ABTOPY BO3MOXKHOCTb
6e3B03ME3HOr0 MOyYeHUs CNPaBKU C INEKTPOH-
HbIMU agpecamu ero oduLmanbHON Nyo6MKauum B
cetn VIHTepHeT;

8) npwv nepenevyaTtKke CTaTbh WKW €€ YacTW CCbIfKa Ha
nepsyto nybnukauuio B *KypHarne obsa3saTtenbHa.

NMOPAAOK 3AKJIIOYEHNA AOTOBOPA
N U3MEHEHWA EFr0 YCJIOBUN

3akntoueHnem [JoroBopa co CTOpOHbl Pegakuun Aens-
eTcA onybnnKkoBaHye pyKonucy faHHoro ABTopa B Xyp-
Hane «Children’s Medicine of the North-West» 1 pasmeLlue-
Hue ero TeKkcTa B ceTu MIHTepHeT. 3akntoueHrem [loroBopa
CO CTOPOHbI ABTOPA, T. €. MOSIHbIM U 6E30rOBOPOYHbIM
npuHATEM ABTOPOM ycnoBuii [loroBopa, ABNAeTCA nepe-
Zlauya ABTOPOM PYKOMMCY 1 SKCNEPTHOTO 3aKIOUeHUs.

O®OPMJNEHUE PYKOMMUCH
Pepakuus xypHana npyBeTCTBYET NOSHOCTbIO ABY-
A3blYHble CTATbW.
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CtaTtba gomkHa nmeTb (HA PYCCKOM U AHITUIA-
CKOM fA3bIKAX):
1. 3arnaBue (Title) nonkHO 6bITb KPaTKUM (He 6onee
120 3HAKOB), TOYHO OTPaXKalLUM cofepx aHue cTaTbu.
2. CBepeHuA 06 aBTOpax (NyonukyTcs). [nsa Kax-
[lOro aBTopa yKasblBaloTcA: GaMunms, UMA U OTYECTBO,
yueHas cTeneHb, MecTo PaboTbl, NOYTOBbIN agpec MecTa
paboTbl, e-mail, ORCID, SPIN-kog. ®amunuu aBTopoB
peKOMeHyeTCs TPAHCINTEPUPOBATb TakK Xe, KaK B npe-
Oblgywmx nybnukaumax unm no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.
3.Pe3some (Abstrsct) (1500-2000 3HakoB, unu
200-250 cnoB) nomewatoT nepeq TeKCTOM CTaTbu. Pe-
3l0Me He TpebyeTca Npu Ny6nnKauum peLeHsnii, otye-
TOB O KOHbepeHUUAxX, HPOPMALIMOHHbIX MNCEM.
ABTOpCKOE pe3tome K CTaTbe ABMAETCA OCHOBHbBIM UC-
TOUYHVKOM MHGOPMaLIV B OTEUECTBEHHDIX U 3apyOeXKHbIX
NHGOPMALIMOHHDBIX CUCTEMAX 1 6a3ax faHHbIX, UHAEKCU-
pylowyx »KypHas. Pestlome AOCTYMHO Ha caiiTe »ypHana
«Children’s Medicine of the North-West» n nhgekcmpyetca
CeTeBbIMY MOVCKOBBIMU CUCTEMaMI. VI3 aHHOTaLMN [OSK-
Ha ObITb MOHATHA CyTb UCCNEAOBaHNA, HY»KHO NN obpa-
LaTbCA K MOTHOMY TEKCTY CTaTby AJ1s NoslyyeHus 6onee
noapobHoW, NHTepecyoLlel ero nHpopmaumu. Pestome
[OMMKHO M3naraTb TONbKO CyLLecTBeHHbIe $aKTbl paboTbl.
PekomeHfyemas  CTpyKTypa pesioMe:  BBefeHue
(Introduction), uenn n 3agaun (Purposes and tasks), mate-
pvanbl 1 metogbl (Materials and methods), pe3ynbratbl
(Results), BbiBogp! (Conclusion). Mpeamer, Temy, Lenb pa-
60Tbl HY)KHO YKa3blBaTb, €C/IN OHW He ACHbI 13 3ariaBuA
CTaTbV;; METOA WM METOLONOTNI0 MPOBefeHVs PaboTbl
LieNiecoobpasHoO ONMCbIBaTb, I OHU OT/INYAIOTCS HOBU3-
HOW 1N NPefCTaBNAT UHTEPEC C TOYKMN 3PeHNA JaHHON
paboTbl. O6beM TEKCTa aBTOPCKOro pestoMe onpeaenseTca
copepkaHviem nybnmkauuy (06bemom CBeAEHNIA, X Hayy-
HOW LIEHHOCTbBIO /NN MPAKTUYECKUM 3HAYeHNeM) 1 [OT-
KeH 6bITb B npeaenax 200-250 cnos (1500-2000 3HaKoB).
4. KnmoueBble cnoBa (Keywords) ot 3 go 10 knio-
UeBbIX C/I0OB WN C/TIOBOCOYETAHUN, KoTopble OymyT
CNnocobCcTBOBaTb MPABUIIBHOMY MEPeKPeCTHOMY WH-
[EeKCMPOBAHUIO CTaTblM, MOMELLAIOTCA MOJ pestome C
NnoA3aronoBKOM «KJlloueBble ciioBax. [lpegnoytuTenb-
HO MCMONb30BaTb K/lOUEBbIE CIOBOCOYETAHMUA U3 2-4
CN10B, Hanbonee TOUHO OTpaKaLMX Temy cTaTbu. Mc-
Nnonb3ynTe TEPMUHbI U3 CMMCKa MeAULUHCKUX npes-
MeTHbIX 3aronoBkoB (Medical Subject Headings), npwu-
BefieHHoro B Index Medicus (ecnn B 3TOM Cnncke ewle
OTCYTCTBYIOT nogxogswme obo3HaueHus Ons HefaBHO
BBeZIeHHbIX TEPMUHOB, MoAbepuTe Hanbonee 6Nn3KKe 13
nmetoLmxca). KnioueBble ClioBa pa3aensioTcs 3anaTon.
5.3aronoBKu Tabnuu, NognuCKM K pUCyHKaMm, a
TaKXe BCe TEKCTbl Ha PUCYHKaX 1 B Tabnuuax JOMXKHbI
OblTb Ha PYCCKOM M aHTINACKOM A3bIKaX.

NHOOPMALIMA
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6. CoKpalleHun, Kpome oOLeynoTpebuTesbHbIX,
cnepyet nsberatb. COKpalleHysA B Ha3BaHUM CTaTby, Ha-
3BaHUAX Tabnuu 1 PUCYHKOB, B BbIBOJAX HeOMYCTUMbI.
Ecnv a66peBmaTypbl UCMOSb3YHOTCA, TO BCE OHU JOSIXKHbI
6bITb paclIPPOBaHbI MOIHOCTBIO MPY NMEPBOM UX YMO-
MUHaHWKM B TeKcTe (Hanpumep: «Hapagy ¢ AaHHbIMU O
POH (pe3ngyanbHO-OpraHNM4eckon HeaoCTaTOYHOCTM),
obycnosnuBatowen passutue NKC (runepkmHeTYecKo-
ro CMHAPOMa), paclIMpeH AMana3oH NcciefoBaHui no
SHAOrEeHHOWN NPVPOAE AaHHOTO CUHAPOMAY.

7.Mpwv npeactasneHumn pykonucy B KypHan ABTo-
pbl HECYT OTBETCTBEHHOCTb 3a pacKpblTue cBoux pu-
HAHCOBbIX U APYruX KOHOAUKTHbIX UHTEPECOB, Cro-
COOGHbIX OKa3aTb BAMAHME Ha nx paboty. B pykonucu
LOMKHbI OblTb YNOMAHYTHI BCE NULA U OpraHu3aumm,
OKa3aBlure GpMHAHCOBYIO MoAAePXKY (B BUAe rpaHTOB,
060opyfoBaHMsA, NeKapCTB MM BCEFO 3TOro BMeCTe), a
TakxXKe apyroe G1MHaAHCOBOE UMK INYHOE yyacTue.

B KOHUe Kax[ow cTaTbu 06A3aTeNibHO YKa3blBatoT-
CA BKNaJ aBTOPOB B HanmcaHve ctatby, UCTOYHUKY G-
HaHCUPOBAHKA (eC/IV UMEITCSA), OTCYTCTBME KOHONNK-
Ta UHTEPeCOoB, Hannyre cornacusa Ha nybénukaymio co
CTOPOHbI NauueHToB. [JaHHaa MHPoOpMaUUA LOMKHA
ObITb NepeBefeHa Ha aHTINNCKNI A3bIK.

8.Jlntepartypa (References). Cnucok nwutepatypbl
[OMKeH npefcTaBnATb MNonHoe 6ubnuorpaduyeckoe
onucaHve UMTUpyemMblx pabot B cootBeTcTBUM ¢ NLM
(National Library of Medicine) Author A.A., Author B.B.,
Author C.C. Title of article. Title of Journal. 2021;10(2):49-
53. ®amunun n nHMLUManbl aBTOPOB B NPUCTAaTENHOM CMK-
CKe NpuBOJATCA B nopAAKe ynoMuHawus (1, 2, 3 nt.g.).
B onucaHmmn yka3biBatotca BCE aBTopbl nybnvkauum. bu-
6nvorpaduyeckme CCbifk B TEKCTE CTaTbW JatoTcs und-
poli B KBagpaTHbIX ckobKkax. CCbIKN Ha HeonybnnKoBaH-
Hble PaboTbl He oMy CKaloTCH.

KHuaa:

lOpbes B.K., Mouceesa K.E., nyweHko B.A. OcHoBbI
06LecTBEHHOro 310POBbA 1 34PaBoOXpaHeHA. Yueb-
HuK. CM16.: CnewJlnT; 2019.

Hukundopos O.H., pen. CaHkr-lMeTepbypr B 2021
rogy. Cl6.: MetpocTart; 2022.

nasa u3 kHuau:

Tytenban B.A., Hukutiok [.b., WapadetanHos X.X.
3n0poBOe MMTaHMe — OCHOBa 340poBoro obpasa
XKU3HU 1 NPOPUNAKTUKN XPOHMNUYECKNX HENHEKLNOH-
HblX 3a6oneBaHuNi. B KH.: 310pOBbe MONOAEKN: HOBblE
BbI30Bbl U nepcnekTusbl. T. 3. M.; 2019: 203-227.

Cmames u3 xypHana:

KapcaHoB A.M., MonyHnHa H.B., lornuaes T.K. bes-
OMaCHOCTb NaLMeHTOB B Xxnpyprun. Yactb 2: Nporpamma
MeHeXKMeHTa KauecTBa X1pypruyeckoro neyeHms. Me-
AVLMHCKMne TexHonornm.OueHkanebi6op.2019;1(35):56—
65.DO0I: 10.31556/2219-0678.2019.35.1.056-065.
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Te3uckl 00K1a008, MaMepUasibl Hay4YHbIX KOHepeHYUU:

Mapkosckaa W.H., 3aBbanosa A.H. KysHeuosa tO.B.
MUWKpPOGHDBIV Me3a)k MauneHTa NepPBOro rofa XM3sHu C
ancarven, pnutenbHo HaxopAaweroca B OPUT. XXX Kok-
rpecc AeTCKUX racTposHTeponoroB Poccum mn ctpan CHI:
Te3. nokn. M.; 2023: 29-31.

Canos MN.A., MapnHywkuH [I.H. AKyluepcKkas TakTu-
Ka Mpw BHYTpMyTpoOGHOW rmbenn nnoga. B kH.: MaTte-
puanbl IV Poccuinckoro popyma «Matb u guts». Y. 1.
M.; 2000; 516-519.

Asmopegpepamei:

Asunos A.l0. [deBnaumn nonoponeBon naeHTuu-
HOCTM MY>XUUH C YMCTBEHHOW OTCTanoCTbi0 B YCHO-
BMAX MCUXOHEBPOSIOrMUYECKOro UHTepHaTa. ABToped.
OWC. ... KaHd. ncuxon. Hayk. CM16.; 2021.

OnucaHue uHmepHem-pecypca:

EctecTtBeHHOe aBMKeHMe HaceneHuA. Mocksa: Poc-
ctat. JoctyneH no: https://rosstat.gov.ru/folder/12781
(nata obpaweHuna: 23.10.2023).

[nAa Bcex ctateil Heo6xoAMMO yKasbiBaTb WH-
Aekc DOl B KoHue 6ub6nuorpadpunyeckoro onuca-
HuA, a TakKe EDN npu ero Hanunuum.

MNpumepsi:

CaTtrapos A.3., KapenuHa H.P. OcobeHHoCTU pocTo-
BbIX MPOLECCOB Yy MaJIbUMKOB N IOHOLLIEN PasfiuHbIX
NPOMNOPUNIA 1N TENOCSIOXKEHUS, NMPOXKMNBAIOLKX B 10XK-
Hol 4yactu KblprbidctaHa. MNMeguatp. 2018;9(5):47-52.
DOI: 10.17816/PED9547-52 EDN: YRAEPZ.

Voropaeva E.E., Khaidukova Yu.V., Kazachkova E.A,, et
al. Perinatal outcomes and morphological examination
of placentas in pregnant women with critical lung lesions
in new COVID-19 coronavirus infection. Ural Medical
Journal. 2023;22(2):109-121. DOI: 10.52420/2071-5943-
2023-22-2-109-121 EDN: CXRCMN. (In Russian).

MepeBoa n TpaHcnnTepaymna

B 3aBucMmocCTU OT cuTyauumun cnegyeT nmbo npoBo-
OVTb TpaHcMTepauno (nMcaTb UCXOAHbIE HeaHrnoA-
3blYHble c/ioBa HyKkBaMu pOMaHCKoro andasmTa), nm6o
yKa3blBaTb NePEBOJ, HEAHNOA3bIYHON NHbOPMALK O
nepBoncToyHMKax B References.

Ecnn untpyemas ctatba HanvcaHa Ha naTuHULEe
(Ha aHrMMNCKOM, HEMELKOM, WCMaHCKOM, WTasbsH-
CKOM, GMHCKOM, AaTCKOM 1 APYruX A3blKax, UCMOsb3y-
IOLMX POMAHCKMUA andaBuT), CCbIIKY Ha Hee cnepyet
NPUBECTU Ha OPUTMHANbHOM fA3blKe ONMy6NNKOBaHWA 1
B U cnucke nutepatypsbl, u B References. Mpumep (cTa-
TbA B HOPBEXKCKOM XKYpPHaJie Ha HOPBEXCKOM f3blKe):

Ellingsen AE, Wilhelmsen I. Sykdomsangst blant
medisinog jusstudenter. Tidsskr Nor Laegeforen.
2002;122(8):785-787. (In Norwegian).

Ecnn ctatha HanmcaHa He Ha naTuHuue (Ha Ku-
punnuue, B TOM UYiCie Ha PYCCKOM), HYXKHO MpUBeCTr
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oduLManbHbIN NepeBof UN BbINMOHUTb TPAHCUTEPA-
LMo B POMaHCKUI andasut. Ona KHAT Heob6xoanmo B
3TOM ClyyYae NPMBECTM TPaHCIMTepaL Mo Ha NaTUHNULLY.
B KOHLIe onuncaHusi B CKOOKax YKa3aTb A3bIK M3AaHWsA.
Ccbinka Ha NCTOYHKK NTepaTypbl B References mo-
XeT COCTOATb OHOBPEMEHHO 1 U3 TPAaHCITepUPOBaH-
HbIX 3nemeHTOB (Hanpumep, VO aBTOPOB, Ha3BaHMWA
XKYPHanoB), 1 U3 NepeBOAHbIX (Ha3BaHVe NybanKauun).
CraHpapT TpaHcmTtepauuu. [lpy TpaHUIK-
Tepauum pekoMeHAyeTCs WCMNOoNb30BaTb CTaHZapT
BSI (British Standard Institute, UK). Ona tpaHcnute-
pauum TekcTa B COOTBETCTBMM CO cTaHgapTtom BSI
MOHO BOCMONb30BaTbCA cCbUiKon http://ru.translit.
ru/?account=bsi.
®OUNO aBTOpOB, pepakTopoB. PaMunIMn 1 UHULK-
anbl BCEX aBTOPOB Ha naTuvHMLE cnefyeT npuBoanTb B
CCblIKe TaK, Kak OHM AaHbl B OPUrMHanbHOW nybnunka-
umun. Ecnn B opuruHanbHol nybnukaumm yxe obinm npu-
BeAeHbl Ha naTuHuLe OO aBTOPOB, B CCbIfIKe Ha CTaTbio
cnefyet yKa3blBaTb MMEHHO 3TOT BapMaHT (He3aBUCUMO
OT MCMOJIb30BaHHOW CUCTEMbI TPaHCIUTePaLL B NepBo-
NCcTouHMKe). Ecnv B odurLmanbHbIX MCTOUYHMKaX (Ha canTe
XKypHana, B 6a3ax AaHHbIx, B Tom umcsie B eLIBRARY) MO
ABTOPOB Ha NTATUHKILIE He MPVBeAEHbI, CneflyeT TpaHCIu-
TeprpOoBaTh NX CAMOCTOATENIbHO MO CTaHZapTy BSI.
HasBaHue ny6nukauyum. Ecnv y uutmnpyemon pabo-
Tbl CywwecTByeT oduLManbHbIV NepeBos Ha aHMNNCKNIA
A3bIK UW aHMI0A3bIYHbIN BapyaHT Ha3BaHuA (ero cne-
JyeT UCKaTb Ha caliTe »KypHana, B 6a3ax aHHblX, B TOM
uncne B eLIBRARY), cnegyet ykasaTb MMmeHHO ero. Ecnu
B odurLMaNbHbIX UCTOYHUKAX HAa3BaHUe Ny6nvKaumm Ha
NaTVHULLE He NPUBEAEHO, ClIeAyeT BbINOHUTD TPAHCIN-
Tepauuio B pomMaHcKuii andaBuT no ctaHaapTy BSI.
HasBaHue nsgaHna ()KypHana). Hekotopble He aH-
rNoA3blYHbIE HAYYHblE U3AaHUA (KypPHasibl) UMEIOT KpoMe
Ha3BaHWA Ha POHOM Ai3blke oduLMaNbHOE «napasesb-
HOe» Ha3BaHMe Ha aHrNCKOM (Hanpumep, Y »KypHana
«CaxapHblii grnabeT» ecTb oPpuLManbHOE aHMNOA3bIYHOE
Ha3BaHue «Diabetes Mellitus»). Takum obpazom, ana cnu-
cka References B ccblike Ha CTaTbio U3 PYCCKOA3bIYHOTO
XKypHana crneflyeT ykasaTb NMbo TpaHCIMTepUpOBaH-
Hoe Ha3BaHWe ypHana, 1mbo nepesogHoe. lNepeso-
[JHOe Ha3BaHVe >KypHana MOXXHO B3ATb JIMO6O C opuLm-
anbHOro cainTa »KypHana (Mnv 1cnonb3oBaTthb JaHHble O
NPaBUIbHOM HamnMCaHUM aHINOA3bIYHOMO Ha3BaHUA U3
LUMTUPYEMON CTaTbK), MO0 NPOBEPUTbL €ro Hanuuve B
6a3e gaHHbIX, Hanpumep B CAS Source Index, 6ubnmo-
Teke WorldCat nnn katanore Web of Science (IS), kata-
nore Ha3BaHWi 6a3bl AaHHbIX MedLine (NLM Catalog). B
cnlydae, Korfa y »KypHana HeT oduumanbHOro Ha3saHua
Ha aHrNINCKOM fA3bike, B References Hy»HO NpuBoguTbL
TpaHcnmTepayuto no cucteme BSI. He cnepyet camocto-
ATENIbHO NEePEBOANTL HAa3BaHMA XYPHAOB.
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Mecto nsgaHua. Mecto n3gaHMA B CCbUIKax BCer-
[a cnefyeT yKa3blBaTb Ha aHIIMACKOM A3blKe 1 MOJIHO-
CTblo — He B TpaHcuTepauun 1 6e3 cokpalleHuin. To
ectb Moscow, a He «Moskva» 1 He «M.:», Saint Petersburg,
a He «Sankt Peterburg» n He «SPb».

HasBaHune nspatenbcrBa/mspatena. B otinumve
OT MecTa U3faHuA, Ha3BaHVe M3[aTeNnbCcTBa AA CCbl-
nok B References cnegyeT TONbKO TPaHCIUTEPUPOBATh
(3a ncknoyeHnem KpalHe pefKnx criyyaeB Hannuma y
nsgartens napannefnbHoro odurLManbHOro aHroA3bIY-
HOro Ha3BaHwuA).

Mpumepbl nepeBofa PYCCKOA3bIYHbIX WCTOUHU-
KOB NIUTepaTypbl ANA aHrnoA3blYHOro 610Ka cTaTbu.

KHuea:

Yuriev V.K.,, Moiseeva K.E., Glushchenko V.A. Fun-
damentals of public health and healthcare. Textbook.
Saint Petersburg: SpetsLit; 2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint
Petersburg: Petrostat; 2022. (In Russian).
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OTBETCTBEHHOCTb 3A MPABWJIbHOCTb BWU-
BJINOTPAOUYECKMX AAHHbBIX HECET ABTOP.

OcTanbHble MaTepuasbl NpefoCcTaBAATCA MO0 Ha
PYCcCKOM, MO0 Ha aHMNIACKOM fA3bike, NGO Ha 0boux
A3blKax Mo eNlaHuto.

CTPYKTYPA OCHOBHOI'O TEKCTA CTATbU

BBeneHve, n3noxeHrne OCHOBHOrO maTtepuana, 3a-
KoyeHne, nutepatypa. [na opurnHanbHbIX nccnemo-
BaHWA — BBeAeHMe, MeToAVKa, pe3ynbTaTbl nccnego-
BaHUs, 006CyeHne pe3ynbTaTos, nutepaTtypa (IMRAD).

B pa3gene «meTofnka» 06s3aTeIbHO yKa3blBalOTCA
cBefleHMs O CTaTUCTMYecKon obpaboTke sKCnepuUMeH-
TanbHOro WAN KNNHMYeCKoro matepuana. EguHmubl ns-
MepeHunAa JalTcA B COOTBETCTBUM C MexayHapoaHom
cnctemont eguHuy — CU. GaMmunmm MHOCTPAHHBIX aB-
TOPOB, UMTUPYeMble B TEKCTE PYKOMMUCK, NMPUBOAATCA
B OPUIMHaNbHOM TPaHCKPUMNLMN.

06bem pykonuceia.

O6bem pykonucu o630pa He OOMKeH MpeBbIaTh
25 cTp. MalWMHOMNMNCHOrO TeKCTa Yepes ABa MHTepBa-
na, 12 kernem (BKnoyaa Tabnuubl, CNUCOK nuTepaTy-
pbl, MOANUCK K PUCYHKaM M pPe3loMe Ha aHTINNCKOM
A3blKe), NoNnA He MeHee 25 MM. HymepyinTe cTpaHuubl
nocnefoBaTefibHO, HauMHasA ¢ TUTynbHo. O6bem py-
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KOMUCKU CTaTbW IKCMEPVMEHTASNIbHOTO XapaKTepa He
OOJIKeH rnpesblwaTtb 15 cTp. MaWVHOMNNUCHOrO TEKCTa;
KpaTKkux coobuleHni (nucem B pepakuuio) — 7 cTp.;
OTUYETOB O KOHpEPEHUUSX — 3 CTP.; PELIeH3IA Ha KHU-
mm — 3 cTp. icnonb3yinte KONOHTUTYN — COKpaLleH-
HbI1 3arofI0BOK M HYMepauuio CTpaHuL, Ans nomelle-
HUA BBEPXY WU BHU3Y BCEX CTPAHWL, CTaTbU.

UnnocTtpayum u Tabauubl. Yncno pucyHKoB
pekomeHayeTcss He 6Gornee 5. Brnognucax nop pwu-
CyHKaMMN [OSIXHbl ObITb cAenaHbl 06bACHEHUs 3Ha-
YeHWUn BCex KpwuBblX, OyKB, LMbp M Npoumx ycros-
HbIXx 0603HaueHuin. Bce rpadbl B Tabnuuax OOMKHbI
UMeTb 3arosioBku. MOBTOPATb OAHM U Te e f[aH-
Hble B TEKCTe, HAa PUCYHKax M B Tabnuuax He cne-
nyeT. Bce Hagnucn Ha pucyHKax m B Tabnuuax-
NPUBOAATCA Ha PYCCKOM UM AQHMMUNCKOM A3blKax.
PucyHKu, cxembl, poTorpadum JomKHbI ObITb NpeacTaB-
neHbl B ToUeUHbIx popmartax tif, bmp (300-600 dpi), nunu
B BEKTOpHbIX popmatax pdf, ai, eps, cdr. Mpu odopmne-
HUN TpadUUeCcKNX MaTepUanoB yuynTbiBaliTe pasmepbl
neyatHoro nons KypHana (WvprHa unaocTpauumn B
OfHY KONOHKY — 90 MM, B 2 — 180 mm). Macwitab 1:1.

B KoHUe Kakpgow cTaTby 06A3aTeNlbHO YKa3blBaloTCA
BKJIa[} aBTOPOB B HaMMCaHUe CTaTbW, UCTOYHUKM GUHAH-
CUPOBaHVA (€N MMEIOTCS), OTCYTCTBUE KOHQMKTA UH-
TepecoB, Hanmyme cornacua Ha NyoamnKaLuo co CTOPOHbI
naLneHTOoB.

PELLEH3UPOBAHUE

CraTbu, MOCTynvBLUME B pefakumio, 06A3aTebHO pe-
ueH3snpytotca. Ecm y peleHseHTa BO3HMKaOT BOMPOCH,
TO CTaTbA C KOMMEHTapPUAMM pPeLieH3eHTa BO3BpalLaeTca
Astopy. [JaToln nocTynneHua CTaTbu CYMTaeTCA daTta no-
nyyeHns Pepakuveln oKoOHYaTeNbHOro BapuaHTa CTaTbu.
Pepakupma octaBndaeT 3a coboli NpaBo BHeCEHWA pefakTop-
CKVX M3MEHEHUIN B TEKCT, HE NCKaXKaloLLWX CMbICTa CTaTby
(nuTepaTypHasa 1 TexHonornyeckasa npaska).

ABTOPCKUE 3K3EMIIAPDBI XKYPHAJIA

Penakuusa ob6s3yetcs BbigaTb ABTOpy 1 3K3emnasp
KypHana Ha Kaxayto onybrnmKoBaHHY0 CTaTbio BHe 3a-
BMCMMOCTM OT YMC/Ia aBTOPOB. ABTOPbI, NPOKMBatoLLMe
B CaHkT-TleTepOypre, NonyyaoT aBTOPCKUI IK3EMMISP
MypHana HenocpeacTBeHHO B Pegakumn. HoropogHnm
ABTOpam aBTOPCKMI 3K3emnnAap MKypHana BbiCbinaeTca
Ha agpec aBTopa Mo 3anpocy OT aBTOpa. JK3eMMAApbI
CneuBbINYCKOB He OTNPaBJIAIOTCA aBTOPaM.

AOPEC PEOAKLUN
194100, CaHkT-TNeTepbypr, JIntosckas yn., 2
e-mail: [t2007@inbox.ru.
Cant XypHana: http://ojs3.gpmu.org/index.php/
childmed/index.
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