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Abstract

Meta-analysis is one of the concepts of scientific methodology, and is a frequent but optional component of systematic
reviews of empirical research. It joins the results of several scientific studies and tests one or more interrelated scientific
hypotheses using quantitative (statistical) methods. This analysis can either use primary data from the original studies or
published (secondary) results of studies dealing with the same problem. Meta-analysis is used to obtain an estimate of the
magnitude of an unknown effect, and compare the results of different studies, identifying patterns or other relationships in
them, as well as possible sources of disagreement. Meta-analyses are the highest level of credibility within evidence-based
medicine (EBM), so meta-analysis results are considered as the most reliable source of evidence. Understanding all the
procedures of a meta-analysis will allow researchers to analyze the results of such studies correctly, as well as formulate
tasks when conducting meta-analyses on their own. In this article the reader will be introduced to key concepts such as
weighted effects, heterogeneity, the different types of statistical models used, and how to work with some of the types of plots
produced in meta-analyses.
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Bba3oBble acnekTbl MeTa-aHanu3a. Yactb 1

A.10. Cysopos, U.B. Jlarymkuna™, K.A. I'yasiea, H.M. Byaanos, M.IO. Hagunckasi,
A.A. 3aukuH
@I'AOY BO «llepssiii Mockosckuii cocyoapcmeeniblii meouyunckui ynugsepcumem um. U.M. Ceuenosar
Mun3zopaea Poccuu (Ceuenosckuii Ynusepcumem)
ya. Tpybeykas, 0. 8, cmp. 2, e. Mockea, 119991, Poccus

AHHOTaumsa

MeTa-aHanu3 — OAHO W3 NOHSATIN Hay4HOI MeTogonorMu. OH SBNSIETCS YaCTbIM, HO He 06513aTeNbHbIM KOMMOHEHTOM CHCTe-
MaT4yeckoro 063opa SMNUPUYECKUX MCCNEAOBaHNNA. [ins npoBeAeHNs MeTa-aHann3a 00beanHSIIOTCS pesynbTaThl HECKOIb-
KMX Hay4HbIX UCCNefoBaHMiA U OCYLLECTBNSETCS NPOBEPKA OAHON UMM HECKONBKMX B3aUMOCBS3aHHbIX HAYYHbIX rMnoTes
NPy NOMOLLM KONMYECTBEHHBIX (CTATUCTUYECKMX) METOAOB. [11151 TaKOro aHann3a MOXHO MCMOMb30BaTh B0 NepBUYHbIE
[aHHbIE OpUTMHANbHBIX UCCNeaoBaHuiA, NMbo 0606LLeHHbIE OnyBMKOBaHHbIe (BTOPWUYHbIE) pe3ynbTaTbl CCNEea0BaHNN,
MOCBSLLEHHbIE OfHOV Npobneme. MeTa-aHann3 1cnonb3yeTcs Ans NOMyYeHs OLEHKW BENMYMHBI HEN3BECTHOTO adhdhekTa,
a TakxKe 15 CPaBHEHWS Pe3ynbTaToB Pa3NnYHbIX UCCNELOBAHMIA, BbISBNSET B HUX 3aKOHOMEPHOCTU WM Opyriie B3auMo-
CBS131, @ TaKKe BO3MOXHbIE UCTOMHUKI pasHornacuini. MeTa-aHanmsbl 3aHUMaIOT BbICLLYH CTyMeHb AOCTOBEPHOCTMW B KOH-
Lenyum 4okasaTenbHON MeauLMHbI, MO3TOMY UX Pe3ynbTaTbl CYUTATCS CaMbIM HALEXHbIM UCTOYHUKOM AOKA3aTeNbCTB.
lMoHMMaHWe Bcex 3TanoB NPOBEAEHUS MeTa-aHanu3a no3BoUT Hay4YHbIM COTPYAHMKAM rPaMOTHO aHann3npoBaTh Pe3syrb-
TaThbl TAKUX MCCMENOBAHNNA, a Takke (hOpMynMpoBaTh 3aaa4v Npu CaMmoCTOSTENIBHOM NPOBEAEHUN MeTa-aHann3oB. B Ha-
CTOSILLEN CTaTbe YMTaTENb NO3HAKOMUTCS C TAKUMM KIHOYEBLIMA NMOHATUSIMU METa-aHanmaa, kak B3BELUEHHbIE S deKTbI,
reTeporeHHOCTb, Pa3nnyHble TUMbI UCMOMNb3YEMbIX CTATUCTUYECKUX MOZEMEN, a TakKe HayuuTcs paboTtaTb C HEKOTOPbIMM
BUZAMM rpachvKoB, NoNy4aembIx B MeTa-aHann3ax.

KntoyeBble cnoBa: pasmep agekta; Mogenb ¢ (PUKCUPOBaHHBIMK adhpekTamu; MOLENb CO CrydanHbIMK addekTamu;
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BaHue
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List of abbreviations
Cl - confidence interval

Many original studies have similar research
objectives but often the research teams, patients,
research protocol and time intervals are different. The
results of such studies can be diverse and contradictory,
which hampers clinical decision-making. Evidence-
based medicine has led to the development of tools
for combining the results of numerous studies that
may differ in certain areas [1]. We get (a) invaluable
data whose effect can be traced in any groups (or,
conversely, only in specific ones) (b) information about
the variability of the effect when testing hypotheses
in different populations. Many similar studies are
replications of one large experiment, and, accordingly,
a larger number of replications increases the power and
the degree of confidence in the results.

There are several basic tools to evaluate the
combined results of the similar studies:

e Systematic reviews. Systematic reviews include all
studies to be found that meet certain strict inclusion
criteria. The inclusion criteria are designed to
meet the set of standards required for planning and
conducting research, as well as standard operating
procedures and results (for example, studies on
arterial hypertension, assessing blood pressure
according to cardiology international guidelines;

NRT - non-randomized trial
RCT - randomized controlled trial

studies of specific surgery, conducted on the

international association guidelines).

* Meta-analyses. Meta-analysis not only summarizes
the results of the set of studies, but also quantifies
them. In fact, we need to know not only that the drug/
intervention has an effect, but also to assess its effect
size and the range of its variability.

In this review, we will mention the basic aspects of
conducting meta-analyses and tell you what to do after
searching the literature and doing most of the work for
a systematic review.

INCLUDING STUDIES IN META-ANALYSIS

PRISMA guidelines

A detailed description of the criteria and the
process of literary search is not the subject of this
review, but it is important to note that any creation of
a systematic review consists of a set of items. These
items are combined into a standard scheme called the
PRISMA flow diagram (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses), by the name
of the relevant recommendations [2] (Fig. 1).

In reality, meta-analysis begins after the inclusion
is completed and the studies from which the data
extraction will be performed are available.

= E Identification in science research databases (PubMed,
E g Scopus, WoS, elibrary, and others) /
:b% 'E' Nnentudukaims mo 6a3am JaHHBIX HAYYHBIX
E E myonmukanuii (PubMed, Scopus, WoS, elibrary u apyrux)
= = ooo 3
= i Exclusion / Uckimiouenne
5 E Screening based on title, abstract / Other topics, patient populations /
5 £ CKpHHHHT Ha OCHOBAaHHMH Ha3BaHHsI, BBEICHHS —> VHble TeMaTUKH, TOMYJISINN AleHTOB
3 E n=... n=..
<~ 5 Other primary or concomitant disease, inability to
g‘ SEE Suitable for the chosen purpose / identify the cohort of interest /
E,, g g 3 IMomxoxsuue B paMkax BEIOPaHHOH eI >  HOe OCHOBHOE WJIH COIyTCTBYIOLIEE 3a00IeBaHHe,
2 2 © g D= oo HEBO3MO)KHOCTb BBIJICIIUTH HHTEPECYIONIYIO KOTOPTY
n=...
~ g : .
£ E Available full-text articles /
E JloCTyIHBIE TIOJTHOTEKCTOBBIE CTAThU
£2 n=...
A

FIG. 1. PRISMA flow diagram template, adapted from M.J. Page et al. [2]
PUC. 1. [lla6non norokoBoii quarpammel PRISMA, anantuposana u3 M.J. Page u coasr. [2]
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The main guidelines for the initial and further steps
of practical interest to the reader are:

* Cochrane Handbook for Systematic Reviews of
Interventions' — this guide is posted online and
describes in detail almost all literary search issues,
meta-analysis, basic skills in mathematical statistics
required for such work;

* PRISMA guidelines, which we discussed above [2].
These guidelines will help to maintain high

standards of writing systematic reviews and reduce
the number of possible errors and inaccuracies that
may complicate the continuation of the work. Meta-
analyses are widely used by drug companies, as well
as other commercial entities, and therefore observance
of guidelines standards is very carefully checked by
reviewers both when reviewing and when publishing
articles. Strict observance of regulation and guidelines
is the key to a successful publication.

EVALUATION OF POTENTIAL BIASES IN

PUBLICATIONS

After all suitable publications have been collected
for inclusion in a systematic review or meta-analysis,

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

it is necessary to evaluate them in terms of potential
biases.

Unfortunately, there are many sources of potential
bias, so special tools have been developed to allow
researchers to conduct a potential evaluation of
publications. Such tools are called risk of bias plots.

These plots can be built for studies with different
design types, primarily for randomized controlled trials
(RCT) (Fig. 2) and non-randomized trials (NRT) [3,
4] (Fig. 3). The plots below are called “traffic lights”.
The basic idea is that researchers conducting a meta-
analysis with the inclusion of RCTs (Fig. 2) review
each study separately and assess the risks associated
with the following five domains:

* randomization;

* deviations from intended interventions;
* missing data;

¢ measurement of outcome;

» selection of reported results.

The assessed risk is “high”, “some concerns” and
“low”.

If NRTs are included in the meta-analysis, we assess
the risks associated with the following seven domains:

Risk of bias domains / JJoMeHBI prucKa cMEICHU#

D1/ D2/
J2

D3/ D4/ D5/
13

Overall /

J14 15 OO6I11ast orieHKa

Study 1/
Hccnenosanue 1

Study 2 /
Uccnenosanue 2

Study 3/
Uccnenosanue 3

Study 4 /
Uccnenosanue 4

Study 5 /
Uccnenosanue 5

000"
@e00®
0e0®®
00e®
@0e0®
LeLUE®

Judgement / Onenka prucka

@ high / Bercokwmit @ some concerns / cpeHUH @ low / Hu3Kni

FIG. 2. Traffic light plot for randomized controlled trials, adapted from L.A. McGuinness et al. [5]
PUC. 2. [Tnarpamma cBetoop 15t paHIOMUA3HPOBAHHBIX KOHTPOJIMPYEMBIX HCCIIEOBaHHH, ananTupoBana u3 L.A. McGuinness

Y COaBT. [5]

Note: risk of bias associated with the domains: D1 — randomization; D2 — deviations from intended interventions; D3 — missing data; D4 — measurement

of outcome; D5 — selection of reported results.

lMprmeyaHme: prUcK CMELLIEHUS, acCOLMMPOBaHHBIN ¢ AomeHamu: [11 — paHaomusauyeir; 12 — Bmelwatensctsom; [13 — nponyLyeHHbIMM AaHHbIMK; 14 —

OL{EHKOM KOHEYHON TOuKM; [15 — NpeAcTaBneHneM pesynbTaTos.

' Cochrane Handbook for Systematic Reviews of Interventions version 6.2 (updated February 2021). Cochrane, 2021. Available from

https://training.cochrane.org/handbook/current
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Risk of bias domains / JloMeHbI prcKa cMEIIEHU I

D1/ D2/ D3/
a2 13

D4/ D5/ D6/ D7/

Overall /

15 J16 7 OO61mas oreHka

Study 1/
Uccnenosanue 1

Study 2 /
Uccnenosanue 2

Study 3 /
Uccnenosanue 3

Study 4 /
Hccnenosanue 4

Study 5/
HccnemoBanne 5

00O
*00+0®
@000®
0OD®

00220 -
000

0000 &
O G

Judgement / OlieHKa prcka

. critical / o4eHb BBICOKHIT ® serious / BBICOKHIA @ moderate / yMepeHHBII @ low / Hu3KHH

FIG. 3. Traffic light plot for cohort studies, adapted from L.A. McGuinness et al. [5]
PUC. 3. lnarpamma cBeToop A1 KOTOPTHBIX UCCIIEIOBaHHM, afanTupoBana u3 L.A. McGuinness 1 coasT. [5]

Note: risk of bias associated with the domains: D1 - confounding; D2 - selection of participants; D3 — classification of interventions; D4 — deviations from
intended interventions; D5 — missing data; D6 — measurement of outcome; D7 — selection of reported results.

lMpumeyaHme: puck CMELLIEHNS!, aCCOLMMPOBaHHbIN ¢ aoMeHamu: [11 — koHdhayHAMHN (BNUsSiHWE BMelLMBatoLLuxcst dhaktopos); 2 — oT6opom u Bkriio-
JeHneM naumeHTos; [13 — BMelwaTenscTBoM; [14 — pacxoxaeHueM ¢ npotokonom; [15 — nponyLleHHbIMI LaHHbIMK; [16 — OLIEHKOM KOHEUHOM TOYKM;

[7 - npeacTaBneHnem pe3ynbTaTos.

» confounding;

» selection of participants;

» classification of interventions;

e deviations from intended interventions;
* missing data;

* measurement of outcome;

» selection of reported results.

The assessed risk is interpreted as “critical”,
“serious”, “moderate” and “low”.

Specified tools enable critical approaches to the
results obtained in the meta-analysis and consider
studies with a high risk of bias as less reliable. A
detailed description of the capabilities of this tool is
provided on a specialized website?.

EFFECT SIZE IN META-ANALYSIS

The results of studies combined in a meta-
analysis are measured by an identical endpoint. This
measurement is an effect that has been achieved, or an
observed effect (abbreviated as 0 or 0, for each of the
k studies). The definitions of the effect, effect size and
effect size measuring are described in our publication
on statistical hypotheses testing [6].

There are two main concepts that allow us to
describe and measure the effect of several studies. Both

concepts relate to certain statistical models, with fixed
and random effects, respectively.

Fixed (common) effects model

This is a model in which the studies included in
the meta-analysis are very similar to each other in
terms of design, number of patients, methodology,
evaluation of results and other items, and their
results or effects 6 ,,  are considered a single
sample from one general population of all possible
similar studies.

The probability distribution of such a population
has an expected value (the mean weighted by the
probabilities of possible values), which represents a
certain true effect size 0. Each study is a part of the
population, and several studies randomly taken from
such distribution (meta-analysis) is an ordinary sample,
respectively.

The observed effect of each study k will differ from
the true one by the error:

é=9k+€k.

We believe that among several studies, the studies
with the smallest sample error € are the most accurate

(Fig. 4).

2 https://www.riskofbias.info/ (access date 01.11.2022).

8 CEYEHOBCKMI BECTHUK T. 14, Ne 1, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 1, 2023



The general population of studies /
T'eHepabHasi COBOKYITHOCTb HCCIIEIOBAHUI

GRS
/| \
I, \
‘ _—
/] \
I \
I \
I \
I \
I \
I \
,' \
1 - 5
I 1
I 1
I \
I \
I \
I \
I \
I \
1 [} B ——
I \
I \

True effect size /
UctunHblii pazmep sddexra

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

Individual studies /

OTlleJ'IbHI)IC HUCCICA0BaHUA

€

n=15 —
/ © Number of patients
1/ =90 in the study /
Yucno nanueHToB
B MICCJIEIOBAaHUU
]
/ n=1000 —

Observed effects /

Ha6monaembie 3¢ dhexTs

FIG. 4. Schematic representation of true and observed effects in studies using a fixed effects model
PUC. 4. CxemaTnuHOE MpEACTaBICHUE HCTHHHOTO M HAOMIOMaeMbIX 3P (EKTOB B MCCISIOBAHMIX MPU HCTIOIH30BAHUH MOIEITH

¢ ukcupoBaHHbIMU 3 dexTamMu

Note: €, — sampling error; grey line - true effect size; colored straight lines — observed effects.
MpumeyaHue: €, — BenuumMHa BbIGOPOUHON OLIMBKM; Cepast NMHIA — UCTUHHBIA pasMep addeKTa; LiBeTHbIe NPAMbIe MHUN — Habnioaaemble AhdeKTbI.

A sample from several studies {1,2,3,...k} must have
some central tendency or expected value indicating the
true effect size. Thus, using the definition of expected
value as a mean weighted, we get:
wo +w0, +wo + .. +wb

wtw, tw o tw, ’

§=

where

* 0 — weighted effect size for k studies resulting from
meta-analysis;

* 0, the observed effect of the study k;

* w, —study weight k.

However, it is still unclear how to achieve the
weight of each study. We know that the observed
effect obtained in study k is a point estimate. Study k
includes a certain set of patients, n. The standard error
is a measure of the variability of the effect 6, and is

calculated as:

S
5, ==
where Vn
* o — the standard deviation of the effect 6, in the
study £;

* n —number of patients in the study £.
In a fixed effects model, the inverse variance method

is one of the ways to calculate weights:

where
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* s — the square of the standard error of the effect 0,

in the study k;

* w,— weight of the study k.

Thus, in a model with fixed effects, the weight of any
study is inversely related to the inverse effect error in
the study and directly related to the number of patients
included in the study. The model implies that only the
number of patients can affect the weight of the study.

This concept seems to be overly simplified, because
in the real world, there are a huge number of different
factors apart from the sample size.

Random effects model

If we combine different designs (RCTs, cohorts,
etc.) in a meta-analysis studies conducted in different
periods of time, in different countries, in hospitals with
different standards of medical care, with intervention
protocols according to different clinical guidelines,
we will need a model that will take into account not
only differences in sample size, but also the above-
mentioned factors.

In this type of model, the effect for each study
included in the meta-analysis is a sample from its own
set of effect sizes and differs from the expected value of
its own set by the €_(Fig. 5).

If we included k studies in the meta-analysis, there
are k samples from k different general populations.
At the same time, k populations have their own
distribution with the expected value represented by
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Distribution of several general populations /
PacnpenienieHne HECKOIBKHX TeHEPabHBIX
COBOKYIHOCTEH

True effect size /
HcTunnbnii pasmep sddekra

General populations /
I'eHepanbHBIE COBOKYIIHOCTU

—— —

Observed effects /
Hab6mronaemslie 3¢ dexTs!

Individual studies /
OTenbHbIE HCCIETOBaHMS

&

€

T

Observed effects
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FIG. 5. Schematic representation of true and observed effects in studies using a random effects model
PUC. 5. Cxemarnynoe npecTapieHre HCTHHHOTO U HaOMogaeMbix 3((EeKTOB B MCCIASAOBAHUSX IPH HCIIOIb30BAHAH MOJEITH CO

ciydaiiHpIMu dQdeKkTamu

Note: &, - error of each general population; €, — sampling error; grey line - true effect size; colored dotted lines — observed effects in general populations;

colored straight lines — in individual studies.

MpumeyaHme: &, — BenmMHa oLMBKM Kaxaoi reHepanbHoil COBOKYMHOCTY; €, — BENMYNHA BbIGOPOYHOI OLMBKM; Cepas NMHUS — UCTUHHBIA pasmep
addekTa; LBETHbIE MYHKTUPHBIE NUHAW — Habnogaemble 3dEKTbI B reHepanbHON COBOKYNMHOCTY; LBETHbIE MPAMbIE NMHUM — B OTAENbHbIX MCCMEAo-

BaHUAX.

weighted effect size, and each general population
differs from the expected value of its distribution by
&, This overall distribution has a point estimate, which
corresponds to the meta-analysis weighted effect, 0,
and variance 2.

Thus, the point estimate of the effect in each study
among k differs from the weighted effect the following
way:

0=0 +¢ +¢&.

The parameter £ combines the differences that are
not related to the sampling error.

The model that uses this logic is called the random
effects model. The individual studies weights in such a
model are calculated the following way:

1
WiT o2
where ,
* 57 — the square of the standard error of the effect 0,
in the study k;
* w, —study weight &;
» 12— the variance of several general populations.

And the weighted effect is calculated in the same
way as for the fixed effects model:
wo w0 +wo, +..+wb,

§=
w1+w2+w3+...+wk >

where

10

« 0 — weighted effect size for k studies resulting from
meta-analysis;

+ 0, —the observed effect of the study £;

* w,—study weight k.

Various mathematical approaches are used to
calculate parameter 12, most often DerSimonian-
Laird, Restricted Maximum Likelithood, Maximum
Likelihood, Paule-Mandel estimators but there are
others [7-9]. The choice of a specific method depends
on the type of measurement of endpoint and on the
specific situation, therefore it requires consultation
with a biostatistician.

HETEROGENEITY ASSESSMENT
We discovered that the studies included in the meta-
analysis can vary significantly, moreover, depending
on these differences, one or another analysis model is
chosen. Is there any measure that can assess the degree
of differences? Can we somehow explain the degree of
differences and is it necessary? How to determine which
studies are more different from others? The concept of
heterogeneity can answer all these questions.
Heterogeneity depends on many things, with the
most common being:
+ incorrect selection of studies for meta-analysis;
+ the presence of overt and covert moderating factors
that affect the weighted effect (the moderator actually
creates subgroups with different effect sizes);
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» asmall number of studies included in meta-analysis.
When a researcher encounters excessive
heterogeneity, such as in a situation where a number
of studies have opposite effect direction, or where
effect sizes are substantially different, it is necessary
to understand whether there is an erroneous inclusion
of studies in the meta-analysis. An attempt to combine
studies in which completely different parameters were
evaluated will lead to huge heterogeneity and will not
answer the meta-analysis question. The results of such

a meta-analysis will be highly doubtful.

If we believe that there is no error at this stage,
it is necessary to look further for the cause of high
heterogeneity. For example, when non-standardized
parameters are used, it is necessary to try to use
standardized instead. If several parameters are measured
on different scales or differ significantly on inclusion
between studies, standardization makes it possible to
smooth out such differences.

The next reason for the high heterogeneity is the
presence of covert and overt moderators or confounders.
For example, when assessing the prevalence of
cardiovascular diseases, sex and age group of patients
are obvious moderators. The inclusion of a moderator
and the assessment of its impact on the effect and
heterogeneity is carried out using meta-regression
analysis or meta-regression. Further analysis of
subgroups can significantly reduce heterogeneity.

Finally, a small number of studies in a meta-analysis
can result in high heterogeneity.

There are 2 main types of heterogeneity by Riicker
[10]:

* Heterogeneity due to the design or basic
characteristics. The reason is an attempt to combine
in a meta-analysis studies of different design
(including the study type, the exposure status, the
way to results evaluating, the duration of their
evaluation and other parameters), as well as studies
that are highly heterogeneous by cohorts of patients.
This type of heterogeneity can lead to statistical
heterogeneity;

» Statistical heterogeneity results from the accuracy of
the estimation and variability of the effect size. This
type of heterogeneity can already be quantified. One
of the reasons (but not in all cases) for statistical
heterogeneity can be design-driven heterogeneity.

Methods to measure heterogeneity

Cochran's Q

We looked at two types of models and realized that
there is an observable effect ék of a certain study £, as
well as a weighted effect that we calculate 0 for all meta-
analysis studies. We also remember that each study
has its own weight w,. The deviation of the observed
effect from the weighted one can be directed in both the
direction with a plus sign or a minus sign. If we square
the deviation, it will not depend on the direction.

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

The sum of the weighted squares of such deviations
is called Cochran’s Q:

0 =w,®, ~ 0+ w,®, ~ 0+ w, B~ 0+ .+
+w (0 —0).

We can calculate the deviation of the observed effect
from the weighted one for all studies.

The Cochran’s Q is distributed as a y* statistic with
K — 1 degrees of freedom, where K is the number of
studies in the meta-analysis.

Cochran’s Q will grow with an increase in the
number of studies in the meta-analysis, as well as with
the presence of large studies with many patients in it.

Higgin'’s & Thompson's P

P-statistic

P is calculated from Cochran’s Q and describes
the percentage of heterogeneity which is not caused
by sampling error . A null hypothesis occurs when
there is no heterogeneity, and Cochran’s QO follows
a distribution of x> with K — 1 degrees of freedom
(expected heterogeneity). But we also have the observed
heterogeneity of Q. Then the deviation of the observed
heterogeneity from the expected one is:

_0-(K-1)
F=""%

and is expressed in unit fractions or a percentage.

Heterogeneity can be qualified as low, moderate,
and high, with upper limits of 25%, 50% and 75%,
respectively [11].

H-statistic

H?-statistic calculates the ratio of Q-statistics to K —
1. If there is no heterogeneity, then the value tends to
1; higher values indicate the presence of heterogeneity
between studies. 0

K-1

Heterogeneity of variance >

The true weighted effect has its own variance T
and standard deviation t. This parameter is used to
evaluate the measure of heterogeneity and has the same
dimension as the effect in studies in meta-analysis. If
we know the calculated weighted effect size 0 in the
meta-analysis, we can estimate the 95% confidence
interval (CI) of the true effect as 0 + 1,96 x 1.

SENSITIVITY ANALYSIS

Sensitivity analysis shows how individual studies
can influence the weighted effect, and how stable the
results of the meta-analysis are. The leave-one-out
is one of the most used methods for the evaluation
of sensitivity. Each study is excluded from the meta-
analysis on an individual basis, then the weighted effect
size and heterogeneity are recalculated. Serious changes
in the effect size and a decrease in heterogeneity indicate
that the excluded study has a significant impact on the
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overall result. If at the first stage in the “traffic light”
plot the study has a high/some concern risk of bias, then
at the stage of using the leave-one-out method it may
be an outlier, and it will be necessary to consider the
feasibility of its presence in the meta-analysis.

Graphically, the results of the sensitivity analysis
are presented in Figure 6.

In the example from Figure 6, the weighted effect
obtained in the meta-analysis is the mean difference and
amounted to 0.16 [0.1; 0.23]. We see that when studies
are excluded from meta-analysis on an individual basis,
the weighted effect does not change significantly. At
the same time, according to I* statistics, the exclusion
of the Protocol 162A study significantly reduces
heterogeneity to 5%. This study requires close attention
since its presence causes high heterogeneity in the
whole meta-analysis.

Sensitivity analysis evaluates how the weighted
effect changes when excluding studies that received
“high” and “very high” risk levels when assessing
potential risks of bias. If, when one excludes one of
these studies, they significantly influence the effect (for
example, when, after excluding high-risk studies, 95%
CI of the new weighted effect ceases to include the
point estimate of the weighted effect before excluding
studies), it is necessary to reconsider the need to include
high-risk studies in the meta-analysis.

FOREST PLOT

Forest plot is the most common way to summarize
the results of a meta-analysis in a single image. It
shows the studies included in the analysis, the effect
of each one of them, the weighted effect, as well as a
set of additional parameters, for example, the weights
of each study, parameters of heterogeneity, the type

Study Mean Difference

Omitting Protocol 154 — =

Omitting Protocol 156
Omitting Protocol 157
Omitting Protocol 162A
Omitting Protocol 163
Omitting Protocol 166
Omitting Protocol 303A
Omitting Protocol 306 '
)

Common effect model

]
—&—  0.15 [0.08; 0.22]
—=— 0.16 [0.10; 0.23]
—— 0.18 [0.12;0.25] < 0.01 0.0004 0.0203 5%
— - ]
—F— 0.17 [0.10; 0.24]
—&—  0.15 [0.09; 0.22]
—+=— 0.17 [0.10; 0.24]

——— 0.16 [0.10; 0.23]

[ I [
-0.2 -01 0 0.1

of chosen statistical model (fixed or random effects).
By using forest plots, you can separately duplicate the
effect sizes and their 95% CI, as well as the weighted
effect and their 95% CI.

The size of the points on the plot that characterize a
particular study is often associated with the weight of
the study (the points of the largest size are associated
with studies with the highest weight, respectively). A
common forest plot is shown in Figure 7. The research
data are taken from the materials accompanying the
meta library of the R programming language [12].

From Figure 7, we can see the names of the studies
and the year of results publication, the characteristics
of the test and control groups (quantities, means and
standard deviations required to calculate the standard
error), the effect size (in this case, mean difference, MD)
and its 95% CI, weights in fixed and random effects
models, weighted effect for both types of models, as
well as heterogeneity parameters.

We also see a chart showing all the same effect sizes
in studies (represented by squares, the size of which
proportional to weights) and the weighted effects
for fixed and random effects models (represented by
diamond).

A solid vertical line is known as the “line of null
effect”. If 95% of the CI of individual studies or
weighted effects pass through the “line of null effect”,
the study data is said to be statistically insignificant,
and there is a high probability that the observed point
estimates are random.

In this example, Floral 1971 was the only study
where a significant effect was observed; its weight was
the highest in both fixed and random effects models
(38.6% and 33.3%, respectively). The fixed effects
model showed a significant effect, the means difference

MD 95%-Cl P-value Tau2 Tau 12
< 0.01 0.0080 0.0896 45%
< 0.01 0.0076 0.0872 47%

< 0.01 0.0090 0.0949 51%

0.14 [0.07;0.21

0.16 [0.09;0.23] < 0.01 0.0099 0.0993 51%
< 0.01 0.0082 0.0904 49%
< 0.01 0.0028 0.0527 27%

< 0.01 0.0099 0.0994 51%

< 0.01 0.0066 0.0812 43%

0.2

FIG. 6. Forest plot showing sensitivity analysis, adapted from S. Balduzzi et al. [12]
PUC. 6. ®opecrt-aunarpamma, 1eMOHCTPHUPYIOIIAs aHAIN3 4yBCTBUTEIBHOCTH, aganTupoBana u3 S. Balduzzi u coasr. [12]

Note: MD - Mean difference; Cl - confidence interval; 12 - Higgin's & Thompson’s F statistic / P statistic.
Mpumeyanue: study — nccnegosanue; MD — Mean difference, pasnuua cpeghux; Cl — confidence interval, goBeputenbHbiin uHTepBan; P-value — 3Have-
Hue p; 12 — Higgin's & Thompson’s P statistic / F? statistic, ~-cTatuctuka XurruHca u Tomncona / P-ctatuctuka; common (fixed) effect model — mogens

C omKCMpOBaHHBIMM AchdekTamm.
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Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Davis 1973 13 5.00 47000 13 6.50 3.8000 -1.50 [-4.79; 1.79] 2.8% 5.2%
Florell 1971 30 490 17100 50 6.10 2.3000 - -1.20 [-2.08;-0.32] 38.6% 33.3%
Gruen 1975 35 22.50 3.4400 35 24.90 10.6500 -2.40 [-6.11; 1.31] 2.2% 41%
Hart 1975 20 1250 1.4700 20 12.30 1.6600 —— 0.20 [-0.77; 1.17] 31.9% 30.6%
Wilson 1977 8 6.50 0.7600 8 7.38 1.4100 —& -0.88 [-1.99; 0.28] 24.5% 26.8%

1
Common effect model 106 126 <I> -0.71 [-1.26;-0.16] 100.0% -
Random effects model < -0.75 [-1.53; 0.03] -~ 100.0%
T T T T 1

Heterogeneity: /2 = 29%, T° = 0.2742, p = 0.23 T

FIG. 7. Forest plot showing the weighted effect, adapted from S. Balduzzi et al. [12]
PUC. 7. Forest-muarpamMma, 1eMOHCTPUPYIOIIAsA B3BEMIEHHBIH 3()(deKT, ananTuposana u3 S. Balduzzi u coasr. [12]

Note: SD - standard deviation; MD — mean difference; Cl — confidence interval; P — Higgin's & Thompson'’s P statistic / P statistic; 7 — Tau-squared.

Mpumeyanue: study — nccnepoBanue; experimental — akcnepumeHTanbHas rpynna; control — KOHTponbHas rpynna; total — obuiee 3HaveHue; mean —
cpeaHee 3HauveHne; SD - standard deviation, ctaHgapTHoe oTknoHeHue; MD — mean difference, pastuua cpegrmx; Cl — confidence interval, go-
BepUTENbHbIN MHTEpBaN; weight (common) — Beca B Mogenu ¢ ukcupoBaHHbIMM ddhcbekTamu; weight (random) — Beca B Mofienu €O cry4aiHbIMu
ahpexramu; common (fixed) effect model — mopens ¢ dukenpoBaHHbIMK adhdekTamu; random effect model — mogenb co cnyyaiHbiMu apdekTamu;
heterogeneity — reTeporeHHocTb; 2 — Higgin's & Thompson’s P statistic / P statistic, P-cTatuctuka XurrmHca u TomncoHa / -ctatuctuka; 2 — Tau-

squared, Tay-kBagpart; P-value — 3HaueHue p.

was -0.71 [-1.26; -0.16], while the random effects model
was insignificant, since the point estimate was -0.75,
and 95% Cl included zero [-1.53; 0.03] according to the
results of the meta-analysis

CONCLUSION

In this section of the article, we have introduced
the reader to the stages of including studies in meta-
analysis, reviewed the existing guidelines that you
need to familiarize with when writing a meta-analysis,
analyzed in detail the process of creating weights,
various types of models used in meta-analyses. We also

AUTHOR CONTRIBUTIONS

Alexander Yu. Suvorov, Irina V. Latushkina and Kseniya A.
Gulyaeva equally contributed to this work and should be
considered the first co-authors. Alexander Yu. Suvorov, Irina V.
Latushkina, Kseniya A. Gulyaeva, Nikolay M. Bulanov, Maria Yu.
Nadinskaia and Alexey A. Zaikin participated in writing the text
of the manuscript. Alexander Yu. Suvorov, Irina V. Latushkina,
Nikolay M. Bulanov and Alexey A. Zaikin searched and
analyzed the literature on the topic of the review. Alexander Yu.
Suvorov developed the general concept of the article, Alexey A.
Zaikin supervised writing the text of the manuscript. All authors
participated in the discussion and editing of the work. All authors
approved the final version of the publication.

REFERENCES / IUTEPATYPA

1 Sackett D.L., Rosenberg W.M., Gray J.A., et al. Evidence
based medicine: what it is and what it isn’t. BMJ. 1996 Jan 13;
312(7023):  71-72.  https://doi.org/10.1136/bmj.312.7023.71.
PMID: 8555924

2 Page M.J., McKenzie J.E., Bossuyt PM., et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews
BMJ 2021; 372: n71. https://doi.org/10.1136/bmj.n71

3 Sterne J.A.C., Savovi¢ J., Page M.J., et al. RoB 2: a revised
tool for assessing risk of bias in randomised trials. BMJ. 2019

became acquainted with the definition of heterogeneity
and understood how it is calculated as well as the main
plot published in meta-analyses such as the forest plot
and the leave-one-out plot for sensitivity analysis were
presented.

In the next article, we will consider how to analyze
subgroups, familiarize with meta-regression, and learn
how to evaluate the publication bias, visually and
mathematically. Additionally, we will recall the most
common ways of evaluating the meta-analysis effect
and focus on standardized indicators and the evaluation
of the standard error for them.

BKITAQ1 ABTOPOB

A.1O. Cysopos, U.B. Jlarymkuna u K.A. I'ynseBa B paBHOii cTe-
IIEHU BHECIIH BKJIAJ B 9Ty pabOTy U IOJDKHBI CYMTAThCS TIEPBEIMHU
coasropamu. A.}O. Cysopos, WU.B. Jlarymkuna, K.A. T'ynsesa,
H.M. Bbynanos, M.IO. Hanunckas u A.A. 3auKuH y4yacTBOBalIU
B HanucaHuu Tekcra pykonucu. A.1O. Cysopos, I1.B. Jlarymkuna,
H.M. BynanoB u A.A. 3aukyH BBINOJIHSUIM ITOUCK U aHAIU3 JIM-
Teparypsl 1mo teme o63opa. A.JO. CyBopoB paspaboran oOuryio
KOHLICTIINIO cTaTbk, A.A. 3aUKHUH OCYIIECTBIISII PYKOBOJICTBO €€
HamrcaHueM. Bce aBTOpBI y4acTBOBaIM B OOCY)KACHHU U pPelak-
THPOBaHUH paboTHL. Bee aBTOPHI yTBEpAMIN OKOHUATEIBHYIO BEp-
CHIO ITyOJTHKAITUH.

Aug 28; 366: 14898. https://doi.org/10.1136/bm;j.14898. PMID:
31462531

4 Sterne J.A., Hernan M. A., Reeves B.C., et al. ROBINS-I: a tool for
assessing risk of bias in non-randomised studies of interventions.
BMJ. 2016 Oct 12; 355:14919. https://doi.org/10.1136/bmj.i4919.
PMID: 27733354

5 McGuinness L.A., Higgins J.P.T. Risk-of-bias VISualization
(robvis): An R package and Shiny web app for visualizing
risk-of-bias assessments. Res Synth Methods. 2021 Jan; 12(1):

CEYEHOBCKUI BECTHUK T. 14, Ne 1, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 1, 2023 13


https://doi.org/10.1136/bmj.l4898

BIOMEDICAL STATISTICS TUTORIAL

55-61. https://doi.org/10.1002/jrsm.1411. Epub 2020 May 6.
PMID: 32336025

6  Suvorov A.Yu., Bulanov N.M., Shvedova A.N., et al. Statistical
hypothesis testing: general approach in medical research.
Sechenov Medical Journal. 2022; 13(1): 4-13. https://doi.
org/10.47093/2218-7332.2022.426.08

7  Viechtbauer W. Bias and efficiency of meta-analytic variance
estimators in the random-effects model. Journal of Educational
and Behavioral Statistics, 2005; 30(3): 261-293. https://doi.
org/10.3102/10769986030003261

8 Veroniki A.A, Jackson D., Viechtbauer W., et al. Methods to
estimate the between-study variance and its uncertainty in
meta-analysis. Res Synth Methods. 2016 Mar; 7(1): 55-79.
https://doi.org/10.1002/jrsm.1164. Epub 2015 Sep 2. PMID:
26332144

9  Langan D., Higgins J.P.T, Jackson D., et al. A comparison of het-
erogeneity variance estimators in simulated random-effects meta-
analyses. Res Synth Methods. 2019 Mar; 10(1): 83-98. https:/
doi.org/10.1002/jrsm.1316. Epub 2018 Sep 6. PMID: 30067315

10 Riicker G., Schwarzer G., Carpenter J.R., Schumacher M. Undue
reliance on I(2) in assessing heterogeneity may mislead. BMC Med
Res Methodol. 2008 Nov 27; 8: 79. https://doi.org/10.1186/1471-
2288-8-79. PMID: 19036172

11 Higgins J.P, Thompson S.G. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002 Jun 15; 21(11): 1539-1558. https://doi.
org/10.1002/sim.1186. PMID: 12111919

12 Balduzzi S., Riicker G., Schwarzer G. How to perform a meta-
analysis with R: a practical tutorial. Evid Based Ment Health.
2019 Nov; 22(4): 153-160. https://doi.org/10.1136/ebmen-
tal-2019-300117. Epub 2019 Sep 28. PMID: 31563865

INFORMATION ABOUT THE AUTHORS / UH®OPMALIUA OB ABTOPAX

Alexander Yu. Suvorov, Cand. of Sci. (Medicine), Chief
Statistician, Centre for Analysis of Complex Systems, Sechenov
First Moscow State Medical University (Sechenov University).
ORCID: https://orcid.org/0000-0002-2224-0019

Irina V. Latushkina™, junior researcher, Centre for Analysis
of Complex Systems, Sechenov First Moscow State Medical
University (Sechenov University)

ORCID: https.//orcid.org/0000-0001-8885-6062

Kseniya A. Gulyaeva, postgraduate student, Department of
Propaedeutics of Internal Diseases, Gastroenterology and
Hepatology, Sechenov First Moscow State Medical University
(Sechenov University)

ORCID: https.//orcid.org/0000-0002-3462-0123

Nikolay M. Bulanov, Cand. of Sci. (Medicine), Associate
Professor, Department of Internal, Occupational Diseases and
Rheumatology, Sechenov First Moscow State Medical University
(Sechenov University).

ORCID: https://orcid.org/0000-0002-3989-2590

Maria Yu. Nadinskaia, Cand. of Sci. (Medicine), Associate
Professor, Department of Propaedeutics of Internal Diseases,
Gastroenterology and Hepatology, Sechenov First Moscow State
Medical University (Sechenov University).

ORCID: https://orcid.org/0000-0002-1210-2528

Alexey A. Zaikin, Cand. of Sci. (Physics and Mathematics),
Deputy Director, Centre for Analysis of Complex Systems,
Sechenov First Moscow State Medical University (Sechenov
University).

ORCID: https://orcid.org/0000-0001-7540-1130

& Corresponding author / ABTOp, OTBETCTBEHHBII 38 MEPEIIHCKY

CyBopoB Anekcanap FOpbeBuy, kana. Mejl. HayK, IJIaBHBIN cTa-
tuctuk llentpa ananusa cinoxselx cucreM ®IAOY BO «Ilepsblit
MI'MY nm. U.M. CeuenoBa» Munznpasa Poccun (CeueHoBcknit
YHuBepcHTeT).

ORCID: https://orcid.org/0000-0002-2224-0019

Jlarymkuna Hpuna BuxropoBna™, muammuii HaydHBIH cO-
Tpyaauk Llentpa aHanmmsa ciaoxHbIX cucteM PIAOY BO «Ilep-
Be1id MI'MY um. .M. CeuenoBa» Munzapasa Poccun (CeueHoB-
CKuil YHUBEpCHUTET).

ORCID: https://orcid.org/0000-0001-8885-6062

I'ynsieBa Kcenns AnexcaHApOBHA, acIMpaHT Kaeapsl Iporie-
JIEBTHKY BHYTPEHHUX OOJIE3HEH, TacTPOIHTEPOIOTHH H TeNaToNo-
run ®I'AOY BO «llepsbiit MMV um. U.M. CeuenoBa» Mun-
3apaBa Poccun (CeueHoBckmit YHUBEpCHUTET).

ORCID: https://orcid.org/0000-0002-3462-0123

BynanoB Hukomaii MuxaiinoBu4, KaHJ. Mel. HayK, JOLIEHT
Kadeapsl BHyTPEHHUX, MPOpEeCcCHOHANBHBIX 0OJIe3Hel U peBMa-
tonoruu ®I'AOY BO «Ilepsbiit MIMYVY um. .M. CeueHoBay
Mumnsnpasa Poccun (CeueHoBckuit YHUBEpCUTET).

ORCID: https.//orcid.org/0000-0002-3989-2590

Hamunckass Mapusi FOpbeBHa, KaHI. MeJl. HayK, JOLEHT Kade-
JpbI NIPONEAEBTHKU BHYTPEHHUX OOJIE3HEH, racTPO3HTEPOIOTUH
u renatonoruu ®I'AOY BO «Ilepsriit MI'MY um. .M. Ceueno-
Ba» Mun3zznpasa Poccun (CedeHOBCKUIT YHUBEPCUTET).

ORCID: https://orcid.org/0000-0002-1210-2528

3aukuH AJiekceil AHATO/ILeBUY, KaH]l. (U3-MaT. HAYK, 3AMECTH-
Tenb nupekTopa LlenTpa aHanmmsa cnoxsbix cucteM GIAOY BO
«ITepeerit MI'MY um. .M. CeuenoBa» Munsapasa Poccun (Ce-
YEHOBCKHI YHUBEPCHUTET).

ORCID: https.//orcid.org/0000-0001-7540-1130

14 CEYEHOBCKMI BECTHUK T. 14, Ne 1, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 1, 2023



_____________________________________________________________| BHYTPEHHWE BONE3HWN

OpurunanbHas crarbs / Original article ‘ M) Check for updates
VJIK 616.379-008.64-092:575.1
https://doi.org/10.47093/2218-7332.2023.14.1.15-26 (:

NMuueBoe noBegeHMe U annenbHbie BapMaHTbl reHa
peuenTtopa nenTuHa y NnauMeHToOB C caxapHbiMm auabertom
2-ro TMNa: ogHOLEeHTPOBOE NnonepeYyHoe uccnepoBaHue

J.II. As3aneraunosa’™’, O.B. Kouerosa?, A.3. Byirakosa’, T.B. Mopyrosa!
L@I'FOY BO «Bawxupckuii 20cyoapcmeenuviii Meouyunckui ynueepcumemy Munzopasa Poccuu
yi. Jlenuna, 0. 3, 2. Ygha, 450008, Poccus
2 Unemumym 6uoxumuu u 2eHemuxu — 060coONenHoe CMpPYKmypHoe noopaszoenenue
OI'BHY «Ydhumcxuil ghedepanvroiii uccredosamenvcrkuti yenmpy PAH
np. Oxmsaops, 0. 71, 2. Yeha, 450054, Poccus
3I'BY3 PB «lopoockas kaunuueckas 6oavuuya Ne 21 2. Ypay
Jlecnoui npoeso, 0. 3, e. Ypa, 450071, Poccus

AHHOTauuA

Llens. MpoBecTtn aHanu3 nokasaTtenem NuLLEeBOro NoBeaeHUs 1 reHa peventopa nentuHa (Leptin receptor, LEPR) y nauu-
eHTOB C CaxapHbIM auabetom 2-ro Tuna (CH2).

Matepuanb! u metogbl. B nccnegosanue BkntodeHbl 83 naunenta ¢ CA2 (21 MyxuuHa, 62 XeHLLUMHbI), CpeaHuii BO3pacT
59,0 £ 9,9 roga n 134 yenoseka 6€3 KnMHNYECKMX 1 NABOPATOPHbIX NPU3HAKOB CaxapHoro auabeTa (105 XeHLmH, 29 Myx-
4mMH), cpegHni BodpacT 55,0 + 10,2 roga. Y BCex y4acTHWUKOB MCKMKOYeHa HepBHast Bynumus. MuwieBoe noBeeHue OLeHn-
Banoch C UCMONb30BaHWEM rONMaHACKOro onpocHMKka nuwiesoro nosedeHus (The Dutch Eating Behaviour Questionnaire),
onpocHuka umnynscuaHocTh B.A. JloceHkosa. eHoTunMpoBaHue no mapkepy rs1137100 reHa LEPR npoBefeHO METOL0M
nonuMepasHon LienHoi peakuuu. [1ns cpaBHEHWs 3Ha4YeHWd nepeMeHHbIX npumensancs U-kputepuin MaHHa — YWUTHU, Xu-
kBaapart [MupcoHa; nposeaeH ROC-aHanms.

PesynbTatbl. B rpynne ¢ C[12 oTmMeyeHo Gonee BbipaxeHHoe amoLuoreHHoe nuiesoe nosegenue (4,9 (4,1; 5,2) vs 3,1
(2,8; 3,8), p < 0,0001), MmeHee BblpaxeHHOe — orpaHuunTensHoe (2,8 (2,6; 3,6) vs 3,3 (2,6; 4,2), p < 0,0001) u akcTepHarnb-
Hoe (3,3 (3,0; 3,8) vs 3,8 (3,3; 4,4), p < 0,0001), oHn Takke MeHee umnynbcueHbl (47 (38; 66) vs 61 (54,5; 70), p < 0,0001).
OTi pasnuumns Ans SMOLMOrEHHOro NOBEAEHUS NOATBEPXKAEHDBI Kak Npy 13bbITke Macchbl Tena, Tak U NpK BCEX CTENEHSIX
OXupeHus. Hannyuwwas nporHoctuyeckas mogens C12 nonyyeHa B 3aBMCUMOCTH OT 3MOLMOTEHHOIO NULLEBOIO NOBEAEHUS
C TOYKOM oTCeyeHns 4,1 6anna: YyBCTBUTENLHOCTL 74,7%, cneundmyHocTb 79,1%, AUROC = 0,777; 95% noBepuTenbHbIn
nutepsan: 0,715-0,830, p < 0,0001. PacnpeaeneHue reHoTunos no nonumopdHomy Mapkepy rs1137100 rena LEPR 6bino
oavHakoBbiM B 0Benx rpynnax. Mokasatenb OrpaHNYMTENBHOTO MULLEBOrO NoBeAeHUs Obin MeHblue y nauueHToB ¢ GG
reHoTUNOM no cpaBHeHwto ¢ AAu GA (1,77 £ 0,52 vs 2,94 + 0,08, p < 0,01).

3akntoyenue. [na nauneHTos ¢ CA2 xapakTepHO 3MOLIMOTEHHOE NuLLeBOe noBefeHue. Accoumaums nonumMopdgHoro fo-
kyca rs1137100 reHa LEPR ¢ orpaHuuuTeNbHBIM MULLEBLIM NoBeeHWeM npu CL12 npeanonaraeT Hanmune reHeTUYeckux
(haKkTopoB (HOPMMPOBAHMS NATTEPHOB NULLEBOMO NOBEAEHNS.

KntoyeBble cnoBa: oxupeHve; nentuH; red LEPR; nonumepasHas LenHas peakuus; 3KkcTepHanbHOe NULLEBOE NOBEAEHME,;
OrpaHUYMTENBHOE MULLEBOE NOBEAEHME; SMOLMOreHHOE NULLEBOE NOBEAEHNE; MHAEKC MacChl Tena

Py6puku MeSH:

OVABET CAXAPHbIW, TUM 2 - MATO®K3MONOI A

MALLEBOE MOBEOEHUE

PELEMNTOPBLI NEMTUHA — AHATTN3

PELEMTOPHLI NEMNTUHA - TEHETUKA

MNMONMMMEPA3HAA LIEMHAA PEAKLINA

Ona uutmnposanusa: AssanetauHosa [.LU., Koyetosa O.B., Bynrakosa A.3., Mopyrosa T.B. lNuwesoe nosesexve u an-
nenbHble BapuaHTbl reHa peLenTopa NenTiHa y NaLuMeHToB ¢ caxapHbiM AnabeTom 2-ro Tuna: O4HOLEHTPOBOE NONepeyHoe
nccneposanue. CeyveHoBckui BecTHUK. 2023; 14(1): 15-26. https://doi.org/10.47093/2218-7332.2023.14.1.15-26
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Abstract

Aim. The aim of this study was to analyze eating behavior and leptin receptor (LEPR) gene in patients with type 2 diabetes
mellitus (T2D).

Materials and methods. 83 patients with T2D (62 women, 21 men) aged 59.0 + 9.9 years and 134 people without clinical
and laboratory signs of diabetes mellitus (105 women, 29 men) aged 55.0 £ 10.2 years were examined. Bulimia nervosa
was excluded in all the patients. Eating behavior was assessed using Dutch Eating Behavior Questionnaire, V.A. Losenkov’s
Impulsivity Questionnaire. Genotyping of the LEPR gene rs1137100 marker was performed using polymerase chain reaction.
The Mann-Whitney U-test and Pearson chi-square were used to compare the values of the variables; ROC-analysis was
performed.

Results. The emotional eating was more pronounced in T2D group (4.9 (4.1; 5.2) vs 3.1 (2.8; 3.8), p < 0.0001), but the
restrained (2.8 (2.6; 3.6) vs 3.3 (2.6; 4.2), p < 0.0001) and external eating was less pronounced (3.3 (3.0; 3.8) vs 3.8 (3.3;
4.4), p <0.0001), T2D patients were also less impulsive (47 (38; 66) vs 61 (54.5; 70), p < 0.0001). These differences for
emotional eating are confirmed in both subgroup of excess body weight and in subgroups of all degrees of obesity. The
best predictive model of T2D was obtained for emotional eating with a cut-off point 4.1 scores: sensitivity 74.7%, specificity
79.1%,AUROC =0.777; 95% confidence interval: 0.715-0.830, p < 0.0001. The distribution of genotypes by the polymorphic
marker rs1137100 of the LEPR gene was similar in both groups. Restrictive eating was lower in patients with GG genotype
compared to AA and GA (1.77 £ 0.52 vs 2.94 + 0.08, p < 0.01).

Conclusion. Patients with T2D are characterized by emotional eating behavior. The association of the polymorphic locus
rs1137100 of the LEPR gene with restrained eating behavior in T2D suggests the presence of genetic factors for the formation
of eating patterns.

Keywords: obesity; leptin; LEPR gene; polymerase chain reaction; external eating; restrained eating; emotional eating;
body mass index

MeSH terms:

DIABETES MELLITUS, TYPE 2 - PHYSIOPATHOLOGY
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Cnu1coK CoKpaLLeHWiA:

WMT - uHgekc macchl Tena

M — nokasatenb UMMYNbLCUBHOCTH

CU2 - caxapHblit gnabet 2-ro Tuna

AUROC - area under ROC-curve, nnowaab nog ROC-
KpWBOI

DEBQ - The Dutch Eating Behaviour Questionnaire, lon-

VYopaenenue caxapHbiM auadetom 2-ro tuma (CH2)
BXOJIUT B YUCIIO MPHUOPUTETHBIX BOMPOCOB MEAUIUHBI,
MOCKOJIbKY 3a00JIeBaHHE XapaKTepU3yeTCs BBICOKON
MHBAJIMIU3alMedl W JIaBUHOOOpa3HBIM POCTOM 3abole-
BaeMOCTH BO Bcex cTpaHax. CII2 — 3To kjaccuyeckas
MHOro(akTopHasi HO30JIOTHA, KOTOpass MaHU(ECTUPYyeT
B UTOT€ B3aMMOJICHCTBHS CPEJOBBIX W T€HETHYECKUX
(akropoB. Beaymmm MoguduuupyemsiMm GakTopom pu-
cka CJI2 sBnsieTcst o)xupeHue, B STHONATOreHe3 KOTopo-
rO TakXe BOBJICYEH LIETIBIA PsIJi COCTABISIOUINX, B TOM
YyHuciie 0COOEHHOCTH MUILEBOTO MOBEIESHUS U TeHeTu4e-
CKasl IIpeIpacIoIOKeHHOCTH [ 1, 2].

B mupe mpoBeeHO MHOXKECTBO HCCIIeIOBaHUN POIH
HACJIEZICTBEHHOCTU B 3THOJOTMU HAapyLIEHUW MHIIEBO-
ro MOBENEHMs,, MHOTHE M3 KOTOPBIX BBIMOIHEHBI ONMN3-
HEILOBBIMHM HMJIM CEeMEWHBIMU MeTonamu. MccienoBaHus
Ha Onu3Henax Mmokasaiu, 4yTo ko3(pduuueHTs Hacieny-
€MOCTH PacCTPOMCTB MUIIEBOTO MOBEICHHUS COCTABIISIOT
55% nnst HepBHOU Oynumuu U 49% 111 KOMITYJIbCUB-
Horo nepeenanus [3]. JlaHHbIe TUTEpaTypbl CBUACTEINb-
CTBYIOT O TOM, YTO TaKH€ pacCTPOICTBA MUIIEBOTO MOBe-
JIeHHs, KaK KOMITYJbCHBHOE MepeeaHne U HepBHas Oy-
JTUMHUS, TOBBILAOT puck passutus CH2 [4, 5]. OgHako
KCCIIEZIOBAaHUS MHIIEBOTO TMMOBEACHUS M CBA3AHHBIX
C HUM MeTabOJIMYECKUX 3a00JeBaHUM, MPEXKAE BCETO

NaHOCKUiA ONPOCHMK MULLEBOTO NOBELEHMS

EAT-26 — Eating Attitudes Test, TecT oTHOLIEHMS K Npuemy
UL

LEPR - leptin receptor, peuentop nentuHa

ROC - Receiver Operating Characteristic, paboyas xapak-
TEpUCTUKA NPUEMHIKA

CH2 u oxupeHus, B OCHOBHOM (POKYCHUPYIOTCS Ha €ro
paccTpoiicTBax (KOMIYIbCHBHOE TepeeiaHue, HepBHas
OyarMHUs), KOTOPBIE OTHOCSATCA K ICUXUYECKUM 3abolie-
BaHUAM. VccnenoBaHuid B3aMMOCBS3H THIIOB MUIIIEBOTO
MOBEJICHN, HE SIBJIAIOLIUXCS 3a00JeBaHUSAMU (OTpaHU-
YUTEIbHOE, HMOLMOTEHHOE, JKCTEPHAIBLHOE MUILEBOE
nosenenue), ¢ CI12 HegocraroyHo.

MornekynspHo-reHeTH4eckue  Mexanusmbl  C/12
U O)KUPEHUSI UMEIOT MHOTO 001Eero, 0 pe3yabraTaM uc-
CJIeZIOBaHUI BapuaOenbHblEe Y4aCTKH HEKOTOPBIX T'€HOB,
ACCOLMUPOBAHHBIX C OXUPEHUEM, MpeapacnoiaraoT
takxke u K pa3Butiio CJ12. Takumu «yHUBEPCATEHBIMIDY
TeHaMU SIBJISIFOTCSI, B YACTHOCTH, T'€H pelenTopa Mena-
HOKOpPTHHA 4-r0 THUMAa U TeH peuentopa jgentuHa (Leptin
receptor, LEPR) [6-9].

JlenTuH OTHOCHUTCA K aJUNOUUTOKHHAM — TOPMO-
HaM, CEKPEeTUPYEMbIM NPEUMYLIECTBEHHO aJUIOLNTA-
MH, a TaKXKe JAPYTUMH TKaHSIMHU (HAPUMED, CIM3HCTON
o0omnoukoil xkemynka). buonornueckas poib JeNnTHHA
3aKJIIO4aeTCsl B Peryjasiuu Macchl Tena. JlenTuH B3au-
MOJICHCTBYET C pelenTopaMy THIIoTajJaMyca, yMeHbIIast
aNIeTUT, CTUMYIUPYS PACXOI JHEPIHH W HHIYLHPYS
cHIKeHne Macchl Tena [10]. PeuenTop sienTuHa Konu-
pyeTcsl TeHOM, pacrloNOKeHHBIM Ha xpomocome 1p31,
cocrosiiuM U3 20 5K30HOB, 19 HHTPOHOB, pazMepoM
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6onee 70 map ocHoBanuid. [lonumopdusm rena LEPR
rs1137100 acconuupoBaH ¢ ypoBHEM JIENTHHA U OXKUPE-
HHUEM y xuTeneld IHIOHe3nu U B eBPONICOUIHBIX TIOMY-
JSIIASAX, & TAKKE C CHHAPOMOM IOJUKHUCTO3HBIX STHYHH-
xoB [11, 12].

[IpuHuMas BO BHUMaHHE BBIIICH3I0KEHHOE, MBI BEI-
JBUHYJIW TUIIOTE3Y, YTO NomuMOopdHBIi okyc rs1137100
reHa LEPR acconuupoBaH ¢ narTepHaMH MHUIIEBOTO O-
BesieHus y naruenToB ¢ CJ12.

Heanb necaenoBaHusi: OLICHUTH MHUIICBOE TIOBEICHHE
y marenToB ¢ C/I2 u ero B3auMOCBA3b C TCHOTUIIAMU
no BapuabensHOMy yuacTky 151137100 rena LEPR.

MATEPUAIbI U METOAbI

IIpoBeneHO OJHOLIEHTPOBOE MOIMEPEUYHOE MCCIEN0-
BaHue NanueHToB ¢ C/I2 u rpynmbl KOHTPOJS Ha KITU-
Hu4eckoi 0ase kadeapsl sHA0KpuHONIOorHu ®I'BOY BO
BI'MY Munzapasa Poccun, pacnonoxennoit 8 [BY3
Pb I'Kb Ne 21 1. YuI, a taxke B UHCTHTYTE OHOXU-
mun u reaetuku YOUIL] PAH. Ilportokon uccrnenona-
HUS PACCMOTPEH U OZ00PEH Ha 3acelaHuu JOKaJIbHOTO
stuueckoro komurera ®I'bOY BO BI'MY Munznpasa
Poccun (21.04.2021 r., npoTtokon Ne 4). JlanHas pabora
ABIIAETCA MPOAODKEHUEM HAIEro MPEeAbIAYLIEr0 HC-
cienoBaHus [6].

OcyuiecTBisics CIJIOUIHOH Habop B TPYIIBI HC-
ciefoBaHusl W KoHTpons 3a mepuon ¢ 04.03.2019
no 28.02.2020 1. B KOHTPOJBHYIO TPYIITY BKIIOYAIH J0-
OpoBosnbleB u3 yncna corpyagHukoB ['Kb Ne 21 . Vs,
OI'BOY BO BI'MY, MucTuTyTa OMOXHUMHN U TEHETUKU.

B 0CHOBHYI0 M KOHTPOJIbHYIO T'PYMIbl BRIOUPATIHChH
muna 18 yer m crapiie, moamUcaBIIMe WH(OOPMUPO-
BaHHOE corlacue. B OCHOBHyIO TPYIIy BKJIIOYAIUChH
MaueHTsl ¢ auardo3oM C/I2, ycTaHOBIEHHBIM coIJiac-
Ho kputepusm BO3 (1999-2013 rT.), 1 ¢ OTCyTCTBHEM
KIIMHUYECKUX MPU3HAKOB Apyrux tunos C/I; B rpymmy
KOHTpOJIA — Jula 0e3 KIMHUYECKUX U J1a00opaTOpHBIX
npusHakoB C/l u 6e3 HacleACTBEHHON OTATOLEHHOCTH
o CJ1 mo0oro Tura.

Kputepusim HeBKiIIOUeHHS B 00€ TPYMIbI CIYKUIU:
OepeMEeHHOCTb, JIaKTalus, HaJTMYue HEPBHOU OynuMuw,
POACTBO MEXIy y4acTHHKaMH uccienoBanus. g uc-
KITIOUEHUS] YYaCTHUKOB C IATOJIOTUYECKHUM pacCcTpOi-
CTBOM TIMINIEBOTO TIOBEICHUs (HEPBHOM OyIMMHUEH) TTPO-
BEJICH aHAJIW3 MOKa3areseil TeCTa OTHOLICHHUS K IPUEMY
nuin EAT-26 (Eating Attitudes Test, TecT oTHOmEHUs
K IpUeMy IHILIK): B UCCIEN0BaHUE BKJIIOYAIUCH Y4acT-
HUKU C pe3ynbTaToM TecTa MeHee 20 6aios.

Jna Bxmouenust B rpynny ¢ C/I2 onenuBanuch Bce
MAIMEeHTHl C ATUM JHWArHo3oM, oOparuBIIMecs Ha KOH-
CYJIBTAllMIO B OTAEJICHUE SHAOKPHUHOJIOTHH, a TaKkKe Ha-
XOIAUIMECS B HEM Ha CTAllMOHAPHOM JICUECHUH.

Bcero BriroueHo 217 y4acTHHKOB: B TPYIIY Hccie-
nosanus — 83 mauuenta ¢ C/12, B rpyniy KoHTpons — 134
yesioBeKa 0e3 HapyIleHHi yIiieBoqHoro ooMeHa (puc. 1).

B obeux rpymnmnax npoBOAWIH: aHTPOIIOMETPUIECKHE
U3MEPEHUsl — POCT, BEC; aHAJIN3 IMHUIIEBOTO MOBEICHUS;
HCCIIeIOBaHKE B IUIa3Me BEHO3HOW KPOBH IVIFOKO3bI Ha-
TOLLAK, JIMTUAOTPaMMBbI (0OLIUI XONeCTepUH, JUIONPO-
TEUHBI BHICOKOM M HU3KOW MJIOTHOCTH, TPUITIULIEPUIBI),
noKasarens DIUKO3WIMPOBAaHHOTO TeMOorIo0nHa; U3yda-
JIUCh TEHOTHUIIBI IO BapuabenbHoMy yuacTky rs1137100
rena LEPR. Nunekc maccel Tena (MMT) paccuutsia-
JIM KaK OTHOILIEHHE MAacChl Tena (Kr) K pocrty (M?), cTe-
NEeHb OXXHUPEHHS YCTAaHABIUBAINW COMNIACHO KPUTEPHUSIM
BcemupHoii opranu3zanyuu 34paBoOXpaHeHusl.

g Toro yTOOBI OLEHUTD BIMAHUE OXKUPEHUA Ha I10-
Ka3aTelld MUILEBOro MOBeleHUs] B 3aBUCUMOCTH OT Ha-
JUYUS U CTETIEHU OXHUPEHHs, IPOBEACH aHAIU3 B TOJ-
rpynmnax nauueHToB ¢ pazaudabiM UMT.

B rpynne namuentoB ¢ C/I2 Takxke oleHHBajIach
IVIIOKO3a KalMJUIAPHON KPOBH Yepes 2 yaca Mocie efbl,
HCCIIeIoBaHa B3aMMOCBS3b HUILEBOIO MTOBEACHUS B MO~
rpynInax ¢ pasHod IJIUTEIbHOCTBIO 3a00JIeBaHUs.

OueHKa nuweBoro noseaeHus

Jnst OLIEHKM TUIIEBOTO TOBEICHHS TPOBOJIH-
JIOCh aHKETHPOBAHHUE C WCIIOJIB30BAHUEM CIIEAYIOIINX
ONPOCHUKOB.

1. TomnaHACKUII ONPOCHUK MHILEBOTO MOBEACHUS
(DEBQ, The Dutch Eating Behaviour Questionnaire), Ba-
JMIUPOBaHHBIN B Poccuu?, II03BOJISET THArHOCTHPOBATh
OTPAaHUYHTEILHBIN, YMOIMOTCHHBI M 3KCTePHAIBHBIN
Turbl nuieBoro nosenenus [ 13]. Onpocank DEBQ co-
cToUT U3 33 yTBEPKIECHUH, KOXK/I0€ U3 KOTOPBIX PECIIOH-
JICHT OIIEHUBAET B OTHOIIEHUU cebs kak «Hwuxorma» —
1 6amn, «Pemko» — 2 Oamia, «Muorma» — 3 Oaia,
«Hacro» —4 6anna, «O4eHb yacTo» — 5 6ayu10B (YTBEpK-
nenue 31 oneHUBaeTCs B MPOTHUBOIOIOKHBIX 3HAYCHH-
ax). YT1BepxkaeHus: 1-10 cocTaBisOT IIKaly 3MOLUO-
TEHHOTO IMMUIIEBOTO MoBeAeHus, 11—12 — 3xcTepHaIbLHOTO
MUIIEBOTO TOBeNeHUs, 24—33 — OrpaHUYUTENLHOTO IH-
IeBOTo ToBeneHus. 110 ka0l U3 IMIKaJI BEIYUCISETCS
cpenuuii 6amt. OrpaHUYHUTETHFHOE MTUIIIEBOE TTOBEICHUE
JIUarHOCTHUPYETCs pU 3HaYeHusAx Oozee 2,4 H6asuia, sMo-
nuoreHHoe — 6onee 1,8 Oamna, axcTepHanbLHOE — OoJee
2,7 6amna. Ilpu orpaHMYUTENHHOM MATTEPHE MTHUIIEBOTO
MTOBE/ICHUS YEJIOBEK MpHUiaraeT MpeaHaMepEeHHBIC YCU-
JIYsl, HANPaBJICHHBIE HA CaMOOTPAHMYEHUS B TMHUTAHHH,
KOTOPBIE B TIOCIIEAYIONIEM MOTYT NMPUBOUTEH K KOMITCH-
caTopHOMY Tepeenanuto. JInia ¢ SMOIMOTeHHBIM THIIOM
MUIIEBOTO TIOBEJICHUS «3a€/Ial0T» HEraTUBHBIE dYMOIINO-
HaJbHBIC TIEPEKMBaHUS. DKCTEPHAIBHOE THINEBOE TI0-
BEJICHUE XapaKTEPHU3yeTCs BO3HUKHOBEHUEM >KEIAHUS
MOECTh HE BCIICJCTBUE YYBCTBA TOJIONA, a MO BIWSHU-
€M BHEITHUX CTUMYJIOB — BHJIa W 3allaxa €/bl, a TaKKe
MIPY BUJIE JTIONIEH, TIPUHUMAIOIIUX TTHIITY.

2. [lo paHHBIM ONMpPOCHMKA JUISI HCCIEIOBAHUS
YPOBHSI UMIYIbCUBHOCTH B.A. JloceHKOBa BBIYUCISII-
cs mokazarenb umnyinbcuBHocTH ([TW). 3nauenue 1A

2 Varlamov A., Vergeles K., Evgenia A. Adaptation and initial validation of DEBQ in a Russian sample. — 2020.
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IMarmentsr ¢ C/12 / Patients with T2D
n=108

BHYTPEHHWE BOJIE3HU

Jo6posousikt 6e3 C/12 / Volunteers without T2D
n=154

Kpurepun uckiarouenus /
Exclusion Criteria

HapylI€HHas TTIMKEMHUS HATOLIaK /
impaired fasting glycaemia

(n=17)

(n=17)

caxapHblii aber He 2 Tuma /
non-type 2 diabetes

(n=7)

POZCTBO C APYTHMH yIaCTHUKAMH
uccaenosans / relationship with other
study participant

(n=6)

(n=9)

KOpMAIIHE 1 6CpeMCHHLIC /
lactating or pregnant

(n=5)

(n=2)

EAT-26 > 20 6amos /
EAT-26 > 20 points

(n=2)

v

I'pymma ¢ C/12 / T2D Group
n=283

I'pynna kourpons (6e3 C2) / Control group (without T2D)
n=134

AnTponomerpus (pocrt, Macca tena, UMT) /
Anthropometry (height, weight, BMI)

I'moko3a KpoBH, UnUaorpaMma /
Blood glucose and b lipid profile

[Tumesoe moenenue: DEBQ, UMITyTbCHBHOCTH
o JlocenkoBy /
Eating Behavior: DEBQ, Losenkov impulsivity

Tomumopdusm rewa LEPR rs1137100
(I'pymma ¢ C112 n = 82, xorTpons n = 131) /
LEPR gene polymorphism rs/137100
(T2D Group n = 82, Control n = 131)

PUC. 1. TloToxoBast iuarpaMmma BKJIIOUCHUS IALIMCHTOB B HCCIICAOBAHUC

FIG. 1. Study enrollment flowchart

Mpumeyanue: CL2 — caxapHblit anabet 2-ro Tuna; EAT-26 — Eating Attitudes Test, Tect oTHoweHus k npuemy nuww; MMT — uHoekc maccel Tena;
DEBQ - The Dutch Eating Behaviour Questionnaire, lonnaHackuin onpocHuk nuiiesoro nosegeHus; LEPR — leptin receptor, peuenTop nentuHa.
Note: T2D - type 2 diabetes mellitus; EAT-26 — Eating Attitudes Test; BMI — body mass index; DEBQ - The Dutch Eating Behaviour Questionnaire;

LEPR - leptin receptor.

B auama3oHe 66—80 COOTBETCTBYEeT BBIPAKEHHOW WM-
MyJIBCUBHOCTH, 35—65 — yMepeHHOW MMITYJIIbCUBHOCTH,
34 u MeHee — HHM3KOH MMIYIbCUBHOCTH. Uem Oosblie
[11, TemM HUXKE CITOCOOHOCTH YENOBEKa K CaMOKOHTPO-
JIF0, B TOM YHCJIC B OTHOIIICHUH €/IBL.

MeHeTU4Yeckme nccnengoBaHus

st mpoBeneHWs] TEHETHYECKHX HCCIEIOBAHUHN
B 00€HX rpymax MmpoBOIWIN 3200p 5 MJI BEHO3HOU Kpo-
BU HATOIIaK B BaKyyMHbIC TIpoOupku Vacuette ¢ DJTA
(3THIICHIMAMHUHTETPAYKCYCHAs KUCJIOTa). DKCTPAKIIHIO
TCHOMHOH J1e30KCHpruOoHyKIenHoBoi kucioThl (JJHK)
13 IETBHOM KPOBH OCYIIECTBILUIM METOIOM (heHONIb-
HO-XJIOPOOPMHOM IKCTPAKIMU. AMILTUPUKAIHNIO JIO-
kyca rena LEPR (rs1137100) mpoBoauiu ¢ MOMOMIBIO
METOJIa TIOJIMMEpPa3HoN 1enHow peaknnn cuHTeza JJTHK
Ha ammuudukaropax «Tepumk» («IHK-texHomorusy,
Poccuss) u Gene Amp 2700 (Applied Biosystems,
CIIIA). TTocnemoBaTebHOCTA CHEIUPUUSCKUAX OJIUTO-

HYKJICOTUIHBIX MpaifMepoB, pa3Mepbl aMIDTH(DUIIPY-
eMBIX (parMeHTOB IIPEACTABICHBI B IOCTYHMHOH JH-
Teparype. s ompeneneHuss HYKICOTHIHOW 3aMEHBI
ammuipunupoBansasie  ¢parmentsl JJHK tuaponusu-
poBanu pecrpukrazoii Haelll (Haemophilus aegyptius)
npu temneparype 37 °C. Ilocne amrumdukanuu u pe-
crpukiun pparmentsl JJHK pasmernsin mpu momomu
anexrpotopesa B 7% NONHAKPHIaAMUIHOM Teje, KOTO-
pBIH 3aTeM OKpAaIlIMBaIH PAacTBOPOM OpPOMHCTOTO 3TH-
I¥sI 1 BU3YAIM3UPOBAIH B ITPOXOIAIIEM yIsTpaduoie-
TOBOM cBeTe. Pe3ynbrarsl anekrpodopesa GUKCUpoBaIn
refib-JTOKyMeHTHpYytome cuctemoit Quantum (Viber
Lourmat, ®panius).

CTtaTncrtuyeckasa obpaboTka AaHHbIX

st ananmm3a BuAa pacrpeneieHuil HPUMEHSIICS
kputepuit Kommoroposa — CmupHoBa. KonmaectBeHnbie
JaHHBIC TPEICTABICHHI B BHIC CPEOHETro apudMeTHde-
CKOTO U CPEIHEKBAIPAaTHICCKOTO OTKIOHEHUS (m + G),
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Menuansl (Me) 1 HHTEpKBapTHILHOTO HHTEpBaa (25-i;
75-1 MpOLIEHTWIIM) B 3aBUCUMOCTH OT THIIA pacrpere-
nenus. CpaBHEHHE 3HAYeHUH IMEPEMEHHBIX MPOBOAU-
J0Ch ¢ omMouIbio t-kputepusi Cthronenta, U-kputepust
ManHa — YutHu, xu-kBajpara [IupcoHa.

Jna ananmu3a cTeneHH CBS3U MEXKAY IBYMs Iepe-
MEHHBIMH HCHOJIB30BaJICs KO(D(MUIUEHT KOppersuun
IMupcona (r). Cuia KOPPENSLUUOHHON CBA3M OLIEHHMBA-
nack o mkane Ysmmoka kak crnabast mpu 0,1 <r < 0,3,
ymepenHas npu 0,3 <r <0,5, 3amernas ripu 0,5 <r<0,7,
Bbicokas ipu 0,7 < r < 0,9, cunpnas nipu 0,9 < r < 1,0.

YpoBeHb 3HAYMMOCTH [IJISI BCEX MPOBEPAEMBIX
runore3 mpuHAT Kak p < 0,05. KauectBo OuHapHOH
KJaccu(UKalUK OLIEHUBANIU C Hcnonb3oBanueM ROC-
aHanmusa (receiver operating characteristic — pabouas
XapaKTepUCTUKa NpHUeMHHUKa). s KoJmdecTBEeHHON
unTepnperanuu ROC-ananu3a npuMeHsIIN MoKka3areib
AUROC (area under ROC curve, miomaap nog ROC-
KpuBoil). KadecTBo TecTa ompenesnsuid COIIaCHO JKC-
neptHoi mkaie 1ig 3HaueHuidt AUROC (AUROC B un-
tepBaie 0,9-1,0 xapakTepusyeT OTIMYHOE Kaue€CTBO
monenu, 0,8—0,9 — ouens xopomee, 0,7-0,8 — xoporee,
0,6-0,7 — cpennee, 0,5-0,6 — HEYIOBIETBOPUTEILHOE
Ka4eCTBO MOJIEIIN).

Craructuieckasi 00paboTKa NaHHBIX OCYIIECTBIIS-
JaCh C WCHOJb30BAaHUEM KOMITBIOTEPHBIX TPOTPaMM
MedCalc 20.216 (MedCalc Software Ltd, benbrus)

u SNPStats (KaTtamoHckuii HMHCTUTYT OHKOJIOTHH,
Ucnanusn)®.
PE3YIIbTATDI

AHanus B rpynnax

OCHOBHbBIE XapaKTepUCTUKU NALIMEHTOB IpeICTaBIe-
HBI B Tabnuue 1.

HUccnenyemble rpynibl ObUTH COIOCTaBUMBI IO TOITY,
00MBIIYI0 YacTh B 00EUX IPyNIax COCTABISUIN JKEHILH-
HbI (77%), natmenTs! ¢ C/12 Obutu cTapiie Ha 4 roaa Jull
KOHTPOJIbHOM TPYIIITBI M UMENH CTATUCTUYECKU 3HAYUMO
6onee Boicokuid cpegunit UMT u gomo Jun ¢ oxupe-
HueM (69,9%) 1o cpaBHEHHIO ¢ KOHTPOJIBHOM rpynmoi
(33,6%).

Menuansbl mokasatesneil tunuaHoro oOMeHa B rpyIie
¢ C/12 1 KOHTPOJBHOM TPYIIIE pa3auyaInch 1o ooIe-
My XOJECTEPHHY U XOJECTEpUHY JUIOMPOTEUHOB HU3-
KOW IJIOTHOCTH, KOHIIEHTPAaLUU KOTOPBIX OBUTH BBIIIE
B rpymme C/12.

VYV naumentoB ¢ C/I2 mpu CONMOCTAaBIECHUH C KOH-
TpPOJEM OTMEYEHO OoJiee BBIPRXKEHHOE 3MOLIMOTEHHOE

Tabnuya 1. UcxopHble XapakTepuUCTUKM NaLMEHTOB B rpynnax
Table 1. Baseline characteristics of patients in groups

XapakrepucTuka / Characteristic C(";lf:I ;32)D Koun:(o:::/ﬁ;:o ntrol 3";“5;:2” /
Mon, myxynHel / Gender, male, n (%) 21(25,0) 29 (21,6) n.s.
Bo3pacrt, net / Age, years 59,0+£99 55,0+ 10,2 <0,005
WMT, kr/m? / BMI, kg/m?, n (%) 32556 287149 <0,0001
18,5-24,9 8 (9,6) 27 (20,1) <0,05
25,0-29,9 17 (20,5) 62 (46,3) <0,001
30,0-34,9 34 (41) 32(23,9) <0,05
35,0-39,9 18 (21,7) 9(6,7) <0,01
=40 6(7,2) 4(3) n.s.
O6wwin xonectepuH, Mmonb/n / Total cholesterol, mmol/l 5,6 (4,7;6,1) 51(4,8;5,3) <0,0001
JIunonpoTenHbl HU3KOM NNOTHOCTW, MMonb/n / Low-density lipoproteins, mmol/l 3,61(2,92; 4,18) 3,39 (2,76; 3,76) <0,05
JlunonpoTenHbl BbICOKOH MIOTHOCTY, MMonb/n / High-density lipoproteins, mmol/l 1,20 (0,87; 1,45) 1,10 (0,85; 1,34) n.s.
Tpurnuuepmabl, mmons/n / Triglycerides, mmol/l 1,43 (0,96; 1,99) 1,38 (1,2; 2,1) n.s.
Muwesoe noeesexre no DEBQ, 6anns! / Eating behavior type (DEBQ), scores
OrpaHuuutensHoe / Restrained 2,8 (2,6; 3,6) 3,3(2,6;4,2) <0,0001
OmoumoreHHoe / Emotional 49 (4,1;5,2) 3,1(2,8; 3,8) <0,0001
OkcTepHanbHoe / External 3,3 (3,0; 3,8) 3,8(3,3;4,4) <0,05
Ilf|MI'IyJ'IbCVIBHOCTb (no B.A. JloceHkosy), 6annbl / Impulsiveness (according 47 (38; 66) 61 (54,5 70) <0,0001
osenkov V.A.), scores
Monumopduam rs1137100 reHa LEPR / LEPR gene polymorphism rs1137100, n (%) n=382 n=131
AA 39 (47,6) 67 (51,1) n.s.
GA 40 (48,7) 55 (42,0) n.s.
GG 3(3,7) 9(6,9) n.s.

Mpumeyanue: CA2 — caxapHblit auabeT 2-ro Tuna; UMT — nHaekc maccol Tena; DEBQ — The Dutch Eating Behaviour Questionnaire, ronnanzckuin
ONpOCHMK NuLLeBoro noBeaeHust; LEPR — leptin receptor, pelentop nentuHa; n.s. — not significant, He 3Haunmo.

Note: T2D
significant.

- type 2 diabetes mellitus; BMI -

body mass index; DEBQ - The Dutch Eating Behaviour Questionnaire; LEPR -

leptin receptor; n.s. — not

3 https://www.snpstats.net/start.htm.
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Jara obpamenus: 11.08.2022.

CEYEHOBCKMI BECTHUK T. 14, Ne 1, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 1, 2023



MUIIEBOE TIOBEACHUE, U MEHEE BBIPAKEHHOE — OTPaHHU-
YUTEJHHOE U SKCTEPHAIBbHOE, OHU TaKXKe MEHEe UMITYJIb-
CUBHBI.

[TonmyyeHO HMIEHTHYHOE pacIpenelieHue T'eHOTHUIIOB
no nonumoppHoMy Mapkepy rs1137100 rena LEPR
B 00€HX TpyIINax.

B rpymnme koHTposns oOLIMil XOJNECTepUH IMOJIOMKH-
TEJBHO KOPPEIUPOBAJ C MOKa3aTeJeM HKCTEPHAIBLHOTO
numieBoro noseaenus (r = 0,2166, p < 0,05). B rpymnmne
C/12 BbISBIEHBI MOJOXKHUTEIbHBIE KOPPENIALUU YPOBHS
00111ero xoiecTeprHa U UMITyJAbCUBHOCTH (7= 0,252, p <
0,05).

B rpynne nammentoB ¢ C/I2 menuana riuKeMuu
IJ1a3Mbl BEHO3HOW KPOBM Haromiak cocrasuna 7,1 (6,1;
8,0) MMoB/11, mocTpanauanbHoM rmkemun — 9,8 (8,3;
10,9) MMOB/1, TIMKO3WIUPOBAHHOTO TeMOIIOOMHA —
7,2 (7,0; 7,8) %. Menuana niurensuoctu CJ12 Obuia 4,0
(1,3; 8,0) rona. Haubonee BeIpaskeHa MOJIOKUTEIbHAS
KOpPEeTALMs NOCTIPaHIUAIbHON TIIMKEMHUH C IOKa3are-
JeM sMouuoreHHoro noseaenus (r = 0,304, p < 0,05).
Menbuue 3HaueHUsT KOAPPHUIUEHTOB TMOIOKUTEIHLHON
KOpPEJSLHUH MOJIyYeHbl Ui MoKa3aTresei MmocTHpaHan-
anbHO# (r = 0,260, p < 0,05) U TOIWAKOBOH NIMKEMUHN
(r=10,228, p < 0,05) ¢ 6ayaMu 1o MIKajie IKCTEPHAIb-
HOTO MUILEBOr0 MOBEACHHUS.

Bospact He mnpogeMOHCTPUPOBA B3aHUMOCBS3U
HU C OJHMM H3 IIOKa3areled MUIIEBOr0 IOBEICHHUS.
[TokazaHa accouumanus moja ¢ peaju3alueid orpaHu4u-
TEJIHLHOTO TUINEBOTO MOBeACHMS Jyist xkeHIuH (p < 0,05).

NMT nonoxurenpbHo KOppEaupoBall ¢ MoKa3aTeasiMu
SMOLIMOTEHHOTO MUILEBOrO MOBEACHUS KaK B KOHTpOJIE,
Tak Uy nauueHToB ¢ C/I2 (tabn. 2). IIpu 3trom ko3 du-
LIUEHT KOppeNsuuy OblJ1 MaKCUMaIbHBIM B rpynne C2.
Taxoke B rpymnmne CII2 BbIsSiBI€HA CTaTUCTUYECKH 3HAYU-
Mas nojoxutenbHas koppemauus UMT ¢ nokasarenem
SKCTEPHAIBHOTO MUILEBOTO OBEACHUSI.

AHanu3 B noarpynnax ¢ pasHbiM UHAEKCOM

Macchbl Tena

Paznuuns mokazateneil MUILIEBOTO MOBEIESHHUS MEXKIY
muuaMu ¢ CZ12 1 KOHTpOJIEM B MOATPYIINAX € pa3inyHbIM

BHYTPEHHWE BOJIE3HU

HUMT npencraenenst B Tabnuie 3. Haubomnee BeipaxeH-
HBIE OTJIUYHS TOTYYEHBI TIO TIKAJIEe IMOIMOTEHHOTO TI0-
BefeHus: — y nanuenToB ¢ CJI2 moka3arenu Obutn cra-
TUCTUYECKHA 3HAYMMO BHIIIE, Y€M Yy JIUI[ KOHTPOIHHOU
TPYIIIBI, BO BCEX MOATPYIIAX: MPU H30BITKE MACCHI Tella
M BCEX CTETICHSIX OKUPCHHUS.

ITokazarenu OrpaHUYUTEILHOTO MMOBEACHHS Y TaIlH-
enToB ¢ C/[2 oxa3zanuchk MEHbIIIE, 4EM B KOHTPOJIE B ITOJI-
rpynmnax ¢ oxupenueM l-i m 3-ii crenmenu. Meauana
Oayuta 1o mKase YKCTEPHAILHOTO MHIIEBOTO MOBEICHUS
Obina 3HauUMO Huxke rpu C/I2, 4yem B KOHTpOJE B IOJI-
TpYyIIIE JIUI C HOPMAJIBHON Maccol Tea.

ITamuenter ¢ C/I2 umenn Ooliee HU3KHE 3HAYCHUS
IIM, yem nua KOHTPOIBHON TPYIIIBL, 3TH PA3IUYHUS OT-
MEYaJINCh TPU H30BITKE MAaCcChl TeJa U OXUPEeHUU |-k
CTEIICHHU.

AHanu3s B noarpynnax ¢ pasHoun

ANUTENbLHOCTLIO caxapHoro guaberta

Menuansl mokaszaTeield Mo MIKajlaM SMOIHOTEHHO-
TO ¥ SKCTEPHAJBHOTO MOBENEHUS ObUIN CTaTUCTHYECKU
3HAYUMO HIDKE B TOATPYIIIE MAIMEHTOB C JIHTENBHO-
cteio C/12 10 u Gornee JieT 10 CpaBHEHUIO € TIOATPYIIOi
MalUeHTOoB, y KOTOpbIX auarHo3 CZI2 ycTaHoOBIIEeH MeHee
10 sier Hazan (Tabm. 4).

IToxazarenu smouunorennoro (r = —0,329, p < 0,01)
u skcrepHansHoro (r = —0,239, p < 0,05) noBexeHus
YMEHBLIAIUCH [0 Mepe MporpeccupoBaHus 3adoseBa-
HUSL.

NMuweBoe noBeAeHMe B 3aBUCMMOCTU

ot nonumopdmama rs1137100 reHa LEPR

B Tabnuue 5 npuBeneHbl AaHHBIE aHAIM3a ACCOLH-
aiuit BapuaGenbHoro ywactka rs1137100 rema LEPR
C pPa3IMYHBIMM TATTEpHAMH MHILEBOTO IOBEIEHUS
B KOHTPOJIbHOM rpynmne u B rpymmne nanuentos ¢ CH2.
B KOHTpOJIBHOM TpyIIe CTAaTUCTUYECKU 3HAYMMBIX pa3-
TMuuil He BbIsABIEHO. B rpymnne nauuentoB ¢ CL2 BBI-
SIBIIEHBI 3HAUMMBbIE OTIIMYMS CPeJHEero Oajia Mo IIKaie
OTrPaHUYMTEIBHOTO THIIEBOIO MOBEJCHHS B 3aBHUCH-
MOCTH OT TreHoTurnoB Jokyca rs1137100 rena LEPR.

Tabnuya 2. 3HauyeHns Ko3admuneHToB koppensumm MupcoHa (r) Mexay MHAEKCOM MaccChl Tena U NokasaTensiMm NULLEeBoro
noBeAeHUs B rpynnax
Table 2. Values of Pearson’s correlation coefficients (r) between body mass index and indicators of eating behavior in groups

chO2/T2D KonTtponb / Control
Xapakrtepuctuka / Characteristic (n=83) (n=134)
3HaueHue p / p value r 3HaueHue p / p value

Muwesoe nosepenme no DEBQ / Eating behavior type (DEBQ)
OrpaHuumtensHoe / Restrained 0,129 n.s. 0,069 n.s.
OmoumoreHHoe / Emotional 0,499 <0,0001 0,174 <0,05
OkcTepHanbHoe / External 0,39 <0,001 -0,079 n.s.
WmnynbcueHocTb (Mo B.A. JloceHkosy), 6annbi / 0,043 ns. 0124 ns.

Impulsiveness (according Losenkov V.A.), scores

Mpumeyarue: CA2 — caxapHblit auabet 2-ro Tuna; DEBQ — The Dutch Eating Behaviour Questionnaire, ronnaHznckuii onpocHUK NULLEBOTO NOBEAEHMS;

n.s. — not significant, He 3HauMmo.

Note: T2D - type 2 diabetes mellitus; DEBQ — The Dutch Eating Behaviour Questionnaire; n.s. — not significant.
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Tabnuya 3. MokazaTenu NULLEBOro NOBEAEHWS B MOArPYNNax ¢ pasHbIM MHAEKCOM Macchl Tena
Table 3. Scores of eating behavior in subgroups with different body mass index

XapaktepucTuka / WHpekc macckl Tena, kr/m? / Body mass index, kg/m?
Characteristic <25 (n = 35) 25,0-29,9 (n=179) 30,0-34,9 (n = 66) 35,0-36,9 (n = 27) 240 (n=10)
MuweBoe noBegeH1e
no DEBQ, 6annbl /

Eating behavior type
(DEBQ), scores

CO2/ Kowtpomb/ CO2/ Kowtponb/ CO2/ Kowtponb/ CO2/ Kowtpomb/ CH2/  Kontponb/
T2D Control T2D Control T2D Control T2D Control T2D Control
(n=17) (n=62) (n=17) (n=62) (n=34) (n=32) (n=18) (n=9) (n=6) (n=4)

OrpaHuuutensHoe / 24 3,1 3,1 3,6 2,8 33 2,8 2,8 3,1 44
Restrained (2,3;29) (22;42) (24;36) (2742) (28;30) (27;41)° (2,8,36) (2533 (231 471,473
OmoumoreHHoe / 2,7 2,8 42 3,1 49 35 49 3,3 57 34
Emotional (2,1;43) (25;36) (3,549) (28;36)° (42,49 (28;44r (42,52 (2843 (56;61) (29 3,5)°
OkcTepHanbHoe / 3,0 4,0 32 3,7 3,3 3,6 34 38 46 41
External (2,5;3,1) (3,6;47P° (3,0;4,2) (3,2,44) (31;36) (28,42 (3,3;4) (36,39 (38;48) (3,0;52)

MmnynbcuBHOCTL (MO

B.A. Ilocerkosy), 6annbi /
Impulsiveness (according
to Losenkov V.A.), scores

45,0 63,5 46,0 59,5 46,5 59,0 50,5 59,0 38,0 61,0
(345  (580; (368  (530;  (350; (51,8  (390; (525  (31.0;  (54.0;
7100 7200  660)  690F  680)  718° 6200 668 710 700

ap<0,05,°p<0,01,°p<0,001.

Mpumeyanue: CA2 — caxapHblit guabet 2-ro Tuna; DEBQ — The Dutch Eating Behaviour Questionnaire, ronnaHzckuii onpocHUK MULLEBOTO NOBEAEHMS;
n.s. - not significant, He 3Ha4umo.

Note: T2D - type 2 diabetes mellitus; DEBQ - The Dutch Eating Behaviour Questionnaire; n.s. - not significant.

Tabnuya 4. NMokasaTtenu NuLeBOro NoBeJeHNUA B NOATPYNNax NauUeHToB ¢ caxapHbIM ANA0ETOM C pa3Hoii ANUTENIbHOCTbIO
3aboneBaHus
Table 4. Scores of eating behavior in the type 2 diabetes mellitus patients with different duration of the disease

OnutenbHoctb CO2 / Duration of T2D

X L 3HaveHue p/
apaktepucTuka / Characteristic <10 net/<10years 210 ner/2 10 years pvalue
(n=67) (n=16)
Muwesoe noseaerue no DEBQ, 6annbi / Eating behavior type (DEBQ), scores
OrpaHuuutensHoe / Restrained 2,8(2,5;3,1) 3,4(2,7;3,6) n.s
OmouworeHHoe / Emotional 49 (4,2;5,2) 3,9(2,8; 4,6) <0,05
OkcTtepHanbHoe / External 3,3(3,2;3.8) 3,0(3,0; 3,0) <0,05
WmnynbcueHocTb (no B.A. loceHkoy), 6annbi / 58,0 (43,0: 72,0) 46,0 (35.8; 64.9) ns

Impulsiveness (according to Losenkov V.A.), scores

Mpumeyanue: CA2 — caxapHblit guabet 2-ro Tuna; DEBQ — The Dutch Eating Behaviour Questionnaire, ronnaHzckuii onpocHUK MULLEBOTO NOBEAEHMS;
n.s. — not significant, He 3Haunmo.
Note: T2D - type 2 diabetes mellitus; DEBQ — The Dutch Eating Behaviour Questionnaire; n.s. — not significant.

Tabnuya 5. MokazaTenu NULEBOro NOBEeAEHNS B 3aBUCMMOCTH OT nonumopdmama rs1137100 reHa LEPR B rpynnax
Table 5. Scores of eating behavior depending on the polymorphism rs1137100 of LEPR gene in groups

CcO2/T2D Kontpons / Control
(n=82) (n=131)
Xapakrepuctuka / Characteristic leHoTtunsb! / Genotypes leHoTtunb! / Genotypes
AA GA GG AA GA GG
(n=39) (n=40) (n=3) (n=67) (n=55) (n=9)

Muwesoe noseaerne no DEBQ, 6annbi /
Eating behavior type (DEBQ), scores

OrpaHuuutensHoe / Restrained 299+013 288+0,10 1,77+052®° 332+012 3,39+0,12 3,67+0,39

OmouuoreHHoe / Emotional 447+018 440+017 533+059 336+014 326+011 3,71+0,31

OkcTepHanbHoe / External 361+£012 349+011 407+054 377+010 3,89+011 3,33+0,34

WmnynbcueHocTb (no B.A. loceHkoy), 6anmbi /
Impulsiveness (according to Losenkov V.A.), scores

ap <0,05.
Mpumevanme: C2 — caxapHblit auabet 2-ro Tuna; DEBQ — The Dutch Eating Behaviour Questionnaire, ronnaHackuit onpoCHUK NULLEBOTO NOBEAEHMS.
Note: T2D - type 2 diabetes mellitus; DEBQ — The Dutch Eating Behaviour Questionnaire.

51,84 £2,64 48,08+257 52,00+ 14,18 60,10+ 1,46 60,44 +1,62 6511+ 3,05
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[Tokazarenb OrpaHUYUTENBHOTO MHUILEBOTO MOBEACHUS
ObUT HAMMEHBIIUM Y TpPeX MalUeHTOB ¢ reHoTUNnoM GG
M cocTaBui 1,77 6ara, MaKCUMAJIBHBIN Oajul IO IIKaIe
OTrPaHUYUTEIBHOTO MUIIEBOTO MOBEACHHS ObLT y Malu-
€HTOB ¢ TeHoTunom A4 — 2,99.

B3aumocss3b snokyca rs1137100 rena LEPR ¢ orpa-
HUYMUTENbHBIM THUILEBbIM MOBEJICHUEM Y MalUeHTOB
¢ C/12 Obua HauboJiee BEIPAKEHHOH B peLeCCUBHON MO-
nenu. CpenHuil 6ail Mo IKaje OrpaHuYUTEIbHOTO MO-
BEJICHUs y ManueHToB ¢ renoturiamu 44 u GA Obu1 3Ha-
YUMO BBILIE, YeM y MAUEeHTOB ¢ reHotunoM GG (2,94 +
0,08 u 1,77 + 0,52 cooTBeTcTBEHHO, p < 0,01).

MporHocTuyeckas Mogenb pasBUTUs

caxapHoro guaberta 2-ro Tuna

Ji1st moTydeHust IPOTHOCTUYECKOW MOJISITH Pa3BUTHS
CJ12 mipu pa3nu4HBIX BapUaHTaX MMHIIEBOTO MOBEICHUS
B Ka4eCTBE MPEIUKTOPOB OBLIN MCIOIL30BAHBI IMOKA3a-
TEJN, KOTOPhIE 3HAYMMO OTIIMYAJIUCh B TPYyTIax MarfeH-
ToB ¢ C/I2 1 koHTpOJIEM.

Hawunyummas nporHocTUdeckass MOAENTb pPa3BUTHS
C/12 Oblia mosy4eHa B 3aBUCUMOCTH OT SMOIIMOT€HHOTO
nuieBoro noBeaeHus (puc. 2). CormacHo MPOTHOCTUYE-
CKOM Mojenu, Toukoi oTceuenus (cut-off) smonmoren-
HOTO TUIIEBOTO MOBEACHMsI, acconuupoBannoit ¢ CI2,
sIBIsIeTCsI 3HaYeHue Oonee 4,1 Oaa: 9yBCTBUTEIHHOCTD
74,7%, cneuuduunocts 79,1%, AUROC = 0,777, 95%
noBeputenbHbId naTepBait: 0,715-0,830, p < 0,0001.

OBCYXOEHUE

MupoBbIM MEIUIIMHCKUM COOOIIECTBOM IPUIAraroT-
s 3HaYMTENbHbIE ycuius 1o ynpasienuto C/12, onHaxo,
HECMOTpS Ha TOSBJICHUE HOBBIX TE€PAIEBTHUECKUX BO3-
MOXKHOCTEH M COBEPILEHCTBOBAHHE CPENCTB AJIS CaMo-
KOHTPOJISI NTUKEMHH, KOMIIEHCALIUS YIIIEBOAHOTO OOMEHa
y nanuenToB ¢ C/12 B 1onrocpouHoil nepcrexTuBe npe-
cTaBisieT Oosblive ciIoKHOCTH. [Ipodunakruyeckue
MEpONpUATUS TpeACTaBiIeHbl Moaudukanueir obpa-
3a KH3HU, U 3(P(YEKTUBHOCTh UX KpaiiHe OrpaHHYcHa,
YTO JejlaeT ycTpaHeHue (PaKToOpoB pHUCKAa Ppa3BUTHUS
CH2 — oxxupeHus U mnepeenaHus, IPUOPUTETHBIMU 3a-
Jayamu 3apaBooxpaHeHus [14]. bonee miyOokoe mo-
HUMAaHUE MCUXOJIOTHYECKUX U OUOIOTUYECKUX MPUIHH
HapyllIeHU MUIIEBOTO MOBEAEHHS, IPUBOIAIIETO K pa3-
Butuio C/12 1 oxxupeHusi, MOXKeT B JaJibHelIeM odecrie-
yuTh OoJee 3(h(heKTUBHBIE TOAXOABI K KOHTPOIIIO MacChl
Tena, a 3Ha4uT U npodunakruke CJ12.

B nameii pabote BrepBble OKa3aHO, YTO y MALUEHTOB
¢ ClI2 o cpaBHEHMIO C JIMIJAMU KOHTPOJBHOM TPYHIIbI
0e3 nuabeTa BpIIlIE TTOKA3aTeIU MO HIKaJle SMOLUOT€HHOTO
MUILEBOTO MMOBEACHUS, KaK Y IALMEeHTOB CO BCEMH CTeIe-
HSAMH O)KUPEHUs], TaK U y JIUI] C U30BITOYHON Maccoii Tena.
HccnenoBanmii TUIOB MUIIEBOIO MOBEACHUS (OrpaHUYH-
TEJIFHOTO, SMOILMOT€HHOTO, AKCTEPHAIIFHOIO) y TallUeH-
toB ¢ C/I2 B JOCTYNHOH JUTEepaType MPaKkTHYECKH HET.
B 2017 . A. Lopez-Cereno u coaBT. IOKa3alli, YTO BbI-
COKHE IT0Ka3aTesI SMOLIMOTEHHOTO MUILEBOTO MTOBEACHUS

BHYTPEHHWE BOJIE3HU

ACCOLIMUPOBAHBl C TIOBBILIEHHBIM PHCKOM OXHPEHUS,
C/12, aprepuanbHoii runeprensuu [15]. B uccnenoBanumn
R. Nieto-Martinez 1 coaBT. ycTaHOBJIeHa OoJiee BBICOKas
yactota C/I2 y mauueHToB ¢ KOMIIYJIbCUBHBIM Iiepeesa-
HUEM U HEepBHOM Oynumueii [5].

Pesynbratsl Hatiell pabOThl AEMOHCTPUPYIOT, YTO K-
ieBoe nopeseHue y nanuentos ¢ C/12 paznuuaercs B 3a-
BUCUMOCTHU OT AJUTEIBHOCTH 3abosieBaHus. [lanueHTol
C JANTUTENbHOCTHIO 3a0oseBanus 10 yer u Oojee uMme-
au Oosiee HU3KHE MOKA3aTeNd AMOLUOTCHHOIO M JKC-
TEPHAJILHOTO TMOBEACHHUS, YTO, IO-BUAUMOMY, CBS3aHO
C MHOTOJIETHEH MPUBBIYKOM CIIEAUTH 32 CBOMM IHUTaHU-
eM. M3MeHsIeMOCTh NaTTepHOB MHILEBOTO IOBEIEHUS
JIaeT HaJleX Ly Ha TO, YTO OHU MOTYT CIYKUTh MUILIEHBIO
JUI TepareBTUYEeCKOro BO3IACHCTBUA elle 1O pa3BUTHUS
HapylIeHUH yIIeBOIHOTO OOMEeHa.

3a mocieAHHE TOIBI CTajl0 OYEBHIHO, YTO pelia-
IOLIYI0 POJIb B Pa3BUTUH OXKHUPEHHUS UTPaeT TOJIOBHON
MO3I, B TOM YHMCJIe HapylIeHHue padoThl LIEHTPOB ronona
U HachblllleHus B runotanamyce [16]. Hamu Obuia BbI-
JBUHYTA THIIOTE3a, YTO OCOOEHHOCTH MHIIEBOTO MOBE-
neHus y nanuenToB ¢ C/12 B3auMOCBSI3aHbI C aJlJIeNIbHBI-
MU BapuaHTaMmu TeHa LEPR, KOTOPBINA 3KCOPECCUPYETCs
B HEWpoHaX BOPOHKOOOPA3HOrO sjpa THIOTajJamyca.
[Ipu B3auMoneiCcTBUM JIEITHHA C €70 PELeNTOPOM oA~
BJISIETCS CEKpELHUsl CaMOro MOIIHOTO YHIOT€HHOTO CTH-
MyJIsiTOpa ammneruta — HeijponenTtuzaa Y. IlapamnensHo
MIPOUCXOAUT CHH)KEHHE CEeKPELUH aryTH-CBSI3aHHOTO
Oenka (AgRp — agouti-gene related peptide), xoTopbrit
SIBIIIETCS] aHTAar'OHUCTOM AaHOPEKCUTE€HHBIX PELENTOPOB
MejaHokoptuHa 1 u 4 [17].

B npoBenenHoit Hamu paboTe MokKa3aHo, YTO T'€HO-
tun GG nomumopduoro jokyca rs1137100 rena LEPR

1

o o o
~ () ©

YyBcTBATENBHOCTS / Sensitivity

o
N

0 0.2 0,4 0,6 08 1

1 — Crneunduunocts / 1 — Specificity

PUC. 2. ROC-kpuBas [yis 1oKa3arelisi SMOLUOTSHHOTO MH-
IIEBOTO TOBEACHUS KaK (akTopa pUcKa caxapHOro nuadera
2-ro TMna

FIG. 2. ROC-curve of emotional eating score as a risk factor
for type 2 diabetes mellitus
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ACCOLIMUPOBAH C HAMMEHBIIUM I10Ka3aTejleM OrpaHUYu-
TEJBHOTO MHIIEBOT0 MOBEAEHH Y Tpex nanuentos ¢ C/1.
OTu pe3ynbTarhl TPeOyIOT NOATBEPKICHUS B UCCIIEHO-
BaHUSX C BKJIIOYEHHEM OOJBIIEr0 4YMCiIa YYaCTHUKOB.
JanHble TUTEpaTyphl CBUAETENBCTBYIOT O TOM, YTO all-
nenb G B3aMMOCBSI3aH CO CHIDKEHHEM YPOBHS pacTBOPHU-
Moii (hopmel peuentopa jentuHa [18]. B npensinymem
WCCIIEIOBAaHUU MBI IIOKa3ajH, 4To TeHoTull GG sBiseTCs
MPOTEKTUBHBIM B OTHOUIEHUH OXXKUPEHHs, HO HE B3au-
MocBsi3aH ¢ puckom CJI2, 3To cornacyercs ¢ BBIBOIAMHU
JIpYTUX UCCIEA0BaTeNe U KpyIHbIM MeTa-aHalu30M [0,
19]. [o-BugumMomMy, B3aUMOCBSI3b HOIUMOP(HHOTO JIO-
kyca rs1137100 rema LEPR ¢ 0XHUpEHHEM peau3yeTcs
yepes ero BIUSHUE Ha MUILIEBOE TOBEICHHUE.

PesynbTarhl Halero UCCIeAOBAHUS CBUAECTENbCTBYIOT
0 HaJMYUM B3aMMOCBSI3M MEXIy MHIIEBBIM IOBEICHU-
€M U TOKa3areJisiMU YIIEBOAHOIO U JIMIIUAHOTO OOMeHa
y nauuentoB ¢ C/I2. YcraHoBieHa npsMasi KOppessuus
¢1aboii CHITBI OOIETO XOJECTEPUHA C UMITYJILCHBHOCTBIO.
IloctmpanananbHas DIMKEMHS YMEPEHHO KOPpEIUpoBa-
Jla ¢ MOKa3aresieM SMOLMOTEHHOIO TOBEISHUS U C1abo
(kaK W TOILIAKOBas TITUKEMHS) ¢ OajulaMH MO IIKaje KC-
TEepHAILHOTO nuIeBoro noeneHus. Panee J.E. Mitchell
U COAaBT. MOKA3aJIH, YTO KOMITYJIbCUBHOE IepeejaHre ac-
COLIMMPOBAHO C HapyIIeHHOH minkemuel Harowmak [20].

Takum 00pa3oM, HapylIeHHE MUIIEBOTO MOBEACHUS
ABIISIETCSL PE3YJIbTATOM CYMMAapHOTO BIHMSHHUSA Pa3iud-
HBIX ()aKTOPOB (B TOM YHCIE T€HETHUECKUX, TyMOpPalb-
HBIX, IICUXOJIOTHYECKUX, ICUXOCOLUANIBHBIX), OKa3bIBa-
IOLINX Peryaupyrollee BIUSHUE Ha IPUEM MULIH.

OCHOBHBIMH OTPaHUYEHUSIMH HUCCIENOBaHUA Npe-
CTaBJIAIOTCS HEOOJIBLION pa3Mep BBIOOPKH, OTCYTCTBUE
JUHAMHUYECKOTO HaONIONEHMs 3a MOKa3aTessiMH MUIe-
BOT'O MOBEJEHHS, OTCYTCTBUE OLICHKH YPOBHS JIENTHHA.

BKITA1 ABTOPOB

JI.II. AB3anernuHOBa BHEC]A CYIIECTBEHHBIN BKJIAJ] B KOHIIEII-
U0 U AW3aiiH HCCIICIOBAaHUs, COOp M aHAIIN3 JaHHBIX, CTATUCTH-
yecKUi aHaiu3, cocrapieHue Tekcra pykomucu. O.B. Kouerosa
BHECIIA CYIIECTBEHHBIH BKIIAJl B aHAJIN3 TaHHBIX, HAIHCAHHUE CTa-
ThU. A.3. BynrakoBa BHeclla CyLIECTBEHHBIN BKJIaJ B UHTEpIIpE-
TalUIO pe3ylbTaToB, Hanucanue crarbu. T.B. MopyroBa BHecna
CYIIECTBCHHBI BKJIa] B aHAJH3 JTAHHBIX, BHECEHHE B PYKOIHCH
Ba)KHOM MPaBKU C LEJIbIO MOBBIIIEHUSI HAYYHON LIEHHOCTH CTaThU.
Bce aBropsl omoOpmin (GUHATIBHYIO BEPCHIO CTAaTBU TEpeq ITy-
ONHMKAaIUe, BBIPA3WIH COITACHE HECTH OTBETCTBEHHOCTPH 33 BCE
acITeKThl PabOTHI, MOAPA3yMEBAIOIIYIO HAJUICKAIIee H3yICHHE U
pelleHne BOIIPOCOB, CBSI3aHHBIX C TOYHOCTHIO MITH JT0OPOCOBECT-
HOCTBIO JIT000H gacT paboTHL.
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3(dexTa Ha MOIyIEHHBIE PE3YJbTaThl, T.K. B IIPEICTAB-
JIEHHBIX TPYIIax MalUeHTOB BO3pacT HE MPOJEMOH-
CTPUPOBAJT B3aMMOCBS3M HHU C OJHHMM W3 TOKa3arelei
IHIIEBOTO ITOBECHHS.

JlanpHeillne HampaBiIeHUS UCCIECIOBAHUNA BO3MOX-
Hbl B HAIIPaBJICHUH YBEIUYCHHS KOIMYECTBA HCTIBITYE-
MBIX, H3y4EHUS] B3aUMOCBSI3H NATTEPHOB MUIIIEBOTO T10-
BEJICHUSI C TOIUMOP(GHBIMH JOKYCaMU JPYTUX TEHOB,
YYacTBYIOIIUX B KOHTPOJIE HACHIIICHHS U YHEPro3arpar
B THIIOTajamMyce.

3AKINMIOYEHUE

Jost marmenToB ¢ C/12 u mo0o0il CTEEHBIO OXKUpe-
HUS WIM C U30BITOYHOM Maccoil Tena Mo CPaBHEHHIO
¢ JuuamMu 6e3 auabera Oojee XapaKTEPHO 3MOIMOTEH-
HOe muuieBoe nosefeHue. [lokazarenb SMOLMOTEHHOTO
MHIIEBOro MoBeaeHus Oosiee 4,1 Oamma ¢ UCIOJIB30Ba-
HueMm omnpocHuka DEBQ MoxeT ciyXuTb ¢akTopom
pucka CII2 ¥ UCIIONIB30BATHCS KaK MapKep AJIsi OLEHKU
3¢ (dexkTUBHOCTH NPOPMIAKTUYECKHX U TepareBTuie-
CKUX Bo3zzeilicTBuil. Koppekuus narTepHOB MHUIIEBOTO
MOBEJEHHs Yy MAlMEeHTOB C JUarHocTupoBaHHbIM CJ12
MOTEHINATFHO MOXKET CIIOCOOCTBOBATH YAYUILIEHUIO MO~
Kazareleil koMIeHcauuu 3aboneBaHMi. B3aumocBs3b
nonumopduoro okyca rs1137100 rena LEPR ¢ orpanu-
YUTEIbHBIM MULIEBBIM NOBEACHUEM Y nanuenToB ¢ CJ12
MpearonaraeT CylecTBOBaHHE TeHETHYECKUX (PaKTOpoB
(bopMHUpOBaHHUS ATTEPHOB MUIIEBOTO MMOBEACHUS U Tpe-
OyeT manpHEeHIero n3y4eHusl.
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OueHKa BNMMAHUSA BHEJerouHbiX NnepcoHnpmMumMpoBaHHbIX
chbakTOpOB HA KOHTPONb GPOHXMANIbLHOU aACTMbI
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AHHOTauus

Llenb. A3yunTtb B yCroBusix peanbHON KIMHUYECKON NPaKTUKWM NePCOHNMULMPOBAHHBIE BHENETOYHbIE NPU3HAKK Y nauu-
€HTOB C BpoHxmarnbHoM actTmoil (BA) B 3aBUCUMOCTY OT HAMMYMS UM OTCYTCTBUS OXXUPEHUS W NOCTPOUTL MO HUM MOAENb
koHTpons BA.

Matepuanbl u Mmetoabl. B 0QHOMOMEHTHOE MCCNeaoBaHWe, NPoBeAEHHOE B 7 aMBynaTopHbIX LEHTpaX, BKMOYEHb! 237
B3poCnbixX naumeHToB ¢ BA (cpeaHuit BospacTt — 52,6 £ 1,3 roga). Mo uHaekcy maccel Tena (MMT) BbiaeneHs! rpynnbi:
Bes oxupermns (MMT < 30 kr/m?) — 128 naumeHToB, ¢ oxupernem (MMT = 30 kr/m2) — 109 nayneHToB. KoHTponb BA oue-
HuBanca no Asthma Control Questionnaire-5 (oNPOCHWK KOHTPONS CUMNTOMOB acTMbl), (hn3nyeckas akTuBHOCTb (PA) —
Nno ONpOCHWKY ABuratenbHoi aktueHocT (OJA23+), moTueaums k ®A — no gaHHbIM aHkeTbl. MocTpoeHa nnHenHas pe-
rPeccMoHHas Mogenb C BKMOYeHeM nona, cratyca kypeuus, UMT, ypoBHS ABUraTenbHON akTUBHOCTM 47151 OLEHKW YPOBHS
koHTpons BA. PaccuntaH koadbduumeHT anactuuHoctvt 3j, B- n A-koadhuumeHTbl, UX paHru.

PesynbTatbl. PacnpegeneHue nauueHToB no CTeneHn KOHTpons BA cTaTMCTUYecku 3HaYMMO pasnuyarnochb B rpynnax:
KOHTPONMpyeMasi, YaCTU4HO KOHTpOnMpyemas 1 HekoHTponnpyemas coctasunm 25,8, 60,2, 14% v 0, 33,9, 66,1% coor-
BETCTBEHHO B rpynnax 6e3 u ¢ oxupernem (p < 0,001). BbiCokyto Unv yMepeHHyo ABUraTenbHy akTMBHOCTb menu 88%
nauueHToB B rpynne 6e3 oxupenns n 47% c oxupernem (p < 0,05). Mo yposHio MoTvBaLmMm k PA pa3nnumnin He BbISBMEHO:
41% c oxupeHnem n 42% 6e3 OXUPEHUs OTHOCUNUCH K KaTeropum «pasmyMblBaloLye UK MbITaoWMECs 3aHUMATbCAY.
B perpeccroHHOM Mogenu paHrv pacnpeaenuniuck crnegyioLym obpasom (BblYMCrieHa CyMMa paHroB KOS gUUMEHTOB 3j,
B u A): paHr 1 - UMT (0,8857, 0,4163, 0,5429), paHr 2 — ypoBeHb ABuratenbHoit aktueHocTu (0,6489, 0,3497, 0,4467),
paHr 3 — cratyc kypeHus (0,0339, 0,1333, 0,0047). ns nona koaduumneHT Moaenu He Bbin 3Ha4YUMbIM.

3aknioueHune. OxupeHne 1 HU3Kas rU3N4ECKas aKTMBHOCTb ABNSKOTCS OCHOBHBLIMI NEPCOHN(NLMPOBAHHBIMM BHENETOY-
HbIMV MPU3HAKaMK, BINSIOLMMI Ha KOHTPOSb BA, Npu 3TOM 3HaunUTeNbHas YacTb NaLMEHTOB MOTMBMPOBaHA 471 MOAUM-
KaLuy YpOBHS PU3NYECKOI aKTUBHOCTM.

KnioueBble cnoBa: HpoHxmanbHas acTMa; KOHTPOIb aCTMbl; OXUPEHME; (U3NYecKast aKTUBHOCTb; KAYECTBO XU3HM
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The role of extrapulmonary personalized factors in
asthma control

Ludmila V. Tribuntceva™, Andrey V. Budnevsky, Galina G. Prozorova, Oleg N. Choporov,
Svetlana A. Kozhevnikova, Irina A. Olysheva
Voronezh State Medical University named after N.N. Burdenko
10, Studencheskaya str., Voronezh, 394036, Russia

Abstract

Aim. To study in real clinical practice extrapulmonary personalized factors in patients with asthma depending on the presence
or absence of obesity and to build a model of asthma control based on them.

Materials and methods. Cross-sectional study was performed in 7 outpatient centers and included 237 adult patients
with bronchial asthma (mean age 52.6 + 1.3 years). The patients were divided in groups according to body mass index
(BMI): without obesity (BMI < 30 kg/m?) — 128 patients, with obesity (BMI = 30 kg/m?) — 109 patients. Asthma control was
assessed by Asthma Control Questionnaire-5, physical activity — by the motor activity questionnaire (ODA23+), physical
activity motivation — by data from the questionnaire. A linear regression model was built with the inclusion of sex, smoking,
BMI, physical activity to predict the level of asthma control. Elasticity coefficient Ej, B- and A-coefficients and their ranks were
calculated.

Results. The distribution of patients according to the degree of asthma control differed statistically significantly in the groups:
controlled, partially controlled and uncontrolled were 25.8%, 60.2%, 14% and 0%, 33.9%, 66.1%, respectively, in groups
without obesity and obese (p < 0.001). High or moderate physical activity was present in 88% of non-obese and 47% of
obese patients (p < 0.05). No differences were found in the motivation for physical activity: 41% with obesity and 42% without
obesity belonged to the category of “thinking about or trying to exercise”. In the regression model, the ranks were distributed
as follows (the sum of the ranks of the coefficients Ej, B, and A is calculated) rank 1 — BMI (0.8857, 0.4163, 0.5429), rank
2 - level of physical activity (0.6489, 0.3497, 0.4467), rank 3 — smoking status (0.0339, 0.1333, 0.0047). The coefficient of
the model was not significant for sex.

Conclusion. Obesity and low physical activity are the main personalized extrapulmonary factors that affect control of asthma.
A significant part of the patients are motivated to modify their level of physical activity.

Keywords: bronchial asthma; asthma control; obesity; physical activity; quality of life
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Cnucok cokpaiyeHmii

ACQ-5 - Asthma Control Questionnaire-5, ONpOCHUK KOH-
TPONS CUMMTOMOB acTMb!

AQLQ - Asthma Quality of Life Questionnaire, onpocHuk
Ka4ecTBa XW3HU NpK acTMe

B nHacrosmee BpeMs BO BceM MHpe Habmiomaercs
HNaHJEMUSI XPOHHYECKHX HEHH(EKIMOHHBIX 3abose-
BaHMH, K KOTOPBIM OTHOCUTCSI M OpOHXMaNbHas acTMa
(BA). B Poccuiickoii deneparyn, Kak 1 BO BCEM MHpE,
OTMeuaeTcsl CHWKeHue pusnueckord akTUBHOCTH (DA)
BO Bcex Ipymnmnax HaceneHHs. ComacHO IMIOOAIBHOMY
oruety BcemupHONl opraHuzanuu 3IpaBOOXpPaHEHUS
(BO3) 2022 r. Hu3kuii ypoBeHb DA SBISETCS OXHUM
U3 OCHOBHBIX (DaKTOPOB pHCKAa CMEPTH OT HEHH(EK-
[IUOHHBIX 3a0oneBanmid. Y Jromeit ¢ Huskoi DA puck
cmeprHOcTH Ha 20-30% BBILIE IO CPaBHEHUIO C TEMU,
KTO BEJIET aKTUBHBIN 1 MOIBIKHBINA 00pa3 Ku3HH'.

BA oTnuuaercss OT APYTHX XPOHHUYECKHX OOCTPYK-
TUBHBIX 3a00J€BaHUH BapHAOEIBHOCTBIO PECIHPATOP-
HBIX CHMIITOMOB, KOTOpPBIE MOTYT OBITH Pa3HOM MHTEH-
CUBHOCTH, IIPOIOJKUTENBHOCTH, IEPUOAUYHOCTY U CO-
4yeTaTbesl C 0OpaTUMOM OpOHXMANBHOW OOCTPYKIIHCH.
IIpy »TOM DNAaTOr€HETUYECKUE MEXAHU3MBbl Pa3BUTUS
3a00NeBaHMs TETEPOTeHHEI, YTO TpeOyeT nepcoHu(HKa-
IIUM TUArHOCTHYECKUX U JIEYeOHBIX MOIXOIOB B Beje-
HUU TAIUEeHTOB ¢ bA2.

VY nroeld ¢ HU3KOM TOJIEPAaHTHOCTHIO K (PH3MUECKOU
Harpy3ke Jake He3HauuTenbHass MDA BBI3BIBAET OJBIIIKY
U YyBCTBO HEXBAaTKH BO3yXa, IIOJ0O0HBIC CHMIITOMBI Ha-
IIOMUHAIOT KIIMHUYECKUE NPosABIeHU BA u naxke MOryT
UMHUTHPOBAThH €€, MAI[MEHTH HHTYUTHBHO MM HaMEpEeH-
HO BIIOCJICACTBHM H30eraioT yBenudeHuss A u BemayT
MaJIOTIOIBMKHBIN 00pa3 »u3Hu. Bmecte ¢ aTiM omyOinu-
koBaHHBIN B 2020 I. cuctreMaTnyeckuit 0030p o bA u as-
POOHBIM YNPAXKHEHUSIM TOKA3aJl, YTO MPH YBEIHUCHUU

BA — GpoHxumanbHas actma

[ — nosepuTtenbHbIN MHTEpBan

NMT — uHaekc maccbl Tena

O[A23+ — onpOoCHMK ABUraTeNbHON aKTUBHOCTM
OA — duanyeckas akTUBHOCTb

DA y nanueHToB ¢ bA MoBBIIAETCA YPOBEHb KOHTPOIISL
3aboneBanus [1]. Kpome Toro, camxenne A sBusercs
(haKTOpOM pHCKa OKHUPEHHS U CBA3aHO C TOBBIIICHHBIM
YPOBHEM TpeBOTM M aenpeccuu. OXHpeHue, B CBOIO
odepenb, TAKKe CUMTaeTCs (aKTOPOM PHUCKA PA3BUTHUS
BA u ee 6onee Tsokenoro TeueHus [2]. B meTta-ananuse,
BKJIIO4YaBIIeM 13 mccienoBaHuii, OblIa MPOJEMOHCTPHU-
poBaHa CBA3b OKUPEHUS ¢ PUCKOM pa3Butus bA, a Tak-
K€ TONy4YeHb! JaHHBIE 00 yIydlIeHHH KOHTpois BA
TIpU CHWKEHUU Beca [3].

B «I'moGanpHO# cTpaTeruy 1O BEACHUIO U MPOGhH-
JaKkTuke OpoHxHaidbHOHW acTMel» (Global Initiative for
Asthma, GINA, 2022)° mosiBuiach HOBasi Mapajurma
nedenust BA “Treatable Traits” (mpsimoil mepeBox: npu-
3HaKH, NoAjammecs ledenuro?). “Treatable Traits” —
3TO MOAXOJ NEPCOHATU3UPOBAHHON METUIMHBI, KOTHAa
HAlMEHT MPOXOJUT MHOTOMEPHYIO OICHKY MAJISI BBISB-
JICHUS TIPU3HAKOB, KOTOPBIC MOJNAIOTCS JIEUEHHIO (BO3-
JEUCTBHIO) M CTAHOBSITCS TEPANCBTUYECKUMH MHUILICHS-
Mmu. [lomnaromuiicss nedeHUIO MPHU3HAK OIpenessieTcs
C TIOMOILBI0 OMOMapkepa U MMeeT TpH aTpulyTa: Kiu-
HHYECKYIO 3HAYMMOCTh; BO3MOXHOCTb BBISBICHUS U U3-
MEpEHHS; OTBET Ha JedeHue. buomapkepamu npu3HaKoB
CITy>KaT TeHEeTUYECKHUE TECTHl WK (PEHOTUITNYECKUE Xa-
pakTepucTuKHu [4].

K ¢eHoTunmueckuM mpHU3HAKAM OTHOCSTCA Je-
mpeccus U TPEBOTa, OXHUPEHHE, HOYHOE aIHO?, AUC-
(DYyHKLHS TOJOCOBBIX CBS30K, CHCTEMHOE BOCIAJICHUE
(cBsi3aHHOE, B TOM YHCJIE, U C COMyTCTBYIOIUMH 3a00-
JeBaHUAMH), OOJE3HH BEPXHUX IBIXAaTEIBHBIX NyTEH,

! ' WHO Global status report on physical activity 2022. https://www.who.int/publications/i/item/9789240059153 (nara o6pamenus: 10.10.2022).
2 Global Strategy for Asthma Management and Prevention (2022 update). https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-

Report-2022-FINAL-22-07-01-WMS.pdf (nara oopamenus: 10.10.2022).

3 Tam xe.

4 TlpsiMoit mepeBO/ He OTPakaeT BCEeH COIEPIKATENBHON YacTH TEPMHUHA, TOITOMY B IIOCIEAYIOMIEM TEKCTe Ui 0003HAYCHUS TaPaJIUTMbI HC-

MOJIb3YETCs NCXOHBII aHIIOA3bI4HBIN TepMuH Treatable Traits.
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HepocratouHas DA, kypenue [5]. Ilpu stom oTme-
4aeTcsl, YTO B HACTOSIIEE BPEMS €IIe€ HEAOCTATOYHO
JAHHBIX, 00ECMEUYUBAIOIINX MOJHYIO XapaKTEePUCTUKY
MPU3HAKOB, MONJAIOMIMXCS JIeYeHHUI0 Mmpu BA, xoTs
IIEpBHIE UCCIEAOBAHUS YK€ MOKa3bIBAIOT, UTO HE3aBU-
CUMO OT (pEHOTHNA MPH TSHKEJOW acTMe HPOSBISETCS
0oJbIlIe W3NIEUUMBIX NMPU3HAKOB, YeM MPHU HETSKEINIOMH,
MpPUYEM 3TU IPU3HAKK MOTYT OBITh CBSA3aHBI C PUCKOM
000CTpeHH, YTO CBUAETEILCTBYET O 3HAYUMOCTH HX
BBISIBJICHHS M KOppEeKUUU [6].

B «ImobanbHyl0 CTpaTeruio MO BEACHUIO U Mpodu-
nakTuke OponxuanbHoi acTMbDy GINA, 2022 BHeceHBbI
pexoMeHganuu mno paciuupenuto @A nanueHToB ¢ BA,
0COOEHHO MOTYEPKUBAETCS MOJIb3a (PU3UUECKUX YITPaXK-
HEHUH Ui MallMEHTOB, CTPANAIOLINX O)KUPEHUEM U BA,
U1 3¢ (EKTUBHOTO KOHTPOJIS 3a00I€BaHUS U CHUKEHUS
MAaccChl Tela, YTO TaKXKe MPUBOJUT K YIYyUYIIECHUIO Kade-
CTBa *Xu3HH OONbHBIX’. OMHAKO BIUSHUEC CHUKCHHON
®A Ha KoHTpoNb BA y manueHToB ¢ pa3NTu4HbIMU Tep-
COHU(DUIUPYIOIIMMH Npu3HaKamu BA, TakuMH Kak Ky-
peHue, 0KUpPEHUE, N3yUEHBI HETO0CTATOYHO.

Henp nccnenoBaHusi: U3y4UTh B YCIOBHUSIX peallb-
HOW KJIIMHUYECKOM NPaKTHUKU NEepCOHU(DULIUPOBAHHbBIE
BHEJIETOUHBIE IPU3HAKU y MAMeHToB ¢ bA B 3aBUCHMO-
CTH OT HaJW4YHS WU OTCYTCTBHUS OXKHUPEHHS U MOCTPO-
UTh 110 HUM MOZEIb KOHTPoJs BA.

MATEPUAIbI U METOAbI

B onHOMOMEHTHOE HaONIONATENbHOE HUCCIIEIOBAHHUE
ObUTM BKJIIOUCHBI IALIMEHTH 18 JIeT U cTapiue ¢ ycra-
HOBJIEHHBIM JuarHo3oM «bpoHxuanbHas actma» (J45)
Ha ocHoBanun kputepreB GINA (2022)°. Pabora BbI-
MONHEHa Ha Kadeape TepaneBTHUECKUX AUCIUIUINH
HNAIIO OI'BOY BO «BopoHexckuit rocyaapcTBEeH-
HbIM MenuuHckuil yHuBepcuteT uMm. H. H. Bypnenko»
Munszapasa Poccun. Ilporokon uccienoBanus Ob11 00-
CYXJIeH U 0100peH atnueckuM komuteroM GI'BOY BO
«BI'MY um. H.H. Bypnenko» M3 P®, mporoxon Ne 1
ot 28.03.2019 r. Bece yuacTHHKM moanHcanu UHPOPMU-
POBaHHOE JOOPOBOIBHOE COITIACHE.

3a nmepuox ¢ 01.04.2019 mo 31.12.2022 r. qns yua-
CTHsI B UCCIIEI0BAaHUU OLeHEeHb! 730 ManueHToB U3 7 aMm-
OynaTopHBIX LIeHTpoB Boponexckoii u Jlumnerxkoii oobna-
CTel, HAXOAUBIIHUXCS I10]] AUCTIAHCEPHBIM HAOIOICHUEM
¢ nuarHo3oM BA (J45) (puc.).

Kputepun HeBkmoueHuss uMenu 493 mainueHra.
Takum 00pa3oM, B HCCIIEAOBAHUE OBLTH BKIIOUEHBI 237
nanuenToB ¢ BA (51 myxunHa, 186 xeHIIuH) B Bo3pac-
Te oT 18 mo 78 net, cpennuii Bo3pacT — 52,6 + 1,3 rona.
BonpmuHcTBO mManueHToB — 75%, UMeNnu cMelIaHHbIH

¢denorun BA, nons nanueHToB ¢ ameprudeckoi bA co-

craswia 10%, neainepruueckoit — 15%.

IMamuenTel B cooTBeTCTBHU € Kputepusmu BO3’
ObuM pasgeneHsl Mo uHAEKcy Macchl tena (MMT)
Ha 2 Tpynmsl: 0e3 0KUPEeHUs — C HOPMaJIbHON W/UITH 13-
obrrounoi Maccoii Tena (MMT < 30 kr/m?) — 128 maigu-
eHrtoB, ¢ oxxupenreM (MMT > 30 kr/m?) — 109 maruen-
TOB (pHuC.).

Y BcexX NalMeHTOB OLIEHWBAIUCH MEPCOHUDUIUPO-
BaHHbIE PU3HAKU:

* cTaryc KypeHHs Tabaka IO TpeM KaTeropusiM:
HE KypUT U HE KypUJl B MPOIILJIOM; KypHi, HO Opo-
CHWJI; KypHT;

* cremneHb TshkecTd BA COmacHO KIMHUYECKUM PEKO-
MeHaanuaM «BpoHxuanbpHas acTMans;

+ xoutposs BA mo ACQ-5° (Asthma Control Question-
naire-5, ONPOCHUK KOHTPOJS CHUMIITOMOB AaCTMbI);
acTMy CUMTAJIM KOHTPOIMPYEMON MpH 3HAUYCHUU
ACQ-5 < 0,75, wactuuHo KoHTpoimpyemou 0,75 <
ACQ-5> 1,5, nexonrponupyemoit — ACQ-5> 1,5;

* @A ouenuBanach Mo ONPOCHUKY JABHUraTelIbHOMN ax-
tuBHoctu (OJJA23+), comepkamemy 23 Bompoca,
npu cymme 6amnoB >109 @A cuntanyu o4eHb BHICO-
Koii, ot 85 o 108 — BEICOKO#A, OT 62 10 84 — yMepeH-
HOH, 0T 39 1o 61 — HU3KOM, <38 — oUeHb HU3KOH [7];

* wMotuBauusig K PA — N0 AAHHBIM AHKETHI, Ipel-
JIOXKEHHOM  METOAWYECKUMH  PEKOMEHIAIUSIMHU
«O0becneuenne (U3NUECKON AKTUBHOCTU TPaXKAaH,
MMEIOIIUX OTPAaHUYCHHUS B COCTOSTHHH 37IOPOBB [8].
o pe3ynsraTamMm aHKETUPOBAHUS MALIIEHTOB OTHOCH-
JIY K OHOM U3 TpeX rpynit: «(pu3niecku HeaKTUBHBIE
1 6e3 HaMepeHU i 3aHUMAaThC (TIOJIOKUTETBHBIN OT-
BET Ha BONpocC 1), «pa3ayMbIBaIOIINE WU IBITAIOIIN-
ecsl 3aHUMAaThCs» (TMOJIOKUTENBHBIA OTBET HA OAMH
13 BonpocoB 2—4) u «(huznyeckue akTUBHBIE» (IO-
JIOXKUTENBHBIN OTBET Ha OJIMH U3 BOIIPOCOB 5—8);

e kadecTBO u3HU oneHuBam 1mo AQLQ (Asthma
Quality of Life Questionnaire, OnpoCHUK KauecTBa
)Ku3HU mpu actMe) [9]. OueHky npoBoAuiu B Oai-
Jlax TO MATH TOMEHAaM: BBIPaAKEHHOCTh CHUMIITOMOB,
OrpaHWYeHHE AaKTUBHOCTH, SMOLIMOHANbHas cdepa,
BJIMSIHUE OKpYXKAarollel cpenbl, 0OIIMiA OKa3aTelb.
['pynmbl cpaBHUBAIMCh O JeMOrpadUYecKuM JaH-

HBIM (BO3PACT, MOJI), CTATyCy KyPEHUs, CTETIEHH TSHKECTH

BA, yposHio xkoHTponst BA, ypoBHi0o @A U MOTHBaUUU

K Heli, KauecTBY >Ku3HU. [Ipou3BeneHa olleHKa BIUSHUS

U3y4YEHHBIX MTOKa3arenel Ha ypoBeHb KOHTpos BA.
Taxoke MPOBOAWICSA aHAIW3 B MOATPYIIax: oOle-

HUBAJICA YPOBEHb KOHTPOJII OpPOHXHAIbHOW acTMBbI

B 3aBHUCHMOCTH OT CTaryca KypeHHs M JABHUraTelbHOI

5 Global Strategy for Asthma Management and Prevention (2022 update). https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-

Report-2022-FINAL-22-07-01-WMS.pdf (nara oopamenus: 10.10.2022).

¢ Tawm xe.

7 WHO. Obesity and Overweight Factsheet https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (nara o6paruerns: 10.10.2022).
8 Knunudeckre pekoMeHaalmu — bpouxuansHas actma — 2021. Yrepxaensl Munsapasom P®. https://cr.minzdrav.gov.ru/recomend/359 2

(nara obpamenus: 10.10.2022).
° Tam xe.
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BHYTPEHHWE BOJIE3HU

Bapocasie natments ¢ BA / Adult patients with BA
n="730

Kpurepun neskmouenns / Non-inclusion criteria

*  Oepemennsle U Kopmsue / pregnant and lactating (n = 2)

* Bospact > 80 ser / age > 80 years (n = 11)

*  UMT<18,5kr/M?/BMI<18,5kg/m? (n=1)

e obocrpenne BA B Teuenue npeuiecTByiomux 3 Mecsues / exacerbation of
BA within the previous 3 months (n = 82)

¢ Jpyrue XpOHHYECKHUE pecrupartopHsie 3aboneBanus / other chronic
respiratory diseases (n = 198)

JIeKOMITEHCHPOBaHHbIe coMaTHIecKHe 3abonepanns / decompensated
somatic disease (n = 159)
ocTpast pecriuparopHas uHpekuus / acute respiratory infection (n = 34)
TICHXHYECKHE PACCTPOHCTBA HII 3a60/IeBaHHs IEHTPATLHOH HEPBHOI
CHCTEMbI, OTPaHUYHBAIONIHE (HU3NYICECKYIO aKTHBHOCT / psychiatric
disorders or diseases of the central nervous system, limiting physical
activity (n=3)

*  3]0KaYeCTBCHHBIC HOBOOOpasoBanus / malignant neoplasms (1 = 3)

Bxirouensr B ucenenosanue / Included in the study
n=237

v

IMauuentst 6e3 oxupenus (UMT <30 kr/m?) /
Non-obese patients (BMI < 30 kg/m?)
n=128

v

Tlauuentsl ¢ oxupennem (UMT > 30 kr/m?) /
Obese patients (BMI > 30 kg/m?)
n=109

Tlox, Bo3pact / Sex, age

Craryc kypenns / Smoking status

Crenenb Tspkectd BA / Asthma severity

\4

Kontposs BA no ACQ-5 / BA control according to ACQ-5

Ousnyeckas akruBHocTh 10 OJTA23+ / Physical activity according to the ODA23+

MortuBarms K ¢husnueckoii aktuBHOCTH / Motivation for physical activity

Kauectso xwu3un mo AQLQ / Quality of life according to AQLQ

PWUC. TToroxosas JAuarpaMma BKIIFOYCHUS MMAllUCHTOB B UCCIICAOBAHNUC.

FIG. Study enrollment flowchart.

Mpumeyanue: BA — BpoHxmansHas actma; MMT — uHaeke maccel Tena; ACQ-5 — Asthma Control Questionnaire-5, onpocHUK KOHTPONS CUMMTOMOB
acTtmbl; OfJA23+ — onpocHuk asuratensHoil aktuHocTh; AQLQ — Asthma Quality of Life Questionnaire, onpocHuKk ka4ecTBa XM3HM NpW acTme.
Note: BA — Bronchial asthma; BMI — body mass index; ACQ-5 — Asthma Control Questionnaire-5; ODA23+ — motor activity questionnaire 23+; AQLQ -

Asthma Quality of Life Questionnaire.

aktuBHOcTH 10 OJA23+ 1 ypoBeHb ABUraTeIbHON ax-
tuBHOCTH 110 OJ[A23+ B 3aBUCHMOCTH OT TIOJIA.

Cratuctuyeckas obpaboTka AaHHbIX

Bce ananusupyeMble MOKa3aTeld IPOBEPSIIMCH
Ha HOPMAJIbHOCTb PAcCIpelesIeHUs] ¢ HCIOIb30BAHUEM
kputepusi KommoropoBa — CmupHOBa. Brrumcisuiuchk
95% noseputenvHble uHTepBaibl (AM). [Ipu cpaBHe-
HUMW TPYII JJI aHaJIM3a HENpPEPBIBHBIX IAHHBIX MpPHU-
MeHsuica f-kputepuil  CTbrofieHTa (NP HOPMAaJbHOM
pacnpezaeneHun) u kpurepuit Manna — YuTHu (pu pac-
MpeJeJIeHUH, OTJIMYHOM OT HOpMaJibHOro). s aHanu3a
Ka4eCTBEHHBIX MEPEMEHHBIX CTPOMJIUCH YAaCTOTHbIE Ta-
ONULIBL, U1 CPAaBHEHMA TPYII UCIIOIB30BAJICS KPUTEPHUi
> TTupcoHa u TouHsblii kKputepuit Ouiepa. J{iis BbIsSBIIC-
HUS U OLIEHKH B3aUMOCBSA3H MCCIIEYyEeMBIX IIOKa3aTesien
npuMeHsics ko3durmeHt xoppensuuu [lupcona (r —
MIPY HOPMAJILHOM paclpeesIeHUY 3HaYeHUI TOKa3aTeis)
U paHroBblil KoapduimeHT koppensuun Cnupmena (p —
JUIA TIOKa3areseid, He COOTBETCTBYIOIIUX HOPMAaTbHOMY
pacnpeaenenuto). sl OLEHKH CHJIbI KOPPEISIUOHHON

CBSI3U UCIIOJIb30Basachk 1kana Yennoka: cnabdas — ot 0,1
mo 0,3; ymepennast — ot 0,3 go 0,5; 3amernast — ot 0,5
1o 0,7; Beicokast — ot 0,7 no 0,9; BecbMa BbICOKast (CHITb-
Hast) — ot 0,9 no 1,0.

C 11enpI0 OLIEHKH CTETNIEHU BIUSHUS HA UCCIEIYEMBbII
pe3yNbTaTUBHBIN MOKa3areib (CTENeHb KOHTPOJIsS — Oall-
161 10 ACQ-5) BBIIEIIEHHBIX B Pe3yJIbTaTe HCCIEI0BaHUS
(haKTOpOB CTPOMIIACH IMHEWHASI pErpeCcCHOHHAS MOJIEIb,
Ha OCHOBE KOTOPOH PaCCUMTHIBAIHCH KOID(DUIHMESHTHI
AMACTHYHOCTH I, (IOKA3BIBAIOIINE, HA CKONBKO MpO-
LIEHTOB B CPETHEM M3MEHSETCS 3aBUCUMBIN IOKa3aTelb
C U3MEHEHHMeM IpHu3HaKa-(hakTopa Ha OAMH MPOLEHT
npu (UKCUPOBAHHOM MOJOKCHUU IPYTHX (HAKTOPOB),
B-koaddurpeHTs! (MO3BONMIOMINE CPABHUTH BIHSHHE
KOJIEONIEMOCTH Pa3IMYHBIX (DAKTOPOB HA BapHAIHIO MC-
CIIETyeMOTO MOKa3aTellsl U BBIIBUTH (PAKTOPHI, B Pa3BU-
THUU KOTOPBIX 3aJI0’KEHbI HAaHOOJbIINE PE3EPBbI U3MEHE-
HUS PE3YABTATUBHOTO MOKa3aTelsl) u A-Kod(HUITHEeHTHI
(OIICHUBATOIINE TOJTIO BIUSHHS KaXI0TO (haKTopa B CyM-
MapHOM BIMSHUU (pakTopoB). Pasnuuns cunranuce 3Ha-
guMbIMHE TIpH p < 0,05.
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INTERNAL DISEASES

CraTucTUYecKHil aHAJM3 TPOBOAMJICS C HCIOJb-
30BaHMEM NpuKIaaHbx nporpaMmMm MS Excel 2013
(Microsoft, CIIIA), Statistica 12.0 (StatSoft Inc., CILIA)
u Statgraphics Centurion XVIII (Version 18.2.14;
Statgraphics Technologies, Inc, Anrus).

PE3YIbTATDbI

OCHOBHEBIC XapaKTEePUCTUKH MAIIUCHTOB MPEICTaBIIC-
HBI B Ta0muie 1.

I'pynmost ¢ oxupeHueM U 0e3 0KHpPEHUsT OBUIH CO-
MOCTaBUMBI TI0 TIOJY M BO3PacTy, CPEIHUN BO3PACT
BKJIFOYEHHBIX B HCCIENOBAHME IMAIMEHTOB COCTABUII

53 rona, B obeux rpynmnax npeodiaagany KEHIIMHBI —
78-79%.

Pacmipenenenue no crenenu Tsokectd BA craructu-
YEeCKH 3HaYMMO Pa3inyasioch B TPyIax: Cpean NalrueH-
TOB C O)KUPEHUEM IOJIOBUHA UMeENa CPETHIOI0 U TPETh —
TSKETYIO CTENEeHb, y MAallMeHTOB 0e3 oxupeHus Oonee
1oJI0BUHBI (58%) UMeENH JNEerKyI0 CTETNEHb.

Yposens koHTpodst BA mo ACQ-5 B u3yueHHBIX
rpynnax 3HaYUMO pa3iuyalics: B TPYIIE ¢ OKUPEHUEM
HUKTO W3 TALIMEHTOB HE HMEJ KOHTPOJIHpyeMyro BA,
y 2/3 manmeHToB 3a0oiieBaHUE OBUTIO HEKOHTPOIHPYE-
MBIM U y 1/3 — 4aCTUYHO KOHTPOJIUPYEMBIM; B TpYyIIIE
6e3 oxupenus y 86% BA Oblia MOJHOCTHIO WM YaCTHY-
HO KOHTPOJIHUpYeMasl.

Bricokas unm ymepeHHas ABUrateibHas akTHBHOCTD
no OJA23+ ormeuena y 88% B rpyire 0e3 0xXUpeHUs

Tabnuya 1. OCHOBHble XapaKTePUCTMKMN W pasnuums ABYX rpynn nauueHToB
Table 1. Main characteristics and differences of the two groups of patients

MaumneHTbl 63 oxupeHna | MauueHTbI ¢ OXUpeHnem |

XapakrepucTuka / Characteristic Non-obese patients Obese patients 3nadenme p/
n=128 n=109 p value

Mon, MyxynHbl / Sex, man, n (%) 27 (21,1) 24 (22,0) n.s.
Mon, xeHwuHbl / Sex, women, n (%) 101 (78,9) 85 (78,0) n.s.
Bo3spacrt, net / Age, years 52195 54,0+9,2 n.s.
Crartyc kypeHus / Smoking status, n (%)

He KYpWUT 1 He Kypun B npoLunom / non-smoker 87 (68) 87 (79,8) <0,05

kypun, Ho 6pocun / ex-smoker 26 (20,3) 18 (16,5) n.s.

Kkyput / smoker 15 (11,7) 4(3,7) <0,05
Crenenb TsxecTn BA / Asthma severity, n (%)

nerkas / mild 74 (57,8) 17 (15,6) <0,001

cpenHss / moderate 37 (28,9) 54 (49,5) <0,01

TsKenas / severe 17 (13,3) 38 (34,9) <0,001
ACQ-5, 6annbl / ACQ-5, scores 1,02 £ 0,49 1,83+ 0,55 <0,0001

koHTpormpyemas / controlled, n (%) 33 (25,8) 0 <0,001

YacTU4HO KoHTponupyemas / partially controlled, n (%) 77 (60,2) 37(33,9) <0,001

HekoHTponupyemas / uncontrolled, n (%) 18 (14) 72 (66,1) <0,001
OflA23+ / ODA23+, n (%)

BbIcokas / high 71 (55,5) 6 (5,5) <0,001

ymepeHHas / moderate 42 (32,8) 45 (41,3) n.s.

Hu3kas / low 14 (10,9) 53 (48,6) <0,001

04eHb Huskas / very low 1(0,8) 5(4,6) n.s.
YpoBeHb MoTuBaLym k @A / Level of motivation for physical activity, n (%)

¢)V|3v?qecm/l1 HeaKT/BHble 1 Bes .HamepeHmVl 3aHuMaTbCA / 29 (22.7) 38 (34.9) ns.

physically inactive and with no intention of exercising

pasaymbIBaloLiMe Unk nbitaioLyuecs 3aHumaTbes / 54 (42,2) 45 (41,3) n.s.

thinking about or trying to exercise

chuanydecku aktusHble / physically active 45 (35,1) 26 (23,8) n.s.
KauectBo xm3Hu no AQLQ, 6annbl / Quality of life AQLQ, scores

BbIPaXX€HHOCTb CUMNTOMOB / severity of symptoms 4,84 +0,22 354+0,2 <0,0001

OrpaHuyeHune akTMBHOCTY / activity limitations 531+0,23 3,73+0,2 <0,0001

amouoHanbHas cdepa / emotional wellbeing 412+0,25 3,73+0,23 <0,05

BNMsHME OKpyXatoLLein cpeabl / environmental Exposure 4,39 £ 0,22 3,54 £0,22 <0,0001

obwwit nokasatens / total score 4,75+ 0,21 3,64 +0,17 <0,0001

Mpumeyanme: n.s. — not significant, He 3Haunmo; BA — BpoHxuanbHas actma; ACQ-5 — Asthma Control Questionnaire-5, onpocHUK KOHTpONS CUMMTO-
moB acTmbl; OfJA23+ — onpocHuk ABuratenbHoi aktueHocTH; ®A — duanyeckas aktuHocTb; AQLQ — Asthma Quality of Life Questionnaire, onpochuk

KayeCTBa XW3HU Npn acTme.

Note: n.s. — not significant; ACQ-5 — Asthma Control Questionnaire-5; ODA23+ — motor activity questionnaire 23+; AQLQ — Asthma Quality of Life

Questionnaire.
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uy 47% — c oKUpeHreM, pa3HUIla CTATUCTUYECKU 3Ha-
qHMa.

['pyrimbt He pazIYach O YPOBHIO MOTHBAIMH K DA:
41-42% B rpynmax OTHOCWINCH K KaTerOphH «PazayMbl-
BalOILME WM TBITAIOIIMECS 3aHUMAThCS», U OT Y4 10 Y3
MIPUHAUIC)KAIH K KATETOPUH «(PU3MIECKH aKTUBHBIX), aHA-
JIOTUYHYIO JIONIO COCTABHIIM «(U3MIECKU HEAKTUBHBIE.

KauectBo xu3nu no AQLQ mo Bcem OLleHEHHBIM J10-
MeHaM OBLJIO CTATUCTHYCCKH 3HAYMMO HIDKE y TalUCH-
TOB C OXHPEHHUEM.

B o0eux rpymnmax He KypsIIue COCTaBIISLIN OONBIIYIO
yacThb ¢ peoliajaHueM B TpyIe ¢ oxxupenuem: 79,8%
vs. 68% (p < 0,05), kypsmux ObLIO OOJNBIIE B TPYIIIS
6e3 oxupenns (11,7% vs. 3,7%, p < 0,05).

BnusiHue craryca KypeHHs Ha KOHTpons BA mpen-
CTaBJIeHO B Tabnuue 2.

[Ipu mo60M cTaTyce KypeHHs cTeneHb KOHTpoist BA
ObL1a BbIIIE Y ALIUEHTOB 0€3 OXKUPEHUS.

[pu sTOM B mOATpyNIE HEKYPAIIMX IalUCHTOB
0e3 oxupeHus KoHTponupyemas BA peructpuposa-
Jach Yamie, 4YeM B IPYTruX MOATPYMIaX, B MOATPYIIaxX

BHYTPEHHWE BOJIE3HU

KypSILIUX U 9KC-KypsIIuX Hanbosee yacTo HabIroga1ach
YaCTUYHO KOHTponupyemas BA, 1ons mauueHToB ¢ He-
KOHTpoJHupyeMoi BA He 3aBucena oT craryca KypeHusl.
YV ManueHToB ¢ 0KUPEHUEM BO BCEX MOATPYIIax Mo cTa-
Tycy KypeHus ipeo0iiafaiy NalueHThl C HEKOHTPOJIHUPY-
eMoil bA; B3auMOCBA3HM MEXIy KOHTposieM bA u craty-
COM KypeHHsI HE BBISBIICHO.

3aBHUCUMOCTb YPOBHSl IBUraTeIbHONW aKTUBHOCTHU
o OJJA23+ ot nona npezacrasieHa B Tabnuue 3.

B rpymme 6e3 oxupeHus cpeau My 4YUH 0 cpaBHe-
HUIO C KEHIIMHAMU OBLJIO 3HAYMMO OOJIbILIE MAalUEeHTOB
C BBICOKOM W YMEpEHHOW ABHUTraTelIbHON aKTUBHOCTBHIO
10 CPAaBHEHUIO C HU3KOW U OYEeHb HU3KOW JIBUraTeIbHON
AKTUBHOCTBIO. Y MAIlMEHTOB C OXKUPEHUEM 3aBUCIMOCTH
YPOBHS IBUTATENIbHOM aKTUBHOCTH OT I0JIa HE YCTaHOB-
JIEHO, IIPU 3TOM I10 CPAaBHEHHMIO C MAlUeHTaMHu 0e3 OKHU-
peHHs KaK y MY>XYMH, TaK U JKEHIIMH CTaTUCTHYECKU
3HAYUMO Yallle OTMEYAJICsl HU3KHUI YPOBEHb JIBUTATEIIb-
HOM aKTUBHOCTH U PEXE — BBICOKUH.

YpoBeHb KOHTPOJIs1 BA 0BT accolMupoBaH ¢ ypOBHEM
JBUTATENILHOW aKTUBHOCTH B 00eux rpymmax (tabm. 4).

Tabnuya 2. YpoBeHb KOHTPoNs 6poHxmanbHoi actMbl no ACQ-5 B 3aBUCMMOCTM OT CTaTyca KypeHus
Table 2. The level of asthma control according to ACQ-5 depending on smoking status

MaumneHTbl 63 oxupennsa | TMauueHTbI ¢ OXUpeHnem |

Xapakrtepucrtuka / Characteristic Non-obese patients Obese patients 3navetme |/
n=128 n=109 p value

He kypuT 1 He kypun B npoLuniom / non-smoker, n 87 87

koHTponupyemas / controlled, n (%) 28 (32) 0 <0,001

YacTWU4HO koHTponupyemas / partially contolled, n (%) 45 (52) 31 (36) <0,05

HekoHTponmpyemas / uncontrolled, n (%) 14 (16) 56 (64) <0,001
Kypun, Ho 6pocun / ex-smoker, n 26 18

koHTponupyemas / controlled, n (%) 5(19) 0 <0,05

YacTU4HO KoHTponmupyemas / partially contolled, n (%) 19 (73) 6 (33) <0,01

HekoHTponmpyemas / uncontrolled, n (%) 2(8) 12 (67) <0,001
Kyput / smoker, n 15 4

4acTU4HO KOHTponupyemas / partially contolled, n (%) 13 (86,7) 0 <0,001

HekoHTponupyemas / uncontrolled, n (%) 2(13,3) 4(100) <0,001
3Hauenue p / p value <0,05 n.s.

Mpumeyanmne: ACQ-5 — Asthma Control Questionnaire-5, onpocHMK KOHTPONS CUMNTOMOB acTMbl; N.S. — not significant, He 3Haunmo.

Note: ACQ-5 — Asthma Control Questionnaire-5; n.s. — not significant.

Tabnuya 3. YpoBeHb ABuratenbHoMn akTueHocTu no OfA23+ B rpynnax B 3aBUCMMOCTH OT Nona
Table 3. Physical activity according to ODA23+ depending on sex

Noarpynnbi / Subgoups

MaumneHTbl 63 oxupeHus /
Non-obese patients

MaumneHTbI ¢ oxMpeHuem /
Obese patients

MyxumnHbl / Man XeHwunbl / Women MyxumHbl / Man  XeHwunbl / Women

n=27 n=101 n=24 n=85
YpoBeHb ABuratenbHoi aktueHocTv no Of1A23+ /
Level of physical activity according to ODA23+, n
Bbicokas / high 48 22 78
ymepeHHas / moderate 7 34 10 30
Hu3kas / low 0 19 10° 442
04eHb Huskas / very low 1 0 2 4
3HaveHue p / p value <0,05 n.s.

Mpumevanme: 2p < 0,01 npu cpasHeHum ¢ naupeHTamm 6es oxmpenns; OIA23+ — onpocHK ABUraTenbHOM akTMBHOCTK; N.S. — not significant, He 3Haunmo.
Note: 2p < 0.01 comparison with non-obese patients; ODA23+ — motor activity questionnaire 23+; n.s. — not significant.
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Tabnuya 4. YpoBeHb KOHTPONA GpoHXManbHOM acTMbl o ACQ-5 B 3aBUCMMOCTH OT ABUraTenbHOM akTMBHOCTU no O[1A23+
Table 4. Asthma control according to ACQ-5 depending on physical activity according to ODA23+

MaumeHTbl 6e3 oxupeHmns | Non-obese patients IMaumeHTsbl ¢ oxupeHuem / Obese patients

Noarpynnbi / Subgroups K/iC YK /PC HK/UC YK/PC HK/UC
n=33 n=77 n=18 n=37 n=72
YpoBeHb ABuraTenbHoi akTueHocTv no OA23+ /
Level of physical activity according to ODA23+, n
BbiCOKast / high 21 46 0 ba 4
ymepeHHasi / moderate 10 24 7 22° 18
Hu3kas / low 2 7 10 102 44
04eHb HU3Kas / very low 0 0 1 0 6
3Hayenue p / p value <0,01 <0,001

MpumeyaHme: 2 p < 0,05, °p < 0,01, Npn CpaBHEHMM C COOTBETCTBYIOLLEN NOATPYNMON N0 YPOBHIO [JBUraTerbHON aKTUBHOCTY NaLMeHTOB 63 OXMUPeHUs;
ACQ-5 — Asthma Control Questionnaire-5, onpoCHWK KOHTPONs cMMNTOMOB acTMbl; O[JA23+ — ONpOCHMK ABUraTENbHOI aKTMBHOCTM; K — KOHTpOnMpye-
mas (ACQ-5 < 0,75); YK — yactuuHo koHTponmpyemas (0,75 < ACQ-5 > 1,5); HK — He koHTponupyemas (ACQ-5 > 1,5).

Note: 2p < 0.05, ®p < 0.01, when compared with the corresponding subgroup in terms of motor activity of patients without obesity; ACQ-5 — Asthma
Control Questionnaire-5; ODA23+ — motor activity questionnaire 23+; C — controlled (ACQ-5 < 0.75); PC — partially controlled (0.75 < ACQ-5 > 1.5);
UC - uncontrolled (ACQ-5 > 1.5).

Tabnuya 5. Pe3ynbTaTbl OLEHKM 3HAYUMOCTMN KO3 PULMEHTOB PErPeCCMOHHOIO ypaBHEHMSA
Table 5. Results of logistic regression analysis

KoadpchmumeHT mopgenun /| CranpgapTHas owmnbka/ f-ctatuctuka/ 3HaveHue p/

Model coefficient Standard error t-statistics p value
KoncraHnTa / Constant 1,0263 0,3045 3,3705 <0,001
Mon(0=m1=x)/Sex(0=m1=HA) -0,0529 0,078 -0,6609 n.s.
O[IA23+ , 6annbl / ODA23+, scores -0,0126 0,0022 -5,7671 <0,0001
WMT, kr/m?/ BMI, kg/m? 0,0407 0,006 6,7816 <0,0001
Kyperne (0 = He kypuT 1 He kypun B npoLunom; 1 = kypun,
Ho Bpocun; 2 = kyput) / Smoking status (0 = non-smoker; 0,1364 0,0537 2,5395 <0,05

1 = ex-smoker; 2 = smoker)

Mpumeyanune: OfJA23+ — oNpOCHWK ABUraTeNbHON akTMBHOCTM; MMT — MHAeKe Macchl Tena.

Note: ODA23+ — motor activity questionnaire 23+; BMI — body mass index.

B rpymnme 6e3 oxupenus y 21 (64%) mamuenTa ¢ KoH-
Tponupyemoii BA ypoBeHb IBUTATENTHLHOW aKTHBHOCTH
651 BeIcokuM 1 'y 10 (30%) ymepenasiM. B moarpymme
C YaCTUYHO KOHTposmpyemoii BA Gosee yeM y TOIOBH-
HBI TTAIIMEHTOB 0e3 oxxupeHus — y 46 (60%) u TOIBKO
y 5 (14%) c oxxupeHreM ypoBEHb JIBUT'ATEIILHOM aKTUB-
HocTH ObuT BeICOKUM (p < 0,001). B moxarpymnme ¢ He-
KOHTpoNpyeMoil BA marnueHTsl Kak ¢ 0O)KUPEHHUEM, TaK
1 6e3 OKUPEHHS Yallle UMEJN HU3KUH NI O4eHb HU3KUH
ypOBeHb ABHTaTENbHOI akTuBHOCTH 50 (69%) 1 11 u3 18
COOTBETCTBEHHO.

Mopnenb ypoBHSA KOHTPONS acTMblI

st OIleHKH B3aMMOCBSI3U TIEPCOHU(HUINPOBAHHBIX
MPU3HAKOB — I0J, YPOBCHb JBHUTATEIHLHON aKTHBHOCTH,
HUMT, craryc KypeHHs — C YPOBHEM KOHTPOJS acTMBI
(6amrom ACQ-5) Oblia mocTpoeHa TUHEHHAS perpeccH-
OHHAs MOJICTIb.

Pesysnbrarbl OIEHKH 3HAYMMOCTH Ko3(dduimeHToB
PETPECCHOHHOTO YpaBHEHHMS MPEICTABICHBI B TaOJHIIE
5, U3 KOTOPO¥ BUJHO, 4TO KOG GUIMEHT IS apaMerpa
«TI0JD SIBJISIETCSI CTAaTHCTHYECKH HE3HAUYUMBIM, TO €CTh
TI0JT TTAIICHTa He BHOCUT 3HAYMMOTO BKJIaJga B U3MEHe-
Hue 3HaucHms ACQS.

VYpaBHeHUE MOAETH:

ACQ5 (6amer) = 1,0263 — 0,0529xITox (0 =M, 1 =
x) — 0,0126x0O1A23+ (6amis) + 0,0407xUMT (xr/m?)
+ 0,1364xKypenue (0 = He KypUT U HE KypHII
B IpornuioM; 1 = Kypwir, HO OpOCHIT; 2 = KypHT)

st cpaBHUTENBEHOM OIEHKH CTETICHH BIMSHUS KaXK-
JIOTO U3 BBIJICIICHHBIX (pakTopoB Ha oOmmii 6amt ACQ-5
OBUTH paccuUTaHbl KOA(PQOUITMECHTHI 3TaCTUYHOCTH (3/.),
B-koadduruentsr u A-ko3dduruerTs! (Tabm. 6).

W3 mpencraBieHHBIX JaHHBIX BHIHO, YTO OCHOBHOE
BIUSIHUE Ha ypoBeHb KoHTpomsi BA mo ACQ-5 oka3biBa-
10T 1Ba akTopa: ypoBeHb OA (OJJA23+) u UMT.

OBCYXAOEHUE

Pe3yneraTel HaIIeTro MCCIEIOBAHNS IEMOHCTPHUPYIOT,
YTO KOHTPOJHpyeMoe TedeHne BA oTMeuansoch TOIBKO
y 25,8% marnumenToB 6e3 OKUPEHHs, Y JIUI] ¢ OKUPEHH-
€M 3HauuMO dYamle HaOmomanack HEKOHTPOIHpyeMas
BA. Xopommo u3BECTHO, YTO ypOBEHb KOHTPOJS BIIU-
seT Ha CTeNeHb TsbKecTH BA, B Hallem uccieloBaHUU
MIOJIOBMHA TMAINEHTOB C OKUPEHHEM HMeJIa CPETHIOI0
U TPETh — TSDKEIYIO CTEIeHb, a Oojee moaoBUHEI (58%)
MAICHTOB 03 OXKMPEHHSI UMEJHN JIETKYI0 CTelieHb BA.
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Tabnuya 6. 3HaueHus ko3chpuLMeHTOB anacTUYHoOCTH (Jj), B-ko3achduumeHToB U A-k03h(PULIMEHTOB U UX PaHroB
Table 6. Values of elasticity coefficients (3j), f-coefficients and A-coefficients and their ranks

3HaueHus KoadppuumeHToB /

Napametp / Parameter Coefficient value

PaHr ¢hakTopoB no BennunHe ko3hmuneHToB /

Rank of factors by the value of the coefficients ~O0LV¥ pakr /

3,» Bj A 3,» B,- A Overall rank
Mon / Sex 0,0082 0,0341 0,0056 4 4 3 4
OLlA23+ | ODA23+, 0,6489 0,3497 0,4467 2 2 2 2
AMT / BMI 0,8857 0,4163 0,5429 1 1 1 1
Kypenue / Smoking status 0,0339 0,1333 0,0047 3 3 4 3

Mpumeyanmne: OOA23+ — onpocHuk aBuraTensHom aktueHocT; UMT — nHaeke maccel Tena.

Note: ODA23+ — motor activity questionnaire 23+; BMI — body mass index.

Hamu pesynbsraTsl cONOCTaBUMBI C JAHHBIMH JAPYIHX
UCCIIEIOBaTeNIel, IPOAEMOHCTPUPOBABIINX HEraTUB-
HOE BIMSHHE OXUpeHHUs Ha KOHTposb BA. Tak, C. Irani
U COAaBT. IIOKA3ally, YTO HAJIU4YUE OXKHUPEHHS yMEHbIIIA-
€T B 7,6 pa3a IIaHCHl KOHTPOJSA aCTMbI II0 CPaBHEHMIO
C HOPMAJIbHBIM BECOM (CKOPPEKTHPOBAHHOE OTHOILICHUE
maxcoB 0,131; 95% JIU1 0,035-0,485) [10]. B paborax
JIPYTHX MCCIIefoBaTeNel Takoke OblIa H3y4eHa B3auMOC-
BSA3b OXKMPEHMA U BA U 1oka3aHO, YTO OKUPEHHUE acco-
IUMPOBAHO KaK C YBEIUYEHUEM PaCIpPOCTPAHEHHOCTH
BA, Tak u ¢ xynmumu ucxogamu 3adonesanus [11, 12].

AHanu3 nepcoHU(UIMPOBAHHBIX MPU3HAKOB MOKA3aJl,
YTO, KPOME OXKUPEHUS, HETATUBHOE BIIMSHME Ha KOHTPOIIb
BA oxasbiBaet Huzkass @A. O630ps! auteparypsl o BA
1 a3pOOHBIM YIIPAKHEHUSIM ITOKA3aJIH, YTO MAeHTh ¢ BA
pexe 3anuMarotrcs OA, yem nuna 6e3 BA [13]. B nHamem
HCCIEIOBAaHUU OBIJIO BBISBICHO, YTO YPOBEHb KOHTPOJIS
BA accoumnpoBaH ¢ ypoBHEM JBUTaTEIbHON aKTUBHOCTH:
OOJBIIMHCTBO MAIEHTOB B IpyIne 6e3 oxuperus — 88%
UMEIH BBICOKYIO MJIM YMEPEHHYIO IBUTATEIbHYIO0 AKTUB-
HocTh o OJJA23+ (mpeobnaian y My>XK4dH), B TpyIIe
0e3 OKHPEHUsI TAKOI YPOBEHB ABUTATEILHON aKTHBHOCTH
HaOIroancs 3HaYMTEeNbHO pexe —y 47% U B paBHOM cTe-
IIEHU KaK Y MY>KYUH, TaK U Yy JKEHIIVH.

IIpu aTOoM ypoBens MoTuBanuu K DA B rpymnmnax He OT-
mugancs: «(pU3UIecKH HeaKTUBHbIEC U 03 HaMepeHHHt 3a-
HUMaTbCs» COCTaBIsUN 22,7 U 34,9%, «busnuecku ax-
TuBHBIE» — 23,8 1 35,1%. Crenyer oTMETUTb, YTO 3HAYH-
TeJIbHAs YacTh MAaleHToB B 00eux rpymmax — 41 u 42%
OTHOCWJIUCh K KaTerOpUU «pPa3IyMBbIBAIOIIUE WM IIbITa-
IOLIMECS 3aHUMAThCSD», YTO MO3BOJLIET PACCMATPUBATh UX
KakK 11eJIEBYI0 I'pyIIly Ul Koppekuuu yposHs DA.

CyliecTByIonye IUTEPATyPHbIE JaHHBIE O BIUSAHUU
yBesnndeHuss A Ha KOHTPOJIb acTMbl IIPOTUBOPEYHU-
Bbl, OJJHAKO HUCCJIEJJOBAHUs, [IPOBEACHHBIE B IIOCIECHUE
rozpl, nmokassiBatoT, uro DA ymydmaer KOHTponb BA.
Tak, o nganaeM J.M. Grosbois u coasr. [14], yBenuue-
Hue DA M03BOJAET JIydllle KOHTPOJIUPOBATh CUMIITOMBI
BA, accouunpoBaHo ¢ yiydIieHHEeM (YHKIIHOHAIBHBIX
JIETOYHBIX TECTOB, MEHBIIUM KOJIMUECTBOM 000CTpEHHUIA
U 0OpalieHui 3a MEUIMHCKON TTOMOIIBIO.

B uccnenosanuu P.D. Freitas u coasr. [15] ycranos-
JIEHO, 4TO y IAllMEHTOB C OXHUpeHueM U BA, koropsie
yBenumumn @A, ynydmmiaocs o0Iiee COCTOSIHUE 310po-
Bbs, OHU JIy4llleé KOHTPOJIUPOBAJIN CUMITOMBI BA, cHu-
3UJIMCH MIPOSIBIICHUS JETIPECCUH, YIYUIIHIOCh KaueCTBO
cHa. B namem nccnenoBanuu kauectBo xu3Hu 1o AQLQ
[0 BCEM OLICHCHHBIM JIOMEHAM OBLIO CTAaTHCTHYCCKHU
3HAUUMO HIDKE Y MAIlMEeHTOB C OXUpeHHeM. B cucrema-
traeckoM 063ope L. Cordova-Rivera [16] Taxxe ObuIO
MIPOIEMOHCTPUPOBAHO, YTO Oosiee BEICOKHE YpOoBHU DA
ACCOIIMUPOBAHBI C JIYYIINM KOHTPOJIEM acTMBI, yIIyd-
meHneM (DYyHKIIMOHAIBHBIX JIETOUYHBIX TECTOB U 0OIIe-
IO CaMOYYBCTBHS, a TAK)KE C YMEHBIICHUEM KOJIMYECTBA
000CTpeHUiA.

Benen 3a GINA!'Y ®enepasbhbie KIMHHYECKHE pe-
xkomerpanuu 2021 «BponxuansHas actMa»'! comepikar
MIOJIO’KEHUE O TOM, YTO KypeHHUE SIBIISIETCS. BAXKHBIM (hak-
TopoM pHcka Oymymux oboctpenuit BA, ¢ ogHOU cTO-
POHBI, a C JPYTroil — OYEBUAHBIM TPUITEPOM MPUCTYIIOB
yaymssi. B Hamem ucciieoBaHUM OOJIBIIMHCTBO MAIH-
€HTOB HE KYypPHWJIM HAa MOMEHT MCCIICIOBAHUS: B IPYIIIE
¢ oxxupenueM — 79,8%, 6e3 oxxuperns — 68% (p < 0,05).
Kontponupyemas BA y marueHToB 6€3 0XXKHpPEHHUS Jalie
PETHCTPUPOBANIACH Yy HEKYPAIIHUX, YACTUIHO KOHTPOIH-
pyemasi — y KypsIuX U 9KC-KypSIIUX.

B wuccnenosanuu A. Tiotiu u coast., 2021 1. [17],
ObUI0O IPOJEMOHCTPUPOBAHO, UYTO (PyHKUIUS JIeT-
KUX y OpOCHBIIMX KypUTh XyXe, YeM Y HEKypsAIIHX,
HO TIPY 9TOM CpeJHIE 3HaYeHHs 00beMa (HhopCcHpOBaHHO-
TO BbIJIOXa 3a nepByto cekyHay (ODB1) u ¢popcupoBan-
HOI ku3HeHHOU eMKkocTH Jierkux (DXKEJT) Opun BhIIIIE,
YeM B TpyIMIe KypsIIUX C acTMOH, 4TO MOATBEPKAACT
nanaeie Chaudhuri R., 2006 1. [18], koTopbie moka3zanu,
YTO y MALlUCHTOB C ACTMOM, KOTOPBIC OPOCHIN KYPHTH,
HaOJII0IAJIOCh 3HAYUTENBHOE YITyUllleHne (DYHKIHH JIeT-
Kux U MeHbllee cHmxenne O®PBI1, ecnu oHn nponon-
JKaJU JICICHUE WHTAIAIUOHHBIMUA KOPTHKOCTEPOHIaMH.
VY KypsIIMX MalMeHTOB ¢ aCTMON KJIMHUYECKHE U (PyHK-
IIMOHAJIbHBIC TTOKA3aTeNN AbIXaHUS XyXKe, YeM Y HeKy-
pAIKX U OPOCHBIINX KypUTh, YTO TOATBEPKAAET BaXK-
HOCTb OTKa3a OT KypeHUsl B 9Toi nomyisinuu [17, 19].

10 Global Strategy for Asthma Management and Prevention (2022 update). https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-

Report-2022-FINAL-22-07-01-WMS.pdf (nara oopamenus: 10.10.2022).

! Kinanueckue pekoMeHaanun — bpouxuanpHas actma — 2021. Vreepikaensl Munsapasom P®. https://cr.minzdrav.gov.ru/recomend/359 2

(mara obpamenus: 10.10.2022).
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IIpu n3ydyeHun nayueHToB B 3aBUCUMOCTH OT CTaryca
KypEeHHUsI CTeNIeHb KOHTpoJisi BA Oblia Bblllie y MalyeHToB
0e3 OKHUpeHUs BO BCEX MOATPYMIAX: «HE KypuT U HE Ky-
PHJII B IPOLIIIOMY, «KYPHII, HO OPOCHID», «KypUT». Y MaIlu-
€HTOB C O)KUPEHUEM B3aUMOCBSI3U MEXIy KOHTposieM bA
U CTaTyCOM KypEeHHMs HE BBIABICHO: BO BCEX HMOArPYIIax
M0 CTaTyCy KypeHHs NpeoOiagalii MalueHThl ¢ HEKOH-
Tposupyemoit BA. CrienyeT oTMETHUTB, YTO B MOATPYIIIE
HEKYPALIUX MMalUeHTOB 0e3 0XHUPEHUSI KOHTPOIUpyeMast
BA peructpupoBaiach 3Ha4MMO Hallle, YeM B MOATPYII-
nax KypsiUX U 3KC-KYpPHUJIBLIMKOB. XOPOIIO HU3BECTHO,
YTO KypeHHE OKa3bIBaeT 3HAYMMOE BIMSHHE Ha TEUCHHE
aCTMBbL, SBISACH MOIU(PHUUUPYEMBIM (DAKTOpPOM pHCKa
JUTSL KOHTPOJISI CUMITTOMOB 1 o6ocTpenust [20], mostomy
0COOEHHO BaKHO YUHUTHIBATh 3TH MOTU(PHULIUPYEMbIE MTPU-
3HAKM MIPU COUETAHUH ¢ OkupeHreM. Haim pesynsrarbl
MOKa3aJx YTO, HECMOTPA Ha TO YTO IO pe3yJIbTaTaM OLeH-
KU 3HAYMMOCTU KO3(P(PUIIMEHTOB PErpecCHOHHOrO ypaB-
HEHUSI MAKCHUMAJIbHOE 3Ha4Y€HHE B OTCYTCTBUU KOHTPOJIS
BA umeror oxupenue u ypoeHb DA, KypeHHE Tarke
BHOCHUT ONpEENIEHHbIH BKJIaJ B MHOTO(aKTOPHYIO MO-
JieNb YpOBHA KOHTpOisa BA.

B namem ucciiegoBaHuM He ObUIO BBIABICHO BIIHS-
HUS Tojia Ha KOoHTposb BA. [laHHbIe JIMTepaTypHBIX UC-
TOYHHMKOB I10 3TOMY BOIIPOCY IMPOTUBOPEUUBHI: TaK, Ha-
npumep, B uccinenoBanuu G. Ciprandi u coasr. [21] pa3-
JUYUA B OLIEHKE KOHTPOJIS U CTENEHU TSKECTU aCTMbI
MEX]ly My>KUMHAMU U KEHITUHAMHU He OBLJIO, a pa3iinyus
B (D)YHKLUU JIETKUX HE UMEJH KIMHHUYECKOTO 3HAYECHUSI.
B 10 xe Bpems B uccnenoBanuu G.C. Forte u coaBt. nons
MAIEHTOB ¢ HEKOHTPOJIUPYEMOH acTMON ObuIa BBILIE
Cpeu KeHIIMH, 4eM cpeau MyxuuH [22]. B GINA'? wer
JAHHBIX O 3aBUCHUMOCTH KOHTPOJIA 3a00JI€BaHus OT MoJia

BKITA1 ABTOPOB

JI.B. Tpubynuesa, I.I. [Ipo3opoBa BHeCIM OCHOBHOH BKJIAJ] B pa3-
paboOTKy KOHIEIIWHU CTaThH, y4acTBOBaJ W B cOOpe M aHaH3e
JTaHHBIX, TIOATOTOBWIM TeKCT cTaThi. A.B. bynneBckuil ydyacto-
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Yy B3pOCIHBIX, HO OTMEUEHO, YTO CPEIu AETEH JydIInH
KOHTPOJIb OTMEYAETCS Y JEBOYEK.

Hcxond u3 moaydeHHOW MoJenu Uil JOCTHXKEHUS
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HccnenoBanue BBINOJHEHO B YCIOBUSX PEaJbHON
KJIIMHUYECKOW TPAKTHKH, YTO TO3BOJSAET INPUMEHATH
€ro pe3ysbTaThl K aHAJIOTMYHBIM T'pyIIaM MHalleHTOB.
K orpannuenusiM uccienoBaHMs CIEAYET OTHECTH He-
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CermeHTaumsa NoYeUYHbIX CTPYKTYP No nsobpakeHmam
KOHTPACTHOM KOMNbIOTEPHOU TOMOrpacdpumm ¢ NnoOMoLLbIO
CBEepTO4YHOM HEMPOHHOM cCeTn
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AHHoTauus

Llenb. Pa3pabotatb HeMpOHHYI0 ceTb Ans nocTpoerus 3D-moaenei 06pa3oBaHnin NOYEK W MpUREXaLLMx CTPYKTYP.
Matepuanbl u metoabl. Vcnonb3osaHbl DICOM paHHble 41 nauneHTa ¢ obpa3oBaHmeM nouyek. [laHHble BKMKYanm Bce
(hasbl MynbTUCIMPANbHOM KOMMBIOTEPHOI TOMOrpadui ¢ KOHTpacTupoBaHueM. [ns obyyeHuns otobpaHo 32 HabnogeHus,
Ans Banuaauu — 9 HabntogeHni. Ha atane paameTku Bpanuch apTepuanbHas, BEHO3Has U 9KCKPETOpHas ¢hasbl, NPOBO-
aunack apduHHas perucTpaums Ans COBMECTHOMO COBMafeHUs pacnonoXeHUs NoYek U yaaneHue LUYMOB C MOMOLLbH
MeanaHHoro unbTpa M unbTpa HeNoKanbHbIX CPpeaHUX. 3aTeM Obi pa3meyeHbl Macku apTepuil, BEH, MOYETOUHIKOB,
napeHx1Mbl NoYkK 1 0bpa3oBaHuii napeHxumMbl. Mopenbto senanack apxutektypa SegResNet. [1ns oueHku kadecTsa cer-
MeHTauun cpaBHuBanack meTtpuka Jaica ¢ mogenamu AHNet, DynUNet u ¢ Tpems BapuaHtamu mogenu nnU-Net (lowres,
fullres, cascade).

PesynbTatbl. Ha BanuaaumnoHHoi Bbibopke 3HaueHne metpuku [aica apxutektypbl SegResNet coctaBuno: 4ns Hopmans-
HOM napeHxumbl noyku — 0,89, obpasoBanmin noykn — 0,58, aptepuit — 0,86, BeH — 0,80, MmoueTouHnkoB — 0,80. MonyyeHsb!
cpepHue 3HaueHus metpuki Jainca ana SegResNet, AHNet u DynUNet - 0,79; 0,67 1 0,75 cooTBeTcTBEHHO. [pu cpaBHe-
Humn ¢ mogenbio nnU-Net meTpuka [lanca bbina 6onbLue ans napeHxumbl nodkn y SegResNet — 0,89 no cpaBHeHNto ¢ Tpemst
BapuaHTamu mogenu: lowres — 0,69, fullres - 0,70, cascade — 0,69. Mpu 3ToM Ans 06pa3oBaHmii NapeHX1Mbl NOYKN METPUKA
[Haiica 6bina conoctasumoit: ans SegResNet — 0,58, ans nnU-Net fullres — 0,59; lowres v cascade umenu meHbLUKE 3Have-
Hus meTpukn danca — 0,37 u 0,45 cOOTBETCTBEHHO.

3akniouenue. NonyyeHHas HenpoHHas ceTb SegResNet xopowo Haxogut cocyabl W napeHxuMy. OBpasoBaHns noyek
ONpeaensitoTCca TpyaHee, BO3MOXHO, U3-3a ManblX pa3MepoB W HamMumus NOXHbIX cpabaTbiBaHuin ceTu. MnaHupyeTcs yBe-
nuyeHne paamepa Bbibopku Ao 300 HabnogeHUI M UCNONb30BaHWe onepauuii NocTobpaboTki ANS yNy4LeHUs MOAEN.

KntoyeBble cnoBa: HeMpOHHas CETb; ONYXOMb NOYEK; KOMMboTepHas ToMmorpacus; 3D-MoaenmMpoBaHne; UCKYCCTBEHHBIN
WHTennekT

Py6pukn MeSH:

MOYEK HOBOOBPA3OBAHWNA - AMATHOCTUYECKOE N30BPAXEHWE

MOYEK HOBOOBPA3OBAHWNA — XUPYPTUA

MOYKM — AMAFTHOCTUYECKOE M3OBPAXEHWE

MOYKM — NATONOMMA

MOYKM — XUPYPTUA

TOMOTPA®UA KOMIMBIOTEPHAA MYNBTUOETEKTOPHAA

TPEXMEPHOIO U30OBPAXEHWA MOCTPOEHUE

ONEPALW MNAHUPOBAHWE

Ona yutupoBaHus: YepHeHbkuit U.M., YepHeHbkuit M.M., ®ues [O.H., Cupota E.C. CermeHTaLms noYeyHbIX CTPYKTYp
Nno M306paxeHnsIM KOHTPACTHOM KOMMbIOTEPHOA TOMOrpadun C MOMOLLBK) CBEPTOYHON HEMPOHHOW ceTu. CeveHOBCKUI
BeCTHUK. 2023; 14(1): 39-49. https://doi.org/10.47093/2218-7332.2023.14.1.39-49
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BaarogapHocTH. ABTOPHI BEIPaXKAIOT 01arogapHOCTh HHCTUTYTY KOMIBIOTEPHBIX HAyK M MaTeMaTHYecKoro Moaenuposanust CedeHoB-
CKOIr0 YHHMBEPCUTETA 3a JOCTYI K BEIYMCIUTEILHOMY KJIacTepy.
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Segmentation of renal structures based on contrast
computed tomography scans using a convolutional
neural network

Ivan M. Chernenkiy™, Michail M. Chernenkiy, Dmitry N. Fiev, Evgeny S. Sirota
Sechenov First Moscow State Medical University (Sechenov University)
872, Trubetskaya str., Moscow, 119991, Russia

Abstract

Aim. Develop a neural network to build 3D models of kidney neoplasms and adjacent structures.

Materials and methods. DICOM data (Digital Imaging and Communications in Medicine standard) from 41 patients with kidney
neoplasms were used. Data included all phases of contrast-enhanced multispiral computed tomography. We split the data: 32
observations for the training set and 9 — for the validation set. At the labeling stage, the arterial, venous, and excretory phases
were taken, affine registration was performed to jointly match the location of the kidneys, and noise was removed using a
median filter and a non-local means filter. Then the masks of arteries, veins, ureters, kidney parenchyma and kidney neoplasms
were marked. The model was the SegResNet architecture. To assess the quality of segmentation, the Dice score was compared
with the AHNet, DynUNet models and with three variants of the nnU-Net (lowres, fullres, cascade) model.

Results. On the validation subset, the values of the Dice score of the SegResNet architecture were: 0.89 for the normal
parenchyma of the kidney, 0.58 for the kidney neoplasms, 0.86 for arteries, 0.80 for veins, 0.80 for ureters. The mean values
of the Dice score for SegResNet, AHNet and DynUNet were 0.79; 0.67; and 0.75, respectively. When compared with the
nnU-Net model, the Dice score was greater for the kidney parenchyma in SegResNet — 0.89 compared to three model
variants: lowres — 0.69, fullres — 0.70, cascade — 0.69. At the same time, for the neoplasms of the parenchyma of the kidney,
the Dice score was comparable: for SegResNet — 0.58, for nnU-Net fullres — 0.59; lowres and cascade had lower Dice score
of 0.37 and 0.45, respectively.

Conclusion. The resulting SegResNet neural network finds vessels and parenchyma well. Kidney neoplasms are more
difficult to determine, possibly due to their small size and the presence of false alarms in the network. It is planned to increase
the sample size to 300 observations and use post-processing operations to improve the model.

Keywords: neural network; kidney neoplasms; CT scan; 3D modeling; artificial intelligence
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CnuUcok CoKpaLLeHmiA:

DICOM - Digital Imaging and Communications in Medicine,
MEOMLMHCKUA OTpacneBon CTaHAapT Co3daHus, XpaHe-
HWS, Nepefaym n Bu3yanusaumy LdpoBbIX MEANLIMHCKIX

Ilo manHbIM cTaTHcTUKM BceMupHOW opraHuzaunuu
3[PAaBOOXPAHCHUS PaK IOYKH MO KOJIMUYECTBY 3a00JIEB-
mmx B 2020 . (431 288 ciyuaeB) 3anumaer 14-¢ Mme-
CTO Cpely BCEX 3JI0KauYeCTBEHHBIX HOBOOOpa3oBaHMiA'.
B Poccun 3a nepuon ¢ 2012 no 2017 r. cranmaptuso-
BaHHBIC IIOKa3aTeNd 3a00JIeBaCMOCTH  YBEIHYMIINCH
Ha 13,8% y myxuun (¢ 12,3 mo 14 nHa 100 TBIC. Hace-
JICHUS,, MUPOBOH cTaHfapT) u Ha 16,4% y xenmuH (6,7
n 7,8 na 100 teic. Hacenenus). B 2017 r. B Poccuu Obu1o
3aperucTpupoBaHo 24,8 ThIC. HOBBIX CIy4aeB paka Mo4-
ki (3% cpean Bcex 3JI0KaueCTBEHHBIX HOBOOOpPa3oBa-
HUi, 7-e paHroBoe MecTo) [1].

Jns oOHapyXeHHS XHPYprHYecKHX 3a0ojeBaHHH
MOYEK MPEIOKEHO MHOXXECTBO PA3IUYHBIX AJTOPHT-
MOB TITyOOKOro MaluMHHOTO oOydeHus. Tak, B padote
J. Verma u coaBT. ¢ 11eNIbI0 BepH(PUKAIIMN KOHKPEMEHTOB
MOYKM HA OCHOBAHMH YIBTPAa3BYKOBOH BH3yaIH3alliH
ObUIM TIPIMEHEHBI ANTOPUTMBI OMIDKaimIMx coceneit
Y MalllMHBI OTIOPHBIX BEKTOPOB [2]. B npyrom uccneno-
Banuu S. Sudharson u coasr. [3] npumMeHHIN MPenoOy-
yeHHble Mozenn apxuTektyp ResNet-101, ShuffleNet
u MobileNetv2 s wu3BI€YEHHS INEPBUYHBIX MpPU-
3HAaKOB M B KauecCTBE KJIACCH(MKATOpa HCIIOIb30BAIN
MAIIHY OMOPHBIX BEKTOPOB AJSI OOHAPY>KCHHS KHCT,
OITyXOJIM ¥ KOHKPEMEHTOB Ha OCHOBE aHAJIM3a YIBTpa-
3BYKOBOH KapTHHBI, P 3TOM TOYHOCTH B padoOTe co-
craBuia 96,54%. bonplryro MOMyISPHOCTh ISl OLICHKU
KauecTBa padOTHI AITOPUTMOB B ONIPECIICHUH OITyXOJIH
no maHHeIM DICOM m3obpaxkenuit (Digital Imaging
and Communications in Medicine, MEIULMHCKUHA OT-
pacneBoil CTaHAapT CO3JaHUS, XpPaHEHHs, Iepeaadn
U BI3yadu3alud IMQPOBBIX MEAUIMHCKUX H300pa-
JKEHMH M JIOKYMEHTOB OOCII€/IOBaHHBIX TAIMECHTOB)

n3o6paxeHui M JOKYMEeHTOB 0BcrefoBaHHbIX NaLWNeHTOoB
MCKT - mynbTucnuparnbHas KOMnbloTepHas TOMorpagus
VW — ncKycCTBEHHBIN MHTENNEKT

MYJIBTUCTIMPATIBHOM ~ KOMIIBIOTEPHOH  TOMorpaduu
(MCKT) npuobpeno copesnoBanue KiTS21, ocHoBan-
Hoe Ha Habope u3 300 HatuBHBIX cHUMKOB MCKT c pas-
HBIM IIarOM CPEe30B2,

Jl1s1 aBTOMATHUECKON CeTMEHTAINN JTyYeBhIX METOIOB
BU3YaJIM3aI[{ B MUPE HAaHOOJIBIIEE YHCIIO UCCIICIOBAHUI
BbINONHAETCS ocpencTBoM apxutektypsl UNet [4]. Tak,
B pabote A. Golts u coaBr. [5] ucnonszoBan kackag 3D
UNet apxuTEeKTypBI JUIsl yTOUHEHUsT Macku. B mccneno-
BaHUH Z. Zhao M coaBT. [6] MpUMEHSIICS JIBYX3TallHBII
npotokon 3D UNet nis Bepudukarm nouek. [lepsuano
Ha n3o0paxennn MCKT BbIIeIsIHCE TTOYKH, a BTOPBIM
9TaloM BHINONHSIACH CETMEHTAIMs 30HBI MHTEpeca —
omyxonu modkd. C Iedpl0 yMEHBIICHUsT TpeOoBaHMIA
K BBIUMCIUTENBEHBIM MOITHOCTSIM HEKOTOPBIE HCCIIEA0BA-
TEJTH UCTIONB3YIOT TOIBKO ABYMEpHBIE cpe3bl. Hampumep,
L. Batista da Cruz u coaBt. [7] misg oOy4eHHsI HUCTIOJb-
30BaJM OMH Cpe3 C ABYMS COCCTHHUMH (TIPEABIIYIIHH,
HEHTPAIBHBIA M CICAYIOUMHA cpe3) IS PacIIUpEeHUs
KOHTeKcTa m300pakeHus. Ha BbIXone momydann Macky
JUIS IEHTPAIBHOTO cpe3a. Takke MCHONMB3YIT THOpHA-
HBIC apXUTEKTYPHI, COBMEIIAst KJIACCHUCCKHE CBEPTOUYHBIC
CETH C PEKypPEHTHBIMHU CETAMH. PeKyppeHTHBIC CEeTH MO-
I'yT XpaHWUTh NPHU3HAKH C MPEIBLIYIIEro mara U TaKuM
o0pa3oM 3aroMuHaTh KOHTeKcT. Hampumep, M.Z. Alom
U coaBT. [8] pazpaboranu rHOPUAHYIO apXUTEKTypy, CO-
crosgyto u3 UNet u RNN cerell, koTtopast akkyMyJu-
poBajia MPU3HAKK OT Cpe3a K Cpe3y M CO3JaBaja MACKy
It TpexmepHoro n3odpaxkenus. A.A. Novikov u coast.
[9] monepuusuposanu UNet ¢ IOMOILBIO IBYXCTOPOHHUX
ceeprounbix LSTM cnoes BHyTpu UNet apXUTEKTypBbl.

st ycxopeHust 00y4eHUsI B HECKOJIBKO pa3 HUCTIONb-
3YIOT IoX0 00y4eHus ¢ mepeHocoM (transfer learning).

' GLOBOSCAN 2020. URL: https://gco.iarc.fr/today/data/factsheets/cancers/29-Kidney-fact-sheet.pdf (nara ooparenus: 02.10.2022).
2 The 2021 Kidney and Kidney Tumor Segmentation Challenge. URL: https:/kits21 kits-challenge.org/ (nara o6pamenns: 05.09.2022).
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INTERDISCIPLINARY PROBLEMS

[Jannbiil mogxox npu oOyyeHuH OepeT 3a OCHOBY 3apa-
Hee MpeJoOyUYeHHYI0 apXUTEKTypy Ha MOXOKeHd 3ajaade.
Hanpumep, MOryT B34Th NpenoOyYeHHYIO apXUTEKTYpy
Ha CeTMEHTAaLHXIO Ha 0OBIUHBIX (hoTorpadusx 1K Ha cer-
MEHTaIlUU JJIs BBIICNICHUS APYTroro opraHa [6].

C pasButueM UcKyccTBeHHOro unremiekra (M) uc-
CJIEIOBATENH CTalId OOiblIe 3a00TUTHCS O 3alluTe AaH-
HBIX C IOPUIMYECKOM TOYKH 3peHus. OnyOIrKOoBaHHbBIE
HaOOpBl JAHHBIX B MHTEPHETE 3allMIIEHBl OT KOMMEp-
YECKOro MPUMEHEHUs] U HCIOIb3YIOTCA UCKIIOUUTENBHO
B HCCIIEIOBATENbCKUX LEIISIX [UIs1 CPAaBHEHHMS aJITOPUTMOB.
CermeHTanus U300paykeHUH ABISAETCS OTAEIbHON PHIHOY-
HOW HUIIEW 1 OKa3bIBaeMOM yCiTyroi. B Meaunuue 31o Ha-
KJIaJIbIBAET JOMOMHUTEIILHBIE OTPaHUUYEHHS Ha SKCIIEPTOB
IUId pa3sMeTKH AaHHbIX. CHeuuanucT JOIKeH o0ianarh
3HAHHUSAMH B JTy4EBOH IMArHOCTUKE, MEIUIIMHCKOI KBaJIHU-
(bukanmeit 1151 aHHOTUPOBAHUS AaHATOMUUYECKUX CTPYKTYP
Ha u3obpaxenusax MCKT. IToatomy HEKOTOpbIE TOCTYII-
HBIE 1aTaceThl MOI'YT HOCUTh UCKITIOUUTEIBHO UCCIIeI0Ba-
TEJIbCKUI XapakTep Ui CpaBHEHHUS KadecTBa paboThI ai-
roputMoB. Tak, BRaTS 21 maracer [10, mpenpunT| umeer
2000 aHHOTUPOBAaHHBIX HAONIIONEHHUHN C OMYXOJIbIO MO3Ta.
B nocneanee BpeMs HaOI0gaeTCS TEHACHIMA K Iy OTiKa-
UM TAHHBIX C OTKPBITON JIMLIEH3UEH, YTO MO3BOJISET UC-
MOJIb30BaTh B KIIMHUKAX BCIIOMOTaTeIbHbIM WHCTPYMEHT
B Buge MU [11]. OnHako noctynHble HAOOPBI JAHHBIX MO-
TYT OBITh HEOCTATOYHBI JUISl YAOBJIETBOPEHUS 3alIPOCOB
XUPYProB M3-32 OTCYTCTBUS Pa3MEUEHHBIX COCYJOB, JTMM-
(hoy3noB, uTo TpeOyeT I KaXKA0H HO30JI0TUH COOUPATh
Y aHHOTHPOBATh JJaHHBIE.

B HUHCcTHUTYyTE YPOIOTUU U PENPOAYKTUBHOTO 310PO-
Bbsl uenoBeka CeueHoBckoro YuuBepcurera ¢ 2010 T
Ha BCeX JTamax IUIAHUPOBaHHs OIEPaTUBHOIO Jieue-
HUS MaLUEHTOB ¢ 00pa30BaHUAMH MApEHXHUMBbI MOYKH,
a TaKXkKe JUId UHTPaolepalliOHHONW HaBUTALlUH HCIIOJb-
3yercs 3D-MonmenupoBaHuE MATOIOTHYECKOrO IpoLec-
ca, OCHOBaHHOTO Ha MOCTIIPOLIECCHHIOBOM 00paboTKe
Janabix MCKT mouyek ¢ KOHTpacTHpOBaHHEM. 3HaHUE
nepcoOHN(PUIMPOBAHHON aHATOMUH TIOMOTaeT HE TOJIBKO
MPEIBUACTh TEXHUYECKHE CIOKHOCTH, KOTOPBIE MOTYT
BO3HUKHYTbH IPU BBINOJIHEHUH ONeEpaliy, HO U MHOIO-
KpaTHO U MHOTOBAapHaHTHO BBIIOJHUTH €€ BUPTYaJIbHO,
TEM CaMbIM ONpeaessis Hanbosee ONTUMAIIBHBIA JOCTYII
K UHTepecyeMol O0JIaCTH, ONTUMAJILHBIA BUJ, a TaKKe
nepevyeHb U TOCIe0BaTeIbHOCTh XUPYPIUYECKUX Ma-
HUITYJISITUH.

B cozmanum 3D-mojenu maroioruuecKkoro Mmporec-
ca 3aJeiicTBOBaHa KOMaHJa U3 TPEeX OCHOBHBIX CIIELH-
aJMCTOB: Bpauya-yposiora, Bpaua Jy4yeBOW IHAarHOCTH-
KU U CIEUHAJIHCTa MO MPOrpaMMHOMY OO€CIIEUEHHIO.
Pa6ora IT (information technology) — cmneuunanucra
(cneumanuct B o0nactd HMHGOPMALMOHHBIX CHCTEM
U TEXHOJIOTUH) B 3D-NOCTPOEHUU OCHOBHBIX DJIEMEHTOB
AQHAaTOMUU TIOYKH Ha CETOIHS BBIMOJHACTCS B «PYYHOM
pexxuMe» U TpeOyeT BpeMEHHBIX 3aTpar MPOJODKUTENb-
HOCTBIO 110 2 yacoB. B Hactosiiee Bpems B JIy4eBoOil
JUArHOCTHKE MCIIOJIb30BaHHE aBTOMAaTHUECKOTO pexXrMa

3D-nocTpoeHuit MUPOKO MPEACTABIECHO B IPOrPaMMHOM
obecrnieyeHNH padOYMX CTAHIMI COBPEMEHHBIX armnapa-
toB MCKT. OnHako 6a30Bble CTaHIIMM KOMITbIOTEPHBIX
TOMOTrpadoB He MO3BOJSAIOT COBMECTUTH Oojiee AByX (a3
UCCIIEIOBAaHMsI TOYEK, YTO HE OTBeyaeT TpeOOBaHUSIM
BUPTYaJbHOTO IUIAHUPOBAHUS MPEICTOSILIET0 oOnepa-
TUBHOTO JieueHHs! Ha mouke. [loctpoenne 3D-moneneit
MOYeK Ui IJIAHUPOBAHUS ONEPAaTHBHOTO JIEUEHUS BbI-
nonusierca IT-cenuanucToM Bpy4YHYIO, SIBISIETCS TPY-
JIOEMKHUM U (PMHAHCOBO 3aTPaTHBIM.

Lenpr uccnemoBaHusi: pa3paboTKa aBTOMAaTHYECKON
cucteMsbl nmoctpoenus 3D-mozpeneit oOpa3oBaHMil 1O-
YeK U MpUIekalluX CTPYKTYp HOCPEACTBOM HUCIOIB30-
Banus 1.

MATEPUAIbI U METOAObI

UccnenoBanue o100peHo JIOKambHBIM KOMUTETOM
o sTuke CeueHOBCKOTO YHUBepcuTeTa. B nuccinenoBanun
UCIOJBb30BaHbl JaHHbIe 3D-MonenupoBanuii oOpas3osa-
HUIl mapeHXuMbl Nouku 41 manueHTa Npu IJIaHHPOBa-
HuM xupypruueckoro jgedernusa. DICOM naHHble B Kax-
JIoM HabOmoneHnu BJIroyanu B ceds Bece 4 dazert MCKT
¢ KOHTpacTupoBaHHeM. Ha sTame pa3meTku Mbl Opaiu
TpH (a3bl: apTepHaAIbHYI0, BEHO3HYIO U DKCKPETOPHYIO,
poBoAMIN adPUHHYIO PETUCTPALIHMIO IJIsl COBMECTHOTO
COBIIAJICHUSI PACIIOJIOKEHHUS TIOYEeK U yNajeHHe LIYMOB
C MMOMOIIBI0 MeuaHHoro ¢uibTpa (median) u GuiasTpa
HEJIOKaJNbHBIX cpenHux (non-local means). 3arem OblIN
pa3MeuyeHbl MAacKH apTepuii, BEH, MOYETOYHHUKOB, Ia-
PEHXUMBI IOYKK U 00pazoBaHUi mapeHxumbl. Ha srame
00ydYeHUsT MBI HCIIONB30BIN 32 HAOMIOACHHUS U TSl Ba-
JIMAALUY MOAEIU — 9 HAOMIONEHUH.

Jna oOyveHus: MOIenu MCIONb30BaICA (PpedMBOPK
PyTorch 1.10 u 6ubaunoreka MONAI 0.8.1. Mozenbio
apsinack apxutekrypa SegResNet [12]. Ha pucynxke 1
CXeMaTU4eCcKH MOoKa3aH MOPsI0K NpenodpaboTKi CHUM-
KOB U apxuTekTypa cetn SegResNet. DxcnepumMeHTbI
MPOBOJMINCH HA MallIMHE C AByMs I'paduuecKuMu Kap-
tamu RTX2080Ti 12I'0 (pa3paborunk NVIDIA, CLLIA,
npousBoautens MSI, Kurait).

APXUTEKTYPY MOXKHO pa3euTh Ha JBE YaCTH: KOJIH-
POBILIUK U JEKOTUPOBIIMK. B KOAWPOBIIMKE UCIOIB3Y-
ercs 4 6J10Ka CO CBEPTOYHBIMU CJIOSMH U CIOSMH TPYII-
noBoi HopMmanu3zaiuu (GroupNorm). B koHLle Ka)Ka0ro
OJ0Ka MPOUCXOAUT yBETUUEHHUE YHUClla KaHAJIOB U CO-
KpallleHHe MPOCTPAHCTBEHHOTO pa3Mepa H300paKeHusl.
Taxum 06pa3zom, Ha TocaegHeM OJI0Ke MBI TIOJIy4aeM Ma-
JIeHbKOE U300pakeHue, HO ¢ OOJBIIUM KOJIMYECTBOM Ka-
HanoB. [locnennuil 610k Ha3bIBAlOT OYTHUIOYHBIM TOp-
neimkoM (bottleneck). Maes 3akimtouaetcst B TOM, 4TOOBI
Ha 9Tare o0y4eHus B U300paKeHUH 1ocie Oy ThIIOYHOTO
TOPJIBILIKA OCTaBajlaCh MaKCUMaJIbHO ToJie3Has HH(pOp-
Malus Ui pelleHus 3aja4u, B Hallei paboTe — moiryue-
HUE MacOK aHaTOMHYECKHX CTPYKTyp. Jlanee B nexonu-
POBILUKE MTPOUCXOAUT 0OpaTHBIid npouecc. [locne kax-
Joro OJoKka KOMMYECTBO KAaHAJIOB COKpAILlaeTCsl BABOE,
HO YBEJIMYHMBAIOTCSA MPOCTPAHCTBEHHbIE pa3Mmephl. Tak
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kak SegResNet otHocutcs k kinaccy UNet apxutexryp,
TO TMepe] KaKABIM OJIOKOM IMOCIIe YBETUUEHUS pa3MepOB
JI00aBIIAETCS COOTBETCTBYIOIIEE M300pakeHue u3 OJ0-
Ka KoxupoBUIMKa. Ha pucyHKe 3TOT mpolecc OTpakeH
ctpenkamu. Ilocne neKoaupoBLIMKa CaMbId TOCTIEIHUI
610k co3naer 5+1 mMacky A HEOOXOIUMBIX HaM CTPYK-
Typ: apTepusi, BeHa, MapeHXHMa, 00pa3oBaHHE IOYKH,
MOYETOUHUK U (OH.

IIpenoOpaboTka JaHHBIX mepes Nojadeii B HEUPOH-
HYIO CEeTh 3aKJII0YaeTcs B Tpex Iiarax: Kaxzaasa (asa me-
peBoautcs B pazpewenue (0,8; 0,8; 0,8), 3atem untepsan
3HaYeHUH XayHcuiga MacmTabupyercs u3 UHTepBaia
[-1000, 1000] B unTepBan 3Hauenuii [0, 1] u Tpu ¢assl
00beqNHSIOTCA B OOUH Tpex(asHblii Ten3op. Ha srame
o0y4eHus Ui yaydllleHus] TeHepatu3aliid MOJeNu TaK-
K€ UCTIOJIB3YIOTCS CIIEAYIOIINE METObI ayTMEHTALINH.

1. Ipubmmkenue (Zoom): c BeposTHOCThIO 0,3
n3o0paxkeHue MacmTaOupyercs Ha clydailHOe 4HCIo,
MoJly4YeHHOe W3 paBHOMepHoro pacopeaenenus (0,9;
1,1) ¢ ucmomp3oBaHMEM KyOHMYECKOW HHTEPHOJISLUU.
g o0yyaromux MacoK HCIOIb3YeTCs] MHTEPIIONIALUS
OmmKalIux cocenen.

2. Iloeopot Ha 90 rpamycoB (Rotate 90): ¢ BeposiTHO-
c1b10 0,3 n300pakeHus moBopadnBaroTcs Ha 90 rpamgycos.

3. 3epxamupoBanue (Flip): ¢ BeposTHOcThIO 0,3
JUTA KaXX/10i OCH HE3aBUCHMO 3€PKaJIbHO OTPaXkaeT U30-
OpaxeHue.

4. N3menenne xontpacta (Adjust Contrast): ¢ Bepo-
stHocThIO 0,3 MaciITabupyeT HHTEHCUBHOCTD Ha CITydaii-
HOE 3Ha4YeHue u3 paBHOMepHOTrOo uHTepBaina (0,5; 4,5).

5. VI3MeHeHue  TUCTOTpaMMbl  MHTEHCHBHOCTH
(Histogram Shift): ¢ BepoarHoctso 0,3 mpuMeHsieT He-
JUHEWHOE HW3MEHEHHE THCTOrPaMMbl MHTEHCHUBHOCTHU
n300pakeHus Mo 10 KOHTPOIBHBIM TOYKaM.

B kauectBe QPyHKIIMM IOTEPh MBI UCIIOIB30BAIU KO-
3¢ punment Copencena — Jlaiica, KOTOPBIN MOKA3bIBAET,
HACKOJIBKO XOPOILIO Hallla CeTh CErMEHTHPYET He0OX0A -
Mble 00BEKTHl. JTa (GYHKUMA PUMEHSAETCS IJIs CpaBHE-
HUS CXOJCTBa JIByX 00pa3loB. B Hamem ciryuae Mbl HC-
OJIb30BAJIN €€ JJIsl CpaBHEHUS IBYX obnacTell uHTepeca:

convi
Bxop

( Mpen-
obpabotka

32XNX
512x512

MEXONCUUTITTMHAPHBIE NMPOBINEMBI

Iom@aan KOHTypa, OTMEYCHHOI'O 3KCIICPTOM, H ILIO-
ragyu Hamero HIpPOTHO3UPYEMOI'0 KOHTYpa. (DopMyna
IJI1 BBIYHUCJIICHUSA METPUKU!

2A

nl

L A +A"
e A — o0nacTh, NpeICKa3aHHas HEHPOHHOM CEThIO;
A, — o0macTh, BBIICICHHAs YKCIEPTOM, H A | — mepece-
YEeHHE ITUX JABYX oOsacTeil. 3HaueHNe JaHHOU METPUKH,
paBHOE €IUHUIIE, SBIAETCA HAMIYYIIUM Pe3yJIbTaToM.

Mg ontumuzanuu Mojenu ObUT HCIOJNB30BaH aj-
roput™m Novograd [13, npenpuHT], KOTOpBIA codyeTaer
B ceOe Tpu uneu: (1) UCIONB30BaHKE TTOCTOWHO BTOPBIX
MOMEHTOB T'PaJUEeHTOB; (2) BBIYHCIEHHE MEPBOIO MO-
MEHTa TpaJueHTa C y4eTOM HOPMAalU30BAHHBIX CIIOEB
10 BTOPOMY MOMEHTY; (3) pa3aenbHOe HUCIOIb30BaHUE
cokpaieHus BecoB (weight decay). [Ipu o0ydenuu dop-
MHUpOBaJicA pa3mep Oar4da, paBHBIi 4, ¢ BEIpE3aHHON 00-
JacTeio pazmepoM [96, 96, 96] Bokceeil U3 cirydaitHOro
BBIOPAHHOTO PACIIONOKEHUS HA CHUMKE.

715 OLleHKH KauecTBa CErMEHTAllUU MBI CPaBHHU-
Bau MeTpukH [laiica Mexay Halleil MOJIEJIbI0 U MO-
nensamu DynUNet, nnU-Net [14] u AHNet [15]. B mo-
nenu nnU-Net aBToMaTHYeCKU HACTPanuBalOTCA METO-
Ibl MpenoOpaboTKU, apXUTEKTYpbl, NOCTOOPabOTKHU
1715 3aja4y cerMeHTauuu. KiiroueBble HACTPOUKH 3a-
Jal0TCA B BUJE IMaNa30Ha MapamMeTpoB, B3aUMO3aBHU-
cumbix npaBui. Ha konen 2022 r. nnU-Net npeB3omi-
7a pe3ynbTaThl B 33 U3 53 3a7a4 Mo cerMeHTalu 1e-
JIeBBIX aHATOMUYECKUX CTPYKTYp, @ B OCTalbHBIX 20
MOKa3bIBaja pe3yabTaThbl, CPABHUMbIE C HAUTYYIINMU
meTtogamu. Moxens nnU-Net nyOauyHO AOCTyIHa,
U aBTOPbHI MO3ULHOHUPYIOT €€ KaK MeTOA HAJi Mpo-
BEJICHUS CPAaBHUTEJIbHBIX TECTOB.

s HarnsgHOCTH 3 (PEKTUBHOCTH IIPEIaraeéMoro Me-
TOZA MPUBEAECHBI METPUKHU U1 HECKOJIBKHUX HAOIIONESHHH.
B kadecTBe METpUK Mbl BKJIIOYHMJIM LIMPOKO MU3BECTHBIE,
TaKkue Kak TOYHOCTb, CHEHU(UYHOCTH U UyBCTBUTENb-
HOCTb, a TaKOKe METPHUKH AJsl cpaBHeHUs 3D-obmacteit:
ko3 dunuent [aiica, paccrosaue Xaycnopda (u3mepsier

conv1 finalconv
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PUC. 1. ApxutekTypa HeiipoHHOI1 ceTH
FIG. 1. Neural network architecture
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HauOoJblIee PACCTOSHUE MEXAY TpaHULAMH HMCTUHHOMN
U MpeJCKa3aHHON MacOK) U CpeIHEee PACCTOSIHUE TTOBEPX-
HOCTH (M3MEPSET CPeHEE PACCTOIHUE MEXK LY IPaHULIaAMHU
WCTUHHOH U MpeJCKa3aHHON MacoK).

PE3YIIbTATDI

OueHkKa KkayecTBa Nony4eHHon Moaenu

SegResNet c AHNet n DynUNet

Ha coGCTBEHHOM BbIGOpPKe

B rtabmune 1 mokazaHel pe3ynbTaThl MO KaKIOMY
KJlaccy (HOpMalslbHasi NapeHXuMma, apTepHH, BEHBI, 00-
pa3oBaHHE TOYKH, MOYETOYHHMK) HA BaJlHIAIIMOHHON
BbIOOpKe. 110 HUM MOXXHO cJenaTh BBIBOA, YTO COCYIbI
U MapeHXuMa OTIMYHBIM 00pa3oM HaXOAATCA C MOMO-
1IbI0 HeHpOHHOM ceTu. OOpa3oBaHUs MOYEK OmpeAess-
I0TCSl TPyAHEE, BO3MOXKHO, U3-32 MAJIbIX Pa3MepOB U Ha-
JINYUS JIOKHBIX cpaOaThIBaHU CETH.

Hawmnyuiiee nocTurHytoe cpeaHee 3HaUY€HHE Me-
Tpuku [laiica cocraBuno 0,79 (mns 5 ayrmenranuii).
Hamu mnpeampunsita nombiTka 3aMeHsl  GroupNorm
Ha BatchNorm u yBenudenus pa3mepa Oarda, HO 3TO
HE TPUBENIO K YIYUIIEHUIO Pe3yIbTaTtoB. C TeXHUUECKOI
TOYKH 3pEHHUSI Mbl OBUTH OrpaHU4eHbl 00BEMOM BHEOMA-
Mt KapTel RTX2080Ti u He uMenu BO3MOKHOCTH HC-
nosnb3oBanus Vision Transformer (ViT). beina npennpu-
HATa TOMBITKAa UCIONB30BaHUS apXuTekTypbl DynUNet
u AHNet, HO moOJy4eHHbIE pE3YyNIbTaThl OBUTH XYXKe,

YTO POAEMOHCTpUpOoBaHO B Tabnuie 2. Kox ans Bocmpo-
U3BEJICHUSI PE3YJIBTATOB JOCTYIICH B OTKPHITOM JIOCTYIIC®,

Ha pucynke 2 moka3aH npumep pa3MeTKH dKcIiepra
U HelipoceTu Ha OJHOM cpese U 3D-nocTpoeHus.

CpaBHeHue nony4yeHHoun moaenu SegResNet

n nnU-Net, o6yyeHHon Ha gaTaceTte KiTS 21

OxHoil u3 3amau ucciueqoBaHUs ObLIa CerMEHTaLus
Mouku M oOpazoBanmii mouku. Mogens nnU-Net Obuia
oOyuena Ha naracere KiTS21, u B myOIu4HOM HOCTY-
e CYyIIECTBYIOT TPU BapHaHTa MOAEIH: C HU3KHM pa3-
pemennem (lowres), ¢ ucxoqusiM pazpemenuem (fullres)
u kackaaHas (cascade). Lowres oOpabarbiBaeT CHUMKH
Ha MOHIDKEHHOM pa3zpeuienud, fullres paboraer Ha ToM
JKe pa3pellIeHnH, YTO U UCXOHbIE JaHHbIe, a cascade Hc-
MOJIb3yeT 00a MpeAbIIyIuX BapuaHTa NOCIEI0BaTEIbHO
JUISL yTOYHEHHS Pe3yNIbTaToB. MBI CpaBHWIIN PE3YJIbTaThl
Haeit mogenu SegResNet u nnU-Net (Ta6mn. 3). [1o npu-
yuHe oTcyTcTBHs B naracere KiTS21 aprepuanbsHoii, Be-
HO3HOH U BBIIENUTENBHON (ha3 cpaBHEHUE MTPOBOJUIOCH
st momenu nnU-Net Toiabko Ha aprepuaibHOU daze
coOcTBeHHOTO naTtacera. B Hamry monens SegResNet mo-
JaBaJIMCh Ha BXoA Tpu (azbl omHOBpeMeHHO. Kak Bua-
HO TIO pe3yabraTaMm Tabiuibl, onpeneieHne oOpa3oBa-
HUll paboTaeT CPaBHUMO C CYLIECTBYIOIIUM METOIOM.
Jna yaydiieHus: pe3ysibTaToB HEOOXOOUMO YBEITUYHUTh
pa3mep o0yuaeMoii BEIOOPKH.

Tabnuya 1. PeaynbTatbl MeTpuku [aiica no kaxgomy knaccy mogenu SegResNet
Table 1. Dice score for each segmentation class of SegResNet model

Aptepuu / BeHbl / MapeHxuma noukm / OGpasoBaHua noukn/  MoueTouHUKM |
Arteries Veins Kidney parenchyma Kidney neoplasms Ureters
3HaueHue meTpuku [aitca / 0.86 0.80 0.89 058 0.80

Dice score value

Tabnuya 2. CpaBHeHue nonyyeHHoi mogenu SegResNet c AHNet n DynUnet Ha coGcTBeHHOM BbIGOPKe
Table 2. Comparison of the resulting SegResNet model with AHNet and DynUnet on our own sample

KonuuectBo ayrmeHTaumi /
Augmentation transform

CpenHee 3HaueHUe METPUKM
Davica no BceM knaccam /

ApxuTekTypa HelpoceTu /

The architecture of neural Pa3mep nukceneii/ Pa3mep BxoaHOro okHa /

Pixel size Input data size

network mean Dice score for all classes quantity
AHNet 0,67 2,0;7,0;0,7 32; 128; 128 4
DynUNet 0,75 0,8;0,8:0,8 96; 96; 96 4
SegResNet 0,75 0,8;0,8;08 96; 96; 96 3
SegResNet 0,73 0,8;0,8;08 96; 96; 96 4
SegResNet 0,79 0,8;0,8;0,8 96; 96; 96 8

Tabnuya 3. CpaBHeHune mogenen SegResNet n nnU-Net
Table 3. Comparison of SegResNet and nnU-Net models
3naueHue metpukm Jaiica / Dice score
Mapenxuma noykm / Kidney parenchyma O6pa3zoBanus noyku / Kidney neoplasms

ApxuTekTtypa HelpoceTu /
The architecture of neural network

SegResNet 0,89 0,58
nnU-Net
lowres 0,69 0,37
fullres 0,70 0,59
cascade 0,68 0,45

3 Penosuropwuii Github — https://github.com/blacky-i/nephro-segmentation
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Hcxonnoe m3obpaxenue / Base image

Okcnept / Expert

SegResNet / SegResNet

PUC. 2. Pasmerku u 3D-mioctpoenus skcrepra u Heiipocetu SegResNet:

A — ucxorHOE H300pakeHHe;

B — pa3mertka, clienaHHas 3KCIEPTOM;

C — pa3MeTKa, c/ieJaHHas HEHPOHHOI CeThIo;

D — 3D-mopnensb, cienaHHas o pa3MeTKe IKCIIepTa;

E — 3D-monens, cienanHas 0 pa3MeTKe HEHPOHHOH ceTn

FIG. 2. Masks and 3D reconstructions by expert and neural network:

A — base image;

B — expert mask;

C —neural network mask;

D — 3D reconstruction made from expert mask;

E — 3D reconstruction made from neural network mask

[MpumeyaHme: KpacHbI LBET — aopTa M NoYeYHbIe apTepuy; TeMHO-FOJ'Iy6Ol7I — HWXHAA Nonas BeHa U NoYeYHble BeHbl, CBeTJ'IO-FOJ'Iy6017I — MOYETOYHUKM,

KOPWUYHEBbIN — NAPEHXMMa NOYKY; KENTbIN — O6paSOBaHVIF| MOYKK.

Note: red color — aorta and renal arteries; dark blue — inferior vena cava and renal veins; light blue — ureters; brown — kidney parenchyma; yellow — kidney

neoplasms.

Ha6nioageHue 1

Ha pucynke 3 mpencraBieH HamudeHT ¢ XpoMmogoo-
HBIM [TOYE€YHOKIETOYHBIM PaKoM JICBOH HOYKH, KUCTAMU
npaBo# u JieBoi mouek. Criesa npeacrasiena 3D-monenp,
CIIeNIaHHas 10 Pa3METKe IKCIIEePTa, CIIpaBa — Pe3yJsTar pa-
0OTBI Halllel MOJIETIH, KOTOpasi XOpOIIo 0OHAPYKMIIa paKk

JIEBOW TIOYKH M KHUCTy TpaBoil mouku. [lomyyensl cnermy-
IOIINE 3HAYCHUS YCPEIHEHHBIX METPUK Ka4eCTBA 110 BCEM
Kiaccam (TapeHxuma, CoCybl, KHCTa, 00pa3oBaHus MO4-
KH, MOYETOYHHUK): TOUHOCTh — 90,28%, crieruduaHoCTh —
99,88%, ayBctBHTENBHOCTE — 88,01%, MeTpuka [aiica —
0,91, paccrosaue Xaycmopda 25,85 MM u cpemHee
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Okcnepr / Expert

SegResNet / SegResNet

PUC. 3. Pax neBoii mouku, KUCTHI IPABOH U JIEBO MOYEK:
A —3D-Mozensb, caenaHHas 1o pa3MeTKe SKCIepTa;
B — 3D-monens, caenanHas 1o pa3MeTKe HEHPOHHON ceTh

Mertpuku a1 odpasoBanuii mouek / Metrics for kidney

neoplasm:

* TO4HOCTH / accuracy 87,67%

* crneuupuvHOCTH / specificity 99,92%

* YyBCTBHUTEJIBHOCTH / sensitivity 88,51%

« wMetpuka [laiica / Dice score 0,94

* paccrosaue Xaycmopda / Hausdorff distance
40,69 MM

* cpemHee paccTosHHE mMoBepxHOCTH 1,96 MM /
mean surface distance 1.96 mm

FIG. 3. Cancer of the left kidney, cysts of the right and left kidneys:

A — 3D reconstruction made from expert mask;
B — 3D reconstruction made from neural network mask

[TpumeyaHue: KpacHbI LBET — aopTa M NoYeyHble apTepuy; TeMHO-I'OJ'Iy6OI7I — HWXHAA nonas BeHa 1 NoYeYHble BeHbl; CBeTJ'IO-I'OJ'Iy6OI7I — MOYETOYHUKM;

KOPWUYHEBbIN — NAPEHXMMa NOYK; KENTbIN — 06paaoBaHMe MOYKHN.

1 — pak neBoi NOYKM; 2 — KUCTa NEBOM NMOYKM; 3 — KUCTa NPaBOM MOYKY; 4 — NOXHAsA NapeHXMa NoYKu.
Note: red color — aorta and renal arteries; dark blue — inferior vena cava and renal veins; light blue — ureters; brown — kidney parenchyma; yellow — kidney

neoplasms.

1 - cancer of the left kidney; 2 — cyst of the left kidney; 3 - cyst of the right kidney; 4 - false parenchyma of the kidney.

paccrosiHue moBepxHOCTH 1,12 MM. 3HaueHus st obpa-
30BaHUN 0TOOpakeHbl Ha pucyHke 3. IlomyueHHble Me-
TPUKH KadecTBa IO BCEM KjaccaM (IapeHXHuMa, COCYIbI,
00pa3oBaHUE MOYKH, MOYCTOUHHUK) SBITIOTCS BEICOKUMU,
YTO CBUETENBCTBYET O XOPOLIEM PACIO3HABaHUU 00-
pa3oBaHHil B JaHHOM HaOmoneHurn. Monens He oOHapy-
JKUJTa MEJIKYIO KUCTY JIEBOM MOYKH U 100aBUIIA JTUILIHIOK
pa3sMeTKy HapeHXHMbI IOYKH Ha aopTy.

HaG6niopgeHune 2

Ha pucyHnke 4 npencraBiieH MalMeHT C aHTHOMHEO-
JUTIOMOHA TpaBOW TOYKM M KHCTOM JI€BOW IOYKH.
Kucrta HaxoauTCss BHYTPH JICBOW MOYKH, U A yA00-
CTBa BU3yallM3alMM ObLIa BBIPE3aHa YacTh MapeHXU-
MBbI. YCpeTHEHHBIC METPUKH KauecCTBa 1O BCEM KJlac-
caM MOJYYWJIUCH CIEeNYIOIUMU: TOUHOCTh — 49,05%,
cnenu@uaHocth — 99,32%, YYBCTBUTEIBHOCTH —
82,57%, xoadpounuent Copencena — Jlaiica — 0,5439,
paccrosinue Xaycmopha — 117,48 mmMm, cpenHee pac-
cTostHUE TOBepXHOCTH — 31,63 Mm. st oOpasoBaHuit

MOYKH 3HAYCHUS METPUK OTOOpaKeHBI HAa PHUCYH-
ke 4. B manHOM HaONIOCHUU BUIHO, YTO HEUPOCETH
HE CMOIJIa ONPECTUTh O0NbIIOE 00pa3oBaHKe MPaBOi
MOYKHU U OMpeIeNnia KUCTY, PACHOJIOKECHHYIO BHYTPU
JICBOM ITOYKU, BHE €C.

OBCYXOEHUE
Hcnonb3yeMbie 17151 KOMITBIOTEPHOTO 3PCHHS B METH-

[IMHE JaHHBIE UMEIOT 00IIHe 0COOEHHOCTH:

*  PEAKOCTh OOJBIIHUX HAOOPOB JaHHBIX — B CBOOOTHOM
JIOCTYTIC CIIOXKHO HAWTH pa3MedeHHbIC HAOOPHI JaH-
HeIXx MCKT, moaxomsmue 1iist 00y9IeHus] HeHPOHHBIX
ceTel A MHTEpeCyoIel HO30JOTHH. ITO CBI3aHO
C TeM, 4YTO pa3MeTKa TpeOyeT KBaTU(PUKAIIMU CIICIIH-
ajJKcTa B COOTBETCTBYIONICH 00JAaCTH W MHOTO Bpe-
MEHH [JIs €€ BBIIOIHCHHUS;

* HHU3KOE KAa4eCTBO JAHHBIX — MOCTYIMHBIC B HHTEP-
HeTe HabOphI JAaHHBIX MOTYT CTpPaaaTh W3-3a Ha-
JUYHUS IIyMa Ha CHUMKAax M Pa3HOro miara Mexmay
cpe3aMmu;
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Okcnept / Expert

MEXONCUUMITTMHAPHBIE NMPOBJITEMbI

SegResNet / SegResNet

PUC. 4. Aurnomuonunoma npaBoii MOYKK M KACTA JIEBOM MOYKH:

A —3D-Mmozens, cieslaHHas [0 pa3METKe SKCIepTa;
B — 3D-Mmozens, caenaHHas 1o pa3MeTKe HEHPOHHOMW ceTn

Mertpuku 1j1st o0pa3oBanuii movek / Metrics for kidney

neoplasm:

* TouHOCTH / accuracy 87,67%

» cnenu¢uaHOCTS / specificity 99,92%

* YyBCTBHTENIHFHOCTH / sensitivity 88,51%

» wmetpuka [laiica / Dice score 0,94

* paccrossane Xaycaopda / Hausdorff distance
40,69 mm

* cpemHee paccTosHHE MOBepxHOCTH 1,96 MM /
mean surface distance 1.96 mm

FIG. 4. Angiomyolipoma of the right kidney and cyst of the left kidney:

A — 3D reconstruction made from expert mask;
B — 3D reconstruction made from neural network mask

[MpumeyaHme: KpacHbI LBET — aopTa M NoYeYHbIe apTepuy; TeMHO-FOJ'IyGOVI — HWXHAA Nonas BeHa U NoYeYvHble BeHbl, CBeTJ'IO-FOJ'IyGOVI — MOYETOYHUKM;

KOPWUYHEBbIN — NAPEHXMMa NOYKY; KENTbIN — o6pasoBaHMe MOYKHN.

1 — aHrMomMuonMnoMa NpaBor MOYKY; 2 — KUCTa NIEBOV NOYKK; 3 — NIOXKHASA KMCTa MOYKM.
Note: red color — aorta and renal arteries; dark blue — inferior vena cava and renal veins; light blue — ureters; brown — kidney parenchyma; yellow — kidney

neoplasms.

1 - angiomyolipoma of the right kidney; 2 — cyst of the left kidney; 3 - false cyst of the kidney.

* nucOanaHC KJIaccoB — MPU 00pabOTKE METUITMHCKUX
HM300pakeHUI pasMepbl OpPraHoB, OIyXOJICH, UX I0-
JO)KEHHE MOTYT CIJIBHO pa3ludaThCs OT MAIMEeHTa
K nanueHTy. JlanHas npoOieMa cTaHOBUTCS Haubo-
Jiee 3HAUNMOU TPU BepU(PHKAIINN PEIKUX /WK He-
OONBIINX TIO pa3Mepy CTPYKTYP;

* CIOXKHOCTH TIpH OOyYeHHWH MOJENeH — JaHHbBIC
MCKT sBASsITOTCSI TPEXMEPHBIMH, YTO BIIEUET 3a CO-
00¥ HEOOXOIUMOCTE UCIIOIB30BaHUS OOIBIIOT0 00h-
eMa BHICONaMsTH M BPEMEHH Ha MpPOBEICHUE O0Y-
YeHUS, a TaKke 3HAUYUTEIBHBIX BBIYHCIHTEIHHBIX
MoiHocTeld. OOBIYHO TaKHe MOIIHOCTH JOCTYITHBI
B OOJTAYHBIX CEPBHUCAX WM YHHBEPCHUTETAX.
OTIMYUTENPHON YePTON HAIIETO JJaTaceTa SIBISIFOTCS

DICOM-m306pakenuss MCKT ¢ koHTpacTHpOBaHHEM.

Ham He ymanoch HaliTH aHAOTHYHBIX HAOOPOB JaH-

HBIX B OTKPBITOM IOCTYIIE, M MIPEACTABICHHBIE PE3yib-

TaThl MyOJNIMKYIOTCS BHepBble. Yuer Bcex (a3 MCKT

MTO3BOJISIET 3HAYUTEIHHO OOJETYUTH OIpPEICIICHHUE Be-
HO3HBIX M apTEepPHaIBbHBIX COCYIOB, M MBI HaOIIomaeM
TaKoe K€ BBICOKOE 3HAUCHUE METPHUKH, KaK U B IPYTHX
MOJIEJISIX, BEITIOJTHEHHBIX JUTsl HATHBHOM (a3sl [16].

IIpu cpaBHenun nHameir momenu ¢ nnU-Net ompe-
JiesieHue 00pa30BaHUil OBUIO JIydille B HAlleM MeETOJe.
OTcroma MOXHO CHA€NaTh BBIBOA, YTO IYOIHYHO IO-
CTymHBIE OOYYEeHHBIC MOJENN HEOOXOIMMO IIPOBEPSTH
Ha KIIMHIYECKUX JaHHBIX [IEHTPa, B KOTOPOM OyZIeT oKa-
3BIBATHCSI MEIUIUHCKASI IIOMOINb, U O0y4eHHe MOIEeNn
JOJDKHO TIPOBOAUTHCS OCTOSHHO.

ITonck omTuManbHOW CTpaTeTHu MOCTOOPaOOTKH
SABIIAETCS MAJbHEHINEH IEJIHI0 HAIIEr0 HCCIEI0Ba-
Hust. OqHA U3 poOIeM, ¢ KOTOPOH MBI CTOJNKHYJIUCH,
3aKJTI0YAETCS B TOM, YTO MOJETh MOXKET ONPEACIATh
oOpa3oBaHMs, pacHOJOXKCHHBIE BHE opraHa. OgHUM
M3 CIOCO00B (PUIIBTPALIMH JIOKHBIX TIPEICKa3aHUM SIB-
nseTcsl mocTo0padoTKa /Il YIyYIIeHHs PE3yJIbTaTOB.
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Hanpuwmep, Z. Zhao u coast. [6] B kauecTBe moctodpa-
0OTKHM yHansiu M30JMPOBAaHHBIE OOJIACTH Pa3MepoM
menbire 20 000 Bokcenein g mouku, 200 Bokcelnei
st omyxoni modku u 50 Bokcesed mis Kuct. B pa-
0oTe Kcnonb30BaHa Majiasg YacTh JOCTYMHBIX TaHHBIX,
Bcero 41 nabmonenue. B nanpHeiliieM Mbl IIaHUPY-
€M yBeJIU4YuTh pa3mep Bbibopku 10 300 nabmonenuii,
YTO JOCTATOYHO [JIsi TECTHUPOBAHUS aBTOMATU3UPO-
BaHHBIX CHCTEM JUAarHOCTUKH Ha ocHoBe WU [17],
U 3TO MO3BOJIUT YIPOCTUTH TEXHOJOTHIO IOJyUYEeHHS
TPEXMEPHOTO MPOAYKTa, CAelaTh ero (UHAHCOBO

BKITA1 ABTOPOB

W.M. YepHeHnbkuil BHeC OCHOBHOI BKJIAJ B pa3pabOTKy KOHIEII-
IUM YU Ju3aiiHa MCCIENOBAHUS, PYKOBOIAWI IIPOLECCOM HAIM-
CaHUs, PENAKTHPOBAHMS M CTAaTHCTHYECKOH 0O0pabOTKH CTaThu.
M.M. UYepHeHbKHH NPOBOAWI PYYHYIO Pa3METKy NaHHBIX Ul
noarotoBku Habopa mganHbIX. [I.H. ®ues u E.C. Cupora BHECH
PaBHO3HAYHBIN BKJIaJ B IOMCK JIMTEPATypPHBIX HCTOUHUKOB, HAIIU-
CaHUE W PEeNaKTHPOBaHHE TEKCTa. Bce aBTOPHI 0moOpHIN OKOH-
4aTeIbHBII BapUaHT CTaThbH U TOTOBHI B3STh HA Ce0S OTBETCTBEH-
HOCTD 3a BCE aCTIEKTHI IIPEACTaBICHHON ITyONIMKaIIHH.
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OpHOMOMEHTHOEe ABYX3TanHoe Xupypruyeckoe
nevyeHue coyetTaHHoOro redeHmsa manocpopmauum Knapm
U OKKJIIO3MOHHOM ruapouedanmm: KIMHNYECKUN crniyyam

O 1. Kocuros'**, X./I. Paxmonos'?, P.H. Bepaues!, III.A.Typau6oes'?, M.B. /laBiatoB'?,
Y.X. Paxmonos'?
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AHHoTauus

lNeyeHue naLMeHTOB C OAHOBPEMEHHBIM HanuumeM Manbgopmauuu Knapu | Tuna (MK 1) v rugpoLedanym MoxeT BKIoYaTh
Kak 0HO3TanHbIe, TaK U ABYXaTanHble onepaTuBHbIE BMELLATENLCTBA. B cTaThe 0NMCaHo BbINONHEHHOE BrepBsble B Pecny-
Brvke TamKUKMCTaH OQHOMOMEHTHOE ABYXATAMHOE XMUPYPrinieckoe NeyveHue.

Onwucanue cnyyas. Y nauueHTku 50 neT ¢ TpexneTHM aHaMHe30M xanob Ha pacnuparoLLyro ronoBHYK Gosb, rOMoBOKPY-
XEHWe, TOLUHOTY, PBOTY MOSIBUMMCL HapYLIEHWE KOOPAMHALMW OBUMXEHWA U CHUKEHWE OCTPOTbI 3peHus. 10 JaHHbIM KoM-
nbtotepHoit Tomorpacum (KT) BbisiBneHbl npuaHak MK |: onywieHne MuHaanuH Mo3xeydka Ha 5 MM HUke YpOoBHS 60MbLIOrO
3aTbIIOYHOr0 OTBEPCTUS U OKKIIO3MOHHAs TPUBEHTPUKYNSPHAS ruapouedanist ¢ CUMMETPUYHBIM YBENUYEHEM GOKOBbIX
W TPETLETO Xenyao4koB. BbINONHeHa SHAOCKONUYECKas TPUBEHTPUKYIOLMCTEPHOCTOMUS AHA TpeTbero xenyaoyka (ABLIC Hll)
B COYETaHUM C AEKOMMPECCUBHOM CyDOKLMNUTANBHON KPaHMOIKTOMMEN, AONONHEHHOM namuHakTomueir Cl. Mocne onepauuu
Habntogancs perpecc cumnTomoB. 1o AaHHbIM KOHTPONbHOM KT 0TMe4anoch yMepeHHOe yMeHbLUEHe B pa3mepax GoKOBbIX
W TPETLErO XeNy04YKOB, BOCCTAHOBMEHWE HOPMAITbHOTO aHaTOMUYECKOrO CTPOEHUS 3aHEN YepenHoi SMKM.

06cyxaeHue. Xmpyprudeckoe neyveHne naymneHToB ¢ OKKMO3MOHHON ruapoLedanueil 3aknioyaeTcs B CO34aHNN BHYTPEH-
Hero nbo HapyXHOro 06X0AHOTO NyTW TOKa NIMKBOPA — UMMIAHTaLMK NUKBOPOLLYHTUPYIOWMX cucteM. B nocnegHue rogp!
ANS XUPYPrUYECKOrO NeYEHUs NaLMEHTOB C OKKMIO3MOHHOW rugpoLedanueit npeanoyTeHe 0TAaeTCa MAHW-MHBA3UBHbIM
cnocobam nevenus — IBLC III.

KntoyeBble cnoBa: OKKIIO3WOHHAs TPUBEHTPUKYNSpHas ruapouedanis; TPUBEHTPUKYNOLMCTEPHOCTOMUS HA TPETHEro
xenygouka; OBLIC III; gekomnpeccus; mansgopmauus Knapu
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Simultaneous two-stage surgical treatment for Chiari
malformation association with occlusive hydrocephalus:
a clinical case

Dilovar D. Kositov**‘, Khurshed J. Rahmonov'? Rustam N. Berdiev', Sherali A. Turdiboev'?,
Manuchehr V. Davlatov'?, Umed Kh. Rahmonov'*
!Avicenna Tajik State Medical University
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28I National medical center of the Republic of Tajikistan — “Shifobakhsh”
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A a1

Treatment of patients with the simultaneous presence of Chiari malformation type | (MC I) and hydrocephalus may include
both one-stage and two-stage surgical interventions. The article describes the two-stage surgical treatment experience
performed for the first time in the Republic of Tajikistan.

Description of the case. A 50-year-old female patient with a three-year history of bursting headache, dizziness, nausea, and
vomiting developed impaired coordination of movements and decreased visual acuity. Computed tomography (CT) revealed
signs of MC I: descent of the cerebellar tonsils 5 mm below the level of the foramen magnum and occlusive triventricular
hydrocephalus with symmetrical enlargement of the lateral and third ventricles. The patient underwent surgery — endoscopic
third ventriculocisternostomy (ETV) in combination with decompressive suboccipital craniectomy, which was supplemented
by ClI laminectomy. After the surgery, the symptoms regressed. According to the control CT scan, there was a moderate
decrease in the size of the lateral and third ventricles, restoration of the normal anatomical structure of the posterior cranial
fossa.

Discussion. Surgical treatment of occlusive hydrocephalus consists in the creation of an internal or external bypass for
cerebrospinal fluid— implantation of cerebrospinal fluid shunting systems. In recent years, the main surgical option for the
management of occlusive hydrocephalus has been minimally invasive procedure — ETV.

Keywords: occlusive triventricular hydrocephalus; endoscopic third ventriculocisternostomy; ETV; decompression; Chiari
malformation
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CnMCOK COKpaLLeHWiA:
MK | — manbhopmaums Knapm | Tuna
530 - 6onbLuoe 3aTbINIOYHOE OTBEPCTUE

Mamsdpopmarms Kuapu (ApHonbna — Kuapw) sBis-
eTcsi COOMpaTeNbHBIM MTOHSATHEM, TPEICTABISIONM CO-
0ol Tpymmy aHOMalUi TOMOTPadUIECKOro CTPOCHUS
3aMHEeN YepenmHoi sSIMKHA (MO3KEUKa, CTBOJA TOJIOBHOTO
MO3ra U CIIMHHOTO MO3ra), BEISIBIISIEMBIX KaK y JeTeil, Tak
n 'y B3pocibix [1]. CBoe Ha3BaHWE OHA MOIYyYHIIa B YECTh
JIBYX Tarojoroanaromos, J. Arnold u H. Chiari, kotopsie
B KoHIle XIX Beka omucaian COCTOSHHE, CBI3aHHOE C Jie-
(hopmartueii Mo3KeUKa M CTBOJIa Mo3ra y JieTeil. B 3aBucu-
MOCTH OT B3aHMOPACIIONIOKESHUSI MEXTy cOO0H aHaTOMHU-
YECKUX CTPYKTYp 3aJHEH YEepenHOU SMKH, a TaKkKe 0COo-
OEHHOCTEH CTPOEHHS CIMHHOTO MO3Ta W IT03BOHOYHOTO
CTBOJIa BBIACILIIOT YETHIpe THITA Maib(popmarmn Kuapn,
n3 kotopsix I, 11 u IV sBnstrorcs BpoxkieHHBIME [2].

Mauedopmarust Kuapu I tuna (MK 1) — 3To mpruo6pe-
TEHHasl WM BPOXKIEHHas MaToJIOTUs, XapaKTepU3yoIa-
scs OIyIIEHMEM MHUHJIAIMH MO3XKE4YKa Ha 5 MM UM HIDKE
6onpmoro 3areutognoro orBepctus (b30) ¢ Bo3MOXk-
HBIM HapyIOICHUEM JHUKBOPOLUPKYISAUH, (OPMUpPOBa-
HUEM Tujapornedanuu, cupuHromuenuu 3, 4]. Pazsutue
MK I cBsizpIBaeTCsl ¢ MyTanusiMu B XpoMmocoMmax 2, 9, 14
1 15 miam MOXXeT HOCUTH BTOPUYHBIM XapakTep MO OT-
HOILIEHHUIO K U3MEHEHUSM B OCHOBAaHUM uepera, TaKuM
KaKk KpPaHHOCHHOCTO3, KpaHHoIepeOpantbHas IUCIIPO-
TOPIHSI, TUTATHOA3HS, HAPYIICHHUS KOCTHOTO MeTaboH3-
Ma; a TaK)KEe MOYKET OBITh aCCOIIMAPOBAHO C TPABMOH.

Omunemuonornydeckue nanaeie mo MK 1 orpanun-
geHbl. CUUTAeTCs, YTO MY)KIHHBI U SKEHIIMHEI 00JIEI0T
MIPUMEPHO C PaBHOW YaCTOTOM, y 3HAYUTEIBHOM 4acTH
narrerToB MK I nportekaer 6ecCHMIITOMHO ¥ H3MEHe-
HUSI MOTYT OBITH BBISIBIICHBI BO BpeMsI IIPOBEICHHS BU3Y-
aJM3alyy TOJIOBHOTO MO3ra 110 IOBOLY IPYTUX NPHYUH,
o0Imas pacrpoCTpaHEeHHOCTh MATOJIOTUH OIICHHUBAETCS
B 1%, pacripoCTpaHEeHHOCTh CHMITOMATHICCKUX (POPM —
ot 7 o 20 crygaeB na 100 000 HaceneHus, yMEHbIIASICh
¢ BO3pacTom [5, 6].

Ha perckoil momymsinuu mokas3aHo, YTO JaKE y Ia-
IIIEHTOB C CUMIITOMAaTHYECKUMH (pOopMaMu AUArHo3 4a-
cTo craButcs mo3aHo. Tak, B uccnemosannu L.A. Aitken
M COAaBT. [7] TONBKO Yy TIONIOBHHBI MAIIMEHTOB AMATHO3
OBLT ycTaHOBIICH B TeUCHHE 14 Mec. OT MOMeHTa Ae0roTa
cuMIToMOB. Hambosee 4acThIM CHMITOMOM SIBIISIETCS
ToJIOBHAs 00JIb, MOXKET HAOIFOJATHCS HEYCTOHYNBAs TI0-
XOJIKa, TOJIOBOKPYXXEHHE, PBOTA, CUMITOMHI THC(YHK-
LMY BET€TATUBHOW HEPBHOU CUCTEMBI U IPYTHE.

B TedeHme IIMTEIBHOIO BpPEMEHM O] HATOJIO-
rueii Kwapm mnoHMManocer Hamudue BpOKICHHOU

344 — 3agHnad yepenHas amka
OBLC Ill - aHgockonuyeckast BEHTPUKYIOLMCTEPHOCTOMMS
[iHa TPETbEro Xenyaouka

rujponedainu B pesyabrare Je(QEeKTHBIX W3MCHCHUN
B CTPYKType Mo3keuka. COnIacHO JaHHBIM HEKOTOPBIX
aBTOPOB, TONBKO B 8—10% ciyyaeB y 6osbHbIX ¢ MK I
U CUPUHTOMUENUEN BCTPEUAECTCS HAIMYHNE BPOXKICHHOU
runponedamnu. B nmreparype NpHBOOATCS CBEICHHUS
0 BTOpryHOM Xxapakrepe pazButus MK I Ha pone nmero-
nieiicst ruapouedamuu [4, 8-10]. o cux mop ocraercs
HE WM3YyYCHHBIM BOIIPOC O 3HAYUMOCTH THApouehannu
B marorenese paputus MK I, uro mpu Hammumm obenx
[IaTOJIOTUI MOXKET CTaBUTh IIepejl JIeUallluM BpauyoM BO-
IIPOC O TAKTHKE JICYCHUS MAL[EeHTa.

Mertoapl  XUPYpPrUYECKOIO JIEUEHHUS] IMalUEHTOB,
Yy KOTOPBIX OJHOBpPEMEHHO BbIsBIeHO Hammune MK |
U Tuaporedatni, MOTyT OBITh BeCbMa pPa3HOOOpa3HbI-
MU U BKJIIOYaTh KaK OIHO3TAIIHbIE OIlepaTHBHbIE BMEIlla-
TENbCTBA Ha 3ajHel yepenHol simke (3US), Tak 1 AByX-
JTalHble — B Cllyyae JEKOMIIEHCHPOBAaHHOI'O TEUEHUs
rujponedannu [2]. B 1aHHO# cTaThe OMUCaHO OJJHOMO-
MEHTHOE JIByX3TallHOE XUPYPrHUeCKoe JIeUeHUe IMalu-
enTku ¢ MK [ 1 OKKITFO3MOHHOM THIpOIIehanei.

ONMUCAHUE CITYYAA

[Manimentka 50 7ner mocTtynmuia B HEHPOXHPYP-
rudeckoe otaenienne Ne 1 'Y HMIL Pecny6mukun
Tamxukucrana «llludodaxm 17.08.2022 B 1uraHoBOM
TIOPSIZTIKE C JKAI00aMH Ha PaCIHPAIOIIYI0 TOJIOBHYTO 00Ih
0e3 4JeTKOW JIOKAM3aIN{; TOJIOBOKPY)KEHHE, TOITHOTY
U HEOTHOKPAaTHYIO PBOTY, HE TNPHHOCSIIYIO oOJerde-
HUSl, HapyllleHe KOOpAMHAIMY JABM)KEHUM U CHU)KEHUE
OCTPOTBI 3pEHUsL.

3aboneBanue neOroTHpoBaio B 2019 . ¢ rosoBHON
0otn, BO3HUKAIOIICH daIie 1Mo yTpaM, TOIIHOTHI C Iie-
PUOIMYECKOW PBOTOM. YCTaHOBIEH TMIIEPTEH3UOHHO-
runponedatbHBI CHHIPOM, IPOBOAMIACH KOHCEpBa-
TUBHAs Teparnus ¢ KPaTKOBPEMEHHBIM IOJIOKUTEIbHBIM
s dexTom. B Teduenue momyroaa 10 NOCTYIIICHUS OTMe-
YEHO HapacTaHHE BBIPAKEHHOCTU CUMIITOMOB.

AHaMmHe3 )XH3HH: 03 0COOEHHOCTEH.

IIpu oueHKe HEBPOJOTMUECKOTO CTaryca: CO3Ha-
HUE sicHOe — 15 OayioB Mo mikane KoMbl [J1a3ro, Kpu-
THKa CHIKEHa. MenKopasMalluCThlil BEPTUKAIbHBIN
HuctarM. O0BeM aKTHBHBIX W ITACCHBHBIX IBIDKCHUH
B CycTaBax BEPXHHX M HIDKHHX KOHEYHOCTEW Oe3 orpa-
HUYCHUH, CHJIa MBIIII B KOHEUHOCTAX 3—4 Oaya. ToHyc
MBI OclalieH, TIyOOKHe CYXOXKHIIbHBIE pedieKkchl
Ha BEPXHHUX M HWKHUX KOHEUHOCTSX JKUBBIE C HEKOTO-
PBIM YCHIICHHEM. YKa3aTellbHbIC TECThI (TAJIBIIEHOCOBOM,
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____________________________________________________________________| HEWPOXWPYPIUS

MATOYHO-KOJICHHBIN) BBIMOJHUTE HE MOXeT. [IpoObl B 1enp mnocrymieHuss NpoBeACHA KOMIIBIOTEpHAs
PomGepra u bape mnonoxurenbHble. B ocrampHOM — ToMorpadus romoBHoro mosra (puc. 1A, B), BbIB-
0e3 ocobennocreil. ComyTCTBYIOIIEH coMaTnyeckoil ma-  jensl npusHaku MK I omymieHne MUHAAIMH MO3-
TOJIOTUHU HE BBISIBIICHO. JKeuka Ha 5 MM Hke ypoBHSI B30 u okkiIro3noHHas

o onepanuu / Before surgery (17.08.2022)

UYepes Hepednro nocne onepanuu / One week after surgery (02.09.2022)

PUC. 1. KommerotepHrast Tomorpadus TOIOBHOTO Mo3ra manuenTku 50 et ¢ Manspopmanueit Knapu I tuma 1o (A, B) u gepe3
nenpeno nocie (C, D) oneparnBHOTO BMEIIATEIbCTBA.

A. Koponapnas npoexius. TpuBeHTpHUKYIApHas ruapouedains ¢ CHMMETPHYHBIM YBETHUSHUEM OOKOBBIX JKETYOUKOB 110 3 CM
(TOHKHE CTPEJIKH) M TPETHETO XKeNlyaouka 110 1,8 cM (Toncras crpenka).

B. CarutranpHast npoekuust. MUHIAJIMHEL MO3KEUKa OITYIIEHB! HIKE YPOBHS OOJBIIOTO 3aTHIJIOYHOTO OTBEPCTHS Ha 5 MM, Ipe-
MATCTBHE TOKY CIMHHOMO3TOBOM HKOCTH Ha YPOBHE BOJOMPOBO/A MO3ra (Toy0o0i Kpyr).

C. KopoHnapHas npoekiusi. YMEpEeHHOE YMEHBIICHUE B pa3Mepax OOKOBBIX JKEIYIOYKOB 10 1,6 cM (TOHKHE CTPENKH) U TPETHETO
)Kemymodka 1o 1,2 ¢M (TosicTast CTpenka).

D. CarurranbHas npoekius. BoccraHoBIeHHE HOPMAIBHOTO aHATOMHUYECKOTO CTPOCHHS 3a/IHEH YepenHOi IMKH (roJ1y0oi Kpyr).
FIG. 1. Computed tomography of the brain of a 50-year-old woman with Chiari malformation type 1 before (A, B) and one week
after (C, D) surgery.

A. Coronal projection. Triventricular hydrocephalus with symmetrical enlargement of the lateral ventricles up to 3 cm (thin
arrows), and third ventricle up to 1.8 cm (thick arrow)

B. Sagittal view. The cerebellar tonsils are lowered 5 mm below the level of the foramen magnum. The obstruction of the flow of
cerebrospinal fluid at the level of the aqueduct of the brain (blue circle).

C. Coronal projection. Moderate reduction in size lateral ventricles up to 1.6 cm (thin arrows), and third ventricle up to 1.2 cm.
D. Sagittal projection. Recovery of the normal anatomical structure of the posterior cranial fossa (blue circle).
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TPUBEHTPUKYIIApHAs ruppouedanus ¢ CUMMETPUYHBIM
YBEJIIMYEHUEM OOKOBBIX M TPETHETO JKEITYI0UKOB.

Knunanueckuit nuarHo3: OcHOBHOe 3a0oJeBaHue:
OKKIIIO3MOHHAsT TPUBEHTPUKYISApHas ruapouedamus
¢ OJIOKOM JIMKBOPOLUPKYJSILUK Ha YPOBHE BOIONPOBO-
na ronoHoro mosra (G 91.8). Manshopmauus Kuapu
I tunma (Q07.0). OcnoxHenus: [HNepTEeH3MOHHO-
ruapouedaibHblil cuHApoM. Actasus. Abas3us.

Koncunuymom B cocTtaBe HEHpOXUPYpProB, HEBPO-
JIOTOB, Bpaueil Jy4yeBOW AMAarHOCTHUKH, PEaHHMMAaToJIora
MPUHATO PELIeHHE O HEOOXOJUMOCTH MPOBEACHUS XH-
pypruueckoro jedenus. IlonyueHo NUCbMEHHOE COIa-
CH€ TALlMEeHTKU Ha MPOBEIEHHE ONEpaTUBHOIO BMeIla-
TEJNbCTBA.

26.08.2022 r. manMeHTKe BBITIOJHEHO OINEPAaTUBHOE
BMEIIATENCTBO — JHAOCKOMUYECKas TPUBEHTPHUKYIIO-
LUCTEPHOCTOMUS JTHA TpeTbero skemynouka (OBLIC III)
(puc. 2) B codeTaHUH C JIEKOMIPECCUBHOW CyOOKLH-
MUTAIBHOW KpPaHUOIKTOMHUEH, KOTOpas JOMOJIHSIIACH
namundKkToMuel Cl. Teuenue mocieonepaoHHOTO T1e-
puozaa ObUIO MIaaKuM, 0e3 pa3BUTHA OclioKHEeHUH. [1IBbI
cHATHI Ha 10-H I€eHb.

[Tocne xupypruyeckoro JieueHus: HaogalICs perpecc
cUMIITOMOB. [Tpy KOHTPOJIHOH KOMIIBIOTEPHON TOMOTpa-
(um ronoBroro mMo3ra ot 02.09.2022 (puc. 1C u D) ot-
MeyaJloCh yMEPEHHOE YMEHBIIIEHHE B pa3Mepax OOKOBBIX
U TPETHEro KEeMYIOUYKOB, BOCCTAHOBJICHHE HOPMAJILHOTO
aHatomuyeckoro crpoenus 3YS. PexomenpoBano Ha-
OnrofieHue U JieueHue y HeBpOJIoTa 10 MECTY JKUTEIbLCTBA
C MIPOBEJCHUEM KOHTPOJIBHBIX HEUPOBU3YATU3ALIMOHHBIX
HCCIIEOBAaHUN TOJIOBHOTO MO3Ta U MPOXOXKAEHUEM Kyp-
COB KOHCEPBAaTWBHOW Tepanuu TUNEepTeH3UOHHO-THUAPO-
1edaabHOro CHHAPOMA pa3 B MONTofa.

OBCYXXOEHUE

Hamu ommcan ciywaii coueranHoro teuenuss MK I
U OKKIIIO3MOHHOHN Tuaponedalud y B3pOCIOW Malu-
€HTKH, KoTopoil BnepBble B Pecnybnuke Tamxukucran
MIPOBEJICHO YCIEIIHOE OJHOMOMEHTHOE IBYXJTAITHOE
XUPYPTrU4ECKOE JICUCHHUE.

Ha ceropnsimnnii 1eHb MO-NPEKXHEMY OCTAETCS HEsAC-
HBIM, KaKasl U3 JaHHBIX [TATOJIOT U ABISETCS IEPBUIHOM.
B omuux ciydasx naHHble 3a005ieBaHUSI MOTYT UMETh
€VHBINA NAaTOr€HE3, B IPYTUX — NEPBUYHBIM CUUTACTCS
pa3Butie MK I ¢ O10KOM JHKBOPHBIX XOIOB Ha YPOB-
He B30, 4To MOXXET NMPUBOAUTH K Pa3BUTUIO THAPOLE-
¢danuu. Y HEKOTOPBIX NAllMEHTOB MEPBUYHO OTMEYAeTCs
pa3BuTHe ruapouedaIny, KOTopas BIOCIEACTBUU MPU-
BOIUT K pa3BuTHi0O MK I ¢ BO3MOXXHBIM pa3BUTHEM CH-
PUHTOMUEINH.

[IpeacraBnsiercs BEpOATHBIM, UTO HaOonaeMas Kim-
HUYECKasl KapTUHa 00yCIIOBJI€HA HAJIUYHEM B MPEICTaB-
JIEHHOM KJIMHU4YECKoM citydae y nanueHTkn MK I, xapak-
TEPU3YIOLIEHCS MaJOCHUMIITOMHBIM Hecneluduieckum
TEUEHHEM C MOCenyIouHM (HOPMHUPOBAHUEM THAPOLIE-
¢danuu u 610Ka HAa YpOBHE BOJOIPOBOJA MO3ra MpHU Ha-
pacTaHMK HapylIEHHs aHaTOMH4Yeckoro crpoeHus 3451
UYacrora BcTpewaemocTu 6eccumnromuoit MK 1, mo nan-
HBIM pa3HbIX aBTOPOB, cocTaBigeT 45-50% [9, 10].

Jlpyroii THIoTe30ii MOXET paccMarpuBathes (Hop-
mupoBanne MK I 3a cuer BHyTpHuepenHOW TUNepTeH-
3UM, COIPOBOXKAAIOIIECHCS YBEIWYEHUEM TpaJNEHTa
JIaBJICHUS 11epeOpPOCTIMHANIBHON KUAKOCTH MEXKAY CIIH-
HaJbHBIM M KpaHUAJIBHBIM JIMKBOPOCOIEPKAIIUMU MTPO-
CTpaHCTBaMH. YCHWJIEHHE THUIIEPTEH3UM BCIEACTBHE HC-
TOLLEHHUSI aHATOMO-(DYHKIIMOHAJIBHBIX PE3EPBOB MOIVIO
npuBecTd K opmupoBanuto/mporpeccupoBannio MK I

PWUC. 2. Buz nHa TpeTbero eiyqodka BO BpeMs IPOBEACHHS YHIOCKOIMIECKON TPHBEHTPHUKYIOLHUCTEPHOCTOMHUN MAMEHTKH

50 net ¢ manbpopmaruerr Kuapu 1.

A. Jlo Hanmo)eHHst CTOMBI: 1 — COCIIEBHIHBIE TENa; 2 — THO TPETHETO KeTyd0uKa.
B. Tlocne HanmoxeHus ctoMbl: 3 — 0ayutoHHBIN Karetep DorapTu; 4 — cToMa nocie Oy>KUpOBaHUSI.
FIG. 2. View of the fundus of the third ventricle during endoscopic third ventriculocisternostomy in a 50-year-old woman with

Chiari malformation type 1.

A. Before the stoma: 1 — mammillary bodies; 2 — the floor of the third ventricle.
B. After applying the stoma: 3 — Fogarty balloon catheter; 4 — the stoma after bougienage.
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U yCYT'yOJIeHUIO BHYTPHUYEPEITHOW TUIIEPTEH3UH 32 CUET
CHABJICHUS JIMKBOPHBIX MPOCTPAHCTB NPHU MEPECTPOiiKe
aHaromuu 341

Xupypruueckoe Je4eHHe NalMEeHTOB C OKKIIIO3H-
OHHOH TuApouedanueil 3aKioyaeTcsa B CO3JaHUU BHY-
tpennero (OBLIC III) mubo Hapy>KHOTO (MMILIAHTALUS
JMKBOPOLIYHTUPYIOIIUX CUCTEM) 00XOJHOTO MyTH TOKa
nukBopa [2, 8, 10]. B TeyeHne nmociaeqHUX HECKOIBKHX
JIeT IUPOKOe MPUMEHEHHE Halllell TAKOH MUHU-UHBA3UB-
HBIH cIIoco0 JeueHws, Kak 3aaockonmueckas IBIIC III.
JaHHbIH criocob JeyeHus ABIseTCA IPeANnOuTUTEIbHBIM
BBHJIy MJIOTO PHCKAa BO3HUKHOBEHUS TSKEIBIX OCIOXK-
HeHuil. TpaJWLIMOHHBIM CHOCOOOM XHUPYPrHUECKOrO
neuenuss MK I cunraercs nekommnpeccusi KpaHUOBEpTe-
OpajbHOTO Iepexosia ¢ BOCCTAHOBJIEHHEM HOPMaJIbHOTO

CoGniogeHne 3TUYECKUX HOPM

3asBnenue o coniacud. llanmeHTtka pana comia-
cHe Ha MyONUKALMWIO MPEACTaBICHHOW BBIIE CTaThbU
«OIHOMOMEHTHOE JIByX3TalHOE XUPYPTrUUeCcKoe JIeUeHUE
COYETaHHOTO TeueHus Manbhopmanun Kuapu u okkito-
3UOHHOW ruapone(aniu: KIMHUYECKUHA cIydail» B Kyp-
Hane «Ce4eHOBCKUI BECTHUK.

BKIIAQl ABTOPOB

J.A. KocutoB BHeC OCHOBHOI BKJIaJ B Pa3padOTKy KOHIIEMIINHI
CTaTbU, NOATOTOBIJI TEKCT M COINIACEH IPHHATH Ha ceds OTBET-
CTBEHHOCTh 3a BCE aCIIeKTHl KIMHH4Yeckoro HaOmomeHws. X.JI.
Paxmonos, P.H. beprnues, LII.A. Typau6oeB yJacTBOBalIH B pas-
paboTKe KOHIEIIUY CTaThH U IIOATOTOBKE TekcTa. M.B. JlaBmaToB
u Y.X. PaxMOHOB IIpUHMMaNK aKTUBHOE Y4acTHE B JCUCHUM Ia-
LIUECHTA, IOArOTOBKE MaTE€pUaJIOB M OIMCAaHUM KIMHUYECKOrO Ha-
OmroneHus. Bee aBTOpBI 0MOOPHIIN OKOHYATENIFHYIO BEPCHIO IIy-
OJIMKAIIH.
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