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Abstract. The combined use of laser Doppler flowmetry and laser fluorescence spectroscopy is a topical
area of modern clinical diagnostics, allowing not only quantitative assessment of tissue perfusion in patients
with diabetes mellitus, but also to analyse the mechanisms of microcirculation regulation, which is especially
important in the treatment of patients with diabetic foot and chronic ischaemia. The aim of this study was
to conduct a comparative analysis of microcirculation and oxidative metabolism indicators in elderly people
with diabetes mellitus with and without diabetic foot. The study involved elderly patients in two groups, aged
60-75 years, with 20 people in each group (n=40, men - 26 (65%), women - 14 (35%), p <0.001). Analysis
of the data showed that in 35% of patients with type 2 diabetes mellitus, microcirculation indicators were
within normal limits compared to patients with type 2 diabetes mellitus complicated by diabetic foot (35%
vs. 0, p<0.001). The decrease in oxidative metabolism indicators in patients with type 2 diabetes mellitus
complicated by diabetic foot was 3 times greater than in patients with type 2 diabetes mellitus (p <0.05). This, in
turn, led to a compensatory threefold increase in the amplitude of nicotinamide adenine dinucleotide coenzyme
in patients with diabetic foot (p <0.05). The presence of normal microcirculation indicators in laser Doppler
flowmetry in patients with diabetes mellitus does not exclude the risk of developing diabetic foot. The decrease
in oxidative metabolism indicators in patients with diabetic foot was a consequence of oxidative stress caused
by chronic hyperglycaemia, microvascular disorders, and inflammation, which led to tissue trophism damage
in this category of patients. Early understanding of the state of microcirculation and trophism of the foot in
patients with diabetes and intervention in muscle, nerve, and endothelial function may be an effective way to
improve microcirculation of the foot and prevent diabetic ulcers
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Introduction
Diabetes mellitus (DM) is a global health problem. In  536.6 million people. Forecasts indicate that this fig-
2021, the International Diabetes Federation estimat- ure will increase to 12.2% (783.2 million people) by
ed that the prevalence of diabetes among people aged 2045 [1]. One of the most common and serious compli-
20 to 79 had become widespread, reaching 10.5% or cations of diabetes is diabetic foot (DF) [2]. However, as
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the body ages, there are also significant changes in the
microcirculation and tissue metabolism, especially in
the lower extremities, which can contribute to the de-
velopment of chronic ischaemic conditions and tissue
trophism disorders [3].

Contradictory results of comparisons of baseline
microcirculation in elderly patients with diabetes and
in relatively healthy volunteers suggest that the assess-
ment of baseline perfusion associated with diabetes is
not very informative [4,5]. Some authors found no sig-
nificant differences, others noted a tendency towards
increased baseline blood flow in patients with diabe-
tes [6-8], and some researchers reported a decrease in
baseline blood flow in patients with diabetes. Thanks to
the portability of wireless technologies, laser Doppler
flowmetry (LDF) and laser fluorescence spectroscopy
(LFS) are suitable for daily use [9,10].

The results of using wireless portable dynamic light
scattering sensors that implement laser Doppler flow-
metry signal processing have confirmed that hardware
testing of volunteers can detect microvascular changes
caused by both diabetes and ageing [3,11,12]. Contin-
uous and adequate blood flow is vital for cell function;
thus, tissue perfusion, usually quantified by measuring
the volume of blood passing through the microvascular
network in a given volume of tissue over a given peri-
od of time, is a key indicator of organ or tissue health.
Since regional blood flow strongly influences the met-
abolic activity of cells, it is extremely important for the
authors of this work to understand the nuances of the
characteristics and reactivity of microvessels, which
change with age, in order to understand the progressive
deterioration of tissue function due to age-related met-
abolic activity disorders. To better understand blood
flow in microvessels, microscopy can be combined
with surface electrode measurements of partial oxygen

—

pressure. Alternatively, laser Doppler flowmetry can be
used as a standalone method for assessing microvas-
cular function, as it allows both flow and erythrocyte
velocity to be measured [3,11].

Wearable LDF has a unique advantage in the rap-
id assessment of plantar microcirculation in the early
stages of diabetic ulcers. In combination with wavelet
analysis, it allows quantitative and qualitative analysis
of the mechanism of foot microcirculation regulation.
Compared to healthy adults, patients with diabetes
had significantly lower foot microcirculation when
using portable LDF, mainly in the plantar region near
the distal end of the foot [8]. Diagnosis of blood cir-
culation in the microvessels of the skin and oxidative
metabolism of biological tissue in elderly people with
diabetes, which allows predicting the presence of mi-
crocirculatory disorders in the body, assessing their
severity and monitoring during therapy, is a relevant
area of research. The aim of the study was to conduct a
comparative analysis of microcirculation and oxidative
metabolism indicators in elderly people with type 2 di-
abetes mellitus with and without diabetic foot using a
combination of LDF and LFS of the lower extremities.

Materials and Methods

The study included 40 elderly patients aged 60-75
years. The study was conducted in the diabetic foot de-
partment of the M.A. Topchubashev Scientific Surgery
Centre over a period of two months (April, May 2025).
There were 26 men (65%) and 14 women (35%), with
statistical differences observed between patients by
gender (x?=7.200, f=0.008, p <0.001). The patients
were divided into two groups: 20 elderly patients with
type 2 diabetes mellitus complicated by diabetic foot
syndrome receiving inpatient treatment and 20 elderly
volunteers with type 2 diabetes mellitus (Fig. 1).

;-\

Figure 1. Laser Doppler flowmetry and laser fluorescence spectroscopy
of the lower extremities in patients with DF (left) and elderly volunteers with type 2 DM (right)

Source: created by the authors

The inclusion criteria were the presence of type 2
DM complicated by DF (stage 2, 3, or 4 DF according

to Wagner) and without DE. The exclusion criteria were
severe cardiovascular disorders, septic conditions, and
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significant cognitive impairments that prevented con-
tact with the patient. The study area was the malar
surface of the big toe. The studies were conducted at
rest, without any functional tests, for 10 minutes, after
30 minutes of rest for the subjects. For the combined
use of LDF and LFS, a portable “LAZMA PF” device was
used. Informed consent was obtained from all patients
for the study. The arithmetic mean values of perfusion
(M), nutrient blood flow (Mnutr), oxidative metabo-
lism indicators (OMI), linking the nutrient component
of blood perfusion and the fluorescence amplitude of
nicotinamide adenine dinucleotide coenzyme (Anadn)
were analysed.

Statistical processing was performed using Statis-
tics 16.0 software for Windows (StatSoft Inc, USA) and
StatTech software (StatTech LLC, Russia). Quantitative
indicators close to normal distribution were presented
as arithmetic mean (M) and standard deviation (SD).

Absolute values were compared using multi-field con-
tingency tables with Pearson’s chi-square test (x*) and
Fisher’s exact test (f). Differences between the com-
pared values were considered statistically significant at
a confidence level of p<0.050 [13].

Results
The control values of microcirculation and oxidative
metabolism indicators in persons over 50 years of age
using the portable analyser “LAZMA PF” (in perfusion
units) are as follows: M (microcirculation indicator) -
10.2-15.4; Mnutr (nutritive blood flow indicator) -
1.9-2.3; Anadn (fluorescence amplitude of nicotina-
mide adenine dinucleotide coenzyme) - 0.7-1.7; OMI
(oxidative metabolism indicator) - 0.6-1.62. As can be
seen from the data, out of 20 patients with type 2 dia-
betes mellitus, 7 patients (35%) had microcirculation
(M) indicators within normal control values (Table 1).

Table 1. Results of examination of patients with type 2 diabetes mellitus who underwent microcirculation
and oxidative metabolism testing (absolute and relative values)

Microcirculation and Number of patients with Number of patients with Number of patients with
oxidative metabolism indicators within normal | indicators above the upper | indicators below the lower
indicators limits limit of control values limit of control values
M 7 (35%) (p<0.001) 4 (20%) (p>0.05) 9 (45%) (p>0.05)
Mnutr 7 (35%) (p<0.001) 9 (45%) (p>0.05) 4 (20%) (p>0.05)
OMI 5(25%) (p>0.05) 12 (60%) (p>0.05) 3 (15%) (p<0.05)
Anadn 6 (30%) (p>0.05) 2 (10%) (p<0.05) 12 (60%) (p>0.05)

Source: created by the authors

Nine patients (45%) with type 2 DM had impaired mi-
crocirculation in the form of decreased microcirculation,
and four patients (20%) with type 2 DM had impaired
microcirculation in the form of increased microcircula-
tion (p > 0.05). As for OMI, out of 20 patients with type
2 DM, 12 (60%) had an increased functional state of the

microcirculatory-tissue system (FS MTS), which indicates
that OMI values exceeded the upper limit of control values;
in 3 (15%) patients, the FS MTS was in a state of decom-
pensation. Only in 5 (25%) patients was the OMI within
the control range (Table 1). In elderly patients with diabet-
ic foot, the LDF pattern was slightly different (Table 2).

Table 2. Results of examination of patients with type 2 diabetes mellitus and diabetic foot who underwent
examination of microcirculation and oxidative metabolism (absolute and relative values)

Microcirculation Number of patients Number of patients with Number of patients with
and oxidative metabolism with indicators within | indicators above the upper | indicators below the lower
indicators normal limits limit of control values limit of control values
M 0 (p<0.001) 8 (40%) (p>0.05) 12 (60%) (p>0.05)
Mnutr 0 (p<0.001) 12 (60%) (p>0.05) 8 (40%) (p>0.05)
OMI 1 (5%) (p>0.05) 10 (50%) (p>0.05) 9 (45%) (p<0.05)
Anadn 2 (10%) (p>0.05) 6 (30%) (p<0.05) 12 (60%) (p>0.05)

Source: created by the authors

Microcirculation indicators M and Mnutr within the
control values were not detected in any patient. Twelve
(60%) patients with diabetic foot had microcirculation
disorders in the form of decreased perfusion, and eight
(40%) patients with diabetic foot had microcirculation
disorders in the form of increased perfusion (p > 0.05).
A decrease in OMI was found in 9 patients (45%) and an

increase in OMI in 10 (50%) patients, and only in one pa-
tient (5%) was OMI within the control values (Table 2).
There were significant statistical differences between the
number of patients with type 2 diabetes mellitus and the
number of patients with type 2 diabetes mellitus compli-
cated by DF, in whom M and Mnutr values were within the
normal range (x*=19.259, p<0.001) (Table 3).
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Table 3. Results of statistical processing of microcirculation and oxidative metabolism indicators
in patients with type 2 diabetes mellitus and the number of patients
with type 2 diabetes mellitus complicated by diabetic foot

Microcirculation and . . . Differences in indicators Differences in indicators
e L . Differences in values within .. ..
oxidative metabolism above the upper limit of below the lower limit
o the normal range
indicators control values of control values
x>=1.905 x>=0.902
M x?=19.259 p=0.168 p=0.343
f=0.300 f=0.366
x2=0.902 x?=1.905
Mnutr x?=19.259 p=0.343 p=0.168
f=0.366 f=0.300
x?=3.137 x?=0.404 X?=4.289
OMI p=0.077 p=0.526 p=0.039
f=0.101 f=0.751 f=0.048
X¢=2.500 X=4.800 Xx2=0.404
Anadn p=0.114 p=0.029 p=0.526
f=0.139 f=0.065 f=0.546

Source: created by the authors

There were no statistical differences between the
number of patients with type 2 DM and the number of
patients with type 2 DM complicated by diabetic foot
with OMI within the normal range and OMI exceeding
the upper limit of control values (p > 0.05), but there
were significant statistical differences in the OMI indica-
tor below the lower limit of the control values (x*=4.289,
p=0.039, f=0.048, p<0.05). When comparing Anadn in-
dicators within the normal range and below the control
values between the number of patients with type 2 DM
and the number of patients with type 2 DM complicated
by DE no statistical differences were observed (p>0.05).
At the same time, statistical differences were observed
when comparing these patients with Anadn indicators
above the upper limit of control values (p <0.05).

Discussion
Analysis of the data showed that in 35% of patients with
type 2 DM, microcirculation parameters were with-
in normal limits compared to patients with type 2 DM
complicated by DF (35% vs. 0%, p <0.001). This is be-
cause microcirculation disorders do not always mani-
fest themselves in the early stages, and in some patients
with diabetes, microcirculation may remain within nor-
mal limits until diabetic foot develops, as shown in the
studies by 1. Mizeva et al. [7] and A.V. Skripal et al. [11].
As for OMI indicators in LFS, statistical differences were
observed when comparing groups of patients with OMI,
in which this indicator was below the lower limit of
control values in patients with type 2 diabetes and di-
abetic foot (p < 0.05). The decrease in OMI in patients
with type 2 DM complicated by DF was 3 times greater

than in patients with type 2 DM, which indicates the
prevalence of trophic disorders in this group of patients.
In this regard, a compensatory increase in Anadn by 3
times was noted in patients with diabetic foot (p <0.05).
This is explained by the fact that diabetic foot syndrome
is accompanied by pronounced oxidative stress caused
by chronic hyperglycaemia, microvascular disorders
and inflammation, which leads to excessive formation
of free radicals and tissue damage [5,11]. The lack of
statistical significance between microcirculation disor-
ders in patients with type 2 DM and patients with type
2 DM complicated by DF (p>0.05) in LDF indicates that,
despite the presence of diabetes, in 65% of patients, mi-
crocirculation in the tissues of the foot is not impaired to
an extent that would be recorded by LDF as a statistical-
ly significant change.

Conclusions
Normal microcirculation parameters obtained by la-
ser Doppler flowmetry in patients with diabetes melli-
tus do not exclude the risk of developing diabetic foot.
Despite the presence of diabetes, in 65% of patients,
microcirculation in the tissues of the foot is not im-
paired to such an extent that it can be recorded by LDF
as a statistically significant change. Often, statistical
significance and power are achieved not by increas-
ing the magnitude of differences, but by including a
larger number of subjects in the study. The decrease
in oxidative metabolism indicators in patients with
diabetic foot, as a statistically significant change, is
a consequence of oxidative stress, which exacerbates
cell and tissue damage, complex interactions between
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microcirculation disorders, neuropathy, and other
factors associated with diabetes mellitus. A compre-
hensive assessment of the patient’s condition and the
use of additional diagnostic methods allow the caus-
es of diabetic foot development to be identified and
eliminated. In addition, LDF and LFS are instrumental
methods for personalising treatment, allowing a tran-
sition from group statistical indicators to the analysis
of the condition of a specific patient, which contrib-
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KanT amaGeTMm 6ap ynramraH agamaapaa amaGerrMk raMmaH
CUMHAPOMY 6ap XXaHa YXOK YUYypPAa MUKPOLUMPKYNALMUSAHDbIH
MKaHa KblUKbINIOAAHYYUYY METaGonMamMamH KOPCOTKYUTOPYH

nasepamk ponnnepamk dnoyMmeTpmus )xxaHa nasepamk
dnyopecueHTTUK CNEeKTPOCKONUA biIKManapbl
MEHEH canbilTbhipMa Tangoo

Puma Hacupoea
MenouumHa MnMMOgPUHUH OOKTOPRY, OOUSHT
A. Anves aTtbiHOarbl Azepbalkar aapbirepnepomH 6UnMMmMH epKyHOSTYY MaMAeKeTTUK MHCTUTYTY
AZ1012, Myzaddap MNacaHos ked., 35, baky L., AzepbaiikaH Pecrnybnmkacsl
Annyp N'ymmaToBa
AHECTEe3Monor-peaHMaTonor
Akanemmk M.A. Tonuybalues aTbiHOars! VnmumMmii xmpyprisg 6opoopy
AZN22, Abbac Mupaza LLaprdzage keu., 196, Baky L., AsepbaitkaH Pecrnybrmkacsl

AxHHOTaums. JlazepAuk gonmiepAuk GpaoymMeTpusi MeHeH JalepuK (JyopecleHTTUK CHeKTPOCKOMHUSHbI
KOMILJIEKCTYY KOJIZOHYy 3aMaHOall KJWHUKaJIbIK JUAarHOCTUKAHbIH aKTya/IZlyy 6arbITTapblHbIH OUpU 60JyT
caHaJsaT. bys pikMaJsiap KaHT juabeTH MeHeH 0opyraH/ap/a TKaH apAblH Nepdy3UsCbIHbIH J€HT33/IMH CaH/bIK
6aaJiooro raHa aMec, MUKpPOLUPKYISLIUSHBIH )KOHI'® CaJIbIHYY MeXaHU3M/ePHH Ta/l00r0 la MyMKYH/YK GeperT,
Oys1 e3re4e AUabeTTHUK TaMaH CHH/POMY KaHa ©HOKOT HIIeMUschl 6ap 6edTanTap/pl Aapblio0L0 MaaHUIYY.
U3uneeHyH MaKcaThl KaHT JuabeTH 6ap yJarawraH ajam/apaa, A1abeTTHK TaMaH CUHJPOMY 6ap KaHa »KOK
ydypJiap/ia MUKPOLUPKYJISMAHBIH )KaHa KbIYKbUIZAHYYYYy MEeTab0JIU3M/IUH KOPCOTKYUYTOPYH CaJbILIThIpMa
TanA00 60ay. U3unieeHyH 06 beKTUCHH 60-75 KalTarsl KM TONKO O6JIYHTOH yJlTrairaH 6edTanTtap Ty3ay, ap
6up TonTto 20 agam (n =40, apkekTep - 26 (65 %), asazap - 14 (35 %), p<0,001). AnbiHrad MaaabIMaTTap/ bl
TaJJJ00 KOPCOTKOeHJeH, 2-TUNTeru KaHT AuabeTn 6ap GedrTanTapiablH 35 %bIHAQ MHUKPOLUPKYJIALUS
KOpPCOTKYUYTOPY HOpMa 4YervHze OOJIIOH, ajJ 3MH [JMabeTTHUK TaMaH CUHJPOMY MeHeH TaTaaJJjallKaH
OedTanTap/a MbIHJAH KepcoTKy4YTep OaiikaiaraH aMmec (35 % xkapmsr 0, p < 0,001). /luaGeTTUK TaMaH
CHH/JPOMY MeHeH TaTaaJiJalllKaH 2-TUIITer KaHT AuabeTu G6ap GedTanTap/a KbIYKbUIAAHYYYy MeTab0Ju3M
KOPCOTKYUYTOPYHYH TOMOH/OIIY KOHOKOH NuabeTH 6ap 6edTanTapra CajblIIThIPMaIyy 3 3Ce Koropy 60JIroH
(p<0,05). By 63 ke3ernH/e AuabeTTUK TaMaH CHHAPOMY 6ap 6edTanTap/ja HUKOTUHAMU/|aleHUHUHYKJIe0TH/|
KOopepMeHTHHUH aMILIMTYAAChIHbIH 3 3Ce KOMIIEHCATOPAYK XKOoropyJ/ialibiHa ajbln kejreH (p<0,05). Jlazepauk
Jomnmuepauk ¢uoyMeTpuss 6GOHHYA MUKPOLUPKY/IALUS KOPCOTKYYTOPYHYH HOpMaJJyy O60Jylly KaHT
JnabeTu 6ap GedTanTap/a AMabeTTUK TaMaH CUH/JPOMY 6HYTYY KOPKYHYYYH »KOKKO YbIrap6auT. /lnabeTTHkK
TaMaH CUHJApPOMY 6ap GeHWTanTapfa KblYKbLIJAHYy4Yy MeTaboJUu3M KepCOTKYYTOPYHYH TOMOH/LlY eHOKeT
TUIePIJIMKeMUs], MUKPOCOCYAAYK O6y3yJyy/ap KaHa ce3reHyy MeHeH LIapTTa/iTaH KbIYKblJI/IaHYY CTPECCUHUH
HaTbIMKackl 60JyI, Oy TKaHAApAbIH TPOPUKACBIHBIH Oy3yJyIIyHa aJblll KesJaeT. MUKPOLUPKY/IALUSIHbIH
’KaHa TaMaH/IbIH TPOHUKACBIHBIH abasiblH 3PTe aHBIKTOO, OLIOHJOMN 3Jjie OGYJ4YyH, HEPB >aHa 3HJO0TeJUH
dyHKIMANApbIHA 6arbITTaJraH KUWJIMTHULIYY/I6P MUKPOLUPKYAALUSHBI KAKIIBIPTYYHYH KaHa AUabeTTHK
»KapaJslapZblH aJI/ibIH aJIyYHYH HaTbIKXKaNyy »K0J1y 60JIyLy MYMKYH

Herusru cespep: MUKpPOLUDPKYAALUS; Ja3epAUK JONMJepAuK ¢GJoyMeTpus; JasepiuKk ¢(ayopecreHTTHK
CHEKTPOCKONHS; KbIYKbLIJAHYYyUy MeTa00/U3M; 2-TUIITETM KaHT JUabeTH; JUabeTTUK TaMaH CHHAPOMY
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AHHoTauma. KoMmieKCHOe IpUMeHeHMe JIa3epHOH I0MIepOBCKON GpioyMeTpUH U JlazepHOH PJIyopeciieHTHOU
CHEKTPOCKONHMU SIBJISIETCS aKTyaJbHbIM HalpaBJeHUEM COBPEMEHHOW KJWHWUYECKOW [MarHOCTHKHY,
MO03BOJISIIOLMHM He TOJIbKO KOJMYECTBEHHO OLEHUTh yPOBEHb TKaHEBOU nepdy3uu y GOJIbHBIX C CaXapHbIM
Ji1abeToM, HO U POAHAJIM3UPOBATh MEXaHUU3MbI PETYASLIUH MUKPOLUPKYJISIIUH, YTO 0COGEHHO BaXKHO NMPHU
JIeYeHUU MALUEHTOB C AUA0eTHYEeCKOW CTOMOW M XpPOHUYECKOUW uiieMuel. llesblo JJaHHOTO HCC/Ie0BaHUS
SIBJISIICSI CPAaBHUTEJIbHBIA aHa/JU3 IOKa3aTesiel MHUKPOLUPKYJIALMU M OKHUCJUTEJbHOro MeTabosu3Ma y
JIMI] TIO’KUJIOT0 BO3PAcTa C CaXapHbIM JUabeTOM C U 06e3 AuabeTudecKo cTombl. O6GbEeKTOM HCC/e[0BaHUS
CIIY>KWJIM MOXKUJIble TIALMEHTHI B JIBYX Tpynmnax, B Bo3pacte 60-75 seT, 20 yesoBek B Kaxk/Jjo¥ rpynne (n =40,
MY>KUHUHBI - 26 (65 %), )keHuHbI - 14 (35 %), p<0,001). AHa/1M3 NOJy4eHHbBIX JAaHHBIX NOoKa3aJ, 4To y 35 %
60JIBHBIX C CaxapHbIM JHab6eTOM 2-r0 THUIA MO0Ka3aTeJu MUKPOLUPKYJSALUN OKa3aJHUCh B MpeJiesiaX HOPMbl
[0 CPAaBHEHHUIO C GOJIbHBIMU C CaXapHbIM JUabeTOM 2-TO TUIIA, OCJTOKHEHHBIM JHabeTu4yeckoi cromoi (35 %
npotuB 0,p<0,001). CHMKeHUe MOKa3aTesield OKUCIUTENBHOTO MeTab0IM3Ma Y 60JIbHBIX C CAXapHbBIM AUA0ETOM
2-TO THIA, OCJOKHEHHBIM JiMabeTHUYecKOW CTonol, 6bp10 B 3 pas3a 6oJblie, YyeM y GOJIbHBIX C CaxapHbIM
nunabetoM 2-ro tvna (p <0,05). B cBoo oyepesb 3TO NPUBEJIO K KOMIIEHCATOPHOMY yBEeJUYEHHUIO aMILJIUTY/ bl
KkopepMeHTa HUKOTHHAMU/Ia/leHUH-JUHYKJIe0oTH/la B 3 pasa y G0JIbHBIX ¢ fuabeTudyeckoil ctonoi (p <0,05).
Hannyme HopMaJIbHBIX IOKasaTesJed MHUKPOLUPKY/IALNUU NPHU Jia3epHOM [IOMNIIJIEPOBCKON ¢JioyMeTpUu y
60JIbHBIX CAaXapHbIM JHa6eTOM He UCKJII0YaeT pUCKa pa3BUTHUA MabeTHuecKo! cTolbl. CHI)KeHNEe TOKa3aTesen
OKHUCJIMTEJNbHOT0 MeTab0/M3Ma ¥ 60JbHBIX C UA0ETUYECKON CTONOMN SIBUJIOCH CI€/[CTBUEM OKHUCJIUTENbHOIO
cTpecca, BbI3BaHHBIA XpOHUYECKOU TMIepIIMKeMUEN, MUKPOCOCYJUCTBIMU HAPYLLIEHUSIMH U BOCTIAaJIEHUEM, UTO
MPUBEJIO K NMOBPEX/JeHUI0 TPOPUKH TKaHEN y JaHHOW KaTeropuu 60JbHBIX. PaHHEe MOHUMaHUe COCTOSIHUSA
MUKPOLUPKYISALUNA U TPOPUKHU CTOIBI y MALMEHTOB C JUa6eTOM U BMeIIaTeJIbCTBO B MbIIIEYHYI0, HEPBHYIO U
3H/I0TEJIMATBbHYI0 GYHKIIMIO MOXET ObITh 3QPEKTUBHBIM CIOCO6G0M YIYyYIIEHUSI MUKPOLMPKYJISALUU CTOIbI U
NpejoTBpallleHHs AuabeTHYEeCKUX 3B
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BeepeHue
CaxapHbiii auabet (C/l) saBisieTcs ry06aJbHON Tpo-
6sieMoi 3apaBooxpaHeHusl. B 2021 rogy MexjyHa-
pozHas dpefepanus AuabeTa MoCUUTala, YTO Pacipo-
CTPAaHEHHOCTb AuabeTa cpejau JioJeld B Bo3pacTe OT
20 mo 79 JseT cTasia LIMPOKOMACIITAOHONH U COCTABU-
jga 10,5 % wiau 536,6 MuIMOHaM 60JIbHBIX. [IporHO-
3Bl MOKa3aJiy, 4YTo 3Ta nudpa yBeauyurcs go 12,2 %
(783,2 MmuanmoHa 4esoBek) k 2045 roay [1]. OgHuM
13 HauboJiee PacnpoCTPaHEHHBIX U CEPbE3HbBIX 0CJI0XK-
HeHuil C/l aBaserca nquabetudeckas croma (/C) [2].
OfiHaKoO, B YCJIOBUAX CTapeHUs] OpraHu3Ma TOoXe INpo-
HCXOJAT BbIpaXKEHHble U3MEHEHHsI B CUCTEME MHUKPO-
LUPKYJISALMM M TKaHeBOro MeTabo0JM3Ma, 0COGEHHO
B H)KHUX KOHEYHOCTSX, YTO MOXET CII0COOCTBOBATh
Pa3BUTHUI0O XPOHUYECKUX HIIEMUYECKUX COCTOSHUN U
HapyleHu# Tpodpuku TkaHew [3].

[IpoTuBOpeyYrBBIE pe3yJabTaTbl CpaBHEHUsS 6aszo-
BOM MUKPOLMPKY/IALUN y MOXKUJIBIX NaliueHToB ¢ C/]
1 Y YCJIOBHO 3/I0POBBIX JJ0OPOBOJIBIEB N03BOJISIOT I'O-
BOPHUTH 0 HU3KOH NHPOPMATUBHOCTH OLIEHKU 6a30BOM
nepdysuu,cBsi3aHHON ¢ AuabetoM [4,5]. OTAesnbHBIE
aBTOPBI He HAIJIM 3HAYUMBIX pa3/IMyui, ApyTrue oTMe-
THJIM TEH/IEHIMIO K yBeJIMUYeHHI0 6a30BOr0 KPOBOTOKA
y HMaLMeHTOB c AuabeToM [6-8], a HEKOTOpbIe HCCIe-
JlOBaTeJIM COOOIAId O CHUXKEHUH 6a30BOTO KPOBOTO-
ka y nayueHToBc C/l. biarogapsa nopTaTUBHOCTH HC-
M0JIb30BaHUsI GECHPOBOJHBIX TEXHOJIOTUH, Jla3epHast
nonmiepoBckasipioymerpus (JIJP) u nazepuas day-
opecueHTHas crnektpockonus (JIOC) moaxomar aJist
exeJJHeBHOTO HcnoJib3oBaHud [9,10].

Pe3ysnbTaThl UCMOJ/Ib30BAaHUN 6eCIPOBOAHBIX MOP-
TAaTUBHBIX JMHAMHUYECKUX [JaTYMKOB pacCerMBaHUS
CBeTa, peaM3yrINuX 06paboTKy CUrHaJsa Jia3epHOH
JOMIJIEPOBCKON (JIOYyMETPUU TMOTBEPAHWIH, YTO all-
napaTHOe UCC/e/JoBaHUE JOOPOBOJIbIIEB MOXKET OOHA-
py»KHUBaTb MHUKPOCOCYAUCTblE U3MeHEeHUs, 06yCJIOB-
JIeHHbleKaK AuabeToM, Tak W crapeHuem [3,11,12].
HenpepbIBHBIN M JOCTAaTOYHBIA KPOBOTOK >XU3HEHHO
BaXKeH /11 QYHKIMOHWPOBAHUS KJIETOK; TaKUM 06-
pa3oM, nepdysusi TKaHeH, OOBIYHO KOJHUYECTBEHHO
olleHMBaeMasi yTeM U3MepeHus1 o6’beMa KPOBH, IPoO-
XO/silel yepe3 MUKPOCOCYAUCTYIO CETh B 3a/laHHOM
06beMe TKaHU B TeYeHHE ONpeJieJIEHHOr0 Nepuoza
BpeMEeHH, SIBJISIETCS KJ/IOYeBbIM IOKa3aTeseM 3/0po-
BbA OpraHa WJM TKaHU. [I0OCKOJIBKY permoHabHBbIN
KPOBOTOK CHUJIBHO BJIMsSIET HA META60JINYECKYI0 aKTUB-
HOCTb KJIETOK, IJisi aBTOPOB JIaHHOMW paboThI KpaliHe
Ba’KHO pa30o0paThbCsl B TOHKOCTSX XapaKTEPHUCTHUK U
pPEaKTUBHOCTH MHKPOCOCY/]0B, KOTOpPble U3MEHSIOT-
csl C BO3pacToOM, 4TOObI MOHSATH IPOrpeccupylollee
yxyaueHue GYHKIUM TKaHed M3-3a BO3PACTHOIO Ha-
pylieHUs: MeTaboJMYeCKOW akKTUBHOCTHU. g sydie-
ro MOHMMAaHHS KPOBOTOKAa B MHUKPOCOCYAAX MOXXHO
KOMOWHUPOBATh MUKPOCKOIUIO JJIs1 OIpejieseHus
MapLHUaJIbHOrO ZIaBJeHUs KUCJI0Po/a C MOMOIILbIO T10-
BEPXHOCTHOTO 3JIeKTpo/ia. B kauecTBe a/ibTepHATHUBEI,

JlazepHasl JlONIJIEpOBCKasi (JIOyMeTpUsl MOXKeT HC-
M0/1b30BAThCSl KaK CaMOCTOSITEJIbHbIM METO/, OLleHKU
GYHKIMM MHKPOCOCY/ZI0B, MOCKOJIbKY OHa II03BOJIS-
eT U3MepsITb KaK MOTOK, TAK U CKOPOCTb 3PUTPOIH-
ToB [3,11].

Hocumas JI/J® ob6JsiajaeT yHHUKaJbHBIM INpPEUMY-
IIECTBOM B OBICTPOM OIleHKe MOAOLIBEHHOW MHKPO-
UPKYJSALUY HAa pAaHHEH cTaiuu fuabeTHYeCKHUX A3B. B
COYeTaHUH C BeUBJIeT-aHaJIU30M OHa N103BOJIET KOJIU-
YeCTBEHHO M Ka4eCTBEHHO aHa/IM3UPOBATh MEXaHU3M
peryJsiiui MUKPOLMPKYASLMU cTONbL [lo cpaBHEHUIO
CO 3/I0pOBBIMHM B3POCJBIMH, y MallUEHTOB C Auabe-
TOM IIPU NpUMeHeHUU noptaTtuBHoro JII® Habawoga-
Jlach 3HAYUTEJbHO 60Jiee HU3Kasl MUKPOLMPKY/IALUA
CTOIBI, [JIAaBHBIM 00pa3oM B INOJOLIBEHHOH 06J1aCTH
BOJIM3M AUCTaJbHOTO KOHIA cTomnbl [8]. Jluarnoctuka
KpOBOOOpallleHHs] B MUKPOCOCYZAaX KOXXM U OKHCJIH-
TeJbHOI0 MeTaboJsM3Ma OGUOTKAHUY MOXHUJIBIX JIHI]
npu JjrabeTe, MO3BOJISAIOIAs CHPOTHO3MPOBATh HAJIHU-
yye B OpraHM3Me MUKPOLMPKY/ISATOPHbIE HApYIIeHHs,
OLIEHUTD UX TSHKECTb U OCYIIEeCTBUTh HAOJ/IO/leHHE BO
BpeMsl Tepalluy, ABJISETCS aKTyaJlbHbIM HallpaBJeHU-
eM uccaeoBaHusl. llesbto uccieoBaHus O6bLJI CPaBHU-
TeJIbHbIM aHa/IM3 [oKa3aTesled MUKPOLMPKYJIALUU U
OKHCJIUTEJbHOr0 MeTaboJn3Ma Y JIUL T0XKHJIOTO BO3-
pacta ¢ C/l 2-ro Tumna c u 6e3 AUa6eTUYECKON CTOIbI
C coYeTaHHBIM HcnoJib3oBaHueM JIJP u JIOC HIKHUX
KOHEYHOCTEeH.

MaTepuanbl N MeToabl

B uccinesoBaHue 6b110 BKJIKYeHO 40 MOXKMJIBIX Ia-
LIMeHTOB B Bo3pacTe 60-75 JyetT. UccnenoBaHue GbLIO
NPOBEJIEHO B OT/eJIeHUH JUabeTu4ecKou cromnbl LleH-
Tpa Hayuynoit Xupypruu uMeHu akagemuka M.A. Ton-
yyballeBa B Te4YeHUU [BYX MecsueB (ampesb, Mai
2025 ropa). KosmyecTBO My»XYHMH COCTaBWJIO 26
(65 %) yesioBek, »keHIUH — 14 (35 %), 110 MOJIy MEXy
nandeHTaMH HaGJIIOJAI0TCA CTAaTUCTHYECKHUe pasJiu-
yus (x*=7,200, f=0,008, p<0,001). BosibHbIE GBLIH
pasfesieHsl Ha 2 rpynnbl: 20 MOXKUJIbIX 60bHBIX € C/]
2-ro Tuna, ocaoxkHeHHbIM /IC, moJiyyawuiyde CTaluo-
HapHoe JiedeHHe U 20 MOXKHUJIBIX A06poBoJbLEeB ¢ C/]
2-ro tuna (Puc. 1).

Kpurtepusimu BkJItoYeHHs: ObLIM Hasuuve C/l
2-ro tumna, ocnoxxkHeHHoro JIC (2-s, 3-1, 4-a9 cTragus
JIC mo BarHepy) u 6e3 /IC. KputepusiMu UCKIIOYEHUS
SIBJISLJINCh BBIPAXKEHHBbIE CepJleYHO-COCYJUCThble Ha-
pylLIeHUs,, CEeNTUYEeCKOe COCTOSHHWe, 3HauuTeJbHbIE
KOTHUTHBHbIE HapyIIeHUs, UCKJIYaolhe KOHTAKT
c manueHToM. O6s1acTh HCCAe0BaHUSI — MaJlApHas
MOBEPXHOCTh 6O0JIBIIOr0 Masblia cTonbl. McciemoBa-
HUS MPOBOJIUJIMCH B MOKOE, 63 KaKUX-JTM60 QyHKIU-
OHaJIbHBIX NpP06, B TedeHUH 10 MuHyT, nocie 30-TH
MUHYTHOTO COCTOSIHUSA NOKos o6caeayeMblx. [uis co-
yeTtaHHOro npuMeHenus JII® u JIOC ucnosbzoBaiu
noptaTUBHbIN annapat «/IA3SMA [1®». ¥ Bcex 60J1bHBIX
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ObLJI0 B3ITO MHGOPMUPOBAHHOE COIJIacHe Ha MpoBe-
JleHue MHCcCcae/loBaHusl. AHa/JIM3UPOBAJIMCh CpeHHUe
apudmeTudeckre 3HavyeHUs nepdysuu (M), 3Haue-
HUSI HYTPUTHUBHOI'O KpoBoTOKa (MHYyTD), Moka3aTesu

—

OKHCIUTEeNbHOTO MeTabosusMma ([IOM), cBsi3biBaro-
IIMe HYTPUTHUBHYIO COCTaBJIAIOILYI0 epdy3ur KPOBU
U aMIIUTYLy JyopecueHUU KodpepMeHTa HUKOTH-
HaMU/aJleHUHAUHYKIeoTHAa (AHAIH).

;-\

PucyHok 1. JlazepHas gonnsepoBckas GoyMeTpUs U JlazepHas GJIyopecreHTHast CIEKTPOCKOI S HIPKHUX
KOHeYHOoCTely y 60sbHBIX ¢ /IC (csieBa) 1 MOXKUJIBIX 06poBobIeB ¢ C/l 2-ro Tuna (crnpasa)

MCcTOYHUK: clles1aHO aBTOpaMU

CraTtuctudeckass o006pabGoTKa MPOBOJUIACH C
WCIOJIb30BAaHUEM  NPOrpaMMHOr0  obecrnevyeHHs
Statistics 16.0 gnsa Windows (StatSoft Inc, USA) wu
StatTech-nporpammbr (00O «CtatTex», Poccus). Ko-
JINYECTBEHHbIe [OKa3aTeJd OJIM3KUEe K HOpMaJib-
HOMY pacnpe/ieJIeHUI0 TpPeACTaBJIsAJIUCh B BHJE
cpeaHero apudmernyeckoro (M) u cTaHZAPTHOIO OT-
kJoHeHus (SD). CpaBHeHHe aGCOJIIOTHBIX 3HAYEHUH
BBINOJIHAJIOCH aHAJM30M MHOTOIOJIbHBIX Ta6JIUL, CO-
NPSXKEHHOCTU NIPU NOMOLLUM KPUTEpUsA XU-KBajpaTa
[MupcoHa (x?) u ToyHoro kputepus Pumepa (f). Pas-
JINYUA MeXy CPaBHUBAa€MbIMH BEJIMYMHAMU IIPU3HA-
BaJIUCh CTATHCTUYE€CKHU 3HAYUMBIMH IIPpU YPOBHE 1O0-
croBepHocTH p<0,050 [13].

PesynbTtaTbl

KoHTpo/ibHble 3HayeHHUs NOKasaTesJeld MUKPOLUPKY-
JIAIUY U OKHUCIUTEJNBbHOr0 MeTaboJiM3Ma y JIUL, CTap-
me 50 JieT mopTaTUBHOrO aHasuszaropa «Jlazma [1O»
(B mepdy3vOHHBIX €AUHHULAX) MPHUBEJEHbl CJeyIo-
muM obpasoM: M (mokasaTesib MUKPOLUPKYAALUN) —
10,2-15.4; MHyTp (roKasaTesb HyTPUTUBHOI'O KPOBOTO-
Ka) - 1,9-2,3; AHazsH (aMmnTyza GpuiyopecueHIUUKopep-
MeHTa HUKOTHHAaMUJaJieHuHuHyKIeoTuaa) — 0,7-1,7;
[IOM (moxasaTesib OKHCIUTENBHOrO MeTabo/u3Ma) -
0,6-1,62. Kak MO>XHO yBHJleTb U3 JaHHbIX, U3 20-TU
60J1bHBIX ¢ C/l 2-ro Tuna y 7-Mu 60/1bHBIX (35 %) noka-
3aTesin MUKpoUuUupKyasanuu (M) 6611 B pejiesiax Hop-
MaJIbHBIX KOHTPOJIbHBIX 3HaueHuH (Tabsnua 1).

Tabnuua 1. PeaysibTaThbl 06C/1e10BaHUSA MAIIMEHTOB C CAXapHbIM JUa6ETOM 2-T'0 THIIA,
npolieAnux o6caeloBaHue MUKPOIIMPKY/IALUYA U OKUCJIUTENbHOT0 MeTa60I13Ma
(abcostoTHBIE U OTHOCUTEJIbHBIE 3HAYEHUS )

Ioka3aTen KoJ1-Bo manueHToB ¢ KoJ1-Bo manueHToB ¢
KoJ1-BO manueHToB ¢
MHUKPOLMPKY/IALUH MOKa3aTeJIsIMHU BbIIIE MOKa3aTe/IsIMU HIKe
0Ka3aTeJ/IsIMU B IPejesiax . o
Y OKUCJIUTEJIBHOTO HODMBL BepXHeil rpaHuIbI HUKHeH rpaHUIbI
MeTa6oIM3Ma P KOHTPOJIBHBIX 3HAYeHU M KOHTPOJIbHBIX 3HAYeHU
M 7 (35 %) (p<0,001) 4 (20 %) (p>0,05) 9 (45 %) (p>0,05)
MHyTp 7 (35 %) (p<0,001) 9 (45 %) (p>005) 4 (20 %) (p>0,05)
10M 5 (25 %) (p>0,05) 12 (60 %) (p>0,05) 3 (15 %) (p<0,05)
AnagH 6 (30 %) (p>0,05) 2(10%) (p<0,05) 12 (60 %) (p>0,05)

MNcTOoYHMK: co3aH0 aBTOpaMH

Y 9-tu 60sbHBIX (45 %) ¢ C/| 2-ro TuNa GBLIO OTMe-
YeHO HapylleHWs BUJE CHIDKEHHUS MHKPOLMPKYISLHUU
Uy 4-x 60sbHBIX (20 %) ¢ C/] 2-ro TUNA B BU/Jie NOBbILIe-
HUsl MUKpouupkyasuuu (p > 0,05). Uto kacaetcs [10M,
13 20-Tu 60sbHBIX ¢ C/l 2-ro THNa, ¥ 12-TH (60 %) mauu-
€HTOB (YHKIMOHAJIBHOE COCTOSIHUE MHUKPOLMUPKYSTOP-
Ho-TKaHeBoM cucteMbl (PC MTC) okasasoch MOBBILIEHO

aKTUBHBIM, UTO CBU/IETEJILCTBYET O NMPEBBILIEHUH 3HAYe-
Hui [IOM OTHOCUTENIBHO BepxXHeU I'paHHULbl KOHTPOJIb-
HBIX 3Ha4eHUH; y 3-X (15 %) 60s1bHBIX PC MTC 6B110 B CTa-
auu gekomreHcanuu. Tosbko y 5-tu (25 %) manueHTOB
[I0M 6b11 B AMana3oHe KOHTPOJIbHbBIX 3HaUYeHuH (Tabs1u-
1a 1). Y noXKuwibIx MaleHTOB C JUA0eTHYeCKOM CTOMOMN
kapTuHa J1/l® okazasnock Heckosibko HOM (Tabsmna 2).
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Tabnuua 2. Pe3yibTaThbl 06C/1€/I0BaHHUsA NAIMEHTOB C CAXapHbIM [Ha6ETOM 2-T0 TUMA C AUa6eTHUYECKOM CTOMOH,
npoueux 06c/ieJ0BaHe MUKPOIUPKY/ISLIMK U OKUCJIUTEJNBHOTO MeTabo113Ma
(abcostoTHBIE U OTHOCUTEJIbHBIE 3HAYEHUS )

Iloka3aTesnn KoJui-Bo nanueHToB C Kous-BoO ManMueHToB C
KoJ1-Bo NalnMeHTOB C
MUKPOUHUPKYJIALUHA MnMoKa3aTeJIAIMHU BbIllIe NMoKa3aTe/JIAMHU HUXe
MNOKa3aTeJISIMU B nIpejesiax o o
MU OKMC/IUTEJIBHOTO HODMBI BEpXHEH rpaHUuIbl HU>XKHEHU rpaHUIbI
MeTa60/1M3Ma p KOHTPOJIbHBIX 3HaYeHUu M KOHTPOJIbHBIX 3HaYeHUuM
M 0 (p<0,001) 8 (40 %) (p>0,05) 12 (60 %) (p>0,05)
MHyTp 0 (p<0,001) 12 (60 %) (p>0,05) 8 (40 %) (p>0,05)
oM 1(5 %) (p>0,05) 10 (50 %) (p>0,05) 9 (45 %) (p<0,05)
AHazH 2 (10 %) (p>0,05) 6 (30 %) (p<0,05) 12 (60 %) (p>0,05)

MNcTOoYHMK: co3aH0 aBTOpaMH

[lokasaTenn MUKpoOLUpKyJaauuu M u MHyTp B
npeJiesiax KOHTPOJIbHBIX 3HAaYeHUH He ObLIU 06Hapy-
>KeHbI HU ¥ ofHOTO nanuedTa. Y 12 (60 %) nanueHToB
¢ frabeTHYeCKOW CTOMOM HabJIJaJnCh HapylleHUs
MHUKPOLUPKYJISLUMU B BUJE CHIKeHUs nepdysuu u y
8-u (40 %) 60JIbHBIX C AMA6EeTUYEeCKON CTONON Hapy-
[IeHHhe MUKPOLHUPKYJISLMU B BUJle TOBbILIEHUS Tep-
¢dy3uu (p>0,05). CHmxkeHue [10M o6HapyxeHO y 9-TH

naygueHToB (45 %) v noseiienue [IOM y 10-tu (50 %)
GOJIbHBIX, U TOJIbKO ¥ ofiHOTrO mauueHTa (5 %) [IOM
6blII0 B IpeJiesiax KOHTPOJIbHbIX 3HauyeHUH (Tabsiu-
1a 2). Mexay kosindecTBoM 60JbHBIX ¢ C/l 2-ro TUIa U
KOJIMYeCTBOM 60J1bHBIX ¢ C/l 2-T0 THIIA, 0CIO’)KHEHHBIM
JC, y koTopbIxX nokasaTteau M u MHyTp oTMe4aluCh B
npejesiax HOpMbl HabJI10/JaIuCh 3HAYUMble CTATUCTH-
yeckue pazanyus (x>=19,259, p<0,001) (Tabuuna 3)

Tabnuua 3. Pe3y/ibTaThl CTATUCTUYECKOM 06paGOTKH MOKa3aTesieit 06caeJ0BaHUS MUKPOIIUPKYIAIINH
Y OKUCJIUTEJbHOr0 MeTab013Ma Y 60JIbHBIX CaXapHbIM AHa6eTOM 2-T0 TUIIA U KOJIUYeCTBOM GOJIbHBIX
C CaXapHbIM AHa6eTOM 2-T0 THUIIA, OCJ0’KHEHHbIM AMabeTHYeCKOH CTOMON

IMoka3saTesin Pa3imuyus no Pa3nuyus no
Paziu4yusa no
MUKPOLUPKYJIALUA NoKa3aTeJIsIMMU BblllIe NnoKa3aTe/JIsIMU HUXKe
nokKa3aTeJ/IsIMU B IpeJeJiax . .
M OKUCJIUTEJIBHOTO HODME BepxXHe! rpaHUIbl HUKHeH rpaHHu bl
MeTa60/IM3Ma p KOHTPOJIbHBIX 3HA4YeHH I KOHTPOJIbHBIX 3HAaYeHU I
x2=1,905 x2=0,902
M x?=19,259 p=0,168 p=0,343
f=0,300 f=0,366
x*=0,902 x?=1,905
MHyTp x*=19,259 p=0,343 p=0,168
f=0,366 f=0,300
x>=3,137 x%=0,404 Xx*>=4,289
oM p=0,077 p=0,526 p=0,039
f=0,101 f=0,751 f=0,048
x>=2,500 x>=4,800 x*=0,404
AHagH p=0,114 p=0,029 p=0,526
f=0,139 f=0,065 f=0,546

MNcTOoYHMK: co3aH0 aBTOpaMH

Mexay kosudecTBOM 60JbHBIX ¢ C/l 2-rO Thna u
KOJIM4eCcTBOM 60JibHbIX ¢ C/l 2-TO THMa, OC/I0XKHEH-
HbIM JuabeTudeckod cromod mo [IOM B mpepnesnax
HopMbl U [IOM, mpeBblaOlIMe BEPXHIOK TPaHULY
KOHTPOJIbHBIX 3HAYEHUH, CTaTUCTUYECKHE Pa3IUudHrs
He oTMedyasnuch (p > 0,05), HO HabGJAOAAIUCH 3HAYU-
Mble CTaTUCTHUYeCKUe pa3/Inyud 1o nokasareawo [10M
HW)Ke HM)XHeW TIpaHULbl KOHTPOJIBHBIX 3HAa4eHWUH
(x2 =4,289, p=10,039, f=0,048, p < 0,05). [Ipu cpas-
HEHWM IoKasaTeseld AHaJH B INpejesaXx HOPMBI U
HW)Ke KOHTPOJIbHBIX 3HAYEHUU MEXAY KOJIUYEeCTBOM
60abHBIX ¢ C/l 2-TO THIIAa U KOJUYECTBOM OOJIBHBIX
¢ C/l 2-ro tumna, ocnoxHeHHbIM /IC He HAGJIIOJATHCH

cratucThyeckue pasaudus (p >0,05). B Toxxe Bpems,
CTaTUCTUYECKHEe pa3/IMuua HabJ/oJaluch NPU Cpas-
HEHUH 3THUX OOJIbHBIX C MOKa3aTeJssMU AHAJIH BBIIIE
BepxHeHW rpaHHULbl KOHTPOJIbHBIX 3HaYeHUH (p <0,05).

O6cyxaeHue
AHanu3 npoBeAeHHBIX JAaHHBIX MOKa3aJs, 4Toy 35 %
60sbHBIX ¢ C/] 2-r0 THUNa MOKa3aTeJu MUKPOLUPKY-
JIILMU OKa3aJMCh B IMpejesiax HOPMbI MO CpaBHe-
HHUIO C 60JbHBIMH c CJ 2-ro THIIA, OCJOXKHEHHBIM
JC (35 % npotuB 0 %, p<0,001). 3TOo 06BsACHAETCSA
TeM, YTO HapylleHUss MUKPOLUPKYJISALUU He Bceraa
NpOSIBJASIETCS HAapaHHUX CTAAUAX, U Y HEKOTOPBIX
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MalMeHTOB C AMabeToOM MUKPOLMPKYJIALUS MOXET
0CTaBaThCA B IIpe/iesiaXx HOPMbI, [TI0Ka He pa30BbETCS
JuabeTHyeckasl CTOIA, Kak [OKa3aJu B CBOUX pabo-
Tax l. Mizeva et al. [7] u A.V. Skripal et al. [11]. YTo
kacaetcs nokasateseit [IOM npu JI®C, craTucTu-
YyeCKHe pas/Inyusl HabJ/[anuch NIpyU CpaBHUBAHUU
rpynn 60sbHbIX 110 [I0M, y KOTOpBIN JaHHBINA MOKa-
3aTeJsib OblLJI HUXKE HUXKHEH I'paHULbl KOHTPOJIbHBIX
3HaYyeHUH y 60JibHBIX ¢ C/l 2-ro Tuma u JuabeTu-
yeckod ctonoi (p <0,05). CHmxenue [IOM y 60.1b-
HbIX ¢ C/l 2-ro Tuna, ocaoxHeHHbIM /IC, 6b1J10 B 3
pasa 6oJbine, 4eM y 60JbHBIX ¢ C/] 2-TO THIa, YTO
CBU/IETEJBCTBYET O INpPEBAJUPOBAHUU HapYyLIEHUS
TpodUKHU Y 3TOU I'pynnel 60JbHBIX. B cBA3U € 3TUM
ObIJI0 OTMEYEHO KOMIIEHCAaTOPHOE VBeJUYeHHe
AnaziH B 3 pasay 60JIbHBIX C JUabeTUYECKOMN CTOMON
(p<0,05). 3To 06'BSAICHSIETCA TEM, YTO IPU CUHAPOME
JnabeTU4YeCKON CTOIbI HAGJII0JaeTCsl BhIpa>KeHHbIN
OKHCJIUTEJIbHBIMA CTPecC, BBI3BAHHBIM XPOHUYECKOHN
TUNepriaiuKeMyuel, MUKPOCOCYAUCTBIMU HapyLIeHHUs -
MU U BOCHAJIEHUEM, YTO NMPUBOAUT K U3OBITOUHOMY
06pa30BaHUI0 CBOGOJHBIX PaJiIMKAJIOB U MOBPEXIe-
HUI TKaHel [5,11]. OTcyTcTBUE CTAaTUCTHYECKOU
3HAYMMOCTH MeX/ly HapyLIeHHUSIMH MHUKPOLUPKY-
JANUU Yy 60abHBIX ¢ C/l-2-r0 TUna U 60JbHBIX ¢ C/]
2-ro Tumna, ocjaoxHeHHbIM /IC (p > 0,05) nmpu JIJ®
yKa3blBaeT Ha TO, YTO, HECMOTPS Ha HaJU4HUe Jua-
6eTa, y 65 % 60JIbHBIX MUKPOLUPKYJISLUA B TKAHAX
CTOIIbI He HapylLIeHa B JOCTaTOYHOM CTENEeHHU, YTOObI
3T0 66110 3aduKcupoBaHo MeTogoM JI/ID kak cTaTu-
CTUYEeCKU 3HAaYMMO€e U3MeHEHHUE.

BoiBOabI
[lonyyeHHble HOpPMaJIbHble MOKa3aTeJlHd MHUKPOLUD-
KyJISIMU TIPU JIa3epHOW JIONIIJIEPOBCKOH dioyme-
TPUMUY GOJIbHBIX CaxapHbIM Ma6eTOM He HCKJIIoYaeT
pUCKa pa3BUTHsA JuabeTudeckoid ctombl. HecMmoTps

Ha Ha/inuue JuabeTa, y 65 % 60JbHBIX MUKPOLUPKY-
JISILMSA B TKaHSAX CTOMNBI He HApYLIeHa B I0CTaTOYHOH
CTeneHU, YTOObI 3TO ObLI0 3aPUKCUPOBAHO METOA0M
JIJ®, kak cTaTUCTUYECKU 3HAYMMOe U3MeHeHue. 3a-
YacTyl0 CTaTUCTHYecKass 3HAaYUMOCTb U MOILIHOCTb
JIOCTUTAeTCs He 3a CYeT yBeJWYeHUsI BeJTUYMHbI pas-
JIMYUH, HO U 32 CYeT BKJIIYEHMs GOJIbLIEero 4ucsia
HCIBITYEeMBIX B HcceoBaHue. CHIXKeHYe MToKa3aTe-
Jiell OKUCIUTEJbHOTO MeTaboJiM3Ma Yy 60JbHBIX C IU-
abeTHYeCKOM CTOMOM, KaK CTaTUCTUYECKU 3HAUUMOE
M3MeHeHUe, sIBJSEeTCS CJe/ICTBUEM OKHCJIUTENbHOIO
CTpecca, KOTOPbIN yCyry6/isieT MoBpex/eHue KJIeTOK
Y TKaHeH, CJ0XHOr0 B3aWMOJEWCTBHUA HapylleHHUH
MUKPOLMPKY/IALUM, HeHponaTuu U Apyrux ¢akro-
POB, CBfI3aHHBIX C CaXapHbIM jAuabeToM. Kommiekc-
Hasl OIleHKa COCTOsSIHMS MallMeHTa U UCI0JIb30BaHUE
JIOTIOJIHUTEIbHBIX METO/I0B JJUarHOCTHUKH NO3BOJISIOT
BBISIBUTb U yCTPAHUTb HIPUYHUHBI pa3BUTUSA JHAOETH-
yeckoi ctomnbl. Kpome Toro, JIJ® u JIOC asasaroTca
WHCTPYMEHTaJbHBIMU METOZAaMH IepCoHaJU3alUU
JledeHHUs], N03BOJIsAsT NEPENTH OT TPYNIOBLIX CTATH-
CTUYECKHUX T0Ka3aTesJel K aHa/M3y COCTOSHUS KOH-
KpPEeTHOTO MallMeHTa, YTO CIIOCOOCTBYET yay4IleHUI0
NPOrHO3a U KayecTBa XKU3HU.

BnaropapHocTHU
ABTOpBI BBIpaXKAWT 6J1ar0IAPHOCTh pefakuuu «EB-
PasUNCKUM KypHAJ 3[JpaBOOXpaHeHUsI» 3a Mpodeccu-
OHAJIbHYIO W BBICOKOKAaY€CTBEHHYI pPeJaKIIHOHHYH
paboTy HaJ JAHHOH CTaThel.

MuHaHCcUpoBaHue
HccneoBaHre He UMeJIO CIIOHCOPCKOH MOAJIEPIKKH.

KoHpnukT uitepecos
ABTODBI 3asIBJISAIOT 06 OTCYyTCTBUU KOHQJIHUKTA UHTe-
pecos.
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