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Aim. To stratify hemodynamic phenotypes in children with diabetes mellitus and their frequency, depending on the duration
of the disease.

Materials and methods. The study involved 72 children suffering from diabetes, aged 10 to 16 years who were divided into
3 groups. The first group — 22 children with diabetes mellitus up to 1 year. The second group — 24 patients with a disease
duration of 1 to 5 years. The third group — 26 children with the disease over 5 years. Control group — 20 children, represen-
tative by age and sex.

All children underwent daily blood pressure monitoring (ABPM) with the ABPM-04 device (Meditech Ltd, Hungary). Diagnosis
of latent hemodynamic disorders was performed by the method of quantitative analysis of the relationships of blood pressure
parameters, which involved a linear regression of systolic blood pressure by pulse blood pressure. According to the results
of regression, 6 hemodynamic phenotypes were determined, which characterized the individual features of the circulatory
system: harmonic, myocardial-insufficient subtype of harmonic, borderline diastolic harmonic, borderline systolic harmonic,
dysfunctional diastolic and dysfunctional systolic. According to ABPM results, the ambulatory arterial stiffness index (AASI)
was calculated using a linear regression equation. The results were statistically processed using statistics software package
Statistica 13.0 (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. It was found that in the dynamics of diabetes the registration of the harmonic hemodynamic phenotype during the day
decreased due to an increase in the proportion of patients with dysfunctional diastolic hemodynamic phenotype. At the same
time, in children with diabetes, there was a significant increase in AASI from the first year of the disease with a progressive
increase with its dynamics. The highest values of AASI were observed in dysfunctional hemodynamic phenotype.

Conclusions. In children with diabetes mellitus observed the formation of disharmonious hemodynamic phenotypes in the
dynamics of the disease. In combination with increased vascular stiffness these changes realized in systemic circulatory
disorders and the development of a diabetic angiopathy. Detected disorders, apparently, became the risk factors of hyper-
tension. Determination of hemodynamic phenotype in children with diabetes mellitus can be used as screening method for
preclinical diagnosis of latent disorders of the cardiovascular system, early treatment and prevention.

3HaueHHA BCTAHOBAEHHA reMOAMHAMIYHMX PEHOTUNIB Y paHHil AlarHoCTUL|
cepLeBOo-CYyAMHHUX NOPYLLUEHb Y AiTeH, AKi XBOpi Ha LyKPOBUM AiabeT

I. 0. AexeHko, O. €. MalwkoBa, K. B. Camonank

MeTa po6oTu — 3gilicHnTV cTpaTudikaLito remoguHaMivHX OeHOTUNIB y AiTeN, SKi XBOPI Ha LyKPOBUI [iabeT, Ta BUSHAUMTH
XHI0 YaCTOTY 3anexHo Bif TPMBANOCTi Nepediry 3axXBOPHOBaHHS.

Marepianu Ta metoau. OBcTexxunu 72 aiten, siki XBopi Ha LykpoBwii aiaberT, Bikom Big 10 go 16 pokis. MavieHTis noginunu
Ha 3 rpynu: nepLua — 22 auTyWHK 3 TPUBaNICTHO LyKPOBOro AiabeTy Ao 1 poKy, Apyra — 24 0cobu 3 TpYBAnICTIO 3aXBOPIOBAHHS
Big 1 0o 5 pokiB, TpeTs — 26 nauieHTiB i3 nepebirom 3axsoptoBaHHsS noHag 5 pokie. KoHTpornbHa rpyna — 20 aiten, penpesen-
TaTWBHWX 3a BIKOM i CTaTTIO.

Ycim piTam BukoHanu Jo6oBe MOHITOpyBaHHS apTepiansHoro Tucky (OMAT) Ha npunagi ABPM-04 (Meditech Ltd, Yrop-
wmHa). [iarHoCcTuKy nateHTHUX reMogMHAMIYHMX MOPYLUEHb 3MINCHUNIM METOAOM KiNlbKiCHOMO aHanidy 3B'si3kiB napameTpis
apTepianbHOro TUCKY, WO nepeabadaB BUKOHAHHS MiHIMHOI perpecii CUCToNMHOMo apTepianbHoro Tueky (AT) 3a nynbCoBUM
AT. 3a pesynsratamu perpecii Bu3Hadanm 6 reMoguHamiyHux heHoTUNIB, siki XapakTepuayBanm iHauBigyansHi 0cobnmBocTi
(PYHKLOHYBaHHSA CMCTEMM KPOBOODIry: rapMOHIHWIA, MioKapaianibHO-HEQOCTATHIN NigTUN rapPMOHINHOIO, NOrpaHUYHUIA fia-
CTONO-rapMOHINHWIA, NOrPAHNYHWIA CUCTONO-FaPMOHINHWA, ANCAYHKLOHANBHUA AiaCTONIYHWA | ANCHYHKUIOHANBHWIA CUCTO-
nivHmi. 3a gasumn OMAT 3a 4OnOMOroro NiHIMHOTO PerpeciinHoro PiBHSHHS PO3paxoByBanyt ambynaTopHUn apTepianbHui
iHaexkc xopcTkocTi (Ambulatory Arterial Stiffnes Index — AASI). CtaTucTyHO pe3ynbTaTy onpatoBanu 3a 4OMOMOroK nakeTa
cTatuctnaHmx nporpam Statistica 13.0 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

PesynraTu. BctaHoBWW, WO B AMHAMILL LyKpOBOTO AjabeTy BinbyBaeTbCs 3MEHLLEHHS PeECTpaLlii rapMOHIHOro heHoTUny
reMoaMHaMiKu NPOTArom Ao6W BHACMIAOK 36iMbLUEHHS YaCTKM NaLeHTIB i3 ANCYHKLiOHaNbHO-AiacToNYHUM reMoAMHAMIYHUM
¢heHoTMnom. BogHouac y aiten, ski XBopi Ha LyKpoBwii aiabeT, BusiBunu BiporigHe niasuweHHs AASI 3 nepLuoro poky 3axso-
PHOBaHHS i3 NPOrpeCBHUM WOTO 36iNbLUEHHAM Y AnHaMiLi. HanbinbLwi 3HaqeHHs AAS| BCTaHOBUNMW Npy ANCEYHKLOHANBHUX
reMognHamiyHux heHoTUNax.
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BucHoBKuW. Y fiTeit, siki XBOpi Ha LyKpoBWiA AiabeT, y AMHaMiLi 3axXBOpOBaHHs BinbyBaeTbCs (DOPMyBaHHS AMCrapMOHIYHUX
reMoAMHaMi4HUX (peHOTUNIB, LLIO Pa3oM 3i 3pOCTaHHSAM KOPCTKOCTi CyANH pearnidyeTbCs MOPYLLEHHSM CCTEMHOrO KpOBOOGiry,
pO3BUTKOM AjabeT4HOI aHrionarii Ta, BOYEBMab, € (haKTOPOM PU3NKY BUHMKHEHHS apTepianbHoi rinepTensii. BusHaueHHs remo-
LMHaMIYHOro (heHOTUMY B AITEN, SiKi XBOPI Ha LIyKPOBMIA fiabeT, MoXHa BUKOPUCTOBYBATH SIK CKPUHIHTOBUI METOA AOKMIHIYHOT
[iarHOCTUKN NMPUXOBaHMX MOPYLLUEHb CEPLIEBO-CYANHHOI CUCTEMU Ta PaHHBLOMO NMPU3HAYEHHS NiKyBarnbHO-NPOMINaKTUYHNX
3axogis.

3HaueHue onpeAereHUA reMOAUHAMUUECKUX GEHOTUNOB B paHHEH AUarHOCTUKE
CepAEUHO-COCYAUCTBIX HapyLUEHUH y AeTeu, 60AbHBIX caxapHbiM AuabeTom

I. A. Aexenko, E. E. MawkoBa, E. B. CamonAnk

Lienb pa6oTbl — NPOBECTM CTPATUMKALIMIO FeMOAMHAMUYECKNX (DEHOTUMNOB y AETEN, GONBHBIX CaxapHbIM AnabeToM, ycTa-
HOBMTb X YaCTOTY B 3aBUCUMOCTY OT ANUTENLHOCTYU TeYeHUs 3aboneBaHus.

Marepuansi n metoasi. O6cnegoBanm 72 pebeHka, 6omnbHbIx caxapHbiM Anabetom, B Bospacte ot 10 fo 16 ner. MauneHToB
nogenunu Ha 3 rpynnbl: nepeas — 22 AeTen ¢ NPOLOIPKMTENBHOCTbLIO CaxapHoro Anabeta ao 1 roga, BTopasi — 24 60MbHbIX C
LANUTENBHOCTLIO 3aboneBanuns oT 1 4o 5 neT, TpeTbst — 26 NauneHToB ¢ Te4eHueM 3abonesanus bonee 5 net. KoHTponsHas
rpynna — 20 feTen, penpeseHTaTBHbIX MO BO3pacTy ¥ nony.

Bcem fetsam npoBeaeHo CyToMHOEe MOHWUTOpMpOBaHUE apTepuansHoro Aasnexns (CMAL) npubopom ABPM-04 (Meditech
Ltd, Benrpusi). InarHocTvka NaTteHTHbIX reMOAMHAMUYECKVX HApYLLEHWIA BbIMOMHEHa METOLOM KONMYECTBEHHOTO aHanm3a
CBS3e NapamMeTpoB apTepuarnbHOMo AaBneHus, KOTOpbIA NpedycmaTpusan NpoBeaeHne JIMHEHO perpeccui cuctonmye-
ckoro aptepvanbHoro aaenexust (Al) no nynscosomy A[l. Mo pesynsratam perpeccum onpegensnu 6 reMogMHaMmn4eckmx
heHOTMMOB, XapaKTePU3YLLWX NHAMBUAYarNbHblE 0OCOOEHHOCTY (PYHKLMOHMPOBAHMS CUCTEMbI KPOBOODPALLEHUS: rapmo-
HUYHBIA, MUOKapAMarnbHO-HEAOCTATOHBIA NOATUN FAPMOHUYHOTO, NOTPaHUYHBIA ANACTONO-TAaPMOHUYECKIUIA, NOrPaHNYHbIA
CUCTONO-rapMOHUYECKUNIA, ANCHYHKLMOHANBHBIN ANACTONMYECKUA U AUCPYHKUMOHANbHBIA cucTonuyeckwid. Mo AaHHbIM
CMAL ¢ NOMOLLb0 NIMHENHOTO PErPECCUOHHOTO YpaBHEHMWS! PacCHMTbIBaNM ambynaTopHbIii apTepuarnbHbIi HOEKC KECTKOCTH
(Ambulatory Arterial Stiffnes Index — AASI). Ctatuctuyeckn peaynsratel 06paboTant ¢ MOMOLLBH NakeTa CTaTUCTUYECKUX
nporpamm Statistica 13.0 (StatSoft Inc. Ne JPZ8041382130ARCN10-J).

Pesynbrathl. YCTaHOBMEHO, YTO B AMHAMUKe caxapHoro AuabeTa MpoMCXOAWT YMEHbLLEHUE PETUCTpaLmUy rapMOHUYHOMO
¢heHOTMNa rEMOAMHAMMKM B TEYEHUE CYTOK 32 CHET YBENUYEHNS JOMM NALMEHTOB C ANCHYHKLMOHANBHO-ANACTONNYECKM
reMmogMHaMU4eckuM heHoTMMNoM. B T0 e Bpems y aetei, 60mnbHbIX caxapHbIM AMabeToM, OTMEYEHO JOCTOBEPHOE MOBbI-
weHwne AASI ¢ nepBoro roga 3abonesaHus C NPOrPECCHBHLIM Er0 YBENUYeHWeM B auHamuke. Hanbonbluve 3Havenns AASI
YCTaHOBMEHbI NPY AUCHYHKLMOHATBHBIX FEMOAMHAMMYECKUX PEHOTMMAX.

BbiBoabl. Y geten, 60nbHbIX caxapHbiM AnabeTom, B AMHamuke 3aboneBaHust oTMEYEHO (popMUpOBaHME ANCTaPMOHNYHbIX
reMOAMHAMUYECKUX (PEHOTMMOB, YTO B COYETAHUM C POCTOM XECTKOCTW COCYAOB peannayeTcs HapyLIEHUEM CUCTEMHOMO
KPOBOOGpALLEHNS, pa3BUTUEM OMAOETUYECKOI aHMONaTUM 1, O4EBUOHO, SBMSETCS (DAKTOPOM pHCKa BO3HUKHOBEHWS apTe-
puarnbHoi rnepTeHann. Onpegenexne reMoaMHaMMYeckoro peHoTuna y AeTen, 6onbHbIX caxapHbIM AMabeToM, MOXKET ObITb
CMOMNb30BaHO B KAYECTBE CKPUHWUHIOBOTO METOAA AOKMMHNYECKOW ANArHOCTUKMN CKPbITBIX HAPYLLIEHWI CEpAEYHO-COCYANCTOM
CHCTEMbI M paHHEro HazHauYeHUst NeYeBHO-NPOUNAKTUYECKUX MEPOTNPUSTHIA.

Diabetes is one of the growing challenges of the 21
century. It has a negative impact on human health, and its
growing prevalence has a significant negative economic
effect. The number of patients living with diabetes in the
world has tripled in the last 20 years. The rate of spread of
the disease exceeds all forecasts: in 2010, it was projected
thatin 2025 the incidence will be 438 million, but according
to the International Diabetes Federation, there are now
463 million people in the world with diabetes. More than
1.1 million of them are young people under the age of 20.
The prevalence of diabetes among children in Ukraine is
growing. Thus, in 2010 it was 0.981 per 1000 children,
and in 2018 — already 1.2 [2].

One of the early and common complications of
diabetes is damage to the cardiovascular system [10].
Diabetes appears as a separate and independent risk
factor for fatal and nonfatal cardiovascular disorders
[7]. In childhood, the formation of cardiovascular
complications in insulin-dependent diabetes mellitus
occurs simultaneously with the development of the
disease [9]. Therefore, early diagnosis of cardiovascular
messages at the stage before clinical changes is very
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important. At present, there are no clear objective signs
of risk management of cardiovascular disorders in
children with diabetes. Identification of latent messages
of cardiovascular function in children with diabetes will
allow to improve early diagnosis and optimize ways to
correct established messages.

Aim
To stratify hemodynamic phenotypes in children with

diabetes and the frequency with which they occur,
depending on the duration of the disease.

Materials and methods

The study was conducted at the endocrinology department
of the Municipal Institution “Zaporizhzhia Regional Clinical
Children’s Hospital” of the Zaporizhzhia Regional Council.
To achieve this goal, 72 children with type | diabetes (36
boys and 36 girls) aged 10 to 16 years were examined.
Depending on the duration of the disease, all sick children
were divided into 3 groups. The first group included 22

Matonorisi. Tom 18, Ne 2(52), TpaBeHb — cepnienb 2021 p.



children with a duration of diabetes up to 1 year (mean
age 12.9 + 0.4 years). The second group consisted of
24 patients with disease duration from 1 year to 5 years
(mean age — 13.8 + 0.4 years). The third group included
26 children with diabetes for more than 5 years (mean
age 14.3 + 0.4 years). The control group consisted of 20
children representative by sex and age, who at the time of
the survey had disorders of carbohydrate metabolism and
intercurrent diseases. The groups were representative by
age, sex, and body mass index.

All children under observation underwent a thorough
clinical examination. Clinical examination of the patient
included: medical history, clinical examination, laboratory
and instrumental methods. Daily blood pressure
monitoring with the ABPM-04 device (Meditech Ltd,
Hungary) using the oscillometric method of blood
pressure measurement was undertaken for all children.
Patients under observation were diagnosed with latent
hemodynamic disorders by quantitative analysis of
blood pressure parameters [5], which involved a linear
regression of systolic blood pressure by pulse blood
pressure (by difference between systolic and diastolic
pressure):

SBP=Q+ax PP (1),
DBP=Q+ (a-1) x PP 2),

where SBP — systolic blood pressure;

DBP - diastolic blood pressure;

PP — pulse pressure;

Qs the regression coefficient, that characterizes the
cross section (blood pressure in the area of the attenuating
pulse wave at PP = 0). This indicator reflects the level of
metabolism between blood and tissues;

a is the angular regression coefficient (“pressor”),
which reflects the proportional involvement of the heart
and blood vessels in the process of blood flow;

(a-1) — angular regression coefficient (“depressor”),
reflects the inverse direction in relation to the “pressor”
coefficient a participation in blood flow (elasticity of
resistive vessels and skeletal muscle function).

According to the results of regression, 6 hemodynamic
phenotypes were determined, which characterized
individual features of the circulatory system functioning:
harmonic, myocardial-insufficient subtype of harmonic,
borderline diastolic harmonic, borderline systolic
harmonic, dysfunctional diastolic and dysfunctional
systolic (Table 1) [5].

The ambulatory arterial stiffness index (AASI)
was calculated according to the daily blood pressure
monitoring (ABPM). AASI was calculated using a linear
regression equation describing the relationship between
systolic and diastolic blood pressure of the patient
according to the results of ABPM and was determined by
the tangent of the angle of the obtained regression line:

DBP =B, x SBP + B,; AASI = (1-B,) [1], 3)

where B, is the slope of the linear regression of DBP
to SBP;

B, is the regression coefficient.

The results were statistically processed using the
statistical software package Statistica 13.0 (StatSoft Inc.,
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Table 1. Criteria for determining hemodynamic phenotypes

The value of the The ratio of SBP, Hemodynamic phenotype
coefficient a DBP, Q

1<a<2 Q < DBP < SBP Dysfunctional diastolic

a=1 Q=DBP < SPB Borderline diastolic harmonic

O<a<1 DBP < Q < SBP Harmonic

0<a<05 Myocardial-insufficient subtype of harmonic
a=0 DBP < Q = SBP Borderline systolic harmonic

-1<a<0 DBP <SBP<Q Dysfunctional systolic

No. JPZ8041382130ARCN10-J) with the determination of
the arithmetic mean (M), standard deviation (o) and mean
errors (m). The median and quartile Me [Q1; Q2] were
used for the uneven distribution of traits and the nonlinear
dependence. The method of correlation analysis with
calculation of Pearson’s correlation coefficient is applied.
Student’s t-test and Fisher’s angular transformation
(criterion j) were used to assess the differences in the
compared groups. In cases where the distribution law
was statistically significantly different from normal, the
nonparametric Mann-Whitney test (U) was calculated as a
nonparametric analogue of the Student’s test. Differences
were considered significant at P < 0.05.

All procedures conducted in the children’s studies
complied with the ethical standards of the Institutional
and National Research Committee and the 1964
Declaration of Helsinki and its subsequent amendments
or comparable ethical standards. Informed consent was
obtained from all the individual participants included in
the study and their guardians. Complete data established
by children, their parents and the doctor, who confirm
the results of this study, are not publicly available due to
limitations obtained in the initial order.

Results

The analysis of parameters of hemodynamic phenotypes
in children with diabetes mellitus showed that in the
dynamics of diabetes mellitus there was an increased
level of coefficients a and (a-1) during the day (Table 2).

The detected changes became statistically significant
in patients of group 3 (P < 0.05), in whom these
coefficients were statistically significantly higher than both
the control group and similar indicators of patients with
disease duration up to 1 year (P < 0.05).

Inthe analysis of these coefficients, depending on the
period of the day, attention was drawn to their increase
at night in children with diabetes in the first year of the
disease, which indicated an increase in the role of systolic
componentin blood circulation and reduced diastolic role.
The most significant changes were registered in children
of group 3, in which against the background of a 2.5-fold
increase in the “pressor” coefficient, the value of the
coefficient (a-1) became positive, indicating an excessive
decrease in the role of peripheral vascular component.
At the same time, there was a two-way change in the Q
factor in patients with diabetes at different times of the
day: its increase at day-time during the first 5 years of
diabetes and a gradual decrease of this indicator at night.
To date, itis known that low values of the coefficient Q are
associated with the risk of developing acute hypotensive
states [5].
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Table 2. The values of the coefficients a, a-1 and Q in children with diabetes mellitus, depending on the duration of the disease, M + m

Parameter, units

The 1%t group, n=22 | The 2" group, n =24 | The 3" group, n=26 | Controls, n=20

24-hour a, arb. unit 0.70 £ 0.05 0.71+0.09 0.83 £0.06™ 0.64 £0.04
a-1, arb. unit -0.30 £ 0.05 -0.29 £ 0.09 -0.17 £ 0.06* -0.36 £ 0.04
Q, mmHg 84.94 +3.12 91.52 +4.61* 82.59 +£3.37 79.18 £2.98

Daytime a, arb. unit 0.58 £ 0.06 0.64 £0.08 0.82 +0.06* 0.57 £0.05
a-1, arb. unit -0.42 £0.06 -0.36 +0.08 -0.18 £ 0.06™ -0.43£0.05
Q, mmHg 89.15 + 4,32* 91.87 +5.05 90.30 + 3.88" 75.11+4.14

Nighttime a, arb. unit 0.73 £0.07* 0.97 £ 0.09* 1.13 £ 0.09* 0.45+£0.07
a-1, arb. unit -0.27 £0.07* -0.03 £ 0.09* 0.13 £0.09* -0.55+£0.07
Q, mmHg. 77.25+7.94 64.49 +7.58 56.24 £6.12* 80.70 +4.74

A: P <0.05 - in the period with the control group; *: P < 0.05 — in the period with the group of patients with diabetes mellitus up to 1 year.

Table 3. Variants of hemodynamic phenotypes in children with diabetes mellitus, depending on the duration of the disease, %

Variants of hemodynamic phenotypes

The 1%t group, n=22 | The 2" group, n =24 | The 3" group, n=26 | Controls, n=20

24-hour Harmonic 81.8 53.8 &2~ 80.0
Myocardial-insufficient subtype of harmonic 18.2 30.8 12.5 20.0
Borderline diastolic harmonic - 7.7 - -
Dysfunctional diastolic - 15.4 50.1 -
Dysfunctional systolic - - 6.2 -

Daytime Harmonic 63.6 61.5 50.0 80.0
Myocardial-insufficient subtype of harmonic 36.44 30.8 12.5% 20.0
Borderline diastolic harmonic - 7.7 6.3 -
Dysfunctional diastolic - - 25.0 -
Dysfunctional systolic - - 6.2 -

Nighttime Harmonic 454 61.5 18.7% 40.0
Myocardial-insufficient subtype of harmonic 27.3 7.7% 18.7 60.0
Borderline diastolic harmonic 9.1 7.7 - -
Dysfunctional diastolic 18.2 15.4 56.3* -
Dysfunctional systolic - 7.7 6.3 -

A: P <0.05 - in the period with the control group; *: P < 0.05 — in the period with the group of patients with diabetes mellitus up to 1 year.
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Subsequently, we analyzed the frequency of variants
of hemodynamic phenotypes in children with diabetes,
taking into account the duration of the disease (Table 3).

It was found that in the control group harmonic
or myocardial-insufficient subtype of the harmonic
phenotype dominated, which indicated the provision of
blood circulation mainly due to the propulsive work of the
left ventricle than the peripheral (vascular) component
[5].

In the group of patients with diabetes mellitus lasting
up to 1 year during the day, all children had harmonious
hemodynamic phenotypes. At night, harmonious
hemodynamic phenotypes were determined in the vast
majority (72.7 %), borderline diastolic phenotype was
observed in 9.1 % of patients, and a dysfunctional-diastolic
hemodynamic phenotype was established in other
18.2 % of this group patients. However, the presence of
dysfunctional and borderline circulatory phenotypes at
night did not affect the overall hemodynamic phenotypes
during the day in patients of this group, the analysis of
which revealed the absence of pathological variants of
hemodynamics.

We observed similar picture of the distribution of
variants of hemodynamic phenotypes in the group of
diabetic patients with disease duration from 1 to 5 years,
among which harmonious hemodynamic phenotypes also
dominated during the observation period.

ISSN 2306-8027  http://pat.zsmu.edu.ua

In the long-term course of diabetes mellitus, the
proportion of children with a harmonious hemodynamic
phenotype during the 24-hour ABPM was statistically lower
than among patients in the first 5 years of the disease
(P < 0.05). It was noteworthy that the largest changes in
hemodynamics in patients of this group were observed
at night. Thus, if during the day harmonic hemodynamic
phenotypes were determined in 62.5 % of patients, then
at night we encountered these phenotypes 1.7 times less
often — 37.4 % of cases (P < 0.05). At the same time, the
share of dysfunctional phenotypes at night increased
by 2 times due to an increase in the number of patients
with dysfunctional-diastolic hemodynamic phenotype
(P <0.05). Thus, if in the first 5 years of diabetes mellitus
harmonious cardiovascular interaction in circulatory
system was observed in patients mostly, then with disease
duration over 5 years hemodynamic parameters in most
patients corresponded to dysfunctional conditions, among
which the diastolic-dysfunctional phenotype dominated.

Given the above, we analyzed the ambulatory arterial
vascular stiffness index (AASI) (Table 4). The analysis
showed that in the majority (95.0 %) of children in the
control group, the AASI values during the day were less
than 0.3 arb. units, i.e. did not exceed the threshold
between normal and high blood pressure in children [11].

At the same time, in children with diabetes, there
was a significant increase in this index in all observation
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Table 4. AASI in children with diabetes mellitus, depending on the duration of the disease, M+ m

Groups
The 1% group, n = 22

24-hour 0.46 + 0.04
Daytime 0.43 £0.04*
Nighttime 0.30 +0.04

The 2™ group, n = 24
0.47 £0.05*
0.46 £ 0.05*
0.38+0.04*

The 3" group, n =26
0.54 +0.04*
0.68 £ 0.05*
0.51+0.03**

Controls, n =20
0.26 £ 0.03
0.33+0.04
0.22+0.05

A: P <0.05 - in the period with the control group; *: P < 0.05 — in the period with the group of patients with diabetes mellitus up to 1 year.

groups during the 24-hour ABPM with a tendency to
increase in the dynamics of the disease (P > 0.05). When
comparing the values of AASI at different times of the day
in patients with diabetes it was found that if during the
day there was the AASI increase by 1.5-2.0 times in all
groups of patients, then at night the values of this index
differed depending on the duration of the disease. Thus,
in patients of group 1, the average value of AASI did not
exceed 0.3 arb. units, corresponding to a similar index
of the control group, while patients with longer course of
diabetes AASI averages exceeded the norm.

The most significant increase of AASI was observed
in patients with diabetes mellitus lasting more than 5
years compared with both the control group and the 1%
group of patients (P < 0.05). That is, the results showed
a gradual increase in vascular rigidity with increasing
duration of diabetes.

Individual analysis of AASI values confirmed our
assumption. It was found that in the dynamics of the
disease there was a decrease in the proportion of patients
in whom the AASI index did not exceed the limit values
(Fig. 1). Ifinthe first year of the disease 45.4 % of children
had normal AASI during the day, then with the duration of
diabetes from 1 to 5 years, the number of children with
normal values of this index decreased by 2 times and
amounted to 23.1 % (P < 0.05). In Group 3 we saw the
lowest number of patients with normal vascular stiffness
index (12.5 %), which was 3.6 times less than in the first
year of the disease (P < 0.05).

When analyzing the AASI index in patients with diabetes,
depending on the time of day, similar changes were found.
Thus, in the first year of diabetes, normal AASI values during
the day were registered in 36.4 %. Subsequently, there was
adecrease in the number of patients in whom this index did
not exceed 0.3 arb. units up to 15.4 % in group 2 patients
and 6.25 % in group 3 (P < 0.05).

The most significant changes in the AASI index were
observed at night. If in the 15 group 72.8 % of patients
had normal AASI, then in patients of groups 2 and 3,
respectively, only in 23.1 % and 18.7 % of children there
was no increase in this index (P < 0.05). It should be noted
that during the night period in the first year of the disease
in no case was an increase in the AASI index over 0.5
arb. units. Also noteworthy was the fact that, in contrast
to group 1, in groups 2 and 3 were found patients with
pathological AASI values (more than 0.7 arb. units) both
during the day (38.5 % and 37.5 %, respectively) and at
night (7.7 % and 7.1 %, respectively), which may indicate
severe vascular rigidity and the development of diabetic
angiopathy. A direct correlation was established between
AAS| and PP values (r=+0.42, P <0.05). These data are
consistent with the results of other studies in which PP is
considered as a sign of increased stiffness of the walls
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Fig. 1. The value of AASI in patients with diabetes at different times of the day depending on the

duration of the disease.

of blood vessels and, in particular, the aorta, and is a risk
factor for cardiovascular disorders [1,8,11].

In order to clarify the relationship between
hemodynamic features and the state of blood vessels,
we further analyzed the parameters of hemodynamic
phenotypes depending on the AASI (Table 5). The
analysis of the obtained data showed that in patients in
whom the AASI exceeded the normative values, there
was an increase in the coefficient a and a decrease
in the coefficient Q, which indicated the development
of hemodynamic disorders due to increased vascular
stiffness. It was noteworthy that the statistical significance
of these changes was acquired at night, which may
indicate the development of nocturnal hypertension.
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Table 5. Values of a and Q coefficients in children with diabetes mellitus, depending on the AASI, Me [Q25; Q75]

Parameter, units

24-hour

Day-time

Night-time

AASI
a, arb. unit 0.61[0.28; 0.70] 0.71[0.58; 0.89]

Q, mm Hg 93.6[91.2; 94.1] 82.5 [72.4; 95.1]

a, arb. unit 0.73[0.33; 0.84] 0.78 [0.63; 0.84]

Q, mm Hg 86.7 [86.6; 105.3] 83.5[80.0; 101.3]

a, arb. unit 0.64 [0.33: 1.12] 0.94 [0.64; 1.34]*

Q, mm Hg 83.9[58.4; 110.8] 67.5 [44.1; 82.2]*

*: P <0.05 — in comparison with similar parameters at AASI to 0.3 arb. units.

Discussion

The study revealed the features of hemodynamic
phenotyping by blood pressure parameters in children
with diabetes. It was found that in children with diabetes
mellitus, in the dynamics of disease there was a deviation
from the normative parameters of hemodynamic
phenotypes: an increase during the day the level of
“pressor” coefficient a, “depressant” coefficient (a-1)
and bidirectional changes in Q (increase during the day
and its decrease at night). The established changes
indicate excessive involvement of the myocardium in
the movement of blood due to increased cardiac output
against the background of a significant weakening of
the role of the “peripheral, vascular” component of the
circulatory process [4].

At the same time, it is known that the coefficient Q
reflects the blood pressure in the terminal part of the
arterioles, where blood flow becomes constant (non-
pulsating) and characterizes the level of metabolism
between blood and organs [4]. In view of the above, it can
be assumed that a moderate increase in Q is a positive
adaptive phenomenon aimed at improving blood supply,
in particular, to skeletal muscles, which is known to play
an important role in glucose metabolism. Accordingly,
a decrease in the coefficient Q at night by 1.5 times in
patients of group 3 compared with the control group
(P < 0.05), may be a risk factor for acute hypotensive
conditions at night [5].

Further analysis of hemodynamic phenotypes
revealed that children with long-term diabetes develop
hemodynamic disorders, among the phenotypes of
which diastolic-dysfunctional is dominating. Itis believed
that in this hemodynamic phenotype there are latent
hemodynamic disorders, which are associated with
increased vascular stiffness [3,5].

Confirmation of this assumption was a gradual
increase in the outpatient arterial vascular stiffness
index in the dynamics of diabetes. The diastolic-
dysfunctional phenotype of hemodynamics, along with
high values of AASI, in the conditions of their long-term
preservation, act as a risk factor for the development of
hypertension in the future [5,6]. The formation of systolic
dysfunctional hemodynamic phenotype in some children
with diabetes mellitus may be a sign of increased total
peripheral vascular resistance and is associated with the
development of vascular spasms [5]. Therefore, patients
with dysfunctional hemodynamic phenotypes, even in
the presence of normotension, are at increased risk of
developing hypertension and require dynamic monitoring.
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Conclusions

1. In children with diabetes mellitus the dynamics of
the disease demonstrates the formation of disharmonious
hemodynamic phenotypes against the background of
increased vascular stiffness, which in combination with
increase in rigidity of vessels is realized by disturbance
of systemic blood circulation and development and
progression of diabetic angiopathy and, obviously, acts
as risk factors of development of arterial hypertension.

2. Determination of hemodynamic phenotype in
children with diabetes mellitus can be used as screening
method for preclinical diagnosis of latent disorders of the
cardiovascular system, early treatment and prevention.

Prospects for further research. In the future, it is
planned to conduct a population study of hemodynamic
phenotypes in children with diabetes mellitus.
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