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1y6okoyBaxkaemble KOJLJIern!

OcHoBHas TeMa JaHHOTO HOMEpA >KypHajla — 3Ha-
yeHne OMOMapKepoB B JUArHOCTUKE M OIpeIeICHUH
IIPOTHO3a Y OOJBHBIX C PA3ITMIHBIMH 3200I€BaHUIMHI
CEPACYHO-COCYAUCTON CUCTEMBI.

BHuManue uurareneil, HECOMHEHHO, IPUBJICYET
OpUTHHAJIBHOE UccaenoBanue, BeinoaHeHHoe O. B. Ie-
TYXOBOH C COaBTOPaMH, ITOCBSILIEHHOE UCTIOIb30BAHUIO
nabopaTopHBIX OMOMapKePOB B IPOTHO3HUPOBAHNH HC-
X0ZIa HEJIAKYHapHOTO UIIEMUYECKOTO HHCYNBTa Y 00Jb-
HBIX CaxapHBIM ITUabeToM 2-T0 THIa. ABTOPHI UCCIIe-
JIOBAH 75 TMUPKYIHPYIONINX B KPOBU OHOMapKepOB
1 C TIOMOLIBIO MAIIMHHOTO 00y4EHHs CO3/aJIi POTHO-
CTHYECKYIO MOJEJb UCX0/la UILIEMUYECKOTO HHCYIIBTa
y OONBHBIX caxapHbIM quUabeToM 2-TO THTIA.

B uccnenosanuu B. A. bepnplieBoil ¢ coaBTopamu
M3y4eHbI KITMHIYECKHUE UCXO/BI, OnoMapkeps! puodpo-
3a ¥ BOCHAJICHNS B KPOBH Ha (pOHE HEMHBA3UBHOH pe-
CIMPATOPHON Tepanvy y MAIMeHTOB ¢ puOpHILIAIIneit
rpeacepaAnii 1 OOCTPYKTHBHBIM alTHO? BO CHE. Pe3yib-
TaThl CBUAETEIBCTBYIOT O OJIATONPHUATHOM BIMSHUH
9TOH Tepanuy Ha NAaTOTeHETHYECKUE MEXaHU3MBbI pa3-
BUTHS apUTMUH ¥ TIPOTHO3 Y OONBHBIX C HAPYIIEHUSIMHU
IBIXaHHSI BO CHE.

OKCIEepUMEHTaIbHOE HCCIIeIOBAHNE, BHIIOJIHEH-
Hoe H.C.Baxpy1eBsIM ¢ cOaBTOpaMu MpH JIETOYHON
apTepuaIbHON TMIEPTeH3UH, YOSAUTENbHO JEMOHCTPH-
pyeT TOT (aKT, 9TO TPAaHCKPHUITIIMOHHOE MTPO(UITHPOBA-
HUE M03BOJISIET BBISIBUTH PEMOAEIMPOBAHNE HE TOIBKO
COCYZIOB JIETKHX, HO ¥ HWXKHHMX ABIXaTEIbHBIX MYTEH,
YTO OBUIO MOATBEPKIEHO TUCTOJIOINIECKUM HCCIIERO0-
BaHHEM.

OcoObIif nHTEpEC IS KIIMHALIMCTOB MPEICTaBIs-
€T MPOTOKOJI IUIAHUPYEMOI'0 PaHIOMHU3UPOBAHHOTO
OTKPBITOTO MPOCTIEKTUBHOIO uccnenoBanus [IOPOI"
C.P. T'unsapeBckoro ¢ coaBTOpamMu, MOCBSIIEHHOTO
OLIEHKE 0€30MacCHOCTH JTOCTHKECHUS PEKOMEHAYEMbIX

LIEJIEBBIX YPOBHEH apTepHabHOIO AABICHUS y Malu-
€HTOB MOKHJIOTO M CTapYEeCKOro BO3pacTa, B KOTOPOM
OyIyT HOIy4eHbI JaHHBIC O BO3MOKHOCTH TUCTAHIIMOH-
HOT'O MOHMTOPHHIA IS TOA00pa aHTUT UIIEPTECH3UBHOM
Tepanuu y OONBHEIX 65 JIeT u crapie.

[IpoGneme mpoOrHO3UPOBAaHUS Pa3BUTUA IIpe-
9KJIAMIICHH y OEpEMEHHBIX MOCBSILAECTCS OPUTHHAIIb-
Hoe uccnenopanue S. A. M. Nassar ¢ coaBTopamu, B KO-
TOPOM YCTaHOBJIEHO IIPOTHOCTUYECKOE 3HAYCHHUE IS
PasBUTHS OCIIOKHEHUH NPE3KIAMIICUU LIUPKYIUPYIO-
et B kpoBu Matepu cBoboanoi JJHK mrona.

OnpeneneHHBIN HHTEPEC TMPEACTABISIET 0030p JIU-
TepaTypsl, OMyOIMKOBaHHBIN B HOMepe S. Rafaqat ¢ co-
aBTOpPaMHU, B KOTOPOM OOCY>KIIAIOTCSI U3MEHEHHUS Jia-
0OpaTOpHBIX MOKa3aTesel, XapaKTepu3yomuXx GyHK-
LMOHAJbHBIE U3MEHEHHUS MIEUEHU NP apTepUaNIbHOU
TUIIEPTEH3HUH, OHAKO CIIEAyeT YUUTHIBATh TOT (aKT,
YTO apTepHajbHas THIEPTEH3US 4acTO COYETACTCs
C O)KUPEHHUEM, KOTOPOE TAaKKe MOXET BIUATH Ha CO-
CTOSIHUE TICYCHH.

Penakuus sxypHana BbIpaxkaeT HaAEKAay, 4To Iy-
OnMKauuy, IpeACTaBICHHbIE B TaHHOM HOMEpE Xyp-
HaJla, BBI30BYT MHTEPEC y UnTaTeIel 1 OYIyT MOJIEe3HBI
B MIPAKTUYECKON U HAYUYHOU NEATEIbHOCTH.

C yBaxeHuew,

3aMECTHTEINb IJIABHOTO pelaKTopa
KypHaia «ApTepuanbHasi TUHIIEPTEH3U,

II.M. H., poeccop Kadeapsl Teparnuu
(haKyJIbTETCKOH ¢ KypcOM SHIOKPHUHOIOTHH,
KapAauoJaoruu ¢ KIMHUKou umenu I @. Jlanra,
nupextop HUU cepreuHo-cocynucThix
3a0oneBanuiit HKIL]

OI'BOY BO IICIIOI'MY um. akan. . I1. [TasmoBa
Enena BanoBna bapanosa

s 'umeprensusa / Arterial Hypertension
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Pe3ome

Lesn ncciieoBaHus — U3YyYUTh KIMHUYECKHE UCXObI M TUHAMUKY MO3TOBOTO HATPUHYPETHUECKOTO TeTl-
TH/a, yPOBHEH OnomapkepoB ¢puOpo3a U BOCHaJICHUS! B KPOBH, SXOKapAUOrpadUuecKuX MapaMeTpoB Ha GoHe
HEWHBA3UBHOW PECIIMPATOPHON Tepanuy y manueHToB ¢ pudpmmsaiueit npencepauii (PI1) u 0oOCTpyKTHBHBIM
arrHO? Bo cHe (OAC). Marepuansl U MeToabl. B riccnenoBanne BKITtOUYEHB! 239 MaliueHTOB ¢ OOCTPYKTHBHBIM
ariHo? BO CHE, BEPU(PHUUIMPOBAHHBIM IO JaHHBIM HOYHOTO PECIUPAaTOPHOTO MOHUTOpUpOBaHus. BeeM obce-
JIOBaHHBIM BBITIOJIHEHBI aHTPOIIOMETPUUECKHE U3MEPEHHUS, TPAHCTOPaKalbHas SXoKapauorpadus, onpeaese-
HBI KOHIIEHTpaLuu OnomapkepoB ¢puoOpo3a, BocnaneHust, N-KOHIIEBOTO MPEALIECTBEHHUKA MO3TOBOTO HATPHIM-
yperuueckoro nentuga. Ilannents ¢ pubpumsnuent npencepaunii 1 OAC cpeqHel U TSHKeNo cTeneHu Obl-
JIM BKJIFOYCHBI B MPOCIIEKTUBHYIO YacTh MCCIEAOBaHMA, 21 MAalMEHT peryssipHO MCIIOIb30Bajl HEMHBA3UBHYIO
pecnuparopnyio tepanuio (PAP-tepanuio), 80 manueHTOB HE MOMYyYadd PETYISIPHYIO PECIUPaTOPHYIO MOA-
nepxky. Uepes 1 ron HaOmoneHUs MOBTOPHO OLIEHUBAIMCH XOKapAnorpaduuecKue napaMeTpbl, ypoBHU OHO-
MapKepoB B KPOBU M KIIMHUYECKHE UCXObl. Pe3yiibTarbl. YcTaHOBNEHO, uTo Y 60nbHBIX ¢ OAC cpeaHneil u T5-
xenoit crenienn DI BcTpeuanack darie, 4eM MpH JIETKOW CTENeHN HapylieHui apixanus Bo cae (p = 0,009 u
p = 0,004 coorBeTcTBeHHO). KOHIIEHTpany B KPOBH MO3TOBOTO HATPUHYPETHUECKOTO MENTH 1A, ONOMapKepOB
¢ubpoza (ranekruna-3, GDF-15, CTGF) u Bocnanenus (uHTepneiikuna-6) yepes 12 MecsieB UCIONb30BaHUs
PAP-tepanuu cansumucs (p < 0,0001), a y marnuienToB, He mpuMeHsIBIINX PAP-Tepamnuio peryispHo, He U3Me-
HUIUCH. DXOKapauorpaguyeckue mokazaTelH, XapakTepu3yIone peMOIEeNMpOBaHNe npeacepanii (pa3Mepsl,
00BbEMBI 1 HHAEKCH 00BEMOB 000UX MPENCEPANIt), a TAKKE pa3Mep JETOUYHON apTepyuu U JaBJeHUE B JIETOYHON
apTepur CHU3WINCH Ha (JOHE MCTIONB30BaHMS HEMHBA3UBHOHN pecrupatopHoii Tepamuu (p < 0,05). Mcnonp3oBa-
Hue PAP-Tepanuu cHmxano puck nosropaoro BosaukHoBeHus OI1 va 54,4 % (OP = 0,46, 95% AU 0,25-0,84,

&

B.A.BeppgpimeBa u ap.



p <0,01), kIMHUYECKOI KOMOMHUPOBAHHOM KOHeuHO# Touku Ha 31,6 % (OP = 0,68, 95 % 1N 0,50-0,93, p < 0,01),
MIPOTHOCTUYECKON KOMOMHUPOBAaHHOHN KOHEUHOM TOUKH Ha 76,9 % (OP = 0,23, 95 % /U 0,06-0,89, p = 0,007).
3akmouenne. Perynsproe ucnonb3oBanne PAP-tepanvu B cocTaBe KOMILIEKCHOTO JiedeHus y nmarueHToB ¢ OAC
yMepeHHOH U Tshkeou crenenu u Ol cHukaeT puck peluanBa apuTMUH, apTePUATILHOM THITIEPTEH3UU 0€3 J10-
CTIDKCHHUS 1ISJICBBIX 3HAUCHUH apTepUANbHOTO IaBICHUS, KIMHHYSCKON U TIPOTHOCTUYECKOW KOMOWHUPOBAHHBIX
KOHEYHBIX TOYEK, @ TAKIKE COITPOBOXK/IACTCS YMEHBIIICHUEM KOHIICHTPAIMK B KPOBH IIPOBOCIIAIUTEIILHBIX U IPO-
(bMOpOTreHHBIX MAPKEPOB U JAMJIATAIIUY TPEACEPANN, CHIDKCHHEM JaBJICHUS B JISTOYHOW apTepuUU.

KaroueBbie cjioBa: 00CTpyKTHBHOE allHO? BO CHE, (GUOPWILIAIMS IPEACepAnid, HSWHBa3UBHAS PECIUPATOP-
Has Tepanusi, Bocnayienue, puopos
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Abstract

Objective —to investigate clinical outcomes and dynamics of brain natriuretic peptide, blood levels of fibrosis
and inflammation biomarkers, echocardiographic parameters against the background of non-invasive respiratory
therapy in patients with atrial fibrillation (AF) and obstructive sleep apnea (OSA). Design and methods. The
study included 239 patients with obstructive sleep apnea verified by night respiratory monitoring. All examined
patients underwent anthropometric measurements, transthoracic echocardiography, and determined concentrations
of fibrosis and inflammation biomarkers, and N-terminal precursor of brain natriuretic peptide. Patients with
atrial fibrillation and moderate-to-severe OSA were included in the prospective branch of the study, 21 patients
regularly used non-invasive respiratory therapy (PAP-therapy), 80 patients did not receive regular respiratory
support. After 1 year of follow-up, echocardiographic parameters, blood biomarker levels, and clinical outcomes
were re-evaluated. Results. AF was more common in patients with moderate-to-severe OSA than in those
with mild sleep-disordered breathing (p = 0,009 and p = 0,004, respectively). Blood concentrations of brain



natriuretic peptide, fibrosis biomarkers (galectin-3, GDF-15, CTGF) and inflammation (interleukin-6) decreased
after 12 months of PAP-therapy (p < 0,0001), while they did not change in patients who did not use PAP-therapy
regularly. Echocardiographic parameters characterizing atrial remodeling (size, volume, and volume indices
of both atria), as well as pulmonary artery size and pulmonary artery pressure decreased with the use of non-
invasive respiratory therapy (p < 0,05). The use of PAP-therapy reduced the risk of recurrent AF by 54,4 %
(OR =0,46, 95% CI1 0,25-0,84, p < 0,01), the clinical composite endpoint by 31,6 % (OR = 0,68, 95% CI 0,50-0,93,
p < 0,01), and the prognostic composite endpoint by 76,9% (OR = 0,23, 95% CI 0,06-0,89, p = 0,007).
Conclusion. The regular use of PAP-therapy as part of a complex treatment in patients with moderate-to-
severe OSA and AF reduces the risk of arrhythmia recurrence, arterial hypertension without achieving target
blood pressure, clinical and prognostic combined endpoints, and is accompanied by a decrease in blood concentrations
of proinflammatory and profibrogenic markers and atrial dilation, and a decrease in pulmonary artery pressure.
Key words: obstructive sleep apnea, atrial fibrillation, noninvasive respiratory therapy, inflammation, fibrosis
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BBenenne

Oubpumsanus npencepauit (OI1) — Haubonee
YaCcTO BCTPEUAIONIAsCsl YCTOMYNBAs apUTMUs, Hepel-
KO yXyJIIaromnias Ka4eCTBO XU3HH MAIMEHTOB, yBe-
JTUYHMBAOIIAs PUCK MHCYIIBTa, TPOMO03IMO0INYECKIX
OCIIOKHEHUH W CIIOCOOCTBYIOIIAs TPOTPECCHPOBAHUIO
cepaeunoil HegocraTounoctu [1]. CornacHo pexo-
MeHjanusm EBponelickoro o0ImiecTBa KapAnoIoroB
(2024), oxxupgaercs, YTO PacUpOCTPAHEHHOCTh JaH-
HOTO HApPYIICHUS PUTMA yIABOUTCS B TEUCHHE CIIEY-
IOIIUX HECKOJIbKUX JECATUIICTHI BCIEACTBUE YBE-
JUYCHHs CPEIHEr0 BO3pacTa MOMYIISIIIIK, OOIBIIOTO
KOJTM4YeCTBa (PAKTOPOB PUCKA U COBEPIICHCTBYFOIIUXCS
METOJIOB IMarHOCTUKU [2].

O6ctpykTrBHOE anHO3 BO cHe (OAC) yacto BeTpe-
yaeTcst y nanueHtoB ¢ OII [3] u sBugercss monudu-
IUPyeMBbIM (aKTOPOM PHCKA Pa3BUTHUS U MPOTpec-
CHUPOBaHUS TaHHOW apUTMUU. XPOHUYECKAS UHTEP-
MUTTHpYIOIIas TUIIOKCHs, accouuupoBanHas ¢ OAC,
MPUBOAUT K OKUCIUTEIHHOMY CTPECCY, BOCIIAJICHUIO
U aucOaaHCcy BEereTaTUBHOU peryisnuu, a GopMu-
pOBaHHWE OTPHIIATEIILHOTO BHYTPUTPYIHOTO JABICHUS
CIOCOOCTBYET MEXaHUYECKOMY PACTSHKEHUIO MUOKap/Ia,
YTO MPENPacIoNiaraeT K CTPYKTYPHOMY PEMOJIEITHPO-
BaHUIO NpeAcepanid U GOPMHUPOBAHUIO FIKTOMTUIECKOM
aKTUBHOCTH [4].

Hapsimy co cTpyKTypHBIME | 3JIEKTPO(PH3HOIOTH-
YECKUMHU U3MEHEHUsIMH, B OCHOBe pa3Butus DII me-
JKaT U MOJIEKYJISIPHO-TEHETUYECKUE U3MEHEHUs [5].
NwmeroTcs oTaensHble MyOIHKaluu, TOCBSIIEHHBIE U3-
YYEHHUIO KOHLIEHTPAUi B KPOBU PA3IMIHBIX OHOMap-
kepoB y nanueHToB ¢ OAC u ®II [6]. Bmecte ¢ Tem
POJIb IUPKYAUPYIOIIUX B KPOBU OHMOMapkepoB (prudpo3a
Y BOCTIAJICHUS B Pa3BUTUU U IIPOTPECCHPOBAHUU JaH-
HOTO HapyIlIEH!s pUTMa y AIIUEHTOB C HAPYIICHUIMHU
JIBIXaHHS BO CHE U3y4YeHa HeJ0CTaTOYHO.

Haubonee a3ppekTHBHBIM METOIOM KOPPEKIMH Ha-
PYLICHUH ObIXaHUs BO CHE SIBISIETCS Tepamnus, CyTh
KOTOPOM — CO3/1aHHE MOJIOKUTEIHHOTO AaBICHUS
B BEPXHHX JbIXaTenbHbIX myTsaX (PAP-tepamms) [7].
Hoxazano, yto PAP-Tepanus npuBoguT K 00OpaTHO-
My Pa3BUTHIO PEMOJAEIUPOBAHUS NPEICEpAN npu
OII [8]. Onnaxo Bnusinue PAP-Tepanuu Ha KOHEUHbIE
CEpACYHO-COCYAMCThIC TOUKH U Ha YPOBEHb LIUPKYIIHU-
PYIOIIKX B KPOBH NMPOBOCTIATHUTEIBHBIX U TPOGHOpo-
Tryeckux Onomapkepos npu PII okoHuaTenbHO He
YCTaHOBJICHO.

Heas nccaenoBanuss — U3y4YUTh KIMHUYECKHUE
UCXO/IbI ¥ IMHAMUKY MO3TOBOTO HaTPUIypPETUUECKOTO
MENTH]IA, YPOBHEH OroMapkepoB Gpudpo3a 1 Bocmaie-
HHS B KPOBH, 9XOKapIrorpauuecKux apaMmeTpoB Ha
(hoHE HEMHBAa3UBHOW PECIIMPATOPHOI TEPaIUH Y Malu-
€HTOB C GUOPHILIAIIUEH MTpeAcepaAnii U OOCTPYKTUBHBIM
arrHOd BO CHE.

MarepuaJjibl 1 METOAbI

B uccnenosanue BkiroueHs! 239 manueHToB B BO3-
pacte ot 30 1o 77 neT, rOCIUTaIN3UPOBAHHBIX B KIIH-
HUKY Tepanuu (akynbreTckoi uMenu akan. [ @. Jlan-
ra ®I'bOY BO IICIIGIMY um. U.I1.I1aBnoBa Mun-
3npaBa Poccuu, KOTOpBIM, MO AaHHBIM HOYHOIO
pecniuparopHoro Mouutopuposanus (SOMNOIlab2,
Lowenstein-Weinmann, ['epmanus), 66110 BepudHIIm-
poBano OAC mpu peructpauuu 5 u 6osee 3MMU3010B
aIHO?/TUIIONHO3 B Yac. CTeneHb TSHKECTH OLIeHHBAJIACh
cornacHo uHjAeKcy amHod/runonuos (MAT): 5-14,9
3MM30/a AITHO3/TUIIONTHOA B Yac — JIeTKasl CTENCHb all-
HO3 BO CHE, 15-29,9 B yac — anHO3 cpenHel cTeneHu
TsKecTH, > 30 B yac — TsbKemas CTeNeHb arnHod [9].
Takske perucTpupoBaiiCh CPeIHUNA U MUHUMAIbHBIN
YPOBEHb caTypaluu KpoBH KucinopoaoM (SpO,) Bo Bpe-



Ms cHa, 1ouis (%) BpeMeHH OT 00IIeH MPOJI0IKUTEIb-
HoctH cHa ¢ SpO, menee 90 %, UHAEKC aecaTypaluu
(aucno smu3010B cHmkenus SpO, Gonee yem Ha 3 %
B 4ac), CpeqHss U MakcuMalbHast JUIMTEIbHOCTD JITH-
30712 armHOd. 3a BpeMsl CHa MPUHUMAJIOCh od1iiee Bpe-
Msl HccleioBaHus Oe3 yueTa BpeMeHH! apTe(akToB 3a-
MUCH U 0OAPCTBOBAHUS (ONPEAEIIEMOro C TIOMOIIBIO
JHEBHUKA IMAIMEeHTa, B KOTOPOM YKa3bIBAJIOCH BPEeMs
3aChIaHuA U MPOOYXKAEHHSI, BpPEMS TOPU30HTAIBHOTO
MOJIOKEHHS Tella, XapaKTepa JAbIXaHus).

Bcem 00cneoBaHHBIM BBIOTHEHBI aHTPOIIOME-
TPUUYECKUE U3MEPEHUS] U TpaHCTOpaKalbHas dXOKap-
muorpadus Ha anmapare Vivid 7 (GE, USA). Yautsi-
Basi HaIM4Me oKUpeHus y 6onbHbIX ¢ OAC, ipH OLleHKe
HHJIEKCa MacChl MUOKap/a JIeBoro xenynouka (MMM
JIX) npeaBapuTenb-HO HCHOIB30BAINCH Pa3IMYHbIE Me-
TOAWKY OLIEHKH AaHHOTO MoKazaTes (10 pocTy B CTe-
neHu 2,7 OTHOCUTENBHO TMJIOMIAHN TOBEPXHOCTH Teja
U OTHOCHUTENIFHO Macchl Tena). C y4eToM OTCYTCTBHS
CTaTUCTUYECKH 3HAYMMBIX pa3inyuii B pabote mpea-
CTaBJICHBI JaHHBIE TOJBKO OTHOCHUTEIHHO IUIOMIAN
MOBEPXHOCTH TeJa.

Brutu nosmyueHs! 00pasibl M1a3Mbl WA CBIBOPOT-
KU KPOBH, KOTOPBIE UCIIOIB30BAIHCH IJIS OTIPEACTICHHS
KOHLIEHTpaluii OMOMapKepoB C TOMOIIBIO CTaHJaPT-
HBIX KOMMepueckux HabopoB. ['anekTun-3 uccueno-
Basics ¢ momoibto Habopa Human GAL3 (Galectin-3)
ELISA Kit, coeqHUTEIPHOTKAHHBIN (haKTOp pocTa
¢udbpodnacroB (CTGF) — na6opom Human CTGF
(Connective tissue growth factor) ELISA Kit, pocto-
Boit ¢akTop auddepenuuposku-15 (GDF-15) — Ha-
6opom Human GDF15 (Growth Differentiation Factor
15) ELISA Kit, untepneiikun-6 (MJI-6) — nabopom
Human IL-6 (Interleukin 6) ELISA Kit, N-koHueBoit
MPEeAIIECTBEHHUK MO3TOBOTO HATPUIYpETHUYECKOTO
nentuaa (NT-proBNP) ¢ momomeio Habopa ELISA
Kit for N-Terminal Pro-Brain Natriuretic Peptide.

U3 koropThl TOCOUTANU3UPOBAHHBIX MALMEHTOB
¢ OAC (n =239) ans npoBefieHNs IPOCIIEKTUBHON Ya-
CTH UCCIieIoBaHusl (HaOmoneHue B TedeHue 12 mMecs-
11eB) ObLTH OTOOpaHbBI OOJILHBIC CO CPETHEH HITH TSKE-
JIOM CTENEeHbI0 HAPYIIeHUH AbIXaHUs BO cHE (110 JaH-
HBIM PECMHUPATOPHOr0 MOHHTOpUpoBanus) U PII
(;1r0001# (hOopMBI), U3BECTHOM B aHAMHE3€ M 3apETUCTPH-
POBaHHOH MO JAaHHBIM CTaHIAPTHOM 3JIEKTPOKAPIHO-
rpaduy WIM CyTOYHOTO MOHUTOPHPOBAHUS DIIEKTPO-
kapauorpadun (n = 101). Bcem 60ompapM ¢ DI 11 OAC
CpenHel U TSHKEJION CTEeTeHH, ¢ YUEeTOM HAJIMYHS OKa-
3aHuil, ObUTa IpeAToKeHa HHUIHALS HEUHBa3UBHOM
pEeCIMPaTOPHOH Tepanuy B Ka4eCTBE METOAA JICUCHHSI
HapyLIeHUH AbIXaHUS BO CHE, IIPH 3TOM 25 MallUEHTOB
OT BBINOJHEHUS TPOOHOTO Kypca pecupaToOpHON Te-
panuu oTkazanuch. TakuM 00pa3oM, OOJbIIEMY YHCITY
OonbHBIX (n = 76) Obuta MHUIMKUpOBaHa PAP-Tepanus

(Tepanus myTeM CO3IaHus ONOKHUTEIBFHOTO IABICHUS
B BEPXHHX JbIXaTeJIbHBIX MYTAX) B pexxume AutoCPAP
(Automatic Continuous Positive Airway Pressure). J{ns
nposenenus: PAP-tepanuu ucnons3oBanauck npuOopsl
xomnanuu Lowenstein cepun Prisma (Mogenu 20A).
Bcem nannentam nogoOpaH 3 eKTHBHBIN PEKUM pe-
CIIUPATOPHOMN MOAJEPKKU U JaHbl pEKOMEHAALNHU 110
peryaspHOMY HCTIONIb30BaHMIO anmnapara B JOMaIIHUX
ycnoBusAX. DPPEKTUBHOCT, HEMHBA3UBHOM pecnupa-
TOPHOW Tepanuu U KOMILUIAaGHTHOCTh MAaI[eHTOB Olle-
HUBAJIHCH C IOMOMIBIO aHAJIHM3a OTYETa MpUOOpa Mo
3aperuCTPUPOBAHHBIM JaHHBIM O €TO UCIOJIb30BAHUU
B TeueHHe Kaxaoi Houu. Kpurepuem s¢dexTuBHO-
ctu PAP-Tepanuu cunranocs goctikenne MAIT menee
5 3nM3010B B 4ac Ha (JOHE PECHUPATOPHON MOATCPKKH,
KpUTEPUEM NPUBEPKEHHOCTH K JIEUEHUIO — HCIIOJIb-
30BaHME anmapara He MeHee 4 4acoB 3a HOUb HE MEHEe
70% wnoueti [10]. Perynspuyro u spdexruBnyo PAP-
TEpanuIo 3a BECh MEPHOJl IPOCIIEKTUBHOTO HAOMIOe-
HUs nony4an 21 manueHT (rpynma HanueHToB ¢ Pery-
JISIPHBIM HCIIOJI30BAaHHUEM PECIIHPATOPHOI Tepanun)
u3 76 OONBHBIX, KOTOPHIM OBUT HHULMMPOBAH JaHHBIN
METO/]] JIEUeHUs] HapyIlIeHU! AbIXaHus BO cHe. B Te-
yeHue | rona HaOMIONEHNs HeXeTaTelIbHbIE SBICHUS,
noTpeOOoBaBIINE OTMEHBI PECITUPATOPHOM MTOIACPIKKH,
3aperucTpupoBaHbl He ObUTH. OZHAKO, C YYETOM HH3-
KOM NMpUBEPKEHHOCTH K TaHHOMY METONY JICUeHHUS,
55 manuenToB ucnonszoBanu PAP-tepanuto Hepery-
JISIPHO MJIM CaMOCTOSTENBHO MOJHOCTBIO OTKA3aJIUCh
OT HEMHBA3UBHOMN pecnUpaTopHOu Tepanuu. Takum
o0pa3om, OblIa BeIJETIeHA TPpyIa MalleHToB Oe3 pery-
nspHOTO Mcnonk3oBanus PAP-teparnuu (n = 80), Bitto-
yapIas 25 NalueHToB, U3HAYAJIbHO OTKA3aBIIUXCS OT
npoBeneHus npobHoro kypca PAP-tepanun, u 55 na-
LIUEHTOB, UCTIOJIb30BABIINX PECIIMPATOPHYIO TEPATIHIO
HEpEryJsIPHO WIIK OTKa3aBIINXCSI OT Hee B Xoze Ha0o-
neHust. CxeMa nu3aiiHa MCCIEOBAaHUS MPECTaBICHA
Ha pucyHke 1.

Yepes 1 ron HaOIOACHUS TOBTOPHO OLICHUBAJIUCE
KOHIICHTpali OMOMapKEPOB B KPOBH, IXOKapIUOrpa-
(uueckre mapaMeTphl U KIMHUYECKUE UCXOABI.

[Ipoananu3upoBaHo HaJIUM4HUE apTepUANTbHON TH-
nepTeH3un 0e3 TOCTHKEHUS LENIEeBbIX 3HaUeHUH ap-
TepuanbHoro nasieHus (AJl), kotopas onpeaensnach
B CJIydae peryysspHOro NpUMEHEHNsI Ha3HaYeHHOH aH-
TUTHIIEPTCH3UBHON Teparnuy 0e3 TOCTHXEHHUS LeTIEBOTO
ypoBHs AJl (o nanHbIM oucHOTO M3MepeHus AJl Ha
MOMEHT BKJIFOUEHU ¥ uepe3 12 MecaieB HaOmoaeHus,
a TaKXe 110 JAHHBIM THEBHUKOB CAMOCTOSITEIBHOTO JI0-
ManrHero KoHTpois AJl).

OneHuBanuCh NepBUYHAs KOHEYHas TOUKa, BKIIIO-
yaromiasi 11000# 3aperucTpupoBaHHblil snn3zon PI1
(c momombI0 3MEeKTpOKapaAuOorpaduu, CyTOYHOTO
WM MHOTOCYTOYHOIO MOHMTOPHUPOBAHUS 3JIEKTPO-



FocnHTanManpoBaHHbie
nauueHTs
¢ pepuduumpoBanHeim QAC
no gaxdHeim PM
(n=239)

naquemu € Nerkon cTeneHso
OAC + &M 1 naymenTsl Ges &N
(n=138)

MauneHTsl co cpegHen
W TAKENoi cTeneHbo OAC + &N
(n=101)

Orra3s ot uHuymauwn PAP-Tepanuu

GKMONEHUE
8 NpocnexmueHoe
HabmodeHue

N\

WHuymauma PAP-Tepaniu

(n=25) (n=76)
HeperynapHoe ucnonsaoeanve PerynapHoe u adibexTeHoe
wnu oTkas ot PAP-Tepanuu wenonb3oeadue PAP-Tepanuu
(n = 55) (h=21)
Pl
FpynnanayxeHTos Mpynna nauueHToB
Ges perynaphoro € perynapHbIM
HCNONb30BaHWA HMCNONb30BaHHEM
PAP-Tepanun PAP-Tepanumn
(n = 80) (n=21)

Pucynok 1. lusaiin ucciegoBaHug

Mpumeyanusi: OAC — o6CTpyKTHBHOE anHO? BO cHe, PM — pecnuparopHoe MonuTopuposanue, OI1— ¢ubpumisius npeacep-
nuii, PAP-Tepamnust — Tepanus myTeM COo31aHHs MOJO0KUTENbHOTO JaBICHHS B BEPXHUX JbIXaTEIbHBIX MyTAX.

Kapauorpadun) B TedeHue 1 rona HaOIrOneHUS (Cpeau
NaIMEeHTOB C MapOKCU3MaIbHON U MEPCUCTHPYIOLIEH
dbopmamu aputmun). KoHTponb puT™Ma ¢ MOMOIIBIO
MHOTOCYTOYHOTO MOHHUTOPHPOBAHUS 3MEKTPOKAPAHO-
rpadun («Hopmoxapa», Kemeposo, Poccust) mposo-
JWJIcs B TeUeHHE HEe MeHee 72 yacoB uepe3 12 mecsies
HaOJIIOIEHMUS.

[IpoBoauiacek oleHKa KIMHHUYECKOW KOMOMHU-
pOBaHHON KOHEYHOM TOYKH, BKJIFOUABIIEH PELUIUB
apUTMHH TIOCTIE KapAUOBEPCHUHU (ANEKTPUUIECKON Min
MEAMKAaMEHTO3HOM), BHIIIOJIHEHHE PaAHO4acTOTHON
abmanuu (PYA), He0OXOMUMOCTh CMEHBI AaHTHAPUTMH-
YEeCKOH Tepanuu u 0001 3aperucTpupOBaHHBIN 31TH-
301 @II B Teuenue 12 Mecsaues. Takxke mpoaHalIn3u-
pOBaHa MPOrHOCTHYECKAs! KOMOMHUPOBaHHAs! KOHEYHAS
TOYKa, BKIIOUaBILAs JIETATbHBINA UCX0A, He(haTaabHbIH
UH(ApKT, HeaTaIbHBIH WHCYABT U TOCITUTAIU3ANIO
B CTallMOHAP B OTICICHUS TEPAIEBTHUECKOTO MPOH-
7151 (T10 IOBOALY AEKOMITEHCAIIH CEPACYHO-COCYTUCTBIX
3aboneBanuii y 60npHBIX ¢ DII).

B nccnenoBanne He BKJIIOYAIUCH TALUEHTHI C TS~
JKEJIBIMU HapyLICHUSIMU (QYHKIUH MOYEK U MEUCHH,
JBIXaTeJIbHOM HeIOCTaTOUHOCThIO, XPOHUUECKOHU cep-
JEYHOH HEIOCTaTOYHOCTHIO C HU3KOH (hpakimeit BbI-
Opoca JIeBOro JKeNmyJ0uKa, IEHTPaTbHBIM alHOd BO CHE,
THPEOTOKCHKO30M, OCTPHIMHU HAPYILIEHUSIMUA MO3TOBOTO
KpPOBOOOpaIEeHNs, CHHAPOMOM CI1a00CTH CHHYCOBOTO
y371a, OCTPBIMU BOCTIAJIUTEIBHBIMU 3200I€BaHUSIMH
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1 000CTPEHUAMH XPOHHUUYECKHUX 3a00JIeBaHM, OHKOJIO-
THYECKUMH M CHCTEMHBIMU 3a00JI€BaHUSIMU, KapIHO-
XUPYPTrHUECKUMH M KaTeTEPHBIMU BMEILATEIbCTBAMU
B aHamHe3e. MccnenoBanue BBITOTHEHO B COOTBET-
CTBUU CO CTaHAapTaMH HaJyIeKalled KIMHUYEeCKON
npaktuku (Good Clinical Practice) n npununnamu
XenbcHUHKCKOM Aeknapanuu. [Iporokon uccnenosa-
HUS 0000peH DTUYECKUM KOMUTETOM KIMHHUYECKOTO
nenrtpa (2022 r.). YV Bcex MauueHToB ObLIO HOITYy4eHO
MUCbMEHHOE MH(POPMUPOBAHHOE COITIacue 0 BKJIO-
YEHUS B UCCIICIOBAHUE.

CrarucTuieckuil aHaJu3 TaHHBIX BHITIOJIHEH C I10-
MOIIBIO JTMIEH3UPOBAHHOTO MPOTpaMMHOT0 obecre-
yerus (IBM SPSS Statistics). OrnieHka HOpMaIbHOCTH
pacrpeaeneHus YUCIOBBIX IEPEMEHHBIX MTPOBOIMIIAC
¢ noMo1ueko kpurepueB Konmmoroposa—CmupHosa. Ko-
JIMYECTBEHHBIE IEPEMEHHBIC, TOAYMHAIOIINECS 3aKOHY
HOPMAaJILHOTO PacIlpenesieHus], PeACTaBICHbl CPe-
HUM 3HaueHueM (M) + cTaHgapTHOE OTKJIOHEHUE (),
NPH pacTpeAeieHNnH, OTIINYAIOIIEMCS OT HOPMaJIbHOTO,
JaHHBIE MPEJCTaBIeHbl B BUIE Menuansl (Me) ¢ yka-
3aHHEM MEKKBAPTWIBHBIX MHTEPBAIOB [25 %; 75 %].
CpaBHEHHE YaCTOTHBIX BEJTMYHMH ITPOBOAUIIOCH C TOMO-
b0 y*-kputepus [Tupcona, pacueT OTHOLICHHS IIaH-
coB (OL) u orHOcuTenbHOTO prcka (OP) mpoBoancs
C TIOMOIIBIO YETHIPEXIIONBEHON TaONMUIIBI CONPSHKEHHO-
CTH C UCHOJIB30BaHUEM TOUHOTO KputTepus durepa.
Jnst cpaBHEHHUS B HE3aBUCHMBIX TPYIIax MOKa3arenei



C HOpPMaJIbHBIM pacrpeeieHneM ObLT HCIOIB30BaH Ia-
pameTpudeckuil t-kpurepuit CThrOZIeHTa ATl HE3aBUCH-
MBIX BBIOOPOK, a JUIsl CPaBHEHUS B HE3aBUCUMBIX IPyII-
I1ax C pacIpeleeHueM, OTINYAOIIKUMCS OT HOPMaJlb-
HOT'0, UCIIOJIb30BaH HenapaMerpuueckuil U-kpurepuil
Manna—YutHu. J{11s1 cpaBHEHMSI B 3aBUCUMBIX I'PyIIIAX
MoKaszaresneil ¢ HOpMalbHBIM pacrpeerieHeM ObLT hc-
[I0JIb30BaH MapaMeTpudeckui t-kputepuii CTbrofeHTa
JUTS 3aBUCUMBIX BBIOOPOK, a JIJIsl CPaBHEHHUS B 3aBH-
CUMBIX TPYINIAX C PACIPEACICHUEM, OTINYAOIIUMCS
OT HOPMAJIBHOI'O, UCIIOJIb30BAH HEMapaMeTPUUECKUI
T-xpurepuii BunkokcoHa.

Pesyabrarsl

Cpenu Bcex 00CiIeIOBaHHBIX JIeTKas CTeNeHb Ha-
pYLICHUN NbIXaHHUS BO CHE ycTaHOBIeHa y 62/239
(25,9 %) OONBHBIX, CPeAHSS CTEIECHBb TAKECTU —
y 53/239 (22,2 %), Tskenasl CTENeHb altHOd BO CHE —
y 124/239 (51,9 %) narueHToB.

[Tpu onenke BcTpeyaeMocTy GUOPHUILISIAN TIpe-
cepauii y 60mpHBIX OAC pa3inuyHON CTEICHU TAKECTH
YCTaHOBJIEHO, YTO NpH Jerkoi crenedn OAC aputMus
BcTpeuanachk y 21/62 (33,9 %) OonbHBIX, IpU cpea-
Hel CTENeHN TSKECTH HapYIIEHUH JbIXaHUSA BO CHE —
y 31/53 (58,5%), a cpenn NaMeHTOB C TSHKENIOH cTe-
niensio OAC —y 70/124 (56,5 %). Y 6onbHBIX ¢ OAC
cpenHel u Tspxenou crenenu @II Berpevanacs vaie,
YeM MU JIETKOW CTENIEHHN HapyLIEHUH JbIXaHUsS BO CHE
(p = 0,009 u p = 0,004 coorBercTBeHHO). BeTpeuae-
mocTh DII cpeny ManueHTOB C TSHKEJIONW U CpefHeln
CTEIICHSIMU aIHO? BO CHE He pasznu4anach (p = 0,802).

Hannuune Tsxenoit crenenn OAC yBennuuBano
BeposTHOCTh DII B 2,5 pa3a no cpaBHEHHIO C JIETKOH
CTEMEHbI0 HapyIICHUI nbixaHus BO cHe (> = 8,434,
Ol = 2,53, 95% AU 1,34-4,77, p = 0,004).

Ha mMomeHT BKIIIOUEHHUS B UCCIIEOBAHUE TPYIIIBI
MalKEeHTOB C Ucnob3oBanueM PAP-tepanuu u 6e3 pe-
TYJISPHOTO MPUMEHEHMSI PECTTMPATOPHOM MOAAEPKKHI
OBUTH COMIOCTaBUMEI IO BO3PACTY, B paciipeie/IeHHH 0
TIOJTY, UHAEKCY Macchl TeNa, OKPY>KHOCTH IIEH U OKPYXK-
HOCTH TaJlUH, 3XOKapAHOTrpapuIECKUM MOKa3aTeIsIM
(Tabm. 1), a TakKe O BCTPEYaEMOCTH OXKUPCHUS, caxap-
HOTO qrabera, XpOHHMYECKOH CepleuyHON HeloCcTaToy-
HOCTH, HIIIEMUYECKOH OONe3HH cepala, apTeprualbHOMU
THIIEPTEH3UH, B TOM YHCIE 0€3 TOCTHXKEHHS LEeNEBBIX
3HaueHui AJl, ncxomHoMy ypoBHIO AJl 1 mpuMeHseMoi
AQHTUTUIIEPTEH3UBHOM Tepanuu (Tad. 2).

[Ipu oneHke mapamMeTpoB pecHUPATOPHOIO MO-
HHUTOPUPOBAHMUA BO BpeMsd CHaA (0 WHUIMALUU pe-
CIIUPATOPHON MOAAEPIKKH) OBIJIO YCTAHOBJIEHO, YTO
rpYNIbl CPaBHEHUS HE pa3MYaluCh MO HHIAEKCY
arHO3-TUIIONIHO?, HHJEKCY AecaTypaluu, cpenHei
Y MaKCUMAJIbHOM JJIUTENBHOCTH allHO3, CPEIHEMY
U MUHUMAaJIbHOMY YPOBHIO CaTypally KpPOBH KHCIIO-

pOIOM, a TaKXke 1o A0JIe BpEMEHH CHA C YPOBHEM ca-
Typaruu MeHee 90 %.

[Ipu oueHke AMHAMUKN YpOBHEH MO3TOBOTO Ha-
TPUIlypeTHUECKOTO MenTuaa, OnoMapkepoB Gpuodpo-
3a U BOCIIAJIEHUs B KPOBH uepe3 12 mecdues nociue
BKJIIOUEHHUS B HCCleAOBaHUE OBIJIO yCTAaHOBIICHO,
YTO B TPyMIIE€ MAallUEHTOB, PETYISPHO HUCIIONb30BAB-
mux PAP-tepanuto, ypoBau NT-proBNP, ranexru-
Ha-3, GDF-15, CTGF u untepnelikuna-6 3Ha4uMo
camsunuch (p < 0,0001). Oxokapauorpaduueckue
MOKa3aTeNlH, XapaKTepU3yIole peMOAeINPOBAHNE
npeacepanii (pa3mepsl, 00beMbl 1 HHIAEKCH 00BEMOB
o0oux mpeacepAni), a TakKe pa3Mep JErOYHOM apTe-
pUU U aBiI€HUE B JIETOYHOW apTepUM CHU3UIIUCH Ha
(hoHe HCIoNIB30BaHU HEMHBA3HBHOM peclupaTopHOH
Tepanuu. Pazmepsl npaBoro xenyaodka, HHIEKC Mac-
CBl MHOKap/ia JIEBOTO XKeTyA04Ka 1 hpakuus BeIOpoca
JIEBOT'O KeJIyll0uka He U3MEHUINCH. [laHHbIe mpen-
CTaBJICHHI B Tabnuie 3.

B rpymnne nanueHToB 6€3 peryaspHOro HCroiab30-
BaHUS PECHUPATOPHON MOANEPKKH YPOBHH T'aJIEKTH-
Ha-3, GDF-15, CTGF uepe3 1 rog 3Ha4MMo He pas3nu-
YaJch 10 CPAaBHEHUIO C YPOBHSAMH JaHHBIX OHOMap-
KEpOB B KPOBH HA MOMEHT BKJIFOUEHHSI B HCCIIEIOBAHUE
(p=0,074, p = 0,793 u p = 0,076 COOTBETCTBEHHO).
OTMedanock MOBHIIIEHHE YPOBHEN MHTEpIIeHKHA-0
u NT-proBNP B rpynne nanueHToB, He UCIIOJIb30BAB-
mmx PAP-tepanuio perynspHo, yepe3 12 mecsies (p <
0,0001 u p = 0,007 coorBeTcTBeHHO). [IpH o1eHKe HX0-
KapAuorpadMueCcKrX MapaMeTpOB 3HAYMMBIX pa3Tuuii
oOHapyxeHO He ObLIO.

[lepBruuHas KOHEUHas TOUKa y MAIlEHTOB, pery-
JSIpHO Mcnoib3oBaBmux PAP-tepamnuto, peructpupo-
BaJIach pexe, 4eM Y OONBHBIX 0€3 peryasipHOi pecu-
paropHo# nogepxkku (6/14 (42,9 %) u 63/67 (94,0%),
v =24,029, p <0,01). Takum 006pa3oM, UCIIOIB30BAHHIE
PAP-Tepanuu cHM)Xajao pUCK MOBTOPHOTO BO3HUKHO-
BeHus OII nva 54,4 % (OP = 0,46, 95 % JIN 0,25-0,84,
p <0,01).

UYepes 12 mecsueB HaOMONEHHS y TALMEHTOB Ha
¢one PAP-tepanuu, aprepuanbHas runepreHsus 6e3
JIOCTHXKEHMS LIeJIeBbIX 3HaueHuil A/l BcTpeuanach pe-
K€, UeM y MallMeHTOB, PEryIsSpHO HE UCIIOJIb30BaB-
HIUX PECIUPATOPHYIO Homaepkky (2/21 (9,5%) u 31/80
(38,8%), > = 6,459, p=0,012). YcTaHOBIECHO, YTO HC-
MOJIb30BaHUE pecupaTopHo 1 3pdexkTHBHOM pecnu-
paTOpHON MOAJEPIKKH CHUXKAJIO PUCK apTepHUaTIbHON
THIIEPTEH3UH 0€3 JOCTHXEHUs LeJIeBbIX 3HaueHuH A
Ha 75,4% (OP = 0,25, 95% AU 0,06-0,95, p = 0,012).

Tpancdopmanns napoxcusmanbHoi ¢popmbr OI1
B MIEPCUCTHUPYIOIILYIO MIIH NOCTOSHHYIO (DOPMBI apUT-
MUH CPe/IU MaMEeHTOB Ha ()OHE PETYISIPHOTO HCIIOIb-
3oBaHus PAP-Tepanuu He 3apeructpupoBaHa, a y mna-
UEHTOB 0€3 PeryisspHON peCHUpaTOpHON MOAIEePXK-
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Tabnuya 1

KJINHUYECKHE, AHTPOIIOMETPUYECKHE U DXOKAPIMOTPA®UYECKHUE XAPAKTEPUCTHKH
MAIUEHTOB C ®UEPULISIHUEN ITPEJICEPIMNIA

1 OBCTPYKTUBHBIM AITHOD BO CHE CPEJHEN Y TSI’KEJION CTENEHHA

JIO MHULUALIAU PECITUPATOPHOM MOJAEPKKHU

OII(+)
OAC(+) Crarucruyeckas
Iloka3arenu
PAP(+) PAP(-) 3HAYUMOCTbD, P
n=21) (n = 80)

Bo3pacr, rogst 62,6 +7,2 59,3+9,5 p=0,136
[Ton, My>X9UHBI/KSHIITHHBL, N 14/7 43/37 p=0,289
WHnexe maccsl Tena, Kr/m? 379+ 6,4 35,3+5,9 p = 0,090
My X4YIHBI 129,2 + 14,8 120,1 + 18,1 p=0,110

OKpY>KHOCTbH TaJIUH, CM
JKeHIHbI 118,7+ 13,8 108,4 + 14,3 p =0,087
My 4uHBI 49,4+43 482+34 p=0,362

OKpY>KHOCTP IIEH, CM

JKeHIIHEI 42,1 +3,7 38,5+3,1 p=0,058
Juametp JIIT, mm 48,0 [43,0; 58,0] 48,0 [44,0; 54,0] p=0,650
O6bem JIII, mi 95,0 [72,0; 146,0] 91,0 [76,0; 110,0] p = 0,466
Wnnekc oobema JIIT, Mi/m> 46,0 [36,0; 60,1] 44,5 [38,0; 51,0] p =10,609
O6bewm I, M 85,0[70,0; 126,0] 78,0 [58,5; 85,5] p=10,063
Unnexc oowema IIT, m/m? 40,0 [35,0; 51,9] 36,0 [29,25; 41,0] p=0,055
[Tapacrepuanbublit pazmep DK, MM 33,0 [32,0; 34,0] 35,0 [32,0; 37,8] p=0,107
bazanbnsrit pazmep [DK, MM 37,5[35,8; 41,0] 38,5 [34,75; 44,0] p =0,608
Pazmep JIA, MM 24,9 [23,0; 27,5] 25,0 [23,0; 27,0] p=0,689
PacuerHoe maBienue B JIA, MM pT. CT. 35,0 [28,0; 40,0] 33,0 [28,0; 38,0] p =0,698
UMM MyX4YIHBI 123,0 [108,0; 184,0] 118,0 [100,0; 144,0] p=0,226
JIK, r/m? JKeHIUHBI 86,0 [80,0; 137,0] 105,0 [90,25; 131,8] p=0,430
®B JIXK, % 60,0 [57,0; 65,0] 60,0 [56,0; 64,0] p=0,918

Ipumeuanne: OAC — oOcTpykTHBHOE artHO? Bo cHe; DI — pubprmmsinust npencepauii; PAP — tepanust myTeM co3iaHus oI0xKH-
TEJIBHOI'O JaBJICHUS B BEPXHUX AbIXaTesbHbIX MyTaX; JIII—neBoe npencepaue; III—npasoe npencepaue; [IDK — npasslil xkenynouek;
JIA — nerounas aprepusi; UMM JIDK — unnekc Maccel Muokapa JieBoro xenynodka; @B JIDK — ¢ppaxmus BEIOpoca JICBOTO KeTyTouKa.

k1 TpaHcopmarua OII B 6osee ycroiiunsyto Gopmy
apuT™Muu B TeueHue 1 roaa BeisiBiena y 14/53 (26,4 %)
OOJbHBIX.

Knnandeckas koMOMHUPOBAaHHAS KOHEYHASI TOUKA
(maHHBIE IPEICTABIEHBI Ha PHC. 2) Yallle perucTpUpo-
BaJIaCh y MAIIMEHTOB 0€3 PerysIsipHOTO UCIIOIb30BAHMUS
pecniuparopHoii nmoaaepxkku (78/80 (97,5 %) u 14/21
(66,7%), v* = 19,482, p < 0,01). Takum 06pazom, wmc-
nonbs30BaHue PAP-Tepanuu cHHXallo pUCK KIMHUYE-
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CKOW KOMOMHHMPOBAaHHOW KOHEYHOW Touku Ha 31,6 %
(OP = 0,68, 95% A1 0,50-0,93, p < 0,01).
[MporHoctuyeckas KOMOMHUPOBAHHAS KOHEUHASI
TOYKa 4Yaie perucTpupoBajaChb y Malu€HTOB, HE HUC-
nonb3oBaBmuX perymsipHo PAP-tepanuro (33/80
(41,3%) u 2/21 (9,5%), x> = 7,394, p = 0,007). Ycra-
HOBJICHO, YTO IPUMEHEHHE PECIIMPATOPHON MOATICPKKH
B COCTaBE KOMILIEKCHOTO JICUeHUs (C KOppeKIuei oopa-
3a KU3HHU U METMKaMEHTO3HOH Teparni) CHIXAJIO PHCK



Tabnuya 2

BCTPEYAEMOCTH KOMOPBUJHOM ITATOJOTUA U AHTUTAIEPTEH3UBHASI TEPAITU ST
YV HAIIMEHTOB C ®UBPUIISAIMAENA MPEJICEPIUN U ATTHOD BO CHE CPEJHEMN
M TSKEJION CTENEHU 1O MHUIIUAIIMA PECTIMPATOPHOMI MOJAJEPKKH

CrarucTuyeckas
Ioxa3aresnn 3HAYUMOCTb,
PAP(+) PAP(-) p-3HauyeHue
(n=21) (n =80)
AptepuainbHas runepreHsus, n (%) 21/21 (100,0 %) 79/80 (98,8 %) p=0,607
AptepuaibHas THIICPTCH3US
0e3 TOCTHXKEHHS 1IeTIeBBIX 3HaueHu AJl, 10/21 (47,6 %) 30/80 (37,5 %) p=0,399
n (%)
Cucromngeckoe AJl, MM pT. CT. 141,74£26,7 145,2+23,0 p=0,546
Huacrommueckoe AJl, MM pT. cT. 84,6+10,5 87,8+18,1 p = 0,499
AHTHTHTIEpTeH3UBHAS Tepanws, n (%) 20/21 (95,2 %) 66/80 (82,5 %) p=0,145
MHruOuTOpH aHTHOTEH3NHITPEBPAIIIAF0- N o _
mero depmerra, n (%) 8/21 (38,1 %) 31/80 (38,8 %) p=0,957
EJ?))/K;TopLI peuentopos aHruorensuHa II, 13/21 (61,9%) 34/80 (38,8%) p=0,113
(V]
AHTaroHUCTHl MHHEPATOKOPTUKOUTHBIX 421 (19.0%) 9/80 (11,3 %) p=0,343
pernentopos, n (%)
BbrokaTopbl MEJICHHBIX KAJIBIIUCBBIX Ka- o o _
Hastos, n (%) 5/21 (23,8 %) 11/80 (13,8 %) p=10,262
Huypertuku, n (%) 11/21 (52,4 %) 27/80 (33,8 %) p=0,117
ﬁl(“(();)l—I)I/ICTBI HMMH/Ia30JIMHOBBIX PEIEITOPOB, 421 (19,0%) 7/30 (8.8 %) p=0.178
Bera-anpenobmokaropsl, n (%) 12/21 (57,1 %) 33/80 (40,2 %) p=0,193
CpenmHee 4iCI0 aHTUTHIIEPTEH3UBHBIX 28409 254009 p=0,182
MpenapaToB
Oxwupenne, n (%) 18/21 (85,7 %) 58/80 (72,5 %) p=0,212
Caxapubrii tuabet, n (%) 9/21 (42,9%) 34/80 (42,5 %) p=0,977
XpoHHYecKas cepJiedHasi HeI0CTaTou- 0 o _
HoCTH, 1 (%) 2/21 (9,5%) 8/80 (10,0 %) p=0,949
Nimemuueckas 60ie3nb cepana, n (%) 6/21 (28,6 %) 16/80 (20,0 %) p=0,398

IMpumeuanune: OAC — oOcTpyKTHBHOE ammHOd Bo cHe; DI — pubprsuisiuuns npencepauii; PAP — Tepanus myteM co3naHust momio-

JKATEJIBHOI'O JaBJICHUS B BEPXHUX NbIXATCIIbHBIX MYTAX; AI[ — apTepUaJIbHOC AaBJICHUE.

MPOTHOCTUYECKO KOMOMHUPOBAaHHOW KOHEUHOM TOYKH

Ha 76,9 % (OP = 0,23, 95% JI1 0,06-0,89, p = 0,007).

Oobcy:xnenue

OOCTpyKTUBHOE armHod BO CHE M QUOpUILIALUS
MIpeJcepAnii 4aCTO COYETAIOTCS, IIPU ITOM HApYIICHUS
JBIXaHUS BO CHE SBJISIIOTCS] TPUITEPOM Pa3BUTHS U pe-
LIMJIMBA JAaHHOW apuTMUU. MeTaaHanu3, BKIOYaBIINI
20 uccrenoBaHuii ¢ OOMIMM YUCIOM YYacTHUKOB 54271,

npoaemoHcTpuposai, uto @I mpucyrctBoBana y 4801
marpenTa, u3 Kotopsix 2203 (45,9 %) umenu OAC, mpu
aToM U3 oburero yncna 21074 nanuentos ¢ OAC 2203
(10,5%) nmenu @II [3]. ITo ganusiM H. Chen u coas-
Topos (2024), BepositHOCTh pazButus I y manmeHTOB
¢ TsxenbiM OAC B 3 pasa Bblllle, YeM Y TAIIMEHTORB 0e3
HapyIeHuil apixanus Bo cHe [11]. B Hamewm nccneno-
BaHHUU II0KA3aHO, YTO Hajnuuue Tsokenon crenenu OAC
yBenuunBaino BepostHocTh DII B 2,5 paza (p = 0,004).
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Tabnuya 3

JUHAMHUKA YPOBHEI MO3TOBOI'O HATPUINYPETUYECKOTO MENTHJIA,
BAOMAPKEPOB ®UEPO3A Y BOCITAJEHMUS, 3XOKAPTAOT PAOMYECKHUX MOKA3ATEJIEN
Y MAIMEHTOB C ®PUBPUNJISIMUEN MPEJACEPIUNA U ATTHOD BO CHE CPEJHEN U TSKEJION CTENNEHH
HA ®OHE UCITOJIb30BAHUS PECIIMPATOPHOM MOIJEPKKH

@II(+)

OAC(H)

PAP(+)

Mokasaresn (n=21) Crarucruveckast
3HAYUMOCTb, P
yepe3 12 mecsnen
HAa MOMEHT BKJIIOUEHUSI
mocJjie BKJIYEHUS
B MCCJIe/IOBAHNE
B HCCJIeIOBaHHE

NT-proBNP, nr/mi 50,1 [46,7; 58,8] 28,7 [22,3; 44,2] p <0,0001
TanexTun-3, Hr/mia 12,2 +3,3 7,4+3,2 p <0,0001
GDF-15, nr/mn 1567,9 +248.0 687,2+£112,1 p <0,0001
CTGF, nr/mn 151,2+29,5 92,6 £20,4 p <0,0001
WHTepneiikuH-6, mr/mi 5,5+£2,0 38+1,2 p <0,0001
Huametp JIII, mm 48,0 [43,0; 58,0] 44,5 [40,0; 52,5] p=0,020
O6bem JIII, M 95,0 [72,0; 146,0] 82,0 [70,0; 125,0] p=0,037
Hupekc oobema JIIT, mi/m? 46,0 [36,0; 60,1] 40,0 [35,0; 50,0] p = 0,005
O6bem IIT, ma 85,0 [70,0; 126,0] 66,0 [53,5; 100,0] p=0,008
Wnpnexc oobema ITIT, mi/m? 40,0 [35,0; 51,9] 32,0 [26,25; 44,3] p=0,031
IMapacrepranersiii pazmep [DK, mm 33,0 [32,0; 34,0] 36,0 [32,5; 41,0] p=0,156
Bbazansusit pazmep DK, mm 37,5 [35,8; 41,0] 38,5 [36,0; 46,3] p =0,469
Pasmep JIA, Mmm 24,85 [23,0; 27,5] 23,0 [20,0; 25,0] p = 0,004
Pacuetnoe naBnenue B JIA, MM PT. CT. 35,0 [28,0; 40,0] 28,0 [24,0; 32,8] p=0,020
UMM My KYHHBI 123,0 [108,0; 184,0] 118,0 [100,0; 159,0] p=0,938
JIK, r/m? KeHmuusr 86,0 [80,0; 137,0] 77,5[71,0; 103,3] p =0,063
®B JIK, % 60,0 [57,0; 65,0] 61,5 [56,5; 65,5] p =0,846

Ipumeyanue: OAC — o6cTpyKTHBHOE anHo3 BO cHe; DI — dpubpumsiuus npencepauii; PAP — tepanus myTeM co3gaHust mojo-
JKUTENILHOTO JIABJICHUS B BEPXHUX JbIXaTeNbHbIX My TAX; NT-proBNP — N-koH11€BO# IpeieCTBEHHUK MO3TOBOT0 HATPUIHYPETUUECKOTO
nentuaa; GDF-15— pocroBoii daxrop nuddepentmposku-15; CTGF — coeanuuTenbHOTKaHHBIN (hakTop pocta ¢pubpobdiactos; JITT—
nesoe npencepaue; I1I1—mpasoe npencepaue; [DK— npaselii sxenynouek; JIA — nerounas aprepus; UMM JDK —unnexe Maccel Muo-
Kapza jeBoro xenynouka; @B JIDK — ¢pakuus BeIOpoca JeBOTo KeTyIouka.

B pa6ote H. T. O6yxoBoit u coaBropos (2024) gyactoTa
OAC y nanueHToB ¢ napokcu3ManbHoi Gpopmoit OIT
cocrtaBmia 67 %, mpu 3ToM B cTpykType TskecTrn OAC
npeodaagaid KIMHHYECKH 3HaYMMbIe QOpPMBI (Cpe-
Hue U Tsoxessie — 37 % u 29 % coorBercTBeHHO) [12].
B o6cenyemoit Hamu koropte BecTpedaemocth DI cpe-
JIA TIAIMEHTOB C TSHKETION U CpeTHEN CTETIEHSIMU allHO?
BO cHe He pasznudanach (p = 0,802).

Cpenn mexann3MoB pa3sutus Ol 0cCHOBHYIO pob
urpaet ¢popmupoBaHue GuOpo3a MUOKaApP/A JIEBOTO
mpefcepans. YCTaHOBIIEHO, YTO TaJeKTHH-3 0b6iana-
eT mpohUOPOreHHBIM JEHCTBHUEM, CTIOCOOCTBYIOIINM
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Bo3HHKHOBeHHMIO DI [13]. Meraananus, BBIITOIHEH-
Herid A. Khalaji ¢ coaBropamu (2023), mokasai, 4To
y manueHToB ¢ OAC KOHIICHTpAITUs IUPKYTUPYIOIIETO
B KPOBH TaJIEKTHHA-3 3HAYUTEIHHO BBIIIE, YEM Y 3710~
poBeix it (p < 0,01). IIpu aTOM TsKENOE OOCTPYKTHB-
HOE armHo? OBLIO aCCOIMUPOBAHO C 00JIee BHICOKMMH
YPOBHSIMH TaJIEKTHHA-3 TI0 CPABHEHUIO C HETSHKEIIBIM
OAC (p <0,01), a mpumenenne PAP-tepanun npuse-
JI0 K 3HAUYNTEIILHOMY CHIKEHHIO YPOBHS TraJeKTHHA-3
y narmuenToB ¢ OAC (p = 0,04) [14]. Ognako pabor,
MOCBSIIICHHBIX THHAMUKE YPOBHA TaJIeKTHHA-3 y Ta-
nreHToB ¢ couetanneM OAC u ®II, namu He 00HApY-
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Pucynok 2. Knuanueckass KOMOMHNPOBaAHHAS KOHEYHAS TOYKA
Ipumeuanne: OI1— ¢pubpmmusamms npencepauit; PHA — pagnodacrorras abnamus; OP — otHOCcHTeNnsHEIH pruck; I — nose-

PHUTEIBHBIN HHTEPBAIL.

eHo. B Hamem nccnenoBaHMM NMOKa3aHO CHM)KEHUE
YPOBHSI rajeKTUHa-3 MpU HUCIIOIB30BAaHUU peCIHpa-
TOPHOM Tepanuu B koropre nanueHtoB ¢ OAC B co-
yeraHuu ¢ OII.

NmMeroTcst enMHNYHbBIE UCCIEN0BaHMsl, TOCBAIIECH-
HBIE POJIM COEIMHUTEIBHOTKAHHOTO (pakTopa pocta
¢ubpodnactoB npu DII u OAC. Dxcnpeccuss CTGF
B npenacepauax y nauuenton ¢ @I ysenuuena [15],
a TshKenas runokcus, cea3anHas ¢ OAC, yBennMunBaeT
skcnpeccuto CTGF B mupkynupytomux ¢pudponutax
[16]. BmecTe ¢ TeM OuHaMUKa JaHHOTO OMOMapkepa
IIpY UCTIOJIB30BAaHUM PECTIMPATOPHON Tepanuu He U3y-
yeHa. B Hamei paboTe NpogeMOHCTPUPOBAHO CHIKE-
Hue CTGF na done s3pexTruBHON pecnupaTopHOM
noanepxku y 6ompHbIX OAC 1 PIT.

[ToBbIIEeHNE KOHIIEHTPALMH POCTOBOTO (aKToO-
pa muddepenuuposku-15 (GDF-15) accounuposano
C HaJM4MeM THMIIOKCHH, BOCHAJIEHHUA, a TaKke Koppe-
JHUPYET C BBIPAXEHHOCTHIO (PUOpO3a JIEBOTO Mpeacep-
nus opu OII [17]. B uccnenoBanuu 1. M. Manaeoit
c coaropamu (2024) ycTaHOBJIEHO CHHYKEHUE YPOBHS
GDF-15 na ¢oHe J1leueHns arHod BO CHE C IOMOLIBIO
PAP-tepanuu [18]. B Hamieli pabote Takxke IpOJAeMOH-
crpupoBano cHikenue GDF-15 na ¢pone PAP-tepanuu
y 6onpHBIX ¢ OAC B coueranuu ¢ OII.

H3BectHO, uTo maruenTsl ¢ OI1 umeror Oonee
BBICOKHE YPOBHH IPOBOCHAIUTEIBHBIX OMOMapKe-
pOB, BKJItouas uuTepiaeiikuu-6 (M1JI-6), mo cpaBHeHUIO
¢ 00ce0BaHHBIMH C CHHYCOBBIM puTMoM [19]. Un-
TepIEeHKUH-6 cIocoOCTBYeT Bo3HUKHOBeHHIO DI, Tak
KaK HHTHOMpYyeT BbIpa0OTKY KOHHEKCHHA B KIIETKaX
MHUOKap/ia, 4TO BBI3BIBAET 3JIEKTPUUECKOE PEMOJEIIH-
posanue npencepauit [20]. Kpome Toro, NJI-6 unmy-
uupyet ¢udpo3 npeacepaAnid myTeM aKTHBAaLUW CHUT-

HanbHBIX IyTeil pSTAT3/STAT3 [21]. B uccnenoBanuu
R.Loépez-Galvez ¢ coaBropamu (2023) ycraHOBIIEHO,
yTo y nanuenTtoB ¢ OAC yposenp NJI-6 BoilIe, yem
y narueHToB 6e3 OAC (p = 0,002) [22]. Uccnenoa-
Hue M. Yi ¢ coaBropamu (2022) BBISIBUIIO CHHKCHHE
ypoBHs NJI-6 Ha doHe 3 PEeKTUBHOTO JICUCHHS ATTHOD
BO cHe [23]. B Hameii paboTte npoaeMOHCTPUPOBAHO
cHIbKeHue koHueHTpauuu NJI-6 mpu ucnonb30BaHUN
PAP-Tepanuu u yBennueHne ypoBHS JaHHOTO Ouomap-
kepa y nanueHtoB ¢ OAC u @I, He ucnoas30BaBIINX
PeCIUpPaTOPHYIO NOAEPIKKY.

N-KoHIIEBOH NpennecTBEeHHUK MO3rOBOrO Ha-
Tpuityperndeckoro nentuga (NT-proBNP) — map-
Kep AMAarHOCTUKHU M OLEHKHU CTENEHU TIKECTH Cep-
JEYHOM HEJOCTAaTOYHOCTH, OMHAKO JaHHBIE 00 YPOBHE
NT-proBNP y nmannentos ¢ OAC u o Bnusaaun PAP-
TEpaIuy Ha ero JUHAMMKY POTHBOpPEYMBEI. B nccie-
noanuu S. Msaad u coaBTopoB (2016) nokazaHno, 4To
YPOBHHM MO3TOBOTO HATPUHYPETHUECKOTO NENTHA BbI-
mte y nauueHToB ¢ OAC. IIpu 3ToM pa3HHuLa B KOHIIEH-
tpatmu NT-proBNP mexny tsxensim u nerkum OAC
Obuta craructrdecku 3HaunMoi (p = 0,029), y manu-
€HTOB co cpeaHuM U TsxensiM OAC ypoBeHb MO3ro-
BOTO HaTpUIypeTHUECKOTo MENTHIA HE pa3iuya’cs,
a neyenue OAC ¢ nomomnpto PAP-tepanuu mpuseno
K CHIDKEHHIO YPOBHS MO3TOBOTO HATPUHYPETHUECKOTO
nentuna [24]. Ognako metaananus Q. Wu u coaBTopoB
(2023) moka3zan, uto PAP-tepanus He BIHsSeT Ha ypo-
BEHb MO3TOBOTO HaTPUHypETUYECKOro MENTUAA y Ma-
ueHToB ¢ OAC [25]. B namreli paboTe moka3zaHo CHH-
xenne NT-proBNP na ¢omne perynspHoit PAP-tepanuu
y 6onbHBIX ¢ OAC B couetranuu ¢ OII.

Nmerorcs enuHUYHBIE TyOMHKAUK O BIMSHUU
PAP-tepanuu Ha peMoieIMpoBaHue NpeIcepAui y na-
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nueHtoB ¢ OAC [26]. B Hamem ucciaenoBaHuu MoKa-
3aHO, YTO Ha (JOHE UCIOIB30BAHUS PECIUPATOPHOU
MOAJEPKKH BRIPAKEHHOCTD PEMOICTTHPOBAHHS 000UX
Ipeacepanil U pasMep JIETOYHOM apTepuu yMEHbIa-
I0TCS, a JaBJICHUE B JIETOYHON apTepUu CHUKAETCS.

U3BecTHO, 4TO 3 eKT M0ObIX aHTHAPUTMUIECKIX
cTpareruil jieueHus y nanueHtos ¢ OII cHuxaercs,
€CJIM B Ka4eCTBE COMYTCTBYIOLIETO 3a00IeBaHUs IPH-
cyrctByer OAC [27]. [loka3aHa Oomnee BhICOKAs 4acTo-
Ta peuuuBoB DII nocne nepBoHAYAIBHON YCIEIHON
KapJHOBEPCHH, a TAKKe OONbIIas YacTOTa PELUIUBOB
@Il nocie kareTepHOH aONAUK Y TALMEHTOB C HAPY-
[ICHUSIMU JbIXaHus BO cHe [28]. B Hacrosiiee Bpemst
UMEI0TCsl yOenuTenbHble JaHHBIE O CHIDKEHUH PHCKa
peunarBa GUOPMILUIALNY MPENCEPAN TIOCIe Kapauo-
BEPCUH WIIM KaTeTepHO# abnanuu Ha (oHE pecrnmpa-
TOPHOM MOAJEPKKH y MALUEHTOB € alHO? BO cHe [29].
B HameMm uccneoBaHuM MOKa3aHO, YTO UCTIOJIb30BAaHKE
PAP-tepanuu canxaet puck peuuansa OII B Teuenne
1 rona Ha 54,4 %, a pUCK KIMHUYECKOH KOMOWHHPOBAaH-
HOM KOHeUYHOM Touku — Ha 31,6 %.

VYcranosneno, uro @II y mauuentoB ¢ OAC Ha
¢one PAP-tepanuu ¢ MeHbIIEH BEpOATHOCTHIO IPO-
rpeccupyeT 1o 0ojee yCTOWYMBOUM (DOPMBI apUTMUU
(OP 0,66, 95% AU 0,46-0,94, p = 0,02) [30]. B Hameit
pabore TpaHcopMalys MapoKCU3MaIbHOU HOPMBI
@I B nepcHCTUPYIOLIYIO WU MOCTOSHHYIO (OPMBI
apUTMUU B TeueHHe 12 MecsleB Cpeay MalueHTOB Ha
(one perynspHoro ucnons3oBanuss PAP-tepanuu ne
3aperucTpUpOBaHa, a y MalueHToB 0e3 pecnupaTopHOn
noxaaepkku Tpanchopmarus I B Gonee ycToitunByio
(hopmy 3aperucrpupoBana y 26,4 % OOJBHBIX.

B nccnemoBanuu Outcomes Registry for Better
Informed Treatment of AF (ORBIT-AF) Gp110 06cne-
nosano 10132 marnmeHTa u 0OHAPYXKEHO, YTO AIUCHTHI
¢ OAC yaire rocnuTaau3upoBalIuCh, HO y HUX HE Ha-
OMroanoch yBeNW4eHUs prcKa o01Ieid WU CepAeIHO-
COCYIMCTOM CMEPTHOCTH IO CPABHEHMIO C MTallUEHTaMH
6e3 OAC [31]. UccnenoBanue SAVE (kapruoBacKyisip-
HblE KOHEYHbIE TOYKH MIPU allHO? BO CHE) C MEPBUYHON
COCTaBHOM CEPAEYHO-COCYAUCTON KOHEUYHOW TOUKOU
(Brmrouast OIT) He MOKa3aJI0 CHUXKEHHS YaCTOTHI CITy-
yaeB @II Ha pone PAP-tepanuu [32]. Ongnako cieny-
€T OTMETHUTb, YTO UCCIIEIOBAHUE OBIIO HETOCTATOUYHO
MOIIHBIM 1 He OBUIO MpeAHa3HayeHo 1is u3ydenus OI1
B KaueCTBE IIEPBUYHOM KOHEYHOU TOUKH. 1[0 JaHHBIM
PaHAOMHU3UPOBAHHOTO KOHTPOJIMPYEMOTO HCCIeI0Ba-
Hust G. Traaen u coaBropoB (2021), neyenue ¢ momo-
b0 CPAP B koropre nanneHToB ¢ NapoKCU3MaIbHOM
®II u OAC He npuBeNo K CTATUCTUYECKH 3HAUUMOMY
CHWXKEHUIO OpeMenu aputmuu [33]. B Hamem uccie-
JIOBaHUM YCTAHOBJIEHO, YTO IPUMEHEHHE PECITUPATOP-
HOM MOAAEPKKH B COCTaBE KOMIIEKCHOTO JICUECHUS
CHIJKAJIO PUCK MPOTHOCTUYECKOH KOMOMHUPOBAHHON
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KOHEYHOH TOUYKH (BKIIIOUAIOIIEH TOCTIMTAIN3AIIMIO B Te-
paneBTHYECKU CTallMOHAp MO MOBOAY AEKOMIICHCALIUH
CEPICYHO-COCYMCTHIX 3a00seBaHuii y 00nbHBIX ¢ DI,
JeTaNbHbIN ncxo], HedaTanbHbI HHDAPKT U Heda-
TaJbHBIA UHCYNET) Ha 76,9 %.

OrpannyeHus HCCIeI0BAHUS

B nanHOM uccieoBaHMM NPU OLEHKE KIMHUYE-
CKUX MCXOJOB YUYHUTHIBAJICS (aKT UCTIOJIB30BAHHUS pe-
CIIUPATOPHOH MOANEPKKHU Oe3 yueTa BOZMOXKHOCTHU
BIMSIHUSL M IPYTHX (PaKTOPOB, TAKMUX KaK KOPPEKIHs 00-
pa3a )KM3HM U METUKAMEHTO3HOM Tepamnuu, 3a Nepuos
HaOmonenus. Crenyer OTMETHUTh, YTO B TPYIITY Halu-
€HTOB 0e3 peryisipHOro ucnonb3oBanus PAP-tepann
BKJIIOYAJIMCh BCE MAlIUEHTHI, KOTOPHIE HE COOTBETCTBO-
BaJIM KPUTEPUSIM KOMILIaeHca U 3dekTuBHOCTH pe-
CIUPATOPHOU Tepanuu (B TOM 4YHUciie OOJbHBIE, MOJ-
HOCTBIO OTKa3aBIIMECS OT UCIIOJIb30BAHUS PECIIUPA-
TOPHOM MOANEPK KU, U MALUEHTH C HEPETYISPHBIM
ucnoiab3oBanueM PAP-tepamnun).

BeiBOabI

1. PerynsipHoe ucnons3zoBanue PAP-tepanuu B co-
CTaBe KOMIUIEKCHOT'O JIEYEHUS, BKITIOUAIOIIETO KOPPEK-
U0 o0pasa )XU3HU U MEIUKAMEHTO3HYIO TEpaluio,
cHKaeT puck peruausa OII, aprepuanbHON rUIepTEH-
3uM 0e3 TOCTIKEHHUS LIeNIeBBIX 3HAYeHUI apTepHanbHO-
TO AaBJEHUS, KINHUYECKON U MPOrHOCTUYECKON KOM-
OMHMPOBAHHBIX KOHEUHBIX TOUEK y naunueHToB ¢ OAC
B coueranuu ¢ OIIL

2. KoHueHTpauuu B CBIBOPOTKE KPOBH MO3TOBOIO
HATPUIypeTHYeCKOro nentuaa, buomapkepos ¢puodposa
(ranextuna-3, GDF-15, CTGF) u Bocnanenus (MHTEp-
neiikuHa-6) y manuento ¢ OIT u OAC, perynspHo uc-
nonp30BaBIIuX PAP-Tepanuto B TeueHue 12 mMecsues,
CHIDKAIOTCA.

3. ¥V nanuentoB ¢ ®II B coueranuu ¢ OAC wuc-
M0JIb30BaHNE HEMHBA3UBHOM pECIMPATOPHON Teparuu
B TeueHHe 12 MecsI1EeB COMPOBOXKAATOCH YMEHBIIEHUEM
pa3MepoB JIEBOTO U MPABOTO NMPEACEPIUH, CHUKEHUEM
pacueTHOro aBJIECHU B JIETOYHOH apTepuH.
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Pe3rome

AKTyajabHOocTh. Umemnueckuit uacynst (M) y manuedToB ¢ caxapusiM quaderom 2-ro (C] 2) tuma
xXapakTepusyercs 0osee TSHKEJBIM TeUCHUEM U XYIIITUMU TI0 CpaBHEHHUIO ¢ JTUIaMH 0e3 nmabera QyHKITHO-
HaJIbHBIMH HCXO/JaMH, YTO MOBBIMIAET KOJMYECTBO MHBAINIUZHPOBAHHBIX K OKOHYAHUIO TOCTTUTATU3AINHI
manreHToB. [Iporao3npoBanne UCxoqa WHCYAbTA MPH MOCTYIICHUH MMAallHeHTa B CTAIIOHAP MOXKET MTOMOYb
B ONTUMU3ANNHN JIe4eOHO-TUArHOCTHYECKUX U PeabMINTAlMOHHBIX MEPOIPHATHH U YIyYIIUTh Ka4eCTBO €ro
nedenus. Mcnonp3oBanue maboparopHeix 6nomapkepos (JIBM) B mporao3upoBannu ucxona UM ssisercs
MIePCIEKTUBHBIM HaIlpaBJICHHEM COBpeMeHHOW MeannuHbl. Lleb ucejegoBanus — co3qarh MPOrHOCTHYE-
CKyI0 Mozens ucxona Hemakynapuoro M (HnM) y manuentos ¢ CJ] 2-ro Thiia Ha OCHOBAaHHUH HCCIIEAOBAHS
JIBM. Marepuajnl u MeToasbl. MccnenoBansl koHIeHTpanuu 78 JIBM B CBIBOPOTKE KPOBHU 55 BBEDKHUBIIHX
K OKOHYaHWIO TocnuTanu3anuy marueaToB ¢ Hl u CJ 2-ro tuma. C moMOIIbi0 MalltiHHOTO O0YyYeHUSI
(MO) BBITIOJTHEH MTOWCK B3aMMOCBsI3H ypoBHEH JIBM IpH MOCTYIUICHUH B CTAIlMOHAP C UCXOAaMHU OCTPOTO
niepuona . Pe3yabsTarsl. BeisBieHsl moporossie KoHIeHTpanuu uatepneikuna (IL)-13 (3,605 nr/mr), IL-6
(1,47 rr/mo), anonmumomnpotenna CII (1516000000,0 ar/min), pactBopumoro pernentopa I1L-4 (581,912 nr/mn)
u cuHaekaHa 4 (26,785 ur/mi), onpenensroniiue GyHKIHOHATBHBIN ncxon MU, a Takyke moporoBbie 3HAUCHHS
cyOrenuHUITE anbda pactBopuMoro perentopa IL-2 (480,802 nr/mir), IL-21 (1,024 nr/mo), 6enka 15, comep-
JKaIero JOMeH JAC3UHTETpUHA U MeTautonporenHasbl (3076,733 nr/min), pacTBOPUMOTO perentopa gpakropa
pocta samorenus cocymoB 2 (16300,003 nr/mi), onpeaensioniue HeBpoaoruueckuit ucxon MM y marmeHToB
¢ CJI 2-ro tuma. IIpennmosxeHsl MO/IETN MPOTHOZUPOBAHUS (PYHKIIMOHAIHHOTO H HEBPOJIOTHYECKOTO HCXOZa
WU y nanmentoB ¢ CJI 2-ro tuma. 3akjaodenue. MccienoBanue JIBM MOXKET SIBIATHCS TOJIC3HBIM BCTIOMO-
raTebHBIM HHCTPYMEHTOM IpoTrHo3upoBaHus ucxonos H1MU y nammentos ¢ CJl 2-To THMIa, 9TO CO3MAET IMO-
TEHIIUATbHBIE BO3SMOKHOCTH JJIS PeATM3aliy IEPCOHATM3UPOBAHHOTO MOIX0/1a K BEICHNIO TAKUX MAIlEHTOB
Y yAy4IIeHHs Ka4eCTBa WX JICUCHHUS.
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Abstract

Background. Ischemic stroke (IS) in patients with type 2 diabetes mellitus (DM 2) is characterized by a more
severe course and worse functional outcomes compared to individuals without diabetes, which increases the
number of patients disabled by the end of hospitalization. Predicting the outcome of stroke upon admission to
hospital can help optimize treatment, diagnostic and rehabilitation measures and improve the quality of treatment.
The use of laboratory biomarkers (LBM) in predicting the outcome of IS is a promising area of modern medicine.
Objective. To create a prognostic model for the outcome of non-lacunar ischemic stroke (NIIS) in patients with
DM 2 based on the LBM study. Design and methods. We studied the serum concentrations of 78 LBM in 55
patients with DM 2 admitted to the hospital due to the development of NII S. Machine learning (ML) was used
to search for a relationship between LBM levels at the time of patient admission to hospital and outcomes of
the acute period of stroke. Results. We established the threshold concentrations of interleukin (IL)-13 (3,605
pg/mL), IL-6 (1,47 pg/mL), apolipoprotein CII (1516000000,0 ng/mL), soluble IL-4 receptor (581,912 pg/mL)
and syndecan 4 (26,785 ng/mL) that determine the functional outcome of IS, as well as the threshold values
of the alpha subunit of the soluble IL-2 receptor (480,802 pg/mL), IL-21 (1,024 pg/mL), protein 15 containing
a disintegrin and metalloproteinase domain (3076,733 ng/mL), soluble vascular endothelial growth factor
receptor 2 (16,300,003 pg/mL) that determine the neurological outcome of IS in patients with DM 2. Models for
predicting the functional and neurological outcome of IS in patients with DM 2 are proposed. Conclusion. LBM
research can be a useful auxiliary tool for predicting the outcomes of NIIS in patients with DM 2, which provides
opportunities for implementing a personalized approach to the management of these patients and improving the
quality of their treatment.
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Beenenne

Nmemnuecknit uacynst (M) sBrsieTcs ogHOM U3
HanboJee JacThIX MPUYUH CMEPTHOCTH (4-€ MEeCTO)
n nHBaMaAn3anuu B mupe [1]. Tak, cpeau 3a00ieB-
IIUX WHCYJIBTOM CIyCTs 1 TOI HETPYAOCTIOCOOHBIMU
octarotcs 43 %, a cimycra 2 rona — 33 % manueHToB
[2], 4TO CBUAETENBCTBYET O TSIKEJIOM COLHUATBHO-
skoHOMHUYeckoM Opemenn MU mist cucteMbl MUPOBO-
O 37paBOOXPAHEHUSI.

Bricokas pacnpoctpanennocts MU oGycrioBneHa
HaJMIUEM OOJBIIOTO KOMHYECTBA MOTUPHUIIPYEMBIX
(hakTOPOB €ro prCKa, CPear KOTOPBIX 0c00ast pOJIh OT-
BoIuUTCS caxapHomy nuabety 2-ro tumna (CH 2). CI 2
CHIDKAET TMOJIb3Y OT MPOBEACHNUS penepdy3noHHOH Te-
parmu, ycyryOIseT TSHKeCTh HEBPOJIIOTHIECKOTO e(hu-
LUTA, YBEIMYNBAET MPOIOIDKUTENFHOCTD TOCTTUTAII3a~
LIUH, YXYOIIaeT TedeHHe U QYHKINOHATbHBIE UCXOIBI
WU [3-7]. D10 aukTyeT HE0OXOAUMOCTH 0COOOTO O/~
X0J1a K BEICHUIO JaHHOM TPYyTITHI TallHEHTOB.

OrneHka MPOrHO3a paHHUX W OTAAJIEHHBIX HEBPO-
JOTHYECKUX U (DYHKIIMOHAIBHBIX UCXOAO0B WHCYIIBTA
WTPaeT BAXHYIO POJIb B OMPEIEIICHUN TaKTUKH Bele-
HUS TAIIMEHTOB ¢ MHCYIBTOM, pa3paboTKe IIaHa pe-
A0MIMTAITHOHHBIX MEPOIPUATHA, HHPOPMUPOBAHUH
MAIUEHTOB W UX POICTBEHHUKOB 00 OKHUAAEMBIX TI0O-
cieAcTBHUAX MHCynbTa. Hambonee pacmpocTtpaHeH-
HBIMU IpenukTopamu ucxona MU B cymecTByromux
MIPOTHOCTUYECKUX MOJENSAX SBISIOTCS COIUAIBHO-
nemorpaduyeckue, KIMHUKO-aHAMHECTUYECKHE
1 TabOpaTOpHO-WHCTPYMEHTAIbHBIE TaHHBIE. OTHAKO
MHOTHE U3 TaKUX MOJIEe He YUUTHIBAIOT BEIyIIyIO
KOHLIENUHIO BeAeHus nauueHTtoB ¢ MU — «Bpems-
MO3T», TpeOysl OONbIINX BpeMeHHBIX 3arpat. [loHu-
MaHHUE 3TOTO CO3/1aJI0 MPEANIOCHIIKU TS Pa3paboTKH
MPOTHOCTHYECKUX Mojieseit ucxona MM Ha ocHoBaHUM
OBICTPO U3MEPSEMBIX B CBIBOPOTKE KPOBH JIabopaTop-
HbIX 6romapkepos (JIBM) [8]. U xotst JIBM xoportio 3a-
pEKOMEHIOBANH ce0sl B KAYECTBE MPEANKTOPOB IIPOTHO-
3a npu M, MeTOAMKY, UCTIONb3yEMBIE 1151 TOCTPOCHUS
TaKWX MPOTHOCTHYECKUX MOJEIIEH, 3a4aCTyIO CIIOKHBI
Y Tpyo3arpartHel. PemmTh Takyro mpobieMy Bce Jarie
IIOMOTaeT IPUMEHEHHE METOIOB MAlIMHHOTO 00yde-
Hus (MO) [9-12], 2ppexkTHBHO NCTIONB3YIOMINX IS
ITOCTPOEHUS POTHOCTHYECKUX MOZIETIeH OOIbIHe Ha-
OOpPBI UCXOMHBIX JaHHBIX, 00JIaAIONTINX BEICOKOH TIPO-
THOCTHYECKOH TOYHOCTBHIO, a TaK)Ke 00€CTIEIMBAOIITIX

ABTOHOMHOCTB pabOThI MOJIENH TI0 3aBEPILIEHUH 00yde-
HUS MCTIONIb3YEMBIX aJITOPUTMOB Ha Ha0Ope TaHHBIX.

HecMmotps Ha ToO, uTO TecHas B3auMocBsizb MU
u CJI 2-ro Tuma B HacTosIIee BpeMs OObSICHICTCS Ha-
mmareM oOycioBieHHo# CJ MUKpococyaucToi auc-
(hyHKIIHMH, MTOBHIIAIONIEH YyBCTBUTENHHOCTh MO3Ta
K HIIEMUYECKOMY MoBpexaeHuto npu MU, nemano-
BakHbIM B natoreneze MU y muy ¢ CJ1 2-ro tuna spius-
etcs cymectBoBanue mpu C/] BocnamurensHOTO (hOHA,
YCYTYONSIONIETo OBk IeHNe TKaH! Mo3ra pu M.
B noareepxkaeHue 3T0M TEOPHUU MOXKHO TIPUBECTH PST
WCCIIEZIOBaHUH, IEMOHCTPHUPYIOMUX U3MEHEHHE KOH-
[EHTPAIHI MTPOBOCTIAITUTENHHBIX IUTOKUHOB, XEMO-
KWHOB, MapKePOB SHIOTEHATBHON AUCHYHKIIIH 1 MO-
nekyn aaresuu y auy ¢ C/0 2-ro tuna. IloBpexaeHue
TkaHu mo3ra npu N, B cBoro ouepenb, pa3BuBaeTCs
BCJIEJICTBHE N3MEHEHUS DHEPTETHYECKOTO 0OMeHa, Je-
dunmra ageHosuHTpHPOCchara (ATD), rumokcnu, 06-
YCIIOBIIEHHOTO HapyiieHneM (YHKIMA MUTOXOHIPUN
OKCHUJIATUBHOTO CTpecca, UCTolleHus pe3epBoB ATD
B HEHPOHAX M aKTUBAILIMK KJIETOK MUKporinuu. [locnen-
HSISl IPUBOJUT K HEHPOBOCHAIIEHHIO, YTO TAKXKE TPOSIB-
JsieTCs U3MEHEHUEM B KpoBH ypoBHell JIBM, npexae
BCET0, MapKepOB BOCIIAJICHHS.

JlaHHBIH QakT MO3BOJISET pacCMaTprUBaTh UCCIICHO-
BaHue JIBM npu NN y nauuenTos ¢ CJI 2-ro Tuma kak
OJIMH U3 TIOTEHIINAIBHBIX CIIOCOOOB MPOTHO3UPOBAHUS
ucxona N. Hapsany ¢ 3TUM npoaeMOHCTPUPOBABLINE
CBOIO 3 (EKTUBHOCTH B JPYTUX UCCIIENOBAHUSAX aJr0-
put™Mbl MO mipeicTaBiIsI0TCS MEPCIEKTUBHBIM CIIOCO-
00M pa3pabOTKH MPOTHOCTHIECKON MOJIENH B TAHHOM
TpyTIIe MalieHTOB, YTO U JIETJIO B OCHOBY MPOBEACH-
HOTO HAMH HCCIIEJOBaHUSI.

Leas uccaenoBaHusi — CO37aTh MPOTHOCTHYE-
CKYI0 MoJenb ucxona HenakyHapaoro U (HalIN)
y nanueHToB ¢ CJI 2-ro THIIa Ha OCHOBaHUH HCCIEA0-
BaHus JIbM.

MarepuaJjbl 1 METOBI

B uccrenoranue, nposeaenHoe Ha 6a3e CIIb 'BY3
«l'oponckast 6ompauUIIAa Ne 40y B repuon 2017-2019 rr.,
OBIIO BKITIOUEHO 55 manueHnToB. Kpurepusamu BKiTrode-
HUS TTAIMEHTOB B UCCIIEZOBAHUE SIBISUIACH: COTIIacHe
MaldeHTa Ha yJacTHe B MCCIEIOBAaHHH; BO3PACT OT
50 no 90 net; HanmU4YKUe MOATBEPKIAECHHOTO JaHHBIMU
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MarHUTHO-pe30HaHCHOU Tomorpaduu (MPT) UU pa3-
MepoMm Oorsiee 1,5 cM XOTsI ObI B OTHOM U3 U3MEPEHUN;
Hanuuue auarHoda CJll 2-ro Tuma, yCTaHOBIEHHOTO
B COOTBETCTBUU C KPUTECPHUSIMHU, U3JI0KEHHBIMHU B aK-
TYyaJNbHBIX KIMHUYECKUX PEKOMEHIAINSX; BPEMEHHOM
MHTEPBAJI C MOMEHTA Pa3BUTHUS CUMITOMOB MHCYJIb-
Ta 10 72 4acoB; TsHKECTh MHCYNbTa 1o mikane NIHSS
He MeHee 5 0aJIoB; UCXOA TOCIMUTATH3ALUN — BbI-
MUCKa JIN0O MEPEeBO, YTO SBISUIOCH HEOOXOAMMBIM
yCIIOBHEM JJIsl 00ecIieueHHUs TOMOTEHHOCTH UCCIIEy-
€MOH BBIOOPKH U BO3MOXKHOCTH COCPEJOTOUNTHCSA Ha
npeacKazaHuy (PYHKIHOHATEHOTO H HEBPOJIOTHYECKOTO
MCXOJIOB y MAIlIEHTOB, BBDKUBAIOIINX B OCTPOH asze.
W3 nccnenoBanus ObUTH UCKITIOUEHBI TTALMEHTHI C Ha-
JUYHEM MPUYUH, NPENATCTBYIOIIHUX BBIMOTHEHHUIO
MPT ronoBHOTo Mo3ra, a TakKe MalMEeHThI C JaKy-
HapHBIM MTOJITUIIOM HIIEMHUYECKOTo MHCYbTa. J{Iu-
TEJILHOCTh HAOIMIOAEHUS ONpeeNsiach TSHKECThIO NH-
cynbra no mkane NIHSS: 14 cytoxk s uHCyabTa cpe-
Hel TshkecTd U 21 CYyTKM — JUIS TSHKETIOr0 MHCYNbTA.
[Ipu mocTymniieHnH B cTallMOHAp BCEM MalUEeHTaM Mpo-
BOJMIINCH cOOp *anoO, aHaMHe3a, (PUIUKAIBHBINA OC-
MOTp, aHTPOIIOMETPHSI; AaHKETUPOBAHNE; HHCTPYMEH-
TaJbHBIE UCCIIEAOBAaHHUS — KOMIIBIOTEPHAs TOMOTpa-
(us TOTOBHOTO MO3ra C OLIEHKOH paHHHUX MPHU3HAKOB
nmemun 1o mkane ASPECTS (Alberta Stroke Program
Early CT score), ynsTpa3ByKOBO€ TPHIUIEKCHOE CKaHH-
poBaHue OpaxuoleanbHBIX apTepuil, 3XOKapAnorpa-
¢us, snexrpokapaunorpamma (OKI'), yneTpasBykoBoe
IYTJIEKCHOE CKAHUPOBAHUE COCYIOB HMKHUX KOHEU-
HOCTei1; TabopaTtopHble UCCIeOBaHNS — KIMHUYECKUN
aHaJIM3 KPOBU U MOYH, OMOXMMHUUECKHN aHATN3 KPOBH,
ofpeesieHHe YPOBHS TNIMKUPOBAHHOTO TeMOITIOONHA,
UCcIe0BaHye JUIUAHOTO CIEKTPa, MUKPOAILOyMUHA
B MOYe, Koaryjaorpamma.

Hapsiny ¢ 5TUM npu MOCTYIUIEHUN U B TUHAMUKE
Ha 14-e (unu 21-e B cmyyae Tspkenoro teuenus M)
CYTKH MPOBOJMJINCH OIIEHKa HEBPOJIOTHYECKOTO CTa-
Tyca, TsbKecTH MHCeyabTa 1o mkane NIHSS, crenenn
yTpaThl AeecrnocoOHocTH o mRs; OeckoHTpacTHaAs
MPT ronoBHOro Mo3ra ¢ UCIOIb30BaHUEM pEKUMaA
nu¢dy3noHHO-B3BeIEHHBIX n300pakenuit (JABU b
500/b 1000), a Taxxe 3a00p 0Opa3LOB KPOBU AT OHO-
OankupoBaHusi. OOpa3ibl KPOBH U ee (hpakuuil XpaHu-
much npu temneparype —80 °C. Konnenrparuro JIbM
B 00pa3siax CHIBOPOTKH KPOBH OIPENeNsUTH C HOMOLIBIO
MYJBTHIIEKCHOTO UIMMYHO(IIYOPECIIEHTHOTO aHalu-
3a Ha Oaze matdopmsl xMap (Luminex) ¢ ucnonb-
30BaHUEM CIIEAYIONIMNX MaHesneil pearentos (Merck,
Millipore, CILIA):

1. HabGop ans ompeneneHus MapKepOB aHTHO-
resesa u (akropoB pocta yenoseka (Human Angio-
genesis/Growth Factor Magnetic Bead Panel 1)
(HAGP1MAG-12K)): snuaepmanbHbiii pakTop pocra

22

(EGF), anrnonoatun-2 (Angiopoietin-2), rpaHyaonu-
TapHbI KoNoHHecTUMYIupyomuil ¢paktop (G-CSF),
KOCTHBII Mopdorenernueckuii 6enok-9 (BMP-9),
sugornH (Endoglin), sunorenun-1 (Endothelin-1/
EDN-1), nentun (Leptin), paktop pocra ¢pudpodia-
croB-1 (FGF-1), ponnmucrarun (Follistatin/FST), unrep-
neiikuH-8 (IL-8), paxrop pocta remarouuros (HGF),
renapuH-cBs3biBaromuii EGF-oqo0HbIii akTop po-
cra (HB-EGF), mnanenrapnsiii ¢paxrop pocra (PLGF),
¢axrop pocra sunotenus cocynos C seepx (VEGF-C),
¢axrop pocra sHnorenus cocyaoB D (VEGF-D), dak-
TOp pocta Gubpodnactos-2 (FGF-2) (mir/mn);

2. HaGop mist onpeneneHust arnolUnonpoTenHOB de-
noseka (Human Apolipoprotein Magnetic Bead Panel
(APOMAG-62K)): anonmunonporenn Al (Apo Al),
anonunonpotend CIII (Apo CIII), anonmunonporenn E
(Apo E), anomunonporenn All (Apo All), anonumno-
npoteuH CII (Apo CII) (ar/min);

3. Habop ans ompeneneHus MapKepoB MeTacTa-
30B yenoBeka (Human Cancer Metastasis Biomarker
Magnetic Bead Panel (HCMBMAG-22K)): Helipon-
cneun¢uunas enonasza (NSE) (Hr/mmn);

4. Habop ans omnpeneneHus MapKepoB cepleyHO-
cocynucTheix 3aboneBaHuii yenoBeka (Human
Cardiovascular Disease Magnetic Bead Panel 5
(HCVD5SMAG-67K)): 6emok 15, cogepskamiuii JoMmeH
JIe3UHTEerpuHa u MetayuionporenHassl (ADAMIS),
CpeHepernoHaNbHEIN MpoagpeHomenymiuH (MR-
ProADM), pactBopumsiii CD163 (sCD163), xaare-
pun 13 (CDH13), xpomorpanunn-A (CHGA/CGA), Ge-
nok termtosoro moka HSP60 (HSP60), peuentop nn-
cynuronono6Horo gakropa pocra (IGF1R), penentop
nunonpoTenHoB HU3Kou motHocTH (LDLR), peuen-
top nentuHa (LEPR), TpancMeMOpaHHBIN perenTop-
HBII Genok-romonor 1 HeiiporenHoro nokyca NOTCH
(Notchl), hocdonunaza A2 (Phospholipase A2 group
VII), npoctarnannun D2 cunrasa (prostaglandin D2
synthase); nnTepneiikud 1 penentop nogoOHbIH 6enok 1
(sST2/IL1RL1); cunnekan 4 (Syndecan 4/SYND4)
(ar/mn);

5. HabGop mys ompenenieHHuss MapKepoB HEHWpo-
JIereHepaTUBHBIX 3aboneBaHuii yenoBeka (Human
Neurological Disorders Magnetic Bed Panel 3
(HND3MAG-39K)): pacTBopuMasi CylepOKCHIIUCMY-
taza 1 (SOD1), anrnorensunorex (Angiotensinogen),
¢eryun A (Fetuin A), pacTBopuMas CynepoKCHUAIIC-
myTasa 2 (SOD2), nepynonnasmun (Contactin-1),
kamnukpeuH 6 (Kallikrein-6/KLK6), ocTeonoHTHH
(Osteopontin) (Hr/mim);

6. HaGop nns ompeaeneHus pacTBOPUMBIX
peuenTtopoB UUTOKMHOB YenoBeka (Human So-
luble Cytokine Receptor Magnetic Bead Panel
(HSCRMAG32KPX14)): pactBopumsiii CD30
(sCD30), pacTBOpUMBII peenTop SMUAECPMaTBLHOTO



¢axropa pocta (SEGFR), pacTBopuMbIil IITUKOTIPOTENH
130 (sgp130), pacTBopuMsIii petenTop | nHTEpIeHKH-
Ha-1 (sIL-1RI), pactBopumsiii peuentop Il nnTepnei-
kuHa-1 (sIL-1RII), cyOpenununa anbda pacTBOpUMOro
peuentopa unrepnetikuaa-2 (sIL-2R alpha), pacTso-
pUMBIi perienitop unTepneiikuna-4 (sIL-4R), pactso-
PHUMBIA perieniTop uHTepneiikuna-6 (sIL-6R), pactso-
PUMBIH pelenTop KOHEYHBIX MPOAYKTOB TIINKO3HMIIHU-
poBanust (SRAGE), pactBopumslii penentop daxropa
Hekposa ommyxonu 1 (STNFRI), pactBopumelii penentop
¢akropa Hekposa omyxonu 2 (STNFRII), pactBopu-
MBII penenTop (Gaxkropa pocTa SHAOTETHS COCYIoB |
(sVEGFRI1/sFlt-1), pacTBopuMsIii peentop dakTopa
pocrta sunorenus cocynos 2 (sSVEGFR2/sKDR/sFlk-1),
pacTBOpUMBIi peLenTop (akTopa pocTa SHAOTENHS CO-
cynoB 3 (sVEGFR3/sFlt-4) (rir/mn);

7. Habop st onpeneneHust MapkepoB T-KiIeTok ue-
noBeka (Human High Sensitivity T Cell Magnetic Bead
Panel (HSTCMAG28SPMX21)): xeMoaTTpaKkTaHT
T-xnerok, nuaynupyemsiii uaTepdeponom (I-TAC/
CXCL11), xononuectumynupytomuii paxrop rpa-
HyjouuToB ¥ MakpodaroB (GM—CSF), dpaxrankun
(Fractalkine/CX3CL1), uatepdepon ramma (IFNy),
unrepnerikus-10 (IL-10), makpodaranbHeiil 6e1ok Boc-
nanexus 3 anpda (MIP-30/CCL20), unrepneiikun-12
(IL-12 p70), unrtepneiikun-13 (IL-13), unaTepmneii-
kun-17 (IL-17A/CTLAS), untepaeiikun 1 6era (IL-1B),
untepneiikun-2 (IL-2), uatepneiikun-21 (IL-21), un-
tepnelikun-4 (IL-4), uarepneiikun-23 (IL-23), un-
tepneiikun-5 (IL-5), natepneiikun-6 (IL-6), uarep-
neiikun-7 (IL-7), unrepneiikun-8 (IL-8/CXCLS), ma-
KpodaranbHblil 6enok Bocnanenus 1 anbda (MIP-1o/
CCL3), makpodaranbHeiii Oenok BocmajeHus: 1 6era
(MIP-1B/CCL4), dhakrop Hekpo3a omyxoieil anbha
(TNF-a) (rir/mit). B skciepuMenTe HCIoabh30BaIu 3a-
MOpOKEeHHBIE 00pa3Lbl CBIBOPOTKU KpoBH. Iloaroros-
Ky ¥ aHaju3 npo0 MPOBOAMIM COINIACHO MHCTPYKLHH
MIPOU3BOAUTEIS.

CrarucTndeckas 00padoTka JaHHBIX

Jl1s1 TpoBEepKH TMITOTE3bI O HOPMAJIBHOM pactipesie-
JIEHWH JaHHBIX ucnonb3oaics Tect Hlanupo—VYuka.
J1s1 BBISIBJIEHUS. MEXTPYIIIIOBOTO Pa3iINyus B YPOBHSIX
KOHLIeHTpauuu uccnenyemslx JIBM ucnonb3oBaics
Kputepuit ManHa—YuTHU. OnucarenabHasi CTaTHCTUKA
npezacraBieHa MeanaHol (Me) 1 HHTepKBapTUIbHBIM
pa3maxom [Q25—Q75], cpeqHUM 3HAYEHHUEM U CTaH-
JnapTHbIM oTkJIoHeHHeM (M =+ sd).) Pasnuune mexnay
BBIOOPKAMH CUMTANIOCHh 3HAYUMBIM Tipu p < 0,05. O0-
paboTKa M CTaTUCTUYECKUI aHAIHU3 JaHHBIX BBIIOJ-
HEHBI C HCIIOJIb30BAaHUEM SA3BbIKa IPOIPAMMHUPOBAHUS
R Bepcun 4.3.1.

MeToabl MAIIMHHOTO 00yYeHUsI

Jusa xnaccuukanuy JaHHBIX OBUT MCIIOJIB30BaH
MeToz AepeBa pemieHuil. Jlanusie Bktouanu 78 JIBM.
Knaccuduxkaryst mpoBeeHa ¢ 1ebo pa3aeicHus 00-
pasuoB Ha JBa Kjiacca: OJIaromnpusTHBIM U HeOlaro-
MpHUATHBIA ucxon. PaccmoTpeHo 2 BapuaHTa Hcxofa
UN: pynkumonansueiit (OU) 1 HEBpOIOTrHYE CKHMA
(HW). HeGnaronpusTHEIM (yHKIIMOHATBHBIM HCXOI0M
(H6DW) cunranock 3HaueHHne Mo mRs K OKOHYaHHIO
nepuoza HabmroneHus 3—5 6amnoB. s ouenku HU wmc-
nonb3oBanack mkana NIHSS. [Tox HeGnaronpusTHeIM
HeBpooruueckum ucxoaom (HOHN) noxpazymeranoch
OTCYTCTBUE CHW)KEHUS TSDKECTH MHCYIIBTA TI0 IIKaJe
NIHSS k okoHuaHHUIO TIeproIa HAOIFOICHUS Ha 4 U 00-
nee 6atoB. [ onTUMH3AaLKHU TapaMeTpoB 00yUIEeHHUS
MozeH OBUTH HCIIOB30BaHbl TeHETHYECKUE ANTOPUT-
Mbl. [eHeTHYEeCKHEe aNropUTMBbI HCIIOIBE30BAJIA CTpaTe-
THIO JIUTH3MA, TIPH 0TOOPE «IIOTOMKOBY HCIIONH30BAI-
cst TypHUpHBIHA 0TOOpP. [IpHrcnocobneHHOCTs MoeNn
COOTBETCTBOBaJIa 00MIeH TOYHOCTH Mojenu. [laHHbIe
CJTy4ailiHBIM 00pa30M ObLIH pa3/ieieHbl Ha 00YJaIOIIyIO
Y TECTOBYIO BBIOOPKY: B cOOTHOIEHUH 74,6/25,4 % BbI-
OOpKH ITpH TIOCTPOSHUH MOEIH MTPOrHO3upoBanus HI
u 80,0/20,0 % BBIOOPKH COOTBETCTBEHHO — IIPHU TI0-
cTpoeHuu Mozenu nporuozuposanust ®U. B nponecce
MOCTPOEHHS JAepPeBa PEIICHUH TPUMEHSITICH CIIETYIO-
1IMe KpUTepuu: Kpurepuil [DKUHYU 17151 OLIEHKH YUCTOTBI
Y3JI0B, & TAK)KE MOPOTOBBIE 3HAYECHHUS ISl pa3OrueHUs
JAHHBIX B KOKIOM y3ie. J{jis aHanm3a aHHBIX HCTIOJTh-
30BaJiCcs SI3bIK porpammupoBanus Python u makeros
scikit-learn u matplotlib (Bepcus 3.12.3) u 361K TIpO-
rpamMupoBanus R (Bepcust 4.3.3) [13;14;15].

Pe3yabTarsl

Onucanue rpynn nauueHToB

B 3aBucumoctu or ®M no mRs k okoHUaHUIO
TOCTIMTANIH3AIUN NAMEHTHl 00IIero MaccuBa (n =
55) Obutn pazmenieHbl Ha 2 Tpynnbel — ¢ OJaronpu-
atasiM OU (BOU) u HO6D U. [Ipu cpaBHUTETBHOM
aHaM3e yKa3aHHBIX TPy NanueHToB (Tabi. 1) Obuto
YCTaHOBJICHO, YTO CPEIHUHN BO3pacT, 10yt Guopumis-
ruu npeacepanii (PII), TsxecTs HHCYIBTA MO MIKAIE
NIHSS, a takke 00beM HIIIEMHYECKOTO MTOBPEXKIC-
HUS ObUTH 3HAYMMO BhIlIe B rpymie aui ¢ HOOU (p <
0,05). C apyroii ctopoHsl, oOpamniany Ha ce0s BHIMa-
HHUE OoJiee MO3HUE CPOKH TOCIHTATH3ALNU U OoJee
BBICOKAsI 4ACTOTA JIOKAJIM3ALUH UIIEMHYECKIX 04aroB
B BepTeOpanbHO-0a3unsipuom Oaccetrine (BBB) cpenu
mui ¢ BOU (p < 0,05). CtouT OTMETHTD, YTO U Cpenu
narueHToB ¢ HOMI Ha MOMEHT MOCTYIUICHHS B CTa-
UOHap OBUIN JIMIIa C UHCYJBTOM CpEIHEH CTEeleHH
msokectd o NIHSS, a Taxke HeGombImuM 00bEMOM
UIIIEMHYECKOTO TOBPEXKICHHS, B TO BPEMsI KaK Cpein
nanueHToB ¢ bOU BcTpedanucs auna ¢ JOCTaTOYHO
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Tabnuya 1

OBINASA XAPAKTEPUCTUKA TAIITUEHTOB
C BJIATOIIPUATHBIM U HEBJIAT'OIIPUATHBIM @YHKIIMOHAJIBHBIM HCXOJ0OM
NIIEMHAYECKOI'O UHCVYJIbTA ITPU ITIOCTYIIVIEHUHA B CTAITUOHAP

BU HoH
CpaBHHBaeMble NAPAMETPbI (mRs < 2 6as10B) (mRs 3-5 0as10B) p*
n=15 n =40
Bospacr, romer, M + SD 65,0+ 5,1 72,0+9.,4 0,01!
Cpoxu rocnutanuzauuu ot pazsutusi OHMK, 5 B )
aacst, Me [Q1-Q3] 18 [7-24] 6 [4-12] 0,06
IMoeroprOocTs OHMK, abc. (%) 3 (20,0%) 9 (22,5%) 0,843
Jloxanuzanus uncynsra— Kb, abc. (%) 9 (60,0 %) 29 (72,5%) 0,373
Jloxanuzanus uacynsra— BBB, abc. (%) 6 (40,0 %) 5(12,5%) 0,023
Jloxanuzanus uacynsta — Kb + BBB, abc. (%) 0 (0,0%) 6 (15,0%) 0,113
Hammune ®I1, abe. (%) 3 (20,0%) 23 (57,5%) 0,013
I'moxo3a mpu moctymernu, MMois/i1, M = SD 10,9 £3,1 10,5+ 5,6 0,73!
Pannne KT-npusnaku umemun no ASPECTS )
TIpH MOCTYIUICHNH, 6aiiel, Me [Q1-Q3] 8 [8-10] o 17-10] 0,74
3nauenue o NIHSS npu nocrymnnenun, 6anisl, )
_ _ <
Me [Q1-Q3] 5[5-6] 10 [7-17] 0,001
3nauenue no NIHSS k okoHuaHuI0 HccneqoBaHus
) _ < 2
GamL, Me [Q1-Q3] 3 [2-4] 7 [5-14] 0,001
O6beM ouara umiemud 1o nanusiM MPT 5
npu mocTyreHmm, ov, Me [Q1-Q3] 5,4 [3,8-26,8] 31,7 [10,3-107,2] 0,02
O0beM ouara uireMuu 1mo JanusiM MPT 5
npu BemHCKe, oM, Me [Q1-Q3] 6,1 [1,9-11,8] 40,2 [4,8-85,4] 0,01

Ipumeyanue: Me — menuana; Q1-Q3 — uHTepKBapTHIBHBIN pazMax; M = SD — cpennee 3HaueHUE + cTaHIAPTHOE OTKIOHEHUE;
BU — Gnaronpusitaeiii ucxon; HBU — neGnaronpustHeiil ncxon; mRs — moxuduimpoBannas mkaia Pankuna; OHMK — octpoe Ha-
pyleHie Mo3roBoro kpopoobparenus; Kb — kaporuansiit 6acceiin; BBb — BepreopanbHo-0asuisipaslii 6acceiin; OI1— Gpubpuisius
npencepauii; KT — kommbrotepras Tomorpadus; ASPECTS — nporpamma Alberta st ouenku panaux KT n3aMeHeHuit Ipu UHCYIBTE;
NIHSS — mikana unacynasta Hanmonansaoro uHCTUTYTa 310p0oBbsi; MPT — MarHuTHO-pe3oHaHCHast Tomorpadus; *1 — ucnons3oBan
t-kpuTepuil Yamua; 2 — UCHONB30BaH KpuTepuii ManHa—YUTHH; 3 — UCIOIB30BaH TOYHBINA KpuTepuii durepa.

OombIIoi 30HOM MH(papkTa, a Takxke Hanmnauem DI,
MO3TOMY HMCIIONb30BAHNE TPAIULMOHHBIX KPUTEPHUEB
OLIEHKH 0JaronpusITHOTO (PYHKIMOHAJIBHOTO MCXOAa
IIPYU MHCYJbTE HE BCEra UMEET MpelCKa3yeMble pe-
3yJBTaTHL.

IIpu cpaBHUTENEHOM aHaNM3€e KoHUEHTpauu JIBM
B CHIBOPOTKE KpoBH y manueHToB ¢ HOOU n bOU Ha
MOMEHT IOCTYIUICHHSI B CTALlMOHAP TaKKe OBIJI BBISB-
JIeH P/l CTAaTHCTHYECKH 3HAYMMBIX PA3IIUHii (Taom. 2).
B rpynme nannenToB ¢ BOU BrIsiBNsIIOCH Tpeobnama-
Hue ypoBHeil SEGFR, sVEGFR2, Apo AIl u sIL-1RII,
TOTAa Kak B rpymme nanueHToB ¢ HOOU — ypoBHs
IL-6.

ITomumo onieHkH ucxoaHbIX ypoBHel JIBM, mpose-
JIeH CPAaBHUTENbHBINA aHAIN3 UX AMHAMHYECKUX ITOKa-
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3areneii (Tabum. 3). B rpynme marenToB ¢ bW Habiro-
JTATOCh CTAaTHUCTUYECKH 3HAYMMOE CHIDKEHUE YPOBHS
HGEF, FST, sIL-1RII, a Takxe yBeIuueHUE KOHIIEHTpa-
1 MR-ProADM u SYNDA4. [Ipn HO®U wabmona-
JIOCh CTATHCTUYECKH 3HAYUMOE HapacTaHWe KOHIICH-
TpaIyH TPOBOCIIATUTEIHHBIX ITATOKWHOB U PEIIETITO-
pos k HUM (SIL-1RI, sIL-2R alpha, TNF-a, sSTNFRI,
sTNFRII, sCD30, sIL-6R), n3menenue ypoBHs Mapke-
POB SHIOTEINAIBHOTO MMOBPEXKICHUS U aHTHOTeHe3a
(ymenpmenne xkonnenrpanuu EDN-1, HGF, VEGF-C,
Hapacranue ypoBHs sVEGFR2, sVEGFR3); nzamenenne
koHLeHTpauuu JIBM, oTpaxaromux akTUBHOCTb BOC-
MATATEIHHOTO M PerapaTHBHOTO MPOIECCOB, a TAaKKe
COCTOSIHHE TOMeOocTa3a (HapacTaHhe KOHIEHTpaIuu
LEPR, KLK6, camkenue koHnentparnuu Notchl).



Tabnuya 2

CPABHUTEJIbHBIN AHAJIN3 YPOBHEI1 BHUOMAPKEPOB
HA MOMEHT I'OCIIUTAJIM3AIIUU B CTAIITUOHAP Y TATUEHTOB
C BJIATOINPUATHBIM U HEBJIAT'OIIPUATHBIM &YHKIIUMOHAJIBHBIM HCXOJ0OM

NIIEMHAYECKOI'O UHCVYJbTA

AHATHTBI BH (mRs < 2 6a1710B) H6H (mRs 3-5 6an10B) .
Me [Q1-Q3] n=15 n =40 P
Apo AL Hr/mn 632 [394-680] 399 [273-530] 0,03
SIL-1RII, nr/mu 9638 [8733-10922] 8058 [6904-10352] 0,03
sEGFR, nr/mn 60811 [55737-74788] 48820 [40091-60056] < 0,001
sVEGFR2, nir/mn 13435 [11553-23855] 10830 [7420-13821] 0,02
IL-6, rir/mm 2[1-4] 4[3-5] 0,03

[pumeuanue: Me — menuana; Q1-Q3 — uHTEpKBapTUIBHBIH pa3max; BU — Omaronpustaslit ncxox; HBU — HebmaronpuatHbit
ncxon; mRs — mogudummpoBannas mkana Ponkuna; Apo All — anomumomnporenn All; sIL-1RII — pactBopumerii penenitop 11 uaTEp-
neiikuHa- 1; SEGFR — pactBopumsblii penentop snuaepmansHoro dhaktopa pocra; SVEGFR2 — pactBopumslii perenitop daxropa pocta
sHpoTenus cocynoB 2; IL-6 — unTepneiikuH-6; * — ucnonap3oBaH Kpurepuit ManHa—YuTHH. [10ka3aHbI TOJIBKO CTaTUCTUYECKH 3HAYH-

MBI€ PA3TUINS MEKTY TPyIIIaMU.

Takum o6pasom, y naiuentoB ¢ bW u HoOOU
OTCYTCTBOBAJIM YETKHE KIMHHUKO-aHAMHECTUYECKUE
KpUTEpPUH, CIOCOOHBIE NPEACKA3bIBaTh TOT WM MHOMN
(yHKUIMOHANBHBIN Ucxon. BmecTe ¢ TeM cpenn MHOTO-
00pa3us pa3IYaBIINXCA Y HUX HCXOAHBIX, & TAKKe JH-
HaMHUYECKHX TMoKazareneit yposHs JIBM naubonee mep-
CHEKTHBHBIMH MTOTEHIIHAIbHBIMU TPEAUKTOPAMH TIPO-
rao3a ucxona MM sBuiKCh UCXOJHBIE KOHLIEHTPALIUU
JIBM. IIpexne Bcero, JaHHEIN BEIOOP OBLT 00YCIIOBIICH
BBISIBJICHHBIM HEOOIBIINM KOJTMYECTBOM 3HAYMMBIX IS
nucxona JIbM, a taxxe OTCYTCTBHEM HPUBA3aHHOCTH
JAHHBIX [TOKa3aTeJel K COIUaNbHO-AeMOrpaduaecKkum
Y aHAMHECTHYECKUM CBEJICHUSAM, 3HAYUTEIBHO BapbH-
pyromumcs y nauueHnTos ¢ M.

IIpornocTnueckast mogesis ®U UM y naumeH-
ToB ¢ C/I 2-ro TUna

JepeBo pemieHuii, MpencTaBIeHHOe Ha PUCYHKE 1,
UCIIOIb30BaANOCH i npenckaszanus O MU na oc-
HoBe 3HaueHui uccnenyemoix JIbBM. KopHeBoil y3en
CONEPKUT nepeMennyto IL-13 ¢ moporoBeIM 3HaYCHH-
em 3,605 nr/mi1, Ha OCHOBaHUHM KOTOPOTO MPOUCXOIHT
JlajbpHeIIee pas3ieneHne Ha kiaccsl. IIpeacraBineH-
HOE B JICBOM IOJiepeBe codeTanue ypoBue 1L-13 <
3,605 nr/mit u 1L-6 < 1,47 nr/mit SBJISICTCS IPEIUKTO-
pom BOMU, Toraa xak coueranue ypoBHen 1L-13 < 3,605
/vt 1 1L-6 > 1,47 nr/mn— HO®U. B npaBom nomze-
peBe npu ypohe 1L-13 > 3,605 nr/mn naneHeiimee pas-
JeTIeHNE JJAHHBIX TIPOMCXOIUT Ha OCHOBAHHH TTOKa3aTe-
15t APO CII. Coueranue yposHs IL-13 > 3,605 nr/mi
u yposHsi APO CII < 1516000000,0 Hr/min sBnsieTcst
npenukropoM HODU. Ilpu couerannu ypoBus I1L-13
> 3,605 nir/mn u ypoass APO CII > 1516000000,0
HI/MJI JallbHeMIee pa3fieieHHe JTaHHbIX MPOMCXO-

IuT Ha ocHOBaHWM ypoBHA SIL-4R. Yposens sIL-4R
> 581,912 nr/mn sBnsiercst npeaukropom BOU. [pu
ypoBHe SIL-4R < 581,912 nr/mn pasaeneHne AaHHbBIX
MIPOUCXOIUT B 3aBUCUMOCTH OT ypoBHA SYND4. Ypo-
BeHb SYND4 < 26,785 Hr/mi1 SIBISE€TCS IPESIUKTOPOM
B®U, Torga kak 3HaueHuss SYND4 > 26,785 ur/mn—
npeaukropoM HODU. O6mas To4HOCTh Kilaccupuka-
U Ha oOy4aromeid Beioopke cocrasmia 100 %. Oomas
TOYHOCTH Ha TECTOBOH BEIOOPKE cocTtaBmia 91 %, uro
JIEMOHCTPHUPYET CIIOCOOHOCTH Mojeu 3HHEKTUBHO
npenckaseiBate @ octporo nepuona UN.

IIpornocruyeckas mogens HU MU y nanueHToB
¢ C/I 2-ro Tuna

JepeBo pemieHuit, mpeacTapIeHHOE Ha PUCYHKE 2,
UCII0JIb30BAIOCH JUIs npenckasanus HU NN, [lepeso
pemennii HaunHaeTcs ¢ y3ia sIL-2R alpha ¢ moporo-
BbIM 3HaueHneM 480,802 rr/mi. Eciu 3nauenne sIL-2R
alpha < 480,802 nr/mu, nanpHeiiee pasieneHue Ha
KJIACCHI MPOUCXOMUT Ha OCHOBaHWMM 3HaueHus 1L-21.
Ecnu 3nagenue 1L-21 < 1,024 nr/mii, Moaenb mpej-
ckaszpiBaeT HOHU. Ecnu IL-21 > 1,024 nr/mu, npen-
CKa3bIBaeTCsl OJIATOTPUSTHBIN HEBPOJIOTUYESCKUIA UC-
xon (BHW). Ecnu 3nauenue sIL-2R alpha > 480,802
Ir/MIl, pa3aeiieHue MPOUCXOAUT Ha OCHOBaHWUU 3Ha-
yenust ADAMI1S. B tom ciydae, korna sIL-2R alpha
> 480,802 nr/mn u 3Hauenne ADAMI15 < 3076,733
rr/mit, mozielis penckassizaet HOHU. Eciiu ADAMI1S
> 3076,733 ur/mi, najnbHeiIIee pa3aeiICHUEe Ha Kiac-
CBI IPOUCXOANT Ha ocHOoBaHMM 3HadeHus sVEGFR2.
Ecmu yposens sVEGFR2 < 16300,003 rir/mut, Mozenb
npenackaspiBaer BHU. Ho ecmn sVEGFR2 > 16300,003
nr/mi, Moaeib npeackassieaet HOHM. O6ias tou-
HOCTH pabOTHI MOJICIN Ha 00y4Jaromieil BEIOOpPKE Co-
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; BU— 6naronpusitheiii ucxon; HBM — HebnaronpusTHeii ncxon; mRs — monudunupoanHast mkana Pankuna; EDN-1—

i pazmax

Me — meauana; Q1-Q3 — MHTEpKBaPTUIILHBI

IIpumeuanue
suporenus-1; FST — ¢pomnucrarun; HGF — ¢akrop pocra renaromuro, VEGF-C — ¢akrop pocra sunotenust cocynoB C; MR-ProADM — cpennepernonansHbiil npoaaperomenyiuiina; LEPR —

peuenitop nentuHa; Notchl — TpancMeMOpaHHEBI penenTopHbIil 6enok-romonor 1 Heliporennoro okyca NOTCH; SYND4 — cunnekan 4; KLK6 — kammukpeun 6; sCD30- pactopumsiit CD30;
SIL-1RI — pactBopumslii perientop I uatepneiikuna-1; sIL-1RII — pactBopumsriit perienitop 11 unrepneiikuna-1; sIL-2R alpha — cyObeannuia anbda pacTBOPUMOTo peLenTopa HHTEpIIeHKUHA-2;

sIL-6R — pacTBOpHUMBI

(hakTopa Hekposa omyxonu 1; sSTNFRII — penenitop dakropa Hekposa omyxonu 2; sSVEGFR2 — pactso-

il penenTop

6; STNFRI — pactBopumbl
(hakTopa pocta sumorenus cocynos 2; sVEGFR3 — pactBopumslii penienitop dakropa pocta suporenus cocynoB 3; TNF-o — ¢dakrop Hekpo3a omyxonu anbgha; * — UCIOIb30BaH

KpI/ITepI/Iﬁ VYunkokcona. [Toka3aHbl TOJBKO CTATHCTHYECKH 3HAYUMEIC pasinung MEXIy rpyIiamu.

¥ peUenTop UHTCPIICUKHUHA-

pUMBIH peuenTop

craBuna 95,1 %, Ha TecToBoit BEIOOpKE — 100 %, uTO
JIEMOHCTPHUPYET CIIOCOOHOCTEH MoJenu 3(H(PeKTUBHO
npenckaspiBate HU octporo nepuoga MU.

O06cy:xneHue

JlaHHbBIE IPOBEIEHHOTO HAMU MCCJIEIOBAaHUS Jie-
MOHCTPUPYIOT BIMSHUE BO3PAcTa, TSLDKECTH MHCYIIBTA
o mkanie NIHSS, o6bema nimemMudeckoro moBpexae-
Hus, a Takke Hannuus OII va ®U HnU y nanuen-
toB ¢ CJI 2-ro Tuna. B 1o e BpeMsi COBOKYIHOE BIIUSI-
HHE pa3JIMuHbIX COYETAaHUH pa3MepoB HH(pApKTa MO3ra
u ero Tsokectr o NIHSS na ncxon MU B Hameit pabo-
T€ SIBUWJIOCH HEOOHO3HAYHBIM, YTO COIVIACYETCS C Mpe.-
CTaBJICHHBIMU B JINTepaType NaHHBIMH. B gacTtHOCTH,
B pabote A. Gkantzios ¢ coaBropamu (2023) moka3aHa
3HAYUMOCTh [T0Ka3aTeNs TSHKECTH MHCYIbTA I10 IIKaje
NIHSS, Bo3pacTa 1 pa3MepoB UILIEMUYECKOTO TOBPEX-
neHus ans nporHosa ucxona UU. Tlpu aTom nuanazon
nokazaresnst NIHSS ot 5 o 21 6annoB qeMoHCTpHpO-
BaJI CBOIO MPOTHOCTHYECKYIO 3 PEKTUBHOCTD TOIBKO
B COUETAHMU C JIOKAJIN3ALed HHCYIIBTA, YTO, 110 MHE-
HHIO aBTOPOB, AUKTYET HEOOXOJUMOCTh BCECTOPOHHETO
HEBPOJIOTUYECKOT0 00CIIeI0BaHMsI NAUEHTa IS TIPH-
HATUS PELICHUS O TAKTUKE ero JieueHus [16].

CpaBHUTENBHBIN aHaU3 UCXOIHOTO ypoBHs JIBM
B CBIBOPOTKE KpoBH y naruenToB ¢ HOOU u bOU B Ha-
el paboTe ToKasal, 4To B TpyIie nanueHToB ¢ bOU
BBISBISLTUCH Oonee Beicokue ypoBHHU SEGFR, okaspiBa-
IOLIET0 MO JaHHBIM JIUTEPATYpPhl 3aIIUTHOE ACHCTBHE
MpHU UieMuueckoM nospexaeHuu [17]. Taxxe bOU
B HaIei paboTe OBIIT aCCOIMUPOBaH C 00Jee BEICOKH-
Mu KoHUeHTpauusmu sVEGFR2, urparoniero Baxuyro
POJIb B aHTHOTEHE3€ U OAAEPKaHUH LIETTIOCTHOCTH CO-
cynucToit cteHkd [ 18] 1 00paTHO CBSI3aHHOTO C pa3Me-
poMm mH(papkTa Mo3sra [19], Torna Kak ero cBs3b C HC-
xonoM UM B mpyrux paboTax sBIsieTCsS HEOQHO3HAY-
HOH. Tak, IO OIHUM AAHHBIM, [TOBBIIICHHBIC YPOBHU
sVEGFR2 senanuces npeaukropom bOU B cpenne-
cpouHoM u otaaieHHoM nepuone MU [20, 21], Torga
KakK B APyTUX paboTax HaOIOAaINCh B OCTPOil (haze
NN y narmentoB ¢ HO®U mo mRs crycts 3 mecsmna
ot aebroTa uHCybTa [22].

ITosbimennsie ypoBau Apo All u sIL-1RII y na-
rueHToB ¢ bBOU B Hareid pabore Takke COOTBETCTBY-
0T TaHHBIM JIUTEPaTyphl O CBSA3M yKa3aHHbIX JIBM
¢ ucxomamu MU, CJ1 2 u BocnaauTeI-HBEIMU 3a0051e-
BaHusAMH. Tak, Apo All BXoguT B cocTaB JIMIIONIPOTE-
MHOB BBICOKOH INIOTHOCTH M UMEET OOpaTHYIO CBSI3b
CO CMEPTHOCTBIO OT BCEX MPUUMH, BKIIOYasi HHCYIIBT,
y nanuenToB ¢ C/I [23]. SIL-1RII, B cBoro ouepens,
B psane paboT AEMOHCTPUPYET CBOIO MPOTHBOBOCIHA-
JIUTENBHYIO POJIb IPU 3a00JIEBaHUAX ayTOUMMYHHOTO
Y BOCHAJMUTENBHOrO cnekTpa [24]. Hanuuue B rpynmne
namueHToB ¢ HODU Ooiee BEICOKAX MCXOIHBIX KOH-
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OpurunanpHasa cratba / Original article

IL-13 <= 3,605
Qini=0.397
samples = 44
True value = (32, 12 False
class=HeGnaronpuATHLIA
IL- 6 <= 1.47 Apo Cll <= 151600000.0
gini=0.142 gini=0.494
samples = 26 samples = 18
value = [24, 2] value = [8, 10]
class=HelnaronpuATHLIN class=0naronpHATHLIA
Y e —
gini=0.0 gini=0.0 SIL-4R <= 581.912
samples = 24 samples =5 .355
value = [24, 0] value = [5. 0] samples = 13
Gr P o value = 3, 10)
class=6naronpHATHERA
-
SYND4 <= 26.785
gini=0.355
samples = 4
value = [3, 1]
class=HefnaronpuATHEA
By
gini=0.0
samples = 3
value = [3, 0]
class=HefinaronpUATHERA

Pucynok 1. CTpykTypa mepeBa pelleHHii, HCIOJIb3yeMOro IJaA Kiaaccupuramun
JaHHBIX IIPU IPOTHO3UPOBAHUM (PYHKIIMOHAJIHHOTO MCXO04A UIIEMUYECKOT0 HHCYJIbTa
mo MoguduIUPOBAHHON HIKajie PoHKMHA

Ipumeuanue: True — npasna; False — 10xp; mRs — moauduimposannas mikana Pankuna; 1L-13 — unTepneiikun-13; 1L-6 —
nnTepneiikuH-6; APO CIl— anonumnonporens ClI; sIL-4R — pactBopumslii perienitop naTepielikiuaa-4; SYND4 — cunnexan 4; gini —
kpurtepuid JDxuHE; samples — KomrdecTBo 00pa3noB; value — KoIM4ecTBO NalieHTOB, PACIIPEAEICHHBIX B TPYIIIBI C Pa3HBIM (DYHKINO-
HAJBHBIM HCXO/IOM; class «OmaronpusTHEI» — yTpara JeecliocCOOHOCTH K OKOHYaHUIo JedeHus < 2 6ayuia mo mRs; class «HeOmaromnpu-

STHBIH» — yTpara 1eecriocoOHOCTH K OKOHYAHHUIO JedeHns1 — 3—5 GayutoB o mRs.

SIL-2R alpha <= 480.802
qini=0.39
samples = 41
value = [33, 8]
True f False
IL-21 <= 1.024 ADAM15 <= 3076.733
gini=0.49 gini=0.18
samples = 11 samples = 30
value = [6, 5] value = [27, 3]
class=HeGnaronpUATHLIA class=HeGnaronpuATHLIR
Qini=0.0 SVEGFRZ <= 16300.003
samples =22 gini=0.46
value = [22, 0] samples = §
PHATHBIA value = [5, 3]
1ass=HEGNAroNPHATHII

Pucynok 2. CTpyKTypa mepeBa pelieHUi, HCIIOJIb3yeMOoro IJaa KiaaccuPUKAIMU JaAHHBIX
P MPOTHO3MPOBAHMH HEBPOJIOTMUECKOT0 MCX0a MIIEeMUYECKOr0 HHCYJIbTA
mo mKaje uHeyiabra HaumoHa apHOr0 HHCTUTYTA 3M0POBHIA

IIpumeuanne: NIHSS — mkana nacynsra HannoHansHOro HHCTHTYTa 310poBbst; True — mpasna; False — noxs; sIL-2R alpha —
cyObenuHuIa anb(a pacTBOPUMOTO perientopa nuTepieiikuna-2; IL-21 —unrepneiikun-21; ADAM 15— 6enok 15, coneprxaruii foMeH
Ne3UHTerprHa 1 MetatonporenHasbl; sVEGFR2 — pacTBopumblii perientop akropa pocta SHIOTEIHs COCYA0B 2; gini — KpuTepuit
JlxuHK; samples — KoanuecTBO 00pa3LoB; value — KOJIMYECTBO MalleHTOB, PACIPEIEICHHbIX B TPYMIIBI C PA3HBIM HEBPOJIOTHYECKUM
ucxonoM; class «OnaronpusATHbINY — CHUKEHHE TSHKECTH MHCYIJIBTa K OKOHYaHHIO JiedeHus 1o 1mkaie NIHSS na > 4 6annos; class «He-

OJIaroNpUsTHBII — OTCYTCTBHE CHIDKEHHS TSDKECTH MHCYIIBTA K OKOHUAHUIO JIedeHus 1o 1mkane NIHSS na > 4 6aos.
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uentpanuit IL-6 Takxe COOTBETCTBYET COBPEMEHHBIM
npencTasieHusM o0 [L-6 kak 0 Mapkepe BOCHaJICHUS
B octpoii craguu U [25].

AHanu3 IMHaMHYeCcKUX n3MeHeHui yposHeil JIBM
K OKOHYaHMIO TocnuTaiu3aluuu y nauueHtoB ¢ bOU
B HaIlleM MCCJICJIOBAaHWH BBISIBIJI CTATUCTHUECKH 3HAYH-
moe cHikenue yposHeit HGF, FST, sIL-1RI1I, a Taxke
yBenndeHne koHueHTpauuii MR-ProADM u SYNDA4.
Onupasich Ha MPEACTABICHHBIE B INTEPAType JaHHBIC
o cBs3u ykazaHHbsIx JIBM ¢ MU [26-30], MmoxkHO nipen-
MOJIOKUTD, YTO BBISIBICHHBIC HAMU U3MEHEHUSI MOTYT
OTpakaTh MOJIABJIICHUE YHIOTEIUAIBHON AUCyHKINY,
WHTUOUPOBAHKE arloNTO3a SHAOTEIHAIBHBIX KICTOK,
WHAYKIHUIO aHTHOTeHEe3a, MPOTUBOBOCHIAIUTEIHHBIE
U aHTHUOKCHUJIAHTHEIC MPOIIECCHI B TPYMIIE MAUEHTOB
c bOU.

[Tpn H6®U NU B Hameit pabote HabIIONATOCH
HapacTtanue koHueHTpauuu sIL-1RI, sIL-2R alpha,
TNF-a, sSTNFRI, sSTNFRII, sCD30 u sIL-6R, 4to B co-
OTBETCTBUU C UMEIOIIUMHUCS B IUTEPATYPE MPEACTaBIIE-
HUSIMH O POJIM YKa3aHHBIX MapKEPOB B Pa3BUTUH 3200-
JIEBAaHUU LEHTPAJIIBHON HEPBHOW CUCTEMBI U CEPIECUHO-
cocyaucThix 3a0oieBanuii (CC3), BeposSTHO, SBISIIOCH
MPOSIBIICHUSIMU TUIIEPAKTUBAIIUM UMMYHHOUM cUCTe-
MBI, TPOrPECCUPYIOIIET0 BOCTIATUTENHLHOTO MpoLecca,
a TaKXe MapauieIbHO MPOTEKAIOUIUX PerapaTuBHBIX
MIPOLIECCOB Y MAIIMEHTOB CO 3HAUMMBIM UIIEMHUYECKUM
noBpexaenueM [31-40].

VYMmensmienue koHueHtpauuun EDN-1, HGF,
VEGF-C u napacranue yposHs sVEGFR2, sVEGFR3
y nauuenToB ¢ CJ 2-ro Tuna npu H6®U MU B Hameit
paboTe MOIITU OBITH CIIEACTBUEM 3aKOHOMEPHOTO I10-
JIABJICHUS SHIIOTEITUAITBHON JUCHYHKIMY K OKOHYAHUIO
octporo nepuoga MU, a Takxke NporpeccCUpyOILEro
Y B TO K€ BPEeMs MATOJIOTHYECKOTO aHTHO- U JTuMpaH-
TUOTeHe3a y NauueHToB ¢ TsokensiM M. [Jannoe mpen-
MOJIOKEHHE CIIEJIaHO HA OCHOBAHUM PE3yJLTATOB Psi-
Jla COBPEMEHHBIX UCCIIEeI0OBAaHUH, IEMOHCTPUPYIOIIHNX
B3auMOCBs3b yka3aHHbIX JIBM ¢ CC3 [18-21, 26-27,
41-44].

Taxxe nmpu HOOU MU y nmanmentos ¢ C/I 2-ro tu-
Ia BBIsIBJIEHO HapacTanue koHueHTpanuu LEPR, KLK6
U cHIKeHue KoHteHTparmu Notchl. 31o coracoBbiBa-
JOCh ¢ AaHHBIMH APYTHUX paboT [45-51] 1, BO3MOXHO,
OTpaXkKaJio COXPAHSIOLIUECS K OKOHYaHUIO TOCTIUTATH-
3alli{ BOCHAIUTENLHBIA (JOH U AUCPETYIISALIUI0 TOMEO-
CTa3a, a TAaKKe U3MEHEHUS aKTUBHOCTH perapaTUBHBIX
MIPOIIECCOB, B TOM UHKCJIE HEUpOpEreHepaluy B odare
HIIEMUYECKOTO MOBPEXKICHHUS.

N3ydenue B3aMMOCBSI3M BBISIBICHHBIX B HAIlIEH pa-
0ote «kioueBbix» JIBM mporHo3upoBaHus UCXOIOB
MU y mauuentoB ¢ C/] 2-ro Tuna ¢ CC3 nokazasno Ha-
JIMYKe TakoM accouuanuu ajis kaxgoro u3 JIbM. Tak,
IL-13 sBnsieTcst U3BECTHBHIM MPOTUBOBOCHAIUTEIHHBIM

LUTOKWHOM, UTPAIOIINM BaXXKHYIO pOJIb B Mpolecce
BOCCTaHOBJICHHsI O€JIOT0 BEIIECTBa TOCIE HIIEMHYe-
CKOTO TOBPEXKACHUS U SBIAIOIHUMCS IPEIUKTOPOM
BHU u BOU [25, 52-54], Toraa kak IL-6, HanpoTHB,
B octpetieit haze MU siBnseTcs mpoBOCTIATUTELHBIM
HUTOKMHOM M MPOTHOCTHYECKUM Mapkepom HODU
[25, 55]. APO CII saBasiercst KoaKTOpOM JIMTIONPOTE-
MHITUIIA3b], ONOCPEAYIOIeH KaTaboIn3M BasKHBIX IS
natorenesa MU Tpurnnuepunos, a ero reHeTUUeCcKn
00yCTIOBIEHHBIN Ne(UIUT MPUBOAUT K KIMHUYECKU
3HaYMMOM runeprpurinuepunemun [56—57]. SIL-4R
SBJISAETCS] IUTOKMHOM, OIIOCPENYIOIINM 3a CUET CBOEH
CTPYKTYpHI 3pdexThl kak IL-4, Tak u IL-13, xoTopsie
B CBOIO OY€peab PErylupyloT 00pa3oBaHrue aHTUTEI
u Bocnanenus npu MU. Taxxe sIL-4R urpaer Bax-
HYIO POJb B penapalnuy MUKPOTJIMHA U aHTHOTeHe3e
nociie UU [24]. SYND4 npeacrapnsier cobol TpaHc-
meMmOpanHbii (Tun 1) renapancynbdarnpoTeoriuka,
3KCIIPECCHIO KOTOPOTO MHAYLUPYET dHIOTEINAIbHASA
mucdynkuus [28], umeromasics npu UL

SIL-2R alpha npencrasnsier u3 cedsa Oenox, yda-
CTBYIOLINH B cOOpKe BhICOKOA((IUHHOTO perenTopa
IL-2, ponb KOoTOpOro BaxkHa JIi MIMMYHHOTO TOMEOCTa-
3a [32]; mupoKo IKCIpeccupyeTcs JIeHKOIUTaMu Ipu
AKTUBAIMM UMMYHUTETA, SIBIAETCSA MPU3HAKOM LIUTO-
KUHOBOTO mTopMma [33], a Takxke npeaukropom HODU
ciycTs 3 mecsita ot passutus MU [25]. IL-21 — opo-
BOCTIAJIUTENbHBIA IINTOKHUH, YYaCTBYIOIUI B HEHPOBO-
cnanenuu npu MU [58-59].

Pone ADAMIS5 npu CC3 sicHa He 1o KoHna. Tak,
nokazana pons ADAM15 B nonasnenuu runeprpopun
MHUOKap/a Ipy THIEPTPOPHUUECKON KapAHMOMUOTIATHN
[60], «onTUMaNTBEHOM CIIMBAaHUWY KOJIJIATSHA M 00pa30-
BaHHUHM pyOLOB mocie nHdpapkra Muokapaa [61]. Tak-
K€ €CTh IaHHbIE, CBUJIETENBLCTBYIOLINE O MOBBIILIEHUN
skcnipeccu ADAMI15 B OoTBET Ha TAKEIYIO THIIOK-
CHI0, BBI3BIBAIOILYIO I'MOEIbh HEHPOHOB, a TaKXKe €ro
TUIEPIPOTYKIHUIO B TIEPBBIE CyTKH MOCIE MOPAKEHUS
nepudepuyeckux HepBoB [62]. Poas sVEGFR2 mpu
WU Obuta onmcaHa paHee.

BriBOABI

Hccnenosanue xonnentpanuu JIbM npu nocry-
IUICHUU NTAIUEHTOB B CTALIMOHAP MOXET UCIIOIb30BATh-
sl AJI nporosuposanus ucxoga HnM y nanueHTos
¢ CI 2-ro Tuna. MO — meTof, TO3BOJISIOIUI CTPOUTh
BBICOKOA((EKTHBHBIE MPOTHOCTHIECKHE MOJEIN UC-
xoga octporo nepuoga MU, ocHOBaHHBIE Ha OLICHKE
ypoBHs JIBM. «KtoueBbIMU» MapkepaMu IpOrHO3H-
poBanust ®U HnU y matmentos ¢ C/] 2-ro Tuna siBu-
aucsk 1L-13, IL-6, APO CII, sIL-4R u SYND4, Toraa
kak B nporuozupoBannun HU — sIL-2R alpha, IL-21,
ADAMI15 u sVEGFR2. UccnenoBanne JIBM moxer
SIBJISITHCS TI0JI€3HBIM BCIIOMOI'ATEIIbHBIM UHCTPYMEH-
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TOM OporHozupoBanusa ucxogos HinlMM y nanuenTos
¢ CJI 2-ro Tuna, 4To cO34aeT IMOTCHI[UAIbHEIE BO3-
MOXXHOCTH JJIsl peaju3aluy NepCOHATN3UPOBAHHOTO
MOAX0/a K BEJICHUIO TaKMX IMAl[MEHTOB U CHH)KEHUIO
BEPOSTHOCTU HACTYIUICHUS Y HUX HEOIarompusiTHO-
ro ucxoja.
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Pesrome

AKTyanabHocTb. Jlerounas aprepuansHas runeptensus (JIAI') — omacHoe 1uist )Ku3HH 3a00JIeBaHUE, Xapak-
TepU3yloIIeecs BRIPaXKEHHBIM PEMOIETTMPOBAHUEM COCYAUCTON CTEHKH, HAPYIIIEHUEM aHTHMOTeHe3a U acenTuye-
CKHUM BOCIAJICHUEM BETBEU JIETOUHOM apTepun. Bece 3TH n3MEHEHUs: IPUBOIAT K MPAaBOXKETYI0YKOBON CEPICUHON
HEIOCTaTOYHOCTH, SIBIIAIONIEICS MPHUUnHON cMepTH y nauueHToB ¢ JIAL. CuuraeTcs, 4To OCHOBHON MPUIHHOMN
HapYLICHUS JbIXaTeNIbHBIX (PYHKIMN, BOSHUKAIOUINX MPH JIETOYHON TUIIEPTCH3HH, SIBISIOTCS COCYAUCTBIE MO-
BPEXJCHMS U HEZIOCTATOUHOCTH MpaBoro xenynouka (I1K), Torna kak n3MeHeHus!, TPOUCXOAAIINE B AbIXaTelb-
HBIX ITyTSAX, OCTaIOTCS BHE MO 3peHus. Lleab paboThl — uccienoBaTh U3MEHEHHS SKCIIPECCUH T€HOB B TKaHAX
nerkoro kpbic ¢ JIAT, BEI3BaHHOH BBeIGHUEM MOHOKpOTainHa. MaTepuajibl 1 MeToabl. B sxcriepuMenTe 06110
UCIIONb30BaHO 12 Kpbic-camiioB cToka Wistar. J[ist Mmonenuposanust JIAT >KUBOTHBIM MTOJIKOYKHO BBOJIUJICS PACTBOP
MoHoKpoTanuHa (Sigma-Aldrich, CIIIA) B no3uposke 60 mr/kr. Uepes 6 Henenb mocie BBEACHUS MOHOKPOTA-
JIMHA BBIMOJHUIMCH HCCIIEAOBaHMSL: KaTeTepr3anus npasoro xenynouka (IDK), rucronorudeckoe uccnenopanme
OpOHXOB U JIETOYHBIX apTePHii, TeHeTHUeCKuii ananu3. Pe3ynbrarsl. Beiio oOHapyxeHo 298 muddepeHnmaibHo
akcnpeccupytouuxcs reHoB ([30'), xmroyast 107 ¢ nmoBeimeHHON 1 191 ¢ moHMXEHHOH SKCIpeccueil reHoB.
YcTaHOBNEHO, YTO Hanbolee BhIpaKeHHAS AUCPETYISH OMOIOTHYECKHX POLIECCOB B KJIacTepe C MOBBILICHHOM
skcnpeccueit JOI Obina acconuupoBana ¢ paronuTo30M, peryisnield UMMYHHOTO OTBETa U KIETOYHBIM OTBeE-
TOM Ha JIMIIONPOTEUHBI. B Kitactepe ¢ MOHMKEHHON 3kcnpeccuei JIO1" Obuin MperMyIecTBEeHHO MPeICTaBIe-
HBI MTPOLIECCHI, CBA3aHHBIE C PECHUYKAMHU, UX IBHKEHHEM U COOPKOIl, YTO yKa3bIBaeT Ha CBA3b C PECHUTUYATHIM
snuTenueM OpoHXoB. [ TOATBEPKIEHHUS 3TOTO OBIIO BHIMOJHEHO M'MCTOIOTHYECKOE UCCIIeJOBaHHE OPOHXOB.
[Nony4eHHbIe pe3yabTaThl AEMOHCTPUPYIOT 3HAYNTEIbHBIE H3MEHEHHS MOP(HOJI0Tuu OpoHXOB tuaMeTpom ot 100
10 1000 MKM: 0TMEYalIOCh 3HAYMMOE YBEIIMYCHUE WHIEKCA TONIIMHBI OpoHXUalbHOM cTeHku (JIAT —46,0 [38,8;
54,1] %, 3mopossie xuBoTHbIe (Hatus.) — 29,7 [24,8; 36,0] %, p < 0,001), BBICOTEI OPOHXHATBLHOTO TUTEITHS
(JIAT — 12,5 [11,0; 14,6] mxMm, Hatus. — 8,0 [7,2; 9,6] MM, p < 0,001), a Takxke KOIMYECTBA ITUTEIUOIH-
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ToB Ha 50 MKM aHanu3upyemon crenku oponxa (JIAI — 11,5 [10,7; 13,2], Harus. — 8,2 [7,7; 9,0], p < 0,001).
3akaouenue. TakuM 00pa3oM, TPAHCKPUIIIIMOHHOE POQHUIMPOBAHUE YKA3aI0 Ha MPOIECCHl PEMOJICITUPOBAHUS
HE TOJILKO COCY/IOB JICTKUX, HO M HUKHHX JIBIXaTCIbHBIX MYTEH, YTO OBLIO MOATBEPKICHO THCTOJOTHICCKIUM
HCCIENOBAHUEM.

KuaroueBbie ci10Ba: JerovyHas aprepuaibHas TUIIEPTEH3Us, peMoJieiupoBanue OpoHxoB, kpbickl, PHK cek-
BEHUPOBaHUE
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BaynunaJ]. /1., I'anaeyoza M. M., Kocmapesa A. A., Kanununa O. B. Cexsenuposanue PHK necounoii mxanu na gone necounoui apmepu-
ANbHOU 2unepmen3ull 8bIAGUN0 HAPYUWEHUS 8 OPOHXUATLHOM DNUMENUU 8 SIKCHEePUMEHMATbHOU MOOenu Ha Kpbicax. Apmepuanvhas eu-
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Abstract

Background. Pulmonary arterial hypertension (PAH) is a life-threatening disease characterized by severe
vascular wall remodeling, impaired angiogenesis, and aseptic inflammation of the pulmonary artery branches. All
these changes lead to right ventricular heart failure, which is the cause of death in patients with PAH. Vascular
damage and right ventricular failure are considered the main cause of respiratory dysfunction in pulmonary
hypertension. However, changes in the respiratory tract remain largely unnoticed. The aim of this study was to
investigate changes in gene expression in the lung tissue of rats with PAH induced by monocrotaline administration.
Materials and methods. Wistar male rats (n = 12) were used in the experiment. To simulate PAH, animals were
subcutaneously injected with a monocrotaline solution (Sigma-Aldrich, USA) at a dosage of 60 mg/kg. Six weeks
after administration of monocrotaline, studies were performed: right ventricular catheterization (RV), histological
examination of bronchi and pulmonary arteries, genetic analysis. Results. Totally 298 differentially expressed
genes (DEGs) were detected, including 107 with increased and 191 with decreased gene expression. The most
pronounced dysregulation of biological processes in the cluster with increased DEG expression was associated
with phagocytosis, regulation of the immune response, and cellular response to lipoproteins. In the decreased DEG
expression cluster, processes associated with cilia, their movement, and assembly were predominantly represented,
indicating a connection with the ciliated epithelium of the bronchi. To confirm this, a histological study of the
bronchi was performed. The obtained results demonstrate significant changes in the morphology of bronchi with
a diameter from 100 to 1000 pum: a significant increase in the bronchial wall thickness index (PAH — 46,0 [38.8;
54,1] %, healthy animals (Intact) — 29,7 [24,8; 36,0] %, p < 0,001), the height of bronchial epithelium (PAH —
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12,5[11,0; 14,6] um, Intact— 8,0 [7,2; 9,6] um, p < 0,001), as well as the number of epithelial cells per 50 pm
of the analyzed bronchial wall (PAH— 11,5 [10,7; 13,2], Intact— 8,2 [7,7; 9,0], p < 0,001). Conclusions. Thus,
transcriptional profiling indicated remodeling processes not only of the pulmonary vessels, but also of the lower
respiratory tract, which was confirmed by histological examination.

Keywords: pulmonary arterial hypertension, bronchial remodeling, rats, RNA sequencing
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Beenenue

Jlerounast runeprensust (JII') — cunapom, xapak-
TEPU3YIOUIUICS TOBBIIIEHUEM CPENHETO NaBICHUSA
B JIETOYHOH apTepun O6osiee 20 MM PT. cT. B okoe [1].
Hemnbrii psin 3a0051eBaHA MOXKET IPUBOIUTH K Pa3BU-
tuto JII, B TOM UnCIie MaToJI0ruH JIETKHX, JIEBBIX KaMep
cepaua, a TakKe MpU NEPBUYHOM MOPAKEHHUH JIETOU-
HOM apTepuu — JIETOYHOM apTepHalbHON THIIEPTEH-
3un (JIAD). JIAI' — onacHoe 1151 )KU3HH 3a00JICBaHHe,
XapaKTEPHU3YIOIIEeeCs] BEIPAXKEHHBIM PEMOJEINPOBA-
HUEM COCYIHUCTON CTEHKH, HApyIIEHUEM aHTHOTEHE3a
Y aCEeNTHYECKUM BOCIIAJICHUEM BETBEN JIETOYHOM apTe-
pun. Bce 3TH H3MeHeHNs B KOHEUHOM MTOTe MIPUBOAAT
K NPaBOXKEIYIOUYKOBOM CEpAEYHON HENOCTAaTOUYHOCTH,
KOTOpasi sIBJIETCS OCHOBHOM MPUYHMHON CMEpTH y Ma-
uueHToB ¢ JIAT. CornacHo CTaTUCTUYECKUM JTAHHBIM,
pacnpoctpaneHHocTh JIAI cocraBnsier mpubnIu3uTeNB-
HO 1% B MHPOBOI MOMYSLUKU, HO C KXKABIM T'OJIOM
3TOT NPOLEHT yBeanuuBaercs [2]. YpoBeHb BbIKUBaAC-
moctH naureHTos ¢ JIAI" Ha ¢one nmpoBoanmoii JIAT -
creuruprUeCcKO Tepamnuy 0CTaeTcs A0BOJIBHO HU3KUM
(61,2—65,4%) B Teuenue 5 nert [3]. Takxke y manueHToB
¢ JIAT Hepenko HaOmonaeTcs CHIbKeHHE o0beMa (op-
CHUPOBaHHOT'O BBIJIOXA 3 MEPBYIO CEKYHIY M )KU3HEH-
HOH eMKoCTH Jierkux [4, 5]. YBeIuueHHbIE JerouHble
apTepuH MOTYT MEXAHUYECKU CIABIHUBATh JbIXATEINb-
HBIE€ IIYTH, B TO K€ BpeMs IPEIIONaraeTcs, 4To pas-
JTr4YHbIe QAaKTOPHl BOCHIAJICHUS M PEMOJESINPOBAHMS,
BBIIETISIEMBIE KIIETKAMH MOBPEXKIEHHBIX COCYNOB, aK-
TUBUPYIOT CUTHANBHBIC MyTH B Oponxax [6]. OgHako
MEXaHU3M, JIeKAIIUH B OCHOBE CHIKEHHS (QYHKIHUU
nerkux Ha ¢one JII, 1ocTOBEPHO HE YCTaHOBIIEH.

TpanckpunuroHHOe NPOGUINPOBaHNE — OAWH U3
COBPEMEHHBIX 1 Hanbonee 3h(heKTUBHBIX METOIOB TI0-
WCKa HOBBIX MUIIIEHEH [UI TEpaeBTUUECKOTO BO3EH-
cTBHs. DTOT moxxof Onaromaps ouenke yposHs PHK
B 3aJJaHHOM TKaHH MO3BOJIAET BBISABIATH MOJEKYIISAP-
HBIE KacKaJpl U CUTHAJIBHbIE TYTH, JIEKaIINUE B OCHOBE
naroreHesa 3aboneBanus. Panee npu uccnenoBanuu
JIAT ¢ moMoMIbIO TPAaHCKPHUIIIIHOHHOTO MPOQUINPO-
BaHUsI y’e ObUI BBISBJICH PsAJ MEPCIEKTUBHBIX Tepa-
MIEBTHYECKUX MUIlIeHeH, Takux kak ADGRGO (penen-
top anre3un G-6enka G6) [7], Kngl (kunuHoren 1) n
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Fgg (ramma-uienis pudpunorena) [8]. Ouenka AuHaMu-
KH 3KCIIPECCUU T€HOB BO BPEMEHU B MOHOKPOTAJIMH-
uHaynupoBanHod Moxenu JIAID yka3plBaeT Ha yua-
CTUE CUTHAJBHBIX MyTEH KJIETOUHOro LukKia [9] u B3a-
UMOJIEMCTBHA HUTOKNH—IIMTOKMHOBBIN penentop [10]
B (hopMupoBanuu u nporpeccupoBannu JIAT y kpsic.

B nannoii pabote ObLIO MCCIENOBAaHO U3MEHEHUE
9KCIPECCUU T€HOB B TKAaHAX JIETKUX KpbIc ¢ JIAT, BbI-
3BaHHON BBEAEHNEM MOHOKpOTaIMHA. TpaHCKpHUIIH-
OHHOE NPO(UITHPOBAHUE YKa3aa0 Ha MPOLIECCH PEMO-
JIETUPOBaHMS HE TOJIBKO COCYZIOB JIETKHX, HO M HUKHUX
JBIXaTeNbHBIX MyTeH, 4TO OBLIO MOATBEPKICHO THCTO-
JIOTUYECKHM HCCIIEJOBAHUEM.

MarepuaJjibl 1 METOABI

JKueomusie

B skcniepuMeHTe OBLIIO UCTIONB30BaHO 12 KpbIC-
caMioB ctoka Wistar maccoit 220 + 20 r. 2)KusorHsble
COZIEPKAJNCh B CTaHIAPTH3UPOBAHHBIX YCIIOBUSIX, HME-
71 CBOOOJTHBIH TOCTYTI K TIOJIHOPAIIMOHHOMY TPaHYIH-
POBaHHOMY KOPMY U BOJIE.

Jluzaiin 3KcnepumMeRmailbHo20 MOOeaUupo8aHus
JIAT

JKuBoTHBIC OBLTH PaHAOMHO pa3feiicHbI HA JBE
rpynnsl: JIAT (n = 6) u 3nopoBsie sxuBoTHbIEe (Hatus.;
n = 6). [lnsa monenupoBanus JIAI" 5KHBOTHBIM TTOTKOXK-
HO BBOZIMJICS pacTBOP MOHOKpoTanuHa (Sigma-Aldrich,
CILIA) B no3zupoBke 60 mr/kr. ['pymnme 310poBbIX KH-
BOTHBIX ITOJIKOXKHO BBOAMJIICS (PU3HOIIOTUIECKUH pac-
TBOP B DKBHUBaJICHTHOM O0BEME.

Uepes 6 Helenb nociie BBEACHNS MOHOKPOTAIHHA
BEITIOTHSUTUCH UCCIICIOBAHUSA: KaTeTepH3aIis MpaBo-
ro xenynouka (IDK), rucronorudeckoe uccienoBanmue
OpOHXOB U JIETOYHBIX aPTEPHid, TCHETUICCKHUI aHAIU3,

Hnsazusnoe uzmeperue 2eMoOuHamuxu

Jns HapKOTH3alMu KPBIC UCIIOIB30BAJICS M30-
(¢baypaH, HHTaIUPYEMBI C MOMOIIBIO YCTAHOBKHU
SomnoSuite Low-Flow Anesthesia System (Kent
Scientific, Torrington, CT, CIIIA). XKXuBoTHbIe pacrio-
Jaraiguch Ha TepMocTtarupyemMoM ctonuke TCAT-2LV
Animal Temperature Controller (Physitemp Instruments
Inc., CHIA). MckyccTBeHHAs BEHTUIISAIUS JIETKUX TIPO-
BOMMIIach ¢ omoireo anmapara SAR-830/AP (CWE



Inc., CIIA). Inst peructpanuu cepaeyHoro BeIOpoca
Ha BOCXOMAILIUI OTAEN aOpThl YCTAaHABIMBAJICS NaT-
4YuK 00BeMHOT0 oToKa ycTanoBku TS420 Perivascular
Flow Module (Transonic, CILIA). [y uamepenus cu-
CTOJIUECKOTO JIaBJICHUS B mpaBoM xenmymnouke (CAIDK)
MPOBOAMIIACH MyHKLUS BEPXYIIKU cepaua. Peructpa-
LHSL IABJICHUS OCYLIECTBIIIACH C TOMOIIBI0 MOHUTOPA
Mindray ePM 10 (Mindray, KuTaif).

TI'enemuueckuii ananus

Boigenenne PHK

JleBoe nerkoe >KHBOTHOTO MPOMBIBaJIOCH 0,9-11po-
LEHTHBIM PAaCTBOPOM XJIOpUa HaTpHs, 3aTeM 3a0Hupa-
J0Ch IOCMEPTHO. Besl TKaHb J1€BOro JIETKOro mpejBa-
PHUTEIBEHO U3MENBIaIach, 3aTeM 00pasibl pa3nelisuIuch
Ha 3 mpoObl U MOABEpPrajich MTHOBEHHOW 3aMOPO3Ke
B KHMJIKOM a30Te JUIsl TPaHCTIOPTHPOBKH. [lanbHeiliniee
xpa"enue npoucxoauio npu —80 rpagycax mo Llens-
CHIO 10 MOMEHTa HCHONb30BaHusA. K 3aMOpOKEHHBIM
obOpa3nam TkaHu Jerkoro nobaensuin Extract RNA
reagent (Evrogen, Poccust) u B nansHeiiem noasepra-
JI1 TOMOTeHHU3aL1K MpHY oMoy ammapara TissueLyzer
(QIAGEN, I'epmanwust) B TeueHre 5 MUHYT TP 4acTOTE
50 I'u. {anee Beinenenue PHK npoBonunu cormacHo
HHCTpYKUMH npou3sBoauTens. [Iponcxonuno pazaene-
Hue ¢a3 xsnopodopmom mis oraenenus PHK or JTHK
u 6enxoB. PHK ocaxkmanyn u300ponuioBsIM CIUPTOM
u ounnany 70-npoueHTHBIM ATUIOBBIM criupToM. Ka-
4eCTBO M KoiuuecTBO nomydenHoro PHK-marepuana
OIIEHUBAJIM ¢ MoMoIbio anmnapata NanoDrop 3300
SpectroPhotometer (Thermo Fisher Scientific, CIIIA)
1 Ha OCHOBAaHUH AIIEKTPOQoOpe3a B arapo3HOM reje.

HonroroBka 6ubnunorexk u PHK-cexBennpoBanue

Onun mukporpamm (1 mkr) TtoransHoit PHK,
omnpeneeHHbIH npu nmomolun ¢uyopumerpa Qubit
2.0 (Invitrogen, CIIIA) (Assay Kit Q32852), Obin
HCIIONIB30BaH Ui CHHTE3a OUOIHOTEK MPHU MOMOIIH
[llumina TruSeq Stranded mRNA Sample Preparation
kit (Illumina, CIIIA). bubanoTrexku ObLIM CO3HdaHBI
B COOTBETCTBUU C MHCTPYKUHMAMHU MPOU3BOIUTEIS.
KonnuectBennas oueHka OMOIMOTEK MPOBOAMIACEH
¢ ucnons3oBanueM Habopa Qubit dsDNA HS Assay
Kit (Invitrogen, CIIIA). KauecTBo 0ubamoTeK o11e-
HuBain HabopoMm Agilent High Sensitivity DNA kit
(Agilent Technologies, CIIIA) npu rmomoiu cucre-
MmbI Bioanalyzer 2100 (Agilent Technologies, CIIIA).
Bubnuorexkn MyabTHIIEKCHPOBAIHU, TPYIIIAPOBAIIN
u cexBeHupoBany Ha mpudope NextSeq 2000 (Illumina,
CIIIA) (100 1ukI0B), KaK OMUCAHO MTPOU3BOIUTEIIEM,
UCTIONIB3Ys PEXKUM OJHOCTOPOHHErO CUUTHIBAHUS 1 X
50 1m.H. CO CYMTBIBAHUEM IITPUX-KOJA C HHICKCOM U3
BOCbMH OCHOBaHUI.

BuonndbopmaTrnueckuit aHaau3

Bcl ¢aiinel, momyuennsie mociae PHK-
CEKBEHUPOBaHUsI, ObLIIM KOHBEPTUPOBaHbI B fastq ¢op-

MaT rpu oMoty bel2fastq koHBepTUpYIOIIEH TTPO-
rpammbl v1.8.4 (Illumina, CIIIA). [Ins oOpaboTku
JAHHBIX CEKBEHUPOBAHMs OBbLT UCIIOIB30BaH aJrOPUTM
nf-core/rnaseq. Kparko, paired-end puast oope3anu
¢ momortisro Trim Galore v0.6.7, mocaenoBaTeIbHOCTH
pubocomubix PHK ynansimi npu nomomu SortMeRNA
v4.3.4, pusbl BBIpaBHUBAJIN Ha TEHOM KPBICHI C TIOMO-
upio STAR v2.7.10a, neayniuKanuio BBITOIHSLINA
gyepe3 Picard v2.25.0 MarkDuplicates, a konunaecTBo
TPAHCKPHUIITOB ONPENEISIIH ¢ Hcnoiab3oBanneM RSEM
v1.3.3.

[Tocne Toro kak OBLIO MOACYUTAHO KOJIUYECTBO
PHUIOB, COOTBETCTBYIOIIMX T'€HAM, HCIOIB30BANIH Ta-
keT DESeq2, peann3oBaHHBINH Ha A3bIKE MPOTPAMMHU-
poBanus R, ni1st onpenenenus nuddepeHnuaibHo dKe-
npeccupyommxcst reHos ([31) Mexny Bcemu rpyn-
namu. 3HadeHus p-value npu onpeaenennu 131 Obun
CKOPPEKTHUPOBAHBI C HCIIONb30BaHNEM MONPaBKH beH-
JKaMUHU—XO0mK0epra 1 oT(UIBTPOBAaHbI ¢ KOHTPO-
JieM 4acToThl JOKHBIX oTKpbITHH (FDR) = 0,1. Tonb-
ko reHbl ¢ log2-kparabiM (LFC) n3menennem 6onee 1
CUUTAINCH I PEPEeHIHATBEHO IKCIIPECCUPOBAHHBIMH.
YroOBl HATH CTATUCTUYECKH 3HAYUMO BOBIJICUCHHBIC
CUTHaJIbHBIE TyTH, OBbUT IPOBeieH aHau3 fast gene set
enrichment analysis (fGSEA) ¢ ucnons3oBanueM ma-
kera fgsea R. [lns onucanust GyHKIMH W3MEHSIOIUXCS
NPOLIECCOB B IKCIIEPUMEHTAIBHBIX IPyMIax ObLIO UC-
MIOJIB30BAHO COMOCTABJICHHE C ABYMs 0a3aMH JaHHBIX:
1) KEGG [11]; 2) Gene Ontology [12].

T'ucmonoauueckoe uccneoosarnue

11 THCTONOTHYECKOH OLIEHKH MCIOJIB30BalIach
HIDKHSISL TOJISL TTPABOTO JIETKOTO, KOTOPYIO IpeABapH-
TeIbHO ¢uKcHpoBanu B 10-MPOLEHTHOM pacTBOpe
3a0ydepennoro ¢popmanuna. [lonst paBHOMEpHO pas-
Jensiiach Ha 4 TIONEpevHbIX YpoBHS aHanu3a. [lapa-
(rHOBBIE Cpe3bl TONMHMHON 3—5 MKM OKpalluBaJu
reMaTOKCHIIMHOM-3031MHOM. MccnenoBanue npenapa-
TOB MIPOBOAMIIOCH C MOMOLIbI0 MUKpockoma Eclipse
Ni-U (Nikon, Tokuo, SlnoHust) npu yBeIHMuYE€HUH OT
x 5 no x 40. Pe3ynprarel MUKpPOCKOTIMHU OLICHHBA-
JY ¢ MOMOIIBI0 MporpaMMHOro obecneueHus: Nis
Elements Br4 (Nikon, Tokuno, SInonus). Jlns anamm-
3a UCMOJB30BaJUCh 3-i1 U 4-i monepeyHble YPOBHH
(HIOKHSAS TOJIOBUHA Jierkoro). [Iist monTBepkaeHus
(hopMHPOBaHHS JIETOYHOW TMIIEPTECH3UH TPOU3BOIAMII-
Csl aHaJIU3 BCEX BBISIBICHHBIX BETBEH JIETOUHOH apTe-
puu ¢ BHeHUM auaMeTpom Oomnee 100 mxm. Onpe-
JENAICS MHAEKC TUIEPTPOUU COCYAUCTON CTEHKH,
paccuyMTaHHBIA KaK OTHOIICHHE MJIOIIAINd CTECHKH
K 00muIe#l rmonaau cocyaa B mponeHnrax [13—15].
Ha muxponpenaparax oleHUBaIMChH BCe OOHAPYKEH-
Hble Oponxu auameTrpoM oT 100 no 1000 MkM 1 nme-
IOIIKE TONIePEeYHOe ceueHue. J{s Kaxmoro u3 OpoHXoB
OIIPEAETISIICS CPEAHUI AuaMeTp (MKM), pacCUMTAHHBIN

37



KakK CpefiHee apuPpMETUIESCKOE CaMOT0 OOJIBIIIOTO JHa-
MeTpa OpoHXa U MEPIeHIUKYISIPHOTO K HEMY JraMe-
Tpa, ¥ UHJICKC TOJIIIMHBI OPOHXUATBHOW CTEHKH, TIPE/I-
CTaBJISIOIIUM COOOI OTHOIICHUE TUIOMIAIU OPOHXHAIb-
HOW CTEHKH K 001IIei miomaau OpoHxa B MPOIEeHTaXx.
Jns ananu3a cocTossHUS OPOHXHAIBHOTO ATUTEITHS
UCIIONIb30BAJIH MOKA3aTEIH IJIOTHOCTH PACTIOIOKCHUS
SMUTEIUANBHBIX KJIETOK U BBICOTHI ATIUTENU. JJis 3T0-
'O Ha MOTEPEYHBIX Cpe3ax OPOHXOB BHIOMPAITU YUACTKU
JqnuHoM 50 MKM B KOJIMUECTBE OT 2 710 4 (B 3aBUCHMO-
CTH OT pa3Mepa OpoHxa). B kak/1oM U3 3TUX yY4aCTKOB
ONpeAEIISUIN KOTUYECTBO UTEIHATBHBIX KiIeTok. [o-
CJI€ 3TOTO BBIYMCIISIN CPEAHEE KOTMYECTBO KIETOK Ha
OTPE30K y uccieayemMoro oOponxa. J{is onpenencHus
BBICOTHI DIUTEINAIBHBIX KIETOK B KaXKJIOM U3 yKa-
3aHHBIX 50 MKM OTPE3KOB B POU3BOJIEHO BEIOPAHHBIX
MeCTax MPOBOIMIIH MO 3 U3MEPEHUS BHICOTHI SMUTEIHO-
UTOB (OT 0a3albHON 10 aMKAIBHOW MOBEPXHOCTH
kJeTku). [lociie 3Toro onpenensiiu CpeaHIOK BBICOTY
SMUTEIUONUTOB KOHKPETHOTO OpOHXa.

Cmamucmuyveckutl aHanu3

AHanu3 JaHHBIX BBIIOIHSINA C TTOMOIIBIO TPO-
rpaMMHOTO oOecriedeHusi R 4.2.2. Pe3ynbrarel npen-
CTaBJICHBI B BUE MEIUAHBI, 25-10 U 75-TO MEPLEHTH-
net (Me [Q1; Q3]). YuurteiBas HEHOpPMaJILHOE pac-
MIPE/ICIICHUE B THCTOJIOTUYECKUX JTAHHBIX OPOHXOB,
pa3Iuuus MO 3TUM HA0OPaM JaHHBIX MMPOAHATH3UPO-
BaHBI C UCIIOJI30BAHUEM HETapaMEeTPUUECKUX TECTOB.
Kpurepuit Kpackena—Yomuca ucrnons30BaH AJIs OMpe-
JICNIeHYsI O0IIMX pa3inyuid Mexay rpymmnamu. [lapHsie
CpaBHEHUS MEXAY I'PyNIaMU BBIIOIHEHBI C UCTIOIb-
30BaHHEM Hemapamerpuueckoro U-kputepus Man-
Ha—YuTHU. Pa3zauuus cuurany 3HAUUMBIMU TIPU P <
0,05. Ilpu aHanu3e TPaHCKPUIITOMA CTATUCTUUECKHU
3HAYUMOE OTIMYHE OT KOHTPOJISI CYUUTATIOCH IIPH CKOP-
pexTupoBaHHOM 3HaueHuu p < 0,05.

Pesyabrarsl

Buiorcusaemocmu srcugomuuix

B rpynmne JIAT' cmepTHOCTE cocTaBMIIa 2 KUBOT-
HbIX. [ MOens HaOmonanach Ha 5-i Hezlese SKCIepUMeEH-
Ta 1 ObUIA CBsI3aHA C (DOPMUPOBAHUEM MIPABOXKEITYI0Y-
KOBOM CepACYHON HEJOCTATOYHOCTH.

Hnsasuenoe usmepenue 2emoOuHamMuxu

ITo pesynsraram karerepuszanuu [DK ormeuanoch
nossiienne ypoBHs C/AIDK B rpynme JIAI no cpas-
HEHHIO CO 37I0POBBIMU KUBOTHEIMH (60,1 [41,5; 65,9]
u 27,2 [24,4; 33,2] MM PT. CT. COOTBETCTBEHHO, P =
0,01). ITo nannbM otHOMmIEeHUss CHAITK x cepaeunomy
BBIOPOCY, KOTOPOE OTPAXKAET JISTOYHOE COCYAUCTOE CO-
npotusienue (JICC), ObUIO BBISBICHO, YTO B TPYIIIE
JIAT sToT moka3arenb ObUT BEIIIE, YeM Y 3A0POBBIX
s»uBoTHbIX (1,65 [1,1;2,1]1u 0,85 [0,8; 1,1] MM pr. cT./
MJI/MHH COOTBETCTBEHHO, p = 0,04).
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Huppepenyuanvrno sxcnpeccupyrowjuecs 2eHul
(43r)

I'ensl, koTopbie umeroT LFC >1 u ckoppekTupoBaH-
Hoe p-3Hauenue > 0,05, onpeneneHsl kKak AudepeHnn-
AJIbHO HKCTIPECCUPYIOIIUECS MO0 CPAaBHEHUIO C TPYIIION
3[0POBBIX KUBOTHBIX. Becero oonapyxeno 298 J1OT,
BKutovast 107 ¢ moBeiieHHOM 3Kcrpeccueit u 191 ¢ mo-
HIDKEHHOH dKcnipeccueid. Temmosas kapra oToOpakaet
KJIaCTEpU30BaHHbII MAaTTEPH HKCIIPECCUU TE€HOB MEXKIY
JIAT u 310poBBIMH XHBOTHBIMU (pHc. 1A). ['padux
Volcano oTpakaeT CTaTUCTUUECKH 3HAYMMBIE PA3ITUIHSI
mdhepeHInaTbHON SKCTIPECCHN MEKAY UCCIIETyEMbl-
Mu rpynmnamu (puc. 1b). Tom 5 reHOB ¢ MOBBIIIEHHOM
Y TIOHMKEHHOH JKcTIpeccreil 0ToOpakeHbl B TabnuIe.

KEGG-ananus

[To naaabiM KEGG-ananmu3za, mis 91 ¢ moHu-
JKeHHOU 3kcnpeccuer B rpymme JIAIT oTHocuTensHO
TpYTIIBI 310POBBIX KUBOTHBIX onpezeneHo 22 KEGG
npoiecca, ¢ noBeimeHHoi — 17 (puc. 2). Ilpumeua-
TEJbHO, YTO U3MEHEHUE B3aUMOJIEHCTBHS BHEKIIETOU-
Horo MaTtpukca (BKM) ¢ peuentopamu oOHapYXeHO
B 000ux knactepax. [yis onpenenenus nartepHa dKc-
MIPECCUU T€HOB, BOBJICUEHHBIX B JAHHBIN CUTHAJIBHBIN
MyTh, BU3yanusupoaiucek JOI. OOHapykeHO yBenu-
YyeHue 3kcipeccun turasoB BKM u onHoBpemeHHOE
CHUXEHHE HKCIIPECCUHU YaCTH PELENTOPOB, KOTOPHIE
C HUMU B3aUMOJEHCTBYIOT (puc. 3).

Ananuz Gene Ontology

Amnanmu3z Gene Ontology ncnons3oBascs Ajst onpe-
JieNieHrs1 OMONOTHYECKUX MPOLECCOB, YCTAHOBICHHBIX
Ha ocHoBaHUM J{OT, crpynmupoBaHHBIX O U3MEHEHUIO
skcnpeccuu. Beero onpeneneHo 466 OMOIOTHUECKUX
npoueccos 1o 31" ¢ moBbIeHHOM 3xcnpeccueii u 118
C TIOHWKEHHOM, KOTOPBIE CTAaTUCTUYECKH 3HAYUMO Pa3-
JIMYAIOTCA MEXIY M3y4aeMbIMU IpyIIaMH. YCTaHOB-
JIEHO, UTO HanOoJiee BEIpaKeHHAsS! TUCPETYISALUs OHo-
JIOTUYECKUX MPOLIECCOB B KJIacTE€pe C MOBBIIIEHHON
skcnpeccuerr JIOI accouuupoBaHa ¢ (aromuTo3oMm,
peryInsell MIMMYHHOTO OTBETA M KJIETOYHBIM OTBETOM
Ha JIMIONpOoTenHs! (puc. 4A). B ximactepe ¢ moHmxeH-
Hoit sxcrpeccuent 131" u3 TOII-20 npenmyIiecTBEHHO
MIPECTaBIIEHBI IPOLIECCHI, CBA3aHHBIE C PECHUYKAMH,
WX IBUKCHUEM U cOopkoli (puc. 4B).

T'ucmonoauueckoe uccneoosamnue

Cpennuii tuaMeTp NpoaHaIM3UPOBAHHBIX OPOHXOB
B TpyMIE 3I0POBBIX XKUBOTHBIX cocTaBui 287 [228;
459] MxwM, B rpynmne monenupoBanus JIAI' —251 [154;
458] MKM. 3HaYMMBIX pa3IUyuil MEeXAy TpyIaMH 110
9TOMY TMOKa3aTelo BbIABIEHO He Obuto. [Ipu atom
y KHUBOTHBIX M3 rpynnsl JIAI' oTmeuanock 3HauMMoe
yBeJTUUEHHE WHIEKCA TOIIUHBI OPOHXHAFHON CTEH-
ku (JIAT —46,0 [38,8; 54,1] %, Hatus. — 29,7 [24,8;
36,0] %, p <0,001), BBICOTBI OpOHXHATBHOTO SIHUTEIUS
(JIAT —12,5[11,0; 14,6] mxm, Hatus. — 8,0 [7,2; 9,6]
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Pucynok 1. Unentuduranusa nuddepeHnnaIbHo SKCIPECCHPYIOUINXCA TeHOB
B MOJIEJIH JIETOYHOH apTepuaJIbHOH I'HIePTeH3Un

Ipumeuanne: A — teruoas kapta 298 JIOT; b — Volcano rpaduk; JI3I mokazaHb! 3e1eHBIM IIBETOM, KaXK/1asi TOUKa Ha rpaduke
oTpaxaet uneHTuuIrpoBanHbiid rex; 21 — nmuddepennmansro sxcnpeccupyronuecs reusr; Hatue. — 310poBbie )xuBoTHBIC; JIAT —
JKUBOTHBIE C MOJICTTUPYEMOI MaTOJIOTHEeN — JIETOUHOM apTepHalibHON TUIlepTeH3HeH.

Taonuua
TOI-5 JUPPEPEHIMUAJBHO SKCOPECCUPYIOLUXCS T'EHOB C MOBBILIEHHON U MOHUKEHHOM
SKCIHPECCHUEN, OTCOPTUPOBAHHBIE 1O LFC

T'enb1 JAT
LFC CKoppeKkTHPOBaHHOE pP-3HAYEHH e
IloBbIIEHHAA SKCNIPecCHs
Mcptlll 3,69 0,032
Ecell 3,69 0,011
Mrgprb3 3,55 0,010
Ly49silll 3,35 0,003
Ceé 3,14 < 0,001
IHonuskenHasi Ikcnpeccust
LOC120095489 5,61 0,021
Ppbp —4,75 0,008
Gplbb —4,23 0,028
LOC120099037 —4,14 0,010
Ly6g6f -4,10 < 0,001

IIpumeuanue: LFC — norapudm kparHoro usmenenus; JIAI — nerounas aprepuanbhas runeprensus; Mcpt111 —mast cell protease
1-like 1; ECEL1 — endothelin converting enzyme like 1; Mrgprb3 — MAS-related GPR; member B3; Ly49sill1 — immunoreceptor
Ly49sil like 1; C6 — Complement component 6; LOC120095489 — small nucleolar RNA U3; PPBP — Pro-Platelet Basic Protein;
Gplbb — Glycoprotein Ib Platelet Subunit Beta; LY 6G6F — Lymphocyte Antigen 6 Family Member G6F.
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Pucynok 3. Kapra nyreii o nannsim 6a3st KEGG,
OTpaskaromas B3auMOeiCTBUA BHEKJIeTOUYHOT0 MAaTPUKCA C pelenTopamMu

HpnMeanne: JIHQ)(l)epCHHI/IaJ'IBHO OKCHPECCUPYIOMIUECA I'€HbI C OTHOCUTEIIbHO TTOBBIIICHHOW U MTOHWKCHHOU 3Kcnpeccneﬁ II0Ka-
3aHbl TEMHO-CEPBIM U CBETJIO-CEPBIM IIBETOM COOTBETCTBEHHO, TOI/Ia KaK OebIii HUBET MPEACTABIACT (bOHOBLIe T'CHBI.

MKM, p < 0,001), a Tarxke KONHYECTBA AITUTEIHOIIITOB
Ha 50 MxkM aHanmusupyemon crenku O6ponxa (JIAIT —
11,5 [10,7; 13,2], Hatus. — 8,2 [7,7; 9,0], p < 0,001)
(puc. 5).

Wunexc runeprpodunt cocymucTol CTeHKH ITOKa3ai
rUnepTpoduUecKoe peMOAEITUPOBAaHUE BETBEH JIerod-
Hoii aprepun B rpynmne JIAI (63,0 [49,4; 8§2,0] %) no
CPaBHEHHIO CO 3IOPOBBIMH XUBOTHBIMH (25,4 [20,7;
30,2] %) (p < 0,001).

Oocyxnenue
B Hacrosem nccnenoBanuu Obu1a CMOAEIHPOBA-
Ha MOHOKpoTtannHoBas JIAI' Ha kpbicax, KOTOpas Xa-

pakTepu3oBasiack cTabmIbHEIM ToBbIIeHHEM CIITK,
JICC u 3HaunMBbIM yBEITMYEHHUEM HHIEKCA TUIIEPTPO-
(hmm cocyaucToN CTEHKH BETBEH JIETOYHON apTepHu 110
CPaBHEHHUIO CO 30POBBIMH KUBOTHBIMHU.
IIporpeccuposanue JII' xapakTepu3yeTcsl CIOKHOU
JUCPETyJIIINe MHOXECTBA O€JIKOB M CUTHAJIBHBIX ITY-
TeH, 4TO 3aTPyAHAET pa3paboTKy FPPEeKTHBHBIX TEpa-
NIEBTUYECKUX MOIX0J0B. BRICOKOIIPON3BOIUTENBHOE
PHK-cexBeHnpoBanue npeacTapisier cob0oi 00bek-
TUBHBIN U MOILIHBIA MHCTPYMEHT VISl CHCTEMaTH4eCKO-
ro ckpuHUHTa TuddepeHnnaIbHO IKCIIPECCHPYEMBIX
TeHOB, CBS3aHHBIX ¢ pa3BuTHeM JII, cmocodcTBys 60-
Jee NTyOOKOMY HOHMMAHHUIO OCHOBHBIX MOJIEKYJISPHBIX
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Pucynok 5. Pe3yasTaThl rHCTOJIOIHYECKOr0 MCCIEIOBAHUA OPOHXOB
IIpumeuanue: A, b— penpesenrarusabie Mukpogotorpaduu 6porxos (bar = 100 MkM); A — GpOHX U3 TPYIITBI 30POBBIX JKHBOTHBIX,

B — 6ponx u3 rpynmst JIAI'; B — nmuamerp 6ponxoB (MkM); I' — HMHAEKC TOMIIMHBI GPOHXHATBHON CTEHKH B %; J| — BBICOTA SITUTEIHS
(MxM); E — konmmuectso snurenronutos Ha 50 MxM. Hatus. — 3p0poBsie xkuBoTHBIC; JIAT — KHBOTHBIE ¢ MOAEIHNPYEMOM TAaTOIOTHEH.
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MEXaHHU3MOB 3TOTo 3aboneBanus. B manHoM unccie-
JIOBaHHUHU MBI OXapaKTepU30BaJId U3MEHEHHS B TpaHC-
KPHUIILMOHHOM MTpoduiie LENbHOTO MaTepHraa JETKUX
KpbIC co copmupoBasiieiics JIAL, BEI3BaHHOH MOHO-
KpPOTAJIMHOM, Yepe3 IIeCTh HeAEb M0Cae HHIYKIUU
3a001eBaHMsL.

Bruto obnapyxeno 298 101, Bkirouas 107 ¢ mo-
BBIILIEHHON U 191 ¢ mOHMXEHHOM 3KcIpeccueit re-
HOB. CHMXEHHUE IKCIPECCUH OCHOBHOTO MPOTPOM-
O6ouurtapHoro Oenka (Ppbp, Takke U3BECTHOTO Kak
CXCL7) noka3aHO B aHaJIOTUYHBIX KHUBOTHBIX MOJIC-
nax JIAT [16], oqHako Ha Marepualie KJIETOK KpOBU
y manueHToB ¢ uanonarnueckoit JIAI' oOHapyxuBa-
eTcs MOBBINICHHAs 3Kkcnpeccus Ppbp [17]. Dupore-
nuHnpeBpamatomuii pepment tuna 1 (Ecell) nmeet
MOBBIIIEHHY0 dKcTpeccuto B rpymnmne JIATL uto corna-
CyeTcs C JaHHBIMHU CEKBEHUPOBAHNUSA MOHOKPOTAJINH-
unaynupoBanHoil JIAT, onucanHo#i B nuTeparype
[10]. U3MeHEHHS B CUTHAJIBHBIX MYTAX MO JaHHBIM
KEGG ananuza: meTaboin3M KCEHOOMOTHKOB LIH-
toxpomoMm P450, B3aumoeiicTBHE IKCTPALISILTIONAP-
HOTO MaTpHUKca C pelenTopaMM, XUMHUECKHUI KaH-
L[EpOreHe3, CUCTEMHAasl KpacHasi BOTYaHKa — TaKkKe
uaeHTuGuIupoBanuchk B Mmonenu JIAL, Be3BanHON
TUIIOKCHUEH, YTO MOJYEPKUBAET CXOKECTh MaTOTeHe-
3a, HECMOTPS Ha pa3HyIo 3THONOrUIo0 [8]. Makpoda-
'l MHQUIBTPUPYIOT OYaru MOPaXeHUsI COCYJOB Kak
y J0AeH, TaK U B MOHOKPOTAINH-UHIYIUPOBAHHON
mozenu JIAT [18,19]. O6napyxeHHas AUCPETYIISIIUS
OHMOJIOTHYECKUX MPOLIECCOB, CBA3AHHBIX C (DarouTo-
30M U MHBaruHauued MeMOpaHbl, CBUAETEIbCTBYIOT
00 aKTHBHOCTH Makpodaros gaxe Ha 6-i1 Hezene mo-
cJie BBEACHUSI MOHOKPOTAJIMHA. Y TPaHCTE€HHBIX MBbI-
el ¢ u30BITOYHOM KCTIpeccuel akTopa HEeKpo3a
omyxonu ansda (TNFa) passunace cnontannas JIAT.
Kpowme Toro, 6bu1a mokazana pons TNFa B mporpeccu-
poBanuu JIAT npu nogaBnenuu sxcnpeccun BMPR2
u uaMenennu NOTCH xkackana [20, 21]. Kpome Toro,
ObUTH 0OHapyKEeHBl N3MEHEHUs B MeTabO0IM3Me IITyTa-
THOHA, YTO COMIIaCyeTcs C Pe3yIbTaTaMU paHee OIy-
OJMKOBaHHBIX UCCIIEJOBAHMIA, B KOTOPBIX IEMOHCTPH-
poBanachk ciocoOHOCTH IIyTaTHOHA MPENsSTCTBOBATh
TOKcHYeCKoMY 3 (HeKTy MeTabOIUTOB MOHOKPOTAIIH-
Ha B Jerkux [22, 23]. Ananu3 Gene Ontology Takxke
BBISIBUJI U3MEHEHUS B KACKaJax, CBA3aHHbIX ¢ TNFa.
Kpowme Toro, no pesynsraram PHK-cexBenupoBanus
HACTOAIIEr0 MCCIEeN0BaHUS BBISBICHBI OMOJIOTHYE-
CKHE TPOLECCHI, aCCOLIMUPOBaHHBIE C ABUTATEIbHBI-
MU peCHHUYKaMH B KJIaCTepe C MOHUKEHHOH dKcIpec-
cueit 10T Ilockonbky Foxjl, sBistomuiicst Kirode-
BBIM 3BEHOM B (DOPMHUPOBAHUH JBUTATEIbHBIX PECHU-
YeK U3 IEPBUYHBIX PECHUUEK B 3MUTEINATBHBIX KIET-
kax OponxoB [24], onpenenen kak 3T, To Ob11 cae-
JIaH BBIBOJ O JUCPETYISALUN MMEHHO ABUTATEIbHBIX
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pecHuueK. B neiapHoM Marepuare JIErKOro ABUTaTellb-
HBIE€ PECHUYKHU IPUCYTCTBYIOT TOJIBKO B PECHUTYATOM
SIUTEIMU OPOHXOB, MOATOMY JaHHBIE OMOJIOTHYE-
CKHE IPOLECCHl YKa3bIBalOT HA U3MEHEHUS, IPOUC-
XOSLIME B JbIXaTEeNbHBIX MyTAX. ['UcTONOrNYecKoe
HCCJIEIOBAHUE MTO3BOJIMIIO BBISIBUTH YBEINUYECHUE UH-
JISKCa TONIIMHBI OPOHXUAILHON CTEHKU U YBEITHUYCHUE
KOJIMYECTBA MUTEIHOLUTOB B SUTEIUAIBHOM CJI0€
OoponxoB y kpeic ¢ JIAT. beuto o0Hapy)eHO, 4TO KIIeT-
K1 OPOHXUAJTBHOTO SIUTEHUS BEIIIC MO CPABHCHUIO
C KOHTPOJIBHOMW TPYIIOH, YTO IPUBOAUT K OOJIbIIEMY
HaKOIUICHUIO IIUTOILIa3Mbl U cinu3u. Habmronaemblie
W3MEHEHHS MOTYT COOTBETCTBOBATH IpoLEeccaM, IpH-
BOJIAIIUM K YXYIIICHUIO PECITUPATOPHBIX apaMeTPOB
Y y TAIMEeHTOB C JIETOYHOU TUnepren3uei [25].

IIpeanonaraercs, 4T0 OCHOBHOW TPUYMHOMU Hapy-
IICHUS JTBIXaTeIbHBIX (DYHKIIUN, BOSHUKAIONIUX MTPH
JIETOYHOM TUIEPTEH3UU, ABIAIOTCS COCYIHUCTHIE I0-
BpexaeHus u HenocratouHocth [DK. B 10 xe Bpems
M3MEHEHUS, TPOUCXOAIINE B IBIXaTEIbHBIX MyTSX,
OCTAaIOTCS BHE OIS 3peHus. JlaHHbIe, TOIyYEHHBIE Ha
MOHOKpOTaJuH-UHAyupoBaHHOU Monenu JIAT, ge-
MOHCTPHUPYIOT 3HAUUTEIbHbBIC H3MEHEHUSI MOP(OIOTUU
oponxoB nmuamerpoM ot 100 mo 1000 MM, KOTOpBIE
MOYXHO OOHApPYKUTh TOJBKO Y MAIMEHTOB MPU OUOTI-
CHHU WJIY TIOCJIE ayTOIICUH, YTO €UIE pa3 NOAYEPKUBAET
PENEBAHTHOCTD KUBOTHON MOJETH.

OrpaHuyeHHEeM NaHHOTO UCCJIEIOBAHUS SIBIISCT-
Csl aHaJIU3 TPAHCKPUIITOMA Ha opraHHoM ypoBHe. [1o-
CKOJIBKY M3y4aJjcs MaTepuai U3 LEJIbHOTO JErKoro,
aHAJIU3 TPAHCKPUIITOMA OIKCHIBAET T€HEPATU30BAHHBIC
W3MEHEHUS, YTO HE MO3BOJISACT TUPPEPEHIINPOBATE OT-
BET Ha BBEJEHHUE MOHOKPOTAJIIMHA HA YPOBHE OTHENb-
HBIX TUIIOB KJIETOK.

3akinoueHue

B nanHOM uccnenoBaHuu ObIIM OXapaKTepU30Ba-
HBI TIPOLIECCHI, JIeXKamue B ocHoBe Moaenu JIATL, un-
IyLIMPOBAaHHOW MOHOKpOTainrHOM. Mcxoas u3 aHammsa
TpPaHCKpHUITOMA, HanboJee BEIPaKCHHBIE H3MEHEHHS
HabironaoTCs B paboTe MakpogaroB U peCHUTYATO-
ro snutenus. [lockoabpKy uU3yvancs Marepuai Leib-
HOT'O JIETKOTO, TO JaHHbIe, Moxy4yeHHbIe B xone PHK-
CEKBEHHPOBAHUS, OMHUCHIBAIOT OOLIME M3MEHEHUS
B sierkux. OOHapyXeHHOE PEeMOJEIUPOBAHUE JIbIXa-
TEJNbHBIX MyTel yKa3piBaeT Ha cBs3b JI[' U cHMKeHHS
JBbIXaTeTbHBIX (QYHKIUN Y TallueHTOB.
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Pe3rome

OcHOBHas 1eJIb HCCJIe0BAHUSA COCTOHT B MTPOBEPKE TUIIOTE3HI O TOM, YTO AOCTIKEHHE Ooiee HU3KUX pe-
KOMeHIyeMbIX nejieBbix ypoBHel (HLY) aprepuansaoro nasnenus (A/l) y manieHToB ¢ apTepraibHON runep-
teH3uel (Al) TOXXHUIIOTO U cTapyeckoro Bo3pacta OyJieT He MeHee O0e30IacHO M0 CPAaBHEHHIO C JOCTHIKEHHUEM
0oJiee BBICOKMX PEKOMEHIYyEMBIX IeleBbiX ypoBHeH (BLY) AJl y mamumenToB Al MOXHIIOTO M CTapYECKOTO
BO3pacTa, KOTOpoe OyAeT OIEHMBATHCS MO JaHHBIM JOMamIHero n3Mepenus AJl u cuctemsl yaaaeHHOTO MO-
HUTOpHUHTA 3((HEKTUBHOCTH M 0e30MacCHOCTH aHTHTHUIIEPTEH3UBHON Tepanny. MaTepuaJibl 1 MeToAbL. B nc-
CJIeZIOBaHUE TIPEAIIOIaraeTcsl BKIOUNTE 60 manreHToB B BO3pacTte 65 JeT u crapiie, KOTopble OyayT paHJOMH-
3upoBaHHO pacnpenaenensl B rpynny HILY unu BIY A/l ¢ nocTHkeHHEM PEKOMEHAYEMbIX 1LI€JIEBBIX YPOBHEN
CA/l (mo nannabM nomamraero uaMepenus AJl) menee 125 wim menee 135 mm pt. ct. DddexTuBHOCTH BMemIa-
TeNbCTBA OyAET OIIEHWBATHCS 110 CIIEAYIONINM ITOKa3aTesiM: 4acTOTa Pa3BUTHS SMTU30/I0B ApTEPHATBHOM TUTIO-
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ten3un (CAJl meree 100 MM pT. CT.) C KTMHUYECKUMU MPOSBICHUSIMU MU B UX OTCYTCTBHE; YAaCTOTa Pa3BUTHS
00MOPOKOB HMJIH IpefoOMOPOKOB; YacTOTa MaJCHUH B 1I€JIOM U TPaBMaTHYECKHUX MaJCHUI; OLlEHKa MO IIKaie
nepenocumoctu AI'T (mikana, paspaborannas Duarte-SilvaD. u coasrt., 2014); orieHKa KauecTBa KH3HH C 110~
Mouipio Oone3Hb-cnenuduunoi mkansl Quality of Life Questionnaire on Hypertension; npogomKuTenbHOCTh
nepuoaa, B TeueHue koroporo CAJl OyaeT HaXOIUTHCs B TEpaeBTHYECKOM JHana3oHe B IPOLEHTax OT oouien
NPOJOJDKUTENBHOCTH HabmoneHus. Kpome toro, npeamnonaraeTcst OLEHUBATh [TOKA3aTeNN CTapYeCKO acTeHUN
Y TIOKa3aTeNId KOTHUTHBHBIX (PyHKIHH. AHAJIN3 MOMYyYEHHBIX JaHHBIX OyIET BBIIOIHATHCA C TIOMOILBIO0 METOAA
Win Ratio B nepapxuueckom nopszake. [Ipeanosiaraempie pe3yabrarbl. B Xone BBINOMHEHNST HCCIEIOBAHUS
OyAyT NONTy4YeHbl JaHHBIE O BOBMOKHOCTAX AUCTAaHIMOHHOTO MOHUTOpHHTA ¢ ogbopom AI'T y nui B Bo3pacte
65 5eT ¥ crapiie ¢ Lenblo JOCTH)KEHHS LeNeBbIX ypoBHeH A/l, a Taxxe nHpopmanust o nepenocumocta AI'T
IpU ee 0AOOPE C LENbI0 JOCTIKEHUS 00iee HU3KUX PEKOMEHTyeMbIX ypoBHEH A/l y TakuX MalMeHTOB.

KuroueBble cjioBa: aprepualibHas TUIEPTEH3US, apTepUATIbHOE AABIEHHUE, AUCTAHIIMOHHBIH MOHUTOPUHT
apTepUaIbHOTO JaBJICHHS, TepuaTpuyecKast MPakTHKA, HalueHThI TOKHUIIOT0 BO3pacTa

Hns yumupoesanus: Funapesckuii C. P., Illeopuna A. FO., Epycnanosa K. A., Koswcesnurxosa M. B., JIysuna A. B., Tomuna A. /., XKenes-
uoix E. A., 3axues B. /[., Komosckaa IO. B., benenxos FO. H., Tkaueea O. H. Oyenxa 6ezonacnocmu 00CmudiceHus peKOMeHOyeMblX Yele6blX
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npocnexmusHoz2o npaemamuyeckozo uccieoosanus IIOPOI" (besollacnocms JJocmuoicenuss PexOmenoyemvix yeneswix ypogHeii apme-
puanvrozo dasnenus 6 I epuampuueckou npakmuxe). Apmepuanvhan eunepmensus. 2025;31(1):47-53. https://doi.org/10.18705/1607-
419X-2025-2401. EDN: KAQGPZ

Evaluation of the safety of achieving
recommended blood pressure targets in elderly
patients: protocol of a randomized, open-label,
prospective, pragmatic study THReshOIld
(Treatment of Hypertension to Recommended
blood pressure in Old patients

with hypertension)

S.R.Gilyarevsky!, A.Y.Shchedrina?, Corresponding author:
K.A.Eruslanova!, M.V.Kozhevnikova2, A.V.Luzinal, KseniaA. Eruslanova,

. 1 5 . 1 Russian Gerontological Research and
A.D.Gotina', E.A.Zheleznykh?, V.D.Zakiev', Clinical Center,
Y. V.Kotovskaya!, Y.N.Belenkov2, O.N.Tkacheva! Ist Leonov str., 16, Moscow,

129226 Russia

! Russian Gerontological Research and Clinical Center, E-mail. cruslanova._ka@rgnke.ru

Moscow, Russia

2 Sechenov First Moscow State Medical University

of the Ministry of Healthcare of the Russian Federation
(Sechenov University), Moscow, Russia

Submitted 15 January 2024,
accepted 18 March 2025.

Abstract

Objective — the main objective of the study is to test the hypothesis that achieving lower recommended
target levels (LRT) of blood pressure (BP) in elderly and senile patients with arterial hypertension (HTN) will
be no less safe than achieving higher recommended target levels (HRT) of BP in elderly and senile patients
with HTN, which will be assessed using home BP measurement data and a remote monitoring system for the
effectiveness and safety of antihypertensive therapy. Design and methods. The study is expected to include
60 patients aged 65 years and older, who will be randomly assigned to the LRT or HRT BP group with the
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achievement of recommended target levels of SBP (according to home BP measurement data) of less than 125
or less than 135 mmHg. The effectiveness of the intervention will be assessed by the following indicators: the
frequency of episodes of arterial hypotension (SBP less than 100 mmHg) with or without clinical manifestations;
frequency of fainting or pre-syncope; frequency of falls in general and traumatic falls; assessment using the
AHT tolerability scale (scale developed by Duarte-SilvaD. et al., 2014); assessment of quality of life using the
disease-specific Quality of Life Questionnaire on Hypertension scale; duration of the period during which SBP
will be in the therapeutic range as a percentage of the total observation period. In addition, it is supposed to
assess the indicators of frailty and indicators of cognitive functions. The analysis of the obtained data will be
performed using the Win Ratio method in a hierarchical order. Expected results. The study will provide data
on the possibilities of remote monitoring with the selection of AHT in individuals aged 65 years and older in
order to achieve target BP levels, as well as information on the tolerability of AHT when it is selected in order
to achieve lower recommended BP levels in such patients.

Key words: arterial hypertension, blood pressure, remote blood pressure monitoring, geriatric practice,
elderly patients

For citation: Gilyarevsky SR, Shchedrina AY, Eruslanova KA, Kozhevnikova MV, Luzina AV, Gotina AD, Zheleznykh EA, Zakiev VD,
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BBenenue

HeZ[aBHO TMMOJIYYCHHEBIC PE3YJIbTAaThl UCCIICAOBAHUA
NHNES (National Health and Nutrition Examination
Surveys) CBUAECTENHCTBOBAIN O CHIKEHHUU YaCTOTHI
JOCTIDKCHUS 1IEJIEBBIX YPOBHEH apTepHaIbHOTO JIaBIie-
Hus (A/l) y manmeHToB ¢ apTepraibHON THIepTeH3nei
(AT') B iemmoM 1 0cobeHHO y TalilneHToB 75 jet u Oonee
[1, 2]. Tak, yacToTa AOCTIXKEHUS 11ereBoro A/l y muig
75 net u Oonee u nui 45-64 ner cocrasiusua 47,7 %
u73,5% [1].

Nmeromumecs cTporue 0Ka3aTelbCTBA MPEHMY-
IeCTB CHMXEHHA A/l 10 BIHSHUIO HA PUCK Pa3BUTHUS
OCJIOKHEHUH CeplIeYHO-COCYIHUCTHIX 3a00JIeBaHUM
(CC3), a Takxe MOBBIIIICHUE OCBESAOMIICHHOCTH O HAJTU-
gy Al” ¥ 4aCTOTHI IMPUMEHCHUA aHTUTUIICPTCH3UBHBIX
npemaparoB (AI'T]) He compoBOKIATUCEH YBETUICHIEM
4acTOTHI IOCTHKEHUS LeNIeBbIX ypoBHeH A/l y uit mmo-
JKuioro Bospacta [2—4]. OaHol U3 MpUYrH TaKUX OT-
pHUIaTeIbHBIX TEHACHITNN MOXKET OBITh TaK Ha3bIBaCMAas
TepamneBTHueckas naeptHocTh (TH).

TeparneBTHYECKYI0 HHEPTHOCTH OMPEACTSIOT Kak
q)eHOMeH, COCTO;IIIII/Iﬁ B OTCYTCTBHMHU Ha4dajla UJIN UH-
TeHCU(PUKALIMH JIEKapCTBEHHON Tepariy, HECMOTPS Ha
HAJIMYUE TIOKA3aHHUN, U €€ CUUTAIOT OJHUM M3 BaXKHBIX
0aprepoOB MOCTIKEHUS Oojiee HUZKUX ypoBHEUH AJ]
[5—7]. TepaneBTHYeCKasi HHEPTHOCTH paCIpPOCTpaHEeHA
CpEeIH MaleHTOB MOXKIIIOTO Bo3pacTa: B iepuon ¢ 2015
o 2018 rox, mo nanHbiM National Ambulatory Medical
Care Survey, TU 6sv1a yctanosiena mpu 89,6 % rmo-
cemenuii Bpaua [8]. [lo maHHBIM aHANMH3a JAaHHBIX 00
yuactHukax uccnenoanus SPRINT (Systolic Blood
Pressure Intervention Trial) [9, 10], B Xxom1e BbINONHE-
HHSI KOTOPOTO B COOTBETCTBUH C Pe3yJIBTaTaMH paH/I0-
MHU3alUU OBLJIO HEOOXOAMMO JOCTUYD ONPEIEICHHBIX

eJIeBBIX YpoBHEH AJl, Menach CBA3b MEXKIY TOXKH-
JIBIM BO3pacToM M OoJiee BBICOKOHM TepaneBTHYECKON
WHEPTHOCTBIO, KOTOPBIH HE 3aBHCEN OT (PU3HYECKOTO
COCTOSTHUSI WJIM KOTHUTHUBHBIX (PYHKIMH MAIMEHTOB.
DTO MOATBEPXKTAET MHEHHUE O TOM, YTO 0OJICE TIOKIITON
BO3PACT HEPEIKO CTAHOBUTCS MPUUMHON HEOOOCHOBaH-
HOTo oTKa3a ot 3 dextrBHON AI'T.

Bpauu onacaroTcst HEeMpUEMIEMOT0 COOTHOIIEHUS
pHCKa U IPEeUMYIIIeCTB 60Jiee HHTEHCUBHBIX PEXHUMOB
AI'T y NOXUJIBIX TAIIUEHTOB, 9TO TAKKE MOYKET BIIUSTh
Ha TepamneBTHUYCCKYI0 MHEPTHOCTH [11]. Homymenue
0 CBSI3M MEXY «OCTabIeHHOCThIO» MaIrueHToB ¢ Al
MOXKHUJIOTO BO3PAcTa M MOBBILICHUEM PUCKA Pa3BUTH
HEeONarONPHUSTHBIX UCXOI0B, 00YCIIOBICHHBIX UHTEH-
cU(UKaIUei Teparuy, yKa3blBaeTCs B KAYE€CTBE OJHO-
ro u3 (aKTopoB, KOTOPBIH BIHMSAET HA MPEACTABICHHE
0 HEOOJTBIINX MPENMYIIECTBAX HHTEHCHBHOTO PEXXHUMa
AT'T y noxwmibix [12]. B To e BpeMs pe3ysTaThl uc-
cienoanus HY VET (Hypertension in the Very Elderly
Trial) u SPRINT cBueTenbsCTBOBANIN O TOM, YTO HU
BO3PACT, HA OCIa0JIEHHOCTh HE CHUKAIOT IPEUMYIIIECTB
uHTeHcuBHOTO pexkuma AI'T [9, 13].

Bonee Toro, naHHble aHalM3a CBUAETEIHCTBOBA-
JU O TOM, YTO B MOATPYIINE YYACTHUKOB B BO3pacTe
75 net u 60ee MPEUMYIIECTBA MHTEHCUBHOTO PEXKIMA
Tepanuu ObuTH Oosiee BBIpAKEHHBIMHU 110 CPAaBHEHUIO
CO BCeil MomyJAluel yYaCTHUKOB MCCIIEI0OBaHMS, YTO
BBIPaXXaJIOCh B OTCYTCTBUHU CYIIECTBEHHOTO BIUSHUS
Ha PUCK Pa3BUTHUS TSDKENbBIX HEXKeJaTeIbHbIX ABJICHUH,
YacTOTY TPaBMaTHYECKHUX MaJeHUIl WM YXyIIIeHHe
KauecTBa XU3HHU, OOYCIIOBIEHHOTO COCTOSIHUEM 3/10-
poBbs [14, 15].

B cooTBeTcTBUM € COBpEMEHHBIMU PEKOMEHIAIIN-
SIMH, JIJISL TIAITICHTOB cTapiie 65 JIeT yKa3aH IeleBoi
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ypoBeHsb cuctonudeckoro AJl menee 140 MM prT. CT. Wiu
Ipu xopoueil nepeHocumoctu MeHee 130 MM pT. CT.
[16]. B To ke BpeMs OTCYTCTBYIOT HCCIEIOBaHHS IO
OIIEHKE YaCTOThI Pa3BUTHS SMHU30[0B apTepHaIbHOMN
TUIIOTEH3UH, NEPEHOCUMOCTH Tepaluu U KadecTBa
JKU3HH MAIMEHTOB Npu cHIbKeHnu AJl 1o Gonee Hu3-
KX WIH 0osiee BBICOKHUX MO CPaBHEHUIO C PEKOMEH-
TyeMbIMH LieneBbIMU ypoBHsIMH AJl. Micnionbp3oBanue
MHTEPHET-TEXHOIOTUH 11t MoHUTOpHHTa A/l 11 Gonee
a¢¢dextuBHOrO NedeHus: Al UpPoOKo Kcmonb3yercs
B KIMHMYECKOH NMpPAKTHKE B MOCIEAHHUE TOABI U, 1O
UMEIOINMCS TaHHBIM, TI03BOJISIET YIYUILLIUTh PE3YJIbTa-
ThI euenust Al [17]. B To xe BpeMs B Haliei cTpaHe
JI0 HACTOSIIEro BpeMeHu He Obuio BhimonHeHo PKU,
1eJTb KOTOPOTO COCTOsIa OBl B OLICHKE BOBMOXKHOCTEH
JUCTaHIIMOHHOTO MOHUTOpUHTa ypoBHA A/l 1uist obe-
criedeHus1 0€30MacCHOCTH M XOPOILEH MepeHOCUMOCTH
JOCTH)KEHHS PEKOMEHAYEMBIX O0Jiee HU3KHX LeNIEBBIX
ypoBHe#l A/l y ManueHTOB MOXUIOTO U CTapUECKOro
BO3pacTa. B cBsA3M ¢ 3TUM mpearnonaraercs BhIIOIHE-
HUE OTKPBITOTO MPOCHEKTUBHOIO NMparMaTuyeckoro
UCCIIEZIOBAaHUS ¢ NMapajuienbHsiMu rpynnaMu [JOPOT
(bezollacHocts nOcT)ReHUS PekOMeHyeMbIX 1iee-
BBIX yPOBHEHN apTepuanbHOro JaBieHus B [ epuarpuye-
CKOH TpakTHKe), B KOTOPOM OyAyT y4acTBOBaTh 2 UC-
CIIEIOBATENIbCKUX LIEHTpA.

OcHOBHas HeJb UCCJAEAOBAHUSA COCTOUT B MPO-
BEpKeE TUIIOTE3HI O TOM, YTO JOCTIKEHUE 00Jiee HU3KUX
pexomeHnyeMbix HeneBbix yposueid (HLY) Al Oynet
HEe MeHee 06€30IacHO 10 CPaBHEHUIO C JOCTHKCHHEM
Oosiee BBICOKHX PEKOMEHIYEMBIX LIeJIeBbIX YPOBHEH
(BLY) AJl y nartuenToB Al’ MOKHIOTO U CTapUeCKO-
r'o BO3pacTa, KoTopoe OyZIeT OLIeHUBAThCA 10 JAHHBIM
JoMalHero usmMepenust A/l u cucteMsl yaaneHHOTO
MOHHUTOPUHTA 3 PEKTUBHOCTH U OE30MACHOCTH aHTH-
TUIEPTEH3UBHOM Tepanuu. Y YUThIBas, YTO B XOAE BBI-
MIOJTHEHUS UCCIIEAOBaHUS OoleHKa ypoBHs A/l Oymer
MIPOBOJUTHCSA C MOMOILBIO IOMAIIHETro u3mepeHust AJl,
HIOY u BIUY CAJ 6ynyt cumutarbcsi ypoBHU CAJl
MeHee 125 u 135 MM pT. CT., Tak Kak Mpu JOMaITHEM
u3MepeHun A/l ykazaHHble B pEKOMEHAALMSIX MOPO-
TOBBIE€ YPOBHH Ha 5 MM PT. CT. HI)KE IO CPAaBHEHUIO
C pe3yapTaTaMH U3MEpPEeHHs B MEIULINHCKOM YUPEkK-
nenuu [16].

MarepuaJibl H METOAbI

[NanuenTs! OyayT BKIIOYATHCS B MCCICAOBAHUE B
2 LIeHTpax:

1. O6ocobneHHoe CTPYKTYpHOE MOApasjaene-
HUe «Pocculiickuili TEpOHTONOTUYECKUNA HAYy4YHO-
knuHu4eckuil nenrp» ®IAOY BO PHUMY uwm.
H. U. ITuporosa Munsapasa Poccuy;

2. YHUBEpCHUTETCKAs KIIMHIYeCcKast OonpHHUIa Ne 1,
kagenpa rocnutansHOU Tepanuu Ne 1 UacTHTYTA K-
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Hudeckor Meaunmael umeHu H. B. CkimudocoBckoro
OI'AOY BO Ilepsoiit MI'MYVY um. 1. M. Ceuenona
Mumnsnpasa Poccun.

Kputepuu Bkito4eHUs B HCCIEIOBaHKUE: B UCCIIE-
JOoBaHHE OyIyT BKJIIOYAaTh MY)KUHMH U )KEHIIUH 65 JeT
u Oonee ¢ Al, AMarHOCTHPOBAHHOH MO JAaHHBIM IIO-
BTOPHBIX M3MEPEHUH B MEIMLIMHCKOM YUYpPEXICHUH,
Y KOTOpBIX, HecMOoTps Ha npuMmenenue Al'T, ypoBeHb
CAJ] 6b1 140 MM pT. cT. uau OoJiee W/UIU YPOBEHb
AT 90 mm prt. cT. mim Ooree.

Kpurepun HeBKIIOUEHHS B UCCIEA0BaHHE: AUATHO-
CTHPOBaHHAs AEMEHIINS WIIN BEIpa)KEHHbIE KOTHUTHB-
HBbIE HapYLICHUs; HECOCOOHOCTH 3aTIOJIHAThH AaHKETHI,
HCIOJIb30BaHHUE KOTOPBIX MPETYCMOTPEHO IPOTOKOIOM
HCCIIeIOBaHMs; HEBO3MOXXHOCTh MCIOIb30BaHUS aB-
TOMaTH4eCKUX MPUOOPOB A peructpanmu AJl B mo-
MAaIllHUX YCJIOBHUSX; HEBOZMOXHOCTh HCIIONB30BaHMUS
SNEKTPOHHBIX YCTPOUCTB, HEOOXOJUMBIX JJIsl JUCTaH-
IUOHHOTO HAOMIOACHHUS 3a Pe3yNIbTaTaMH JIOMAIIHETO
n3mepenus AJl ¥ caMOuyBCTBHEM MAllMEHTOB; TEMO-
JUHAMUYECKU 3HaYMMble KIallaHHbIe IOPOKU Ceplla;
BBIpOKEHHOE HapylIeHue GYHKIIH ToYeK (pacueTHas
CKOpOCTh KiIyOoukoBoW ¢punbrpanuu menee 30 mur/
MuH/1,73 M?) 1/WITM KOHLEHTpAIMsl KpeaTHHHHA B KPO-
BU Oonee 221 MKMOJIB/M; IEPEHECEHHBI B TEUEHHE
NpEeALIeCTBYIOMUX 6 MecsaleB HH(DaPKT MUOKapAa WK
WHCYIIBT; XpOHHYECKasl CeplieuHas HeJOCTaTOYHOCTh
¢ OB 40 % nnu menee.

B coorBercTBUM ¢ XEIBCUHKCKON JeKJIapaluen
BcemupHOI MEAMIIMHCKON acCOLMALINH, BCE MAUEHTHI
nepes BKIIOYCHUEM B HccieJoBaHUe OyIyT OAMUCHI-
BaTb HH(OpMHUpOoBaHHOE cornacue. [lanmenTam OymyT
MIPEIOCTABIATLCS OTBETHI HA BCE BOIIPOCHI, KACAIOIIH-
ecsl MPOTOKOJIa UCCIIEIOBAaHUS, ¥ B TF000 MOMEHT Ma-
LUEHT MOXKET OTKa3aThCsI OT YUaCTHs B UCCIICIOBAHUM.

ITocne mpoBepku COOTBETCTBUSA XapaKTEPUCTHUK
MAHEHTOB KPUTEPUSIM BKIIOYEHHS] M MCKIIOUYCHHUS,
a TarxKe MOATBEPKACHUS BO3MOKHOCTH 3allOJHEHUS
AHKET, [IPEeyCMOTPEHHBIX IIPOTOKOJIOM UCCIIEOBaHUA,
MalKUeHTHI OyAyT cy4aiiHbIM 00pa3oM pacipeneneHbl
B 2 rpynmnsl: rpynna BIIY u HIIY A/l (puc.). Onenka
JOCTH)KEHHS LIeNeBbIX ypoBHeH Al OyaeT mpoBOAUTE-
Csl C TIOMOILBIO CUCTEMBI YAAIEHHOTO MOHUTOPHUHTA.
B xone uccnemoBanus OyayT BBISBISATHCS (aKTOPEI,
MIPETATCTBYIOIIME TOCTHKEHHUIO LIENIEBBIX YpOBHEH A ]
(HanpuMep, HU3Kasi IPUBEP>KEHHOCTH TePauy Wik 00-
Jiee MOKUIIOHN BO3PACT), a TAK)KE OLICHKA 0€30IacHOCTH
u nepesocumoctu AI'T.

ITo pesynsraTtam uccrnemoBaHust OynyT OLEHEHBI
CIIeAyIOIINE TIOKa3aTeIH, KOTOpble OyIyT aHaIN3UupO-
BaTbcsl ¢ oMoIiblo Metoga Win Ratio B nepapxuue-
CKOM TIOpsIZIKE:

1. HactoTa pa3BUTHUS SMTU30A0B apTEPUATBHOM TU-
noren3uun (CAJl menee 100 MM pT. cT.)
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2. YacToTa pa3BUTHS MU30/I0B apTEPUATILHON TH-
noren3uu (CAJl meree 100 MM pT. CT.) C KITMHUYECKH-
MU MPOSIBJICHUSIMH

3. Hacrora pa3BUTHA OOMOPOKOB WIJIM TPeaoOoMo-
POKOB

4. YacToTa MajicHUid B 1IEJIOM M TPaBMaTHUYECKHUX
naJieHui

5. Ornenka no mikasne nepenocumoct AI'T (kana,
paspabotannas Duarte-SilvaD. u coart. (2014) [18])

6. OreHKa Ka4eCTBa XKHU3HHU C MOMOIIBIO 00JIe3Hb-
cneruduunoii mkansl Quality of Life Questionnaire
on Hypertension

7. ITpoaoIKUTENBHOCTD IEPUOJIA, B TEUEHUE KOTO-
poro CAJI OyzieT HaXOAUTHCS B TEPAIIEBTHUECKOM JHa-
Ma30He B MPOLEHTaX OT O0IIeH MPOIOIKUTEIBHOCTH
HaOTIOCHUS.

Kpome Toro, Ha sTamne orOOpa MamueHTOB OyaeT
MIPOBOJIUTHCS OLIEHKA CUHAPOMA CTapUYCCKON aCTeHUHU
C MCIOJb30BaHUEM IIKabl «Bo3pacT He momexay,
a TaK)Ke OIIEHKA KOTHUTHUBHBIX ()YHKIIMU C TIOMOIIbIO
mkansl MOCA (Montreal Cognitive Assessment).

AHTHUTUTICPTEH3WBHAS TEPANKs B XOJIE BBIIIOIHE-
HUS UCCIICIOBaHUS OyIET IMPUMEHSITHCS M0 YCMOTpe-
HUIO MCCIIEN0BaTeNsA, HO OyAyT JaHbl PEKOMEHIAIUN
KCIIOJIb30BaTh COYCTAHHYIO TEPAIUIO aMJIOAUIIMHOM,
HHTUOMTOPOM aHTHOTEH3MHIIPEBpallawmero gep-
MEHTa WU OJIOKAaTOPOM PELeNTOPOB aHTHoTeH3uHa [1
Y TUA3UJIHBIM TUYPETHKOM.

[Ipennonaraemasi MpoJOIKUTEIBHOCTh HAOIIO-
JICHUsI 32 MalUeHTaMK OyJeT COCTaBJIATh 3 Mecsia 1
BKJIIOUATH 3 TIEpHoAa:

1. OTOOp MAIMEHTOB B HCCJICIOBAHNUC;

2. BxirtoueHue u paHa0OMU3AIINS;

3. lonbop AI'T u ouleHKa ee MEPEeHOCUMOCTH B Te-
YeHHE 3 MECSIEB C MOMOIIBI0 CHCTEMBI YIaleHHOTO
MOHHMTOPUHTA.

Ha6op naruenTos Havyar B Mapte 2025 roga. Habop
OyZeT MPOBOAUTHCS /10 BKJIIOYCHHUSI B HCCIICAOBAHHE
60 maunenToB 0e3 ycTaHOBJICHUS ONPEACTICHHON JaThl
3aBeplICHUs] Habopa.

Pacuem pasmepa evibopku

Y4uThIBas MPENoNaraeéMoe YUCIo UCXOA0B, BKIIIO-
YEHHBIX B OCHOBHOHM IMOKa3aTeNb YacTOTHl Pa3BUTHUS
SMU30/I0B apTepUANBHON TUIIOTEH3UU B rpynne 0o-
Jiee HU3KOTO PEKOMEHIYEeMOro IeJIeBOoro ypoBHS A/l
(rpynma HILY) 25 % u BbicokoTO 11€71€BOr0 YpOoBHSA A J]
(rpynma BLLY) 20 %, ams moATBep KI€HUS] TUIIOTE3bI
0 HEe MEHEee BBICOKOM Oe3omacHoCTH noctixkenus HI[Y
o cpaBHEHUIO co cHmkeHueM A/l mo BITY, mpu ypos-
He anbda S % mis goctmwkenus 90 % i 10 CTKESHUS
CTaTUCTUYECKON MOIIIHOCTH UCCIIEIOBaHMSI HEOOXOTHU-
MO BKJIIOUHTH 50 MallMeHTOB: 25 MallMEeHTOB B IPYIITY
HILY u 25 B rpynmy BLLY. YauteiBasi BO3MOXXHOE BBI-
ObIBaHUE W3 UccleaoBaHus 15 % nmanueHToB, BEIOOD-
Ka JOJDKHA JTIOCTUrarh He MeHee 60 MmanueHToB, T.e.
B KQX/YIO TPYIIY JIOJDKHO OBITh BKIIIOUEHO HE MEHEE
30 manueHToB.

Omuueckue acnexmoi

[Ipotokon mccieqoBaHus, BKIOYasi HHPOPMHU-
poBaHHOE coriacue, ObUT 010OPEH JOKaJIbHBIM 3TH-
YECKHM KOMUTETOM 000COOJIEHHOTO CTPYKTYPHOTO
noapaszaeneHuss Poccuiickoro repoHToJI0ru4ecKkoro
Hay4YHO-KIMHMUYECKOTO LEeHTpa (heaepantbHOro rocy-
JapCTBEHHOTO 00pa30BaTeIbHOr0 aBTOHOMHOTO Y4-
pexaenus Beiciiero oopasosanus (PIAOY) Poccnii-
CKOTO HAay4YHO-HMCCJIEIOBATEIbCKOTO MEAUIIMHCKOTO
yupexaenus uMm H. 1. ITuporosa Munzapasa Poccuu
(ITuporoBckuii yHUBEPCUTET), HOMEp MpoTokoia 81 ot
11.04.2024 roga, v JIOKaJIbHBIM 3TUYECKUM KOMHUTETOM
OI'AOY BO IlepBrrit MockoBCKuil rocyaapCTBEHHBII

51



MeaumHckui yausepcureT uM. . M. Ceuenoa Mun-
3npaBa Poccun (CeueHOBCKUN YHMBEPCHUTET), HOMEP
nporokona 0624 ot 14.03.2024. UccnenoBanue 3a-
peructpupoBano Ha caiite ClinicalTrials, perucrpa-
1moHHbI HoMep NCT06865846.

3akiouenue

Takum 06pa3oM, B XOf€ BBIIOIHEHHUS OTKPBITOTO
IPOCTIEKTUBHOIO MParMaTH4e€CKOro MCCIEI0BAaHUSA
IPEAIOoaraeTcsl OLEHNTh YaCTOTY Pa3BUTHS 3IU30-
JIOB CUMIITOMHOW M OECCHMIITOMHOHN apTepuaibHON
TUIOTEH3UH IpH cHIDKeHHH AJl 1o 6onee HU3KUX UIH
Oonee BBICOKMX PEKOMEHIYEMBIX LEJIEBBIX ypOBHEH
AJl ¥ OLICHUTH BO3MOXXHOCTH IMCTAaHLIMOHHOTO MO-
HUTOpUHTA YpoBHs Al 1711 yCTOMYUBOTO 10CTUKECHUS
onpeAeseHHbIX PeKOMEHAYEMBIX ypoBHEHN AJl, a Takxke
JUIs1 OLEHKH nepeHocumMocT AT'T.
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Abstract

Objective. To measure the maternal serum cell free fetal DNA (CFFDNA) and establish the relationship
between preeclampsia (PE) and maternal serum (CFFDNA) levels. Design and methods. A nested case-control
study was carried out on 30 (PE) subjects and 30 matched controls aged 1840 years old who were submitted at
the Ain-Shams University maternity hospital. All subjects had a single viable fetus beyond 20-week gestational
age. Upon enrollment, blood samples were collected, and the CFFDNA was subsequently measured in subjects
and controls. Results. The CFFDNA level differed significantly between the analyzed groups, showing higher
levels in PE diagnosed individuals than in controls. Additionally, the maternal serum CFFDNA level, utilizing
an area under the curve of 0,979, predicted PE. Conclusion. Maternal serum cell free DNA can be utilized for

PE prediction. The mean levels of CFFDNA correlate with developing maternal complications in PE.
Key words: cell free fetal DNA, CFFDNA, preeclampsia, primigravida
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Introduction

Preeclampsia (PE) in the third world countries
develops in up to 10 percentage of pregnancies, and
emergency care is often nonexistent or insufficient [1].

The sensitivity and specificity of existing tools
to predict adverse maternal and fetal outcomes are
low, despite the use of proteinuria and blood pressure
measurements for PE diagnosing. As a result, there is
aneed for tests that are both widely applicable and cost-
effective, and that are able to precisely detect women at
risk and predict which fetuses may show complications
thus allowing for timely prenatal care in order to avoid
morbidity and improve perinatal outcomes [2].

In Redman’s PE three-stage paradigm, the initial
stage is defined by the lowered placental perfusion,

while the maternal syndrome (inflammatory/oxidative
stress) defines the second stage. The initial stage is
characterized by the placental bed spiral arteries failure
to endure the typical physiological changes [3].

The PE second stage is characterized by an
excessive trophoblast embolization, which results
in the cell-free fetal DNA (CFFDNA) release in the
mother circulation. The purines are catabolized to uric
acid by xanthine oxidoreductase in the maternal liver,
where the CFFDNA is subsequently degraded. It is
hypothesized that the more xanthine oxidase activation,
the more xanthine oxidoreductase toxic isoenzyme, and
in subjects who subsequently develop PE, it leads to the
reactive oxygen species (ROS) formation as byproducts
when the hepatocytes are exposed to extreme quantities
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of purines throughout catabolism. The tissues normal
antioxidant capacity is overridden by excessive ROS
production. Oxidative stress is probably the key factor
in developing the PE second stage. Although CFFDNA
is a critical component of PE pathogenesis, as it serves
as the initial substrate for ROS production, it is not the
primary cause [4].

The non-invasive prenatal screening has been
transformed by CFFDNA. In 1997, Y.D.Lo and
colleagues first detected the fetal DNA sequences in
maternal serum and plasma [5]. The pregnant women
cell-free plasma contains substantially higher levels of
fetal DNA than maternal blood cells [6].

Subsequent investigations have expanded
the CFFDNA detection methods with the use of
quantitative real-time polymerase chain reaction (PCR)
and have concentrated on the clinical implication of this
biomarker, with the focus on the pregnancy-associated
complications and fetal inherited disorders. The latter
approach has drawn significant attention due to its
reliability, rapidity, less laborious protocol and low
cost, which are all benefits in comparison to the initial
fetal cells’ isolation [7].

The purpose of this study was to measure
the maternal serum CFFDNA and determine the
correlation between maternal serum CFFDNA levels
and PE in the cohort of women examined at Ain Shams
University Maternity Hospital (ASUMH). The primary
goal of this study was to estimate the predictive role of
maternal serum CFFDNA levels in PE. The secondary
outcome was the establishing the relationship between
maternal serum CFFDNA levels and maternal and
fetal morbidities, including intrauterine growth
restriction (IUGR), oligohydramnios, and abruptio
placentae.

Design and methods

From April 2021 to April 2023, in the nested case-
control study 30 PE females and 30 matched controls
primigravids examined at ASUMH were recruited. The
Research Ethical Committee at the Faculty of Medicine
at Ain Shams University approved the study, and all the
subjects provided written informed consent.

Participants

The study comprised primigravidas who were
initially healthy and aged 18—40 years, and who had
been visiting ASUMH. The fetus was a single viable
embryo after 20 weeks of gestation. Cases involving
any fetal or maternal comorbidities, regardless if they
are medical, surgical, or obstetrical (e.g. gestational
hypertension, threatened abortion, diabetes mellitus,
fetal hydrops, congenital fetal deformity, etc., and
abnormal body mass index of the subjects > 25 kg/m?
or < 18,5 kg/m?) were excluded from the study.
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Blood samples were collected and placed in EDTA
sample vacuum tubes. After centrifuging the whole
blood at 1600 g for ten minutes, cell-free plasma was
collected and frozen at the temperature of —70 degrees
Celsius.

To extract DNA, the QlAamp DNA Blood Mini
Kit (Qiagen, Germany) was used, and the “Blood
and Body Fluid Spin Protocol” recommended by the
manufacturer was followed throughout the process.

Amplification of CFFDNA

PCR amplification was carried out with the use of
Applied Biosystems’ 7500 fast real time PCR (Foster
City, United States).

The universal fetal DNA marker RASSFI1A
Quantification was achieved in both specimen (Qiagen,
Germany) and a fully methylated genomic DNA.
For real-time PCR the TagMan Universal PCR Master
Mix (Applied Biosystems, Foster City, USA) was used
in conjunction with the following primers and probe:

* RSF-dsgnR5-ACCAGCTGCCGTGTG G-3

* RSF-dsgnT5-FAM-CCAACGCGCTGCGCAT
(MGB)-3

* RSF-b151F5-AGCCTGAGCTCATTGAGC TG-3

* RSF-dsgnT5-FAM-CCAACGCGCTGCGCAT
(MGB)-3

Methods

We used the real-time 7500 rapid SDS software
v.2.05 (Applied Biosystems, Foster City, USA).

Women were monitored until birth and categorized
depending on the development of PE. A comprehensive
history was obtained for all subjects, including
personal, present, and past medical history, as well as
family, obstetric, and menstrual history. The clinical
investigation encompassed physical examination,
including measurement of body temperature, vital
signs, respiratory rate, blood pressure, body weight
and pulse rate. Laboratory investigations encompassed
the following: prothrombin time, concentration, and
international normalized ratio (INR), the coagulation
profile, Rh type and blood group, liver and renal
functions complete blood profile. Detection of
CFFDNA was performed in patients who met the
study criteria. Abdominal ultrasound (fetal biometry)
and ultrasound doppler (umbilical, middle cerebral
and uterine artery) were performed utilizing the
SONOACEX6MEDISION (USA) ultrasound device.

Sample size calculation

Setting alpha error at 5%, power at 80 %, taking
into account the results from the study PASS11 program
[8], a sample size of at least 30 subjects and 30 matched
controls was required to achieve the difference in cell
free total DNA median (IQR) as following: 8,76 (0,44—
48,43) in the main group versus 3,74 (0,12-21,14)
among control group. Another study [9] showed that



hypertensive disorders prevalence during pregnancy
ranged from 2 % to 10%. Assuming the prevalence
of 10% for hypertensive disorders during pregnancy,
blood samples from at least 300 pregnant females were
needed to achieve the goal.

Statistical analysis

The collected data were coded, tabulated, and
statistically analyzed using IBM SPSS statistics
(Statistical Package for Social Sciences) software
version 28.0, IBM Corp. (Chicago, USA, 2021).
Quantitative data were tested for normality using
Shapiro-Wilk test, then if normally distributed they
were presented as mean £ SD (standard deviation)
and compared using independent t-test with Leven’s
test for equality of variance. In case of non-normal
distribution, the data were presented as Median (15-3™
Interquartiles, IQR) and compared using Mann-
Whitney test. Qualitative data summarized as number
and percentage and compared using Fisher’s Exact
test. ROC (Receiver Operating Characteristics) curve
was used to evaluate the performance of CFFDNA
in diagnosing preeclampsia and its related maternal
complications. The differences were considered
significant at p-value < 0,050.

Diagnostic characteristics were calculated as
follows:

= Sensitivity = (True positive test / Total positive
golden) x 100

= Specificity = (True negative test / Total negative
golden) x 100

= Diagnostic accuracy =

([True positive test + True negative test] / Total
cases) x 100

= Youden’s index = sensitivity + specificity — 1.

Results

Among 300 samples, we identified 30 subjects who
developed PE and 30 matched controls.

Table 1 presents a comparison of baseline
characteristics and clinical outcomes between the
PE group and the control group. The two groups
were matched by age, body mass index (BMI), and
gestational age. The average age was 24,4 + 3,0 years in
the PE group and 24,2 + 2,7 years in the control group
(p =0,719), while the BMI was 35,0 + 2,4 and 35,2 £
1,7 kg/m?, respectively (p = 0,667). Gestational age at
the time of sample collection was also comparable, at
26,2 £ 1,5 weeks in the PE group and 25,8 + 1,7 weeks
in the control group (p = 0,300). Median CFFDNA
level was elevated in PE women — 508,0 units (IQR:
360,0-863,0) compared to 43,0 units (IQR: 21,0-70,0)
in the control group (p < 0,001).

BASELINE CHARACTERISTICS AND MATERNAL ble
AND FETAL OUTCOMES BETWEEN THE STUDY GROUPS
Variables Preeclz:ll:p;ig) group COIEItlr0=l 3g(;‘)oup p-value
Baseline characteristics
Age, years 24,4 (3,0) 242 (2,7) 0,719
BMI, kg/m? 35,0 (2,4) 35,2 (1,7) 0,667
Gestational age, week 26,2 (1,5) 25,8 (1,7) 0,300
CFFDNA, unit 6 o?(())fé%a 0 (21,4(%;)0, 0 0<0,001%
Outcomes
All complications 6 (20,0%) 0 (0,0%) § 0,024*
Maternal HELP syndrome 3(10,0%) 0 (0,0%) § 0,237
outcomes,
n (%) Eclampsia 2 (6,7%) 0(0,0%) § 0,492
Accidental hemorrhage 1(3,3%) 0(0,0%) § 0,999
Neonatal All complications 7 (23,3%) 0 (0,0%) § 0,011*
outcomes, IUGR 2 (6,7%) 0 (0,0%) § 0,492
n (%) IUFD 5(16,7%) 0 (0,0%) § 0,052

Note: Data described as Mean (SD); Median (1°-3" Interquartiles) or number (%); BMI— body mass index; [UGR — intrauterine

growth restriction; [IUFD — intrauterine fetal death; “Independent t-test; ’Mann-Whitney test; § Fisher’s Exact test.
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Clinically, PE patients experienced significantly
more maternal complications, with 20,0 % (6 out of
30) reporting at least one complication versus none
in the control group (p = 0,024). Though HELLP
syndrome, eclampsia, and accidental hemorrhage were
observed in 3 (10%), 2 (6,7 %), and 1 (3,3 %) cases,
respectively, these individual complications did not
reach statistical significance, possibly due to the limited
sample size. Neonatal outcomes showed a similar
trend: 23,3 % of neonates in the PE group developed
complications, compared to 0% in the control group
(p = 0,011). Of these, intrauterine growth restriction
(IUGR) occurred in 2 cases (6,7 %) and intrauterine
fetal death (IUFD) in 5 cases (16,7 %), with IUFD
approaching statistical significance (p = 0,052). These
findings indicate that elevated CFFDNA is associated
not only with the presence of PE but also with poorer
maternal and fetal outcomes.

Table 2 shows the correlation between CFFDNA
levels and complications within the PE group alone.
Among women diagnosed with PE, those who
experienced maternal complications had higher
CFFDNA levels: median CFFDNA 1120,5 (IQR:
978,0-1255,0) versus 434,0 (IQR: 191,0-593,0) units

in those with and without maternal complications
(p < 0,001). This supports the hypothesis that higher
CFFDNA concentrations in maternal serum are
predictive of more severe disease and associated
complications.

In contrast, the association between CFFDNA
levels and neonatal complications was not statistically
significant: median CFFDNA 524,0 (IQR: 408,0-978,0)
versus 492,0 (IQR: 150,0-863,0) units in women with
neonates with and without complications (p = 0,624).

Table 3 presents the diagnostic utility of CFFDNA
for both identifying PE and predicting maternal
complications. The performance of CFFDNA as
a diagnostic biomarker was exceptional. When used
to diagnose PE, the area under the ROC curve (AUC)
was 0,978 (95 % CI: 0,950—1,000), indicating good
discrimination (Fig. 1). A cut-off level of > 81,0 units
showed 100 % sensitivity and 86,7 % specificity, with
an overall diagnostic accuracy of 93,3 %. Therefore,
CFFDNA was able to detect every true case of PE with
the minimum rate of false positives.

In predicting maternal complications among PE
women, CFFDNA performed remarkably well, with
an AUC of 0,965 (95 % CI: 0,901-0,999). At a higher

Table 2

CFFDNA (UNIT) IN PREECLAMPSIA GROUP DEPENDING ON MATERNAL AND FETAL OUTCOMES

Variables Positive Negative p-value
Maternal complications 1120,5 (978,0-1255,0) 434,0 (191,0-593,0) 0< 0,001
Neonatal complications 524,0 (408,0-978,0) 492,0 (150,0-863,0) 00,624

Note: Data are presented as Median (1%-3 Interquartiles); 0 Mann—Whitney test; positive — presence of complications, negative —

absence of complications.

Table 3

DIAGNOSTIC PERFORMANCE AND CHARACTERISTICS OF CFFDNA
IN DIAGNOSING PREECLAMPSIA AND RELATED MATERNAL COMPLICATIONS

Diagnosing preeclampsia .Any I.natern.a ! complicatior.l
Characteristics in subjects with preeclampsia
Value 95% Cl1 Value 95% CI

AUC 0,978 0,950-1,000 0,965 0,901-0,999
p-value < 0,001 <0,001
Cut point > 81,0 units > 811 units
Sensitivity 100,0% 88,4-100,0% 100,0% 54,1-100,0 %
Specificity 86,7 % 69,3-96,2% 83,3% 62,6-95,3%
Diagnostic accuracy 93,3% 83,8-98.,2% 86,7% 69,3-96,2 %
Youden’s Index 86,7% 74,5-98,8 % 83,3% 68,4-98,2%

Note: AUC — area under curve; CI — confidence interval.
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Figure 1. ROC curve for CFFDNA
in diagnosing preeclampsia

cut-off > 811 units, the sensitivity remained 100 %,
while specificity was slightly lower — 83,3 % (Fig. 2).
Diagnostic accuracy in this scenario was 86,7 %, with
a Youden’s index of 83,3 %. These findings suggest
that CFFDNA can serve as both a screening and
risk stratification tool, offering valuable predictive
insight into not only the diagnosis of PE but also the
likelihood of its progression to more severe maternal
complications.
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Figure 2. ROC curve for CFFDNA
in diagnosing having any preeclampsia related
maternal complication in preeclampsia

Discussion

In developed world, PE is one of the most
significant perinatal and maternal morbidity and
mortality causes. Despite the fact that its pathogenesis
is not completely understood, vascular endothelial
cell dysfunction is generally considered the main
underlying mechanism. The pathological changes
that underlie endothelial cell dysfunction are still not
fully elucidated; however, poor placentation has been
suggested as a significant contributing reason. Placental
ischemia results from spiral arteries incomplete or
failed trophoblastic invasion, which leads to a diffusion
of one or more factors associated with the impairment
of the maternal vascular endothelium [10].

The release of CFFDNA into the mother’s
bloodstream is a consequence of excessive trophoblast
embolization throughout the PE second stage. The
maternal liver degrades the CFFDNA, and xanthine
oxidoreductase catabolizes the purines to uric acid.
The isoenzyme of xanthine oxidoreductase — xanthine
oxidase — is believed to produce ROS as a byproduct.
This enzyme is activated in hepatocytes that receive
excessive number of purines in PE [11].

The natural antioxidant capacity of the tissues is
overpowered by excessive ROS production, resulting
in oxidative stress. Most likely, the primary factor
contributing to the PE second stage development
is oxidative stress. As the initial substrate for ROS
formation, CFFDNA plays a significant role in PE
pathophysiology [12].

The primary objective of the study was to
investigate the levels of maternal serum CFFDNA and
its relationship with PE. A nested case-control design
was used, involving 30 PE subjects and 30 matched
controls. Participants ranged in age from 18 to 40
years and were beyond 20 weeks of gestation with
a single viable fetus. Blood samples were collected
upon enrollment for CFFDNA levels evaluation. PE
group showed significantly higher CFFDNA and more
frequent maternal and neonatal complications.

Our results were supported by T.R.Kolarova and
colleagues (2021) [13]: in their cohort, significantly
higher total CFFDNA was observed in the PE group
compared to controls (1235 versus 106,5 pg/uL, p <
0,001).

Also, M. Soroura and colleagues (2022) [7],
who evaluated the maternal serum CFFDNA levels
in primigravidas at 10-20 weeks of gestation as
a predictive test for the PE development, demonstrated
a statistically significant increase in the median
CFFDNA (GE/ml) in severe PE compared to non-
severe PE and the control group.

Moreover, H. Yu and colleagues (2013) [14] found
that the serum CFFDNA level was significantly higher
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in PE mothers than in the controls. Additionally, the
higher CFFDNA may be the consequence of placental
apoptotic and/or necrotic materials increased discharge
and reduced clearance from maternal blood, which is
induced by fetoplacental hypoxemia.

Additionally, J. H. Kang and colleagues (2008)
[15] conducted a prospective cohort investigation.
In 32 gravidas that ultimately encountered PE, the
CFFDNA level was significantly higher than in
normal pregnancies, as discovered by the testing of
3076 gravidas. This discovery is in accordance with
our findings.

In a previous study by S.Y. Kim and colleagues
(2016) [16], the fetal CFFDNA, total CFDNA, and
pregnancy-associated plasma protein-A combination
was shown to be a valuable PE predictor throughout
the first trimester. They utilized the HYP2 gene as total
CFFDNA marker to document that the total CFFDNA
levels were significantly higher in subjects who later
developed PE at 614 and 15-23 gestational weeks.

Our study demonstrated that PE was strongly
associated with higher maternal and neonatal
complication rates. In addition, CFFDNA was
significantly higher in subjects with maternal
complications, but there was no significant association
with neonatal complications. These results were
supported by T.N. Leung and colleagues (2001) [17]:
a five-fold increase in the mean circulating fetal DNA
was observed in subjects with complicated pregnancies
compared to control pregnant women (p < 0,001).

Also, X.Y. Zhong and colleagues (2002) [18] also
demonstrated in preeclamptic mothers with maternal
complications a significant increase in the fetal DNA
copies number.

R. Darghahi and colleagues (2019) [19] showed
a direct and significant correlation between GA and
CFFDNA in both cases and controls. The serum
CFFDNA levels are reduced as gestation progresses.

Using ROC-curves, a cut-off value of CFFDNA
> 81,0 units demonstrated excellent diagnostic
performance with 100,0 % sensitivity, 86,7 %
specificity for diagnosing PE. For identifying maternal
complications in PE, a higher threshold of > 811 units
achieved perfect sensitivity (100,0%) and moderate
specificity (83,3 %). These findings underline the
potential of CFFDNA as a highly sensitive biomarker
for early detection and risk stratification in PE.

These findings are consistent with M. Soroura
and colleagues (2022) [7], who identified optimal
thresholds using ROC analysis. For distinguishing PE
from controls, a cutoff of 222 units achieved 70,2 %
sensitivity and 84,4 % specificity, while a cutoff of 378
units effectively discriminated non-severe from severe
PE with 85,7 % sensitivity and 83,3 % specificity.
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H. Yu and colleagues (2013) [14] similarly applied
ROC curve analysis and identified a log-transformed
CFFDNA threshold of 2.62 for PE prediction, with high
sensitivity and specificity metrics

Moreover, M.Y. Divon and colleagues (2001)
[20] reported a five-fold increase in plasma CFFDNA
levels among pregnancies with maternal complications
compared to healthy pregnancies, reaffirming its value
as a clinical marker.

Strengths of the study

One of the key strengths of the study is the
innovative use of CFFDNA as a biomarker for
predicting PE and maternal complications. Our study
demonstrates significant diagnostic accuracy, with high
sensitivity (100%) and moderate specificity for both
PE and maternal complications. This highlights the
potential for CFFDNA to revolutionize early detection
and risk stratification in obstetrics, providing a reliable
tool for clinical use.

The study design adds to its robustness. By
employing a nested case-control methodology, the
researchers ensured a focused comparison between
PE subjects and matched controls. The inclusion of
relevant variables, such as age, BMI, gestational age,
and outcome measures, allows for a comprehensive
analysis of the relationship between CFFDNA levels
and complications. Additionally, ROC curves analysis
enhances the reliability of the diagnostic performance
assessments.

Limitations of the study

Despite its strengths, the study has several
limitations that should be acknowledged. First, the
sample size is relatively small, with only 30 participants
in each group. This limited number may reduce the
statistical power of the findings and restrict the
generalizability of the results to broader populations.
Larger, multicenter studies would be necessary to
validate these outcomes.

Second, the study focused exclusively on a single
population at Ain-Shams University Maternity
Hospital. This may involve selection bias and limit
the applicability of the findings to diverse demographic
or geographic populations with varying baseline risks
of PE and different clinical practices.

Another limitation is the lack of longitudinal data.
While the study effectively establishes associations
between CFFDNA levels and PE, it does not track
changes in CFFDNA levels over time or explore their
predictive value earlier in pregnancy. Furthermore, the
inability to conclusively link CFFDNA with neonatal
complications suggests that additional studies are
needed to explore this area. This gap underscores the



need for a more comprehensive evaluation of neonatal
outcomes and potential confounders.

Conclusion

This study establishes that circulating maternal
serum CFFDNA levels are significantly elevated in
PE and correlated with maternal complications, making
it a promising diagnostic biomarker. With a sensitivity
of 100 % for both PE and maternal complications,
CFFDNA can play a crucial role in early identification
and management. However, while the association
with neonatal complications remains inconclusive, the
findings highlight the need for further research to refine
CFFDNA predictive capabilities and to integrate it into
clinical practice.

Kouduankr nuarepecos / Conflict of interest

ABTOpDEI 3aABUIN 00 OTCYTCTBUY KOHMJINKTA
unTepecoB. / The authors declare no conflict
of interest.

Cnucok jaureparypsl / References

1. Timofeeva AV, Gusar VA, Kan NE, Prozorovskaya KN,
Karapetyan AO, Bayev OR, et al. Identification of potential early
biomarkers of preeclampsia. Placenta. 2018;61:61-71. https://doi.
org/10.1016/j.placenta.2018.01.007

2.Wang J, HuH, Liu X, Zhao S, Zheng Y, Jia Z, et al. Predictive
values of various serum biomarkers in women with suspected
preeclampsia: a prospective study. J Clin Lab Analysis. 2021;35(5):
€23740. https://doi.org/10.1002/jcla.23740

3. Redman C. Pre-eclampsia and the placenta. Placenta.
1991;12:301-8. https://doi.org/10.1016/0143-4004(91)90339-H

4. McMaster-Fay RA. Oxidative stress and inflammatory
biomarkers in normal and preeclamptic pregnancies. Am J
Obstet Gynecol. 2017;217(4):492-3. https://doi.org/10.1016/].
ajog.2017.06.030

5.Lo YD, LauTK, Zhang J, Leung TN, Chang AM, Hjelm NM,
et al. Increased fetal DNA concentrations in the plasma of
pregnant women carrying fetuses with trisomy 21. Clin Chem
1999;45(10):1747-51. https://doi.org/10.1093/clinchem/45.10.1747

6. Sifakis S, Papantoniou N, Kappou D, Antsaklis A. Noninvasive
prenatal diagnosis of Down syndrome: current knowledge and
novel insights. J Perinat Med. 2012;40(4):319-27. https://doi.
org/10.1515/jpm-2011-0282

7. Soroura M, El Shorbagy M, Shawky M, Borg TA,
Wahba K, Reyad A. Circulating maternal serum cell free fetal
DNA levels for prediction of preeclampsia. Evidence Based
Women's HealthJ. 2022;12(1):77-85. https://doi.org/10.21608/
ebwhj.2020.28158.1093

8. Silver RM, Myatt L, Hauth JC, Leveno KJ, Peaceman AM,
Ramin SM, et al. Cell-free total and fetal DNA in first trimester
maternal serum and subsequent development of preeclampsia.
Am J Perinatol. 2017;34(02):191-8.

9. Jiang L, Tang K, Magee LA, von Dadelszen P, Ekeroma A,
Li X, et al. A global view of hypertensive disorders and diabetes
mellitus during pregnancy. Nat Rev Endocrinol. 2022;18(12):760—
75. https://doi.org/10.1038/s41574-022-00734-y

10. Chappell LC, Cluver CA, TongS. Pre-eclampsia. Lancet.
2021;398(10297):341-54. https://doi.org/10.1016/S0140-6736(20)
32335-7

11. Sarzynska-Nowacka U, Kosinski P, WielgosM.Is there
a future for cell-free fetal DNA tests in screening for preeclampsia?

Ginekol Pol. 2019;90(1):55-60. https://doi.org/10.5603/GP.2019.
0009

12. Kwak DW, Kim SY, Kim HJ, Lim JH, Kim YH, Ryu HM.
Maternal total cell-free DNA in preeclampsia with and without
intrauterine growth restriction. Sci Rep. 2020;10(1):11848.
https://doi.org/0.1038/s41598-020-68842-1

13. Kolarova TR, Gammill HS, Nelson JL, Lockwood CM,
ShreeR. At preeclampsia diagnosis, total cell-free DNA concentration
is elevated and correlates with disease severity. J Am Heart Assoc.
2021;10(15):¢021477. https://doi.org/10.1161/jaha.121.021477

14. Yu H, Shen Y, Ge Q, He Y, Qiao D, RenM, et al.
Quantification of maternal serum cell-free fetal DNA in early-onset
preeclampsia. Int J Molecul Sci. 2013;14(4):7571-82. https://doi.
org/10.3390/ijms 14047571

15. Kang JH, Farina A, Park JH, Kim SH, Kim JY, et al. Down
syndrome biochemical markers and screening for preeclampsia
at first and second trimester: correlation with the week of onset
and the severity. Prenat Diagn. 2008;28(8):704-9. https://doi.
org/10.1002/pd.1997

16. Kim SY, Kim HJ, Park SY, Han YJ, Choi JS, Ryu HM.
Early prediction of hypertensive disorders of pregnancy using
cell-free fetal DNA, cell-free total DNA, and biochemical
markers. Fetal Diagnosis Ther. 2016;40(4):255—-62. https://doi.
org/10.1159/000444524

17. Leung TN, Zhang J, Lau TK, Chan LY, Lo YD. Increased
maternal plasma fetal DNA concentrations in women who
eventually develop preeclampsia. Clin Chem. 2001;47(1):137-9.
https://doi.org/10.1093/clinchem/47.1.137.

18. Zhong XY, Holzgreve W, Hahn S. The levels of circulatory
fetal DNA in maternal plasma are elevated prior to the onset of
preeclampsia. Hypertens Preg. 2002;21(1):77-83. https://doi.
org/10.1081/PRG-120002911

19. Darghahi R, Mobaraki-Asl N, Ghavami Z, Pourfarzi F,
Hosseini-Asl S, Jalilvand F. Effect of cell-free fetal DNA on
spontaneous preterm labor. J Adv Pharm Technol Res. 2019;10(3):
117-20. https://doi.org/10.4103/japtr.JAPTR 371 18

20. Divon MY, Ferber A. Umbilical artery Doppler
velocimetry — an update. Semin Perinatol. 2001;25(1):44—47.
https://doi.org/10.1053/sper.2001.22892

BkJan aBTopoB

C. A.M. Haccap — pa3paboTka o0Iieii KOHIICTIUH, Tu3aiiHa,
METOJIOJIOT UYL, COOp JaHHBIX, aHAJIM3 JaHHBIX U MX MHTEPIIPETaLys,
COCTaBJICHHE IEPBUYHOTO BapUAHTA PYKOITHCH, HAIIMCAHNE PYKOIIH-
CH, KPUTHYECKasl OLIEHKA NHTEIUICKTYaIbHOTO COZlEP)KaHUs PYKO-
nycy, pegakruposanue pykonucu; A. M. b. Onb Jlun —pazpabotka
o011ieit KOHIIETIINY, TU3aiiHa, METOIOTIOTHH, COOp TAHHBIX, AHATIH3
JaHHBIX ¥ UX MHTEPIIPETALHsl, COCTaBJICHHE IIEPBUYHOTO BAPHAHTA
PYKOITHCH, HAIINCAHUE PYKOITUCH, KPUTHYECKAs OLIEHKA HHTEIJICK-
TYaJIbHOTO COAEPI)KaHUs PYKOIHMCH, PeJaKTUPOBAHHE PYKOIUCH;
M.E. M. HUbparum — pa3paboTka oOIIeil KOHIENIUH, AU3aiiHa,
METOJIOJIOT UYL, COOp JaHHBIX, aHAJIM3 JaHHBIX U MX MHTEPIIPETaLys,
COCTaBJICHHE IEPBUYHOTO BaAPUAHTA PYKOITHCH, HAIIMCAHNE PYKOIIH-
CH, KDUTHYECKasl OLIEHKA HHTEJUIEKTYaJIbHOTO COIePIKaHUs PyKOIIH-
cH, penakTupoBanue pykomnucu; M. M. M. XenbMu — pa3paboTtka
o011t KOHIIETIINY, TU3aiiHa, METOIOIOTHH, COOp TaHHBIX, AHAIH3
JaHHBIX ¥ UX MHTEPIIPETALHsl, COCTaBJICHHE IIEPBUYHOTO BAPHAHTA
PYKOITUCH, HAIIUCAHUE PYKOITUCH, KPUTHUECKAs OLIEHKA HHTEIJICK-
TYaJIFHOTO COAEPI)KaHUsI PYKOIHCH, PeJaKTUPOBAHHE PYKOICH;
M. C. DncBedu — pa3padoTka o0 KOHIENINH, 13aifHa, METO-
JIOJIOTHH, cOOp JaHHBIX, aHAJIM3 JAaHHBIX U X HHTEPIIPETaLusi, CO-
CTaBJICHHE IEPBUYHOTO BAPHAHTA PYKOIINCH, HAITUCAHHUE PYKOIIUCH,
KPUTHYECKasl OLIEHKa HHTEJUIEKTYaJIbHOTO COJePIKaHUsI PYKOIIUCH,
peIakTHpOBaHHE PYKOIUCH. Bce aBTOpBI BHECIN CYIIECTBEHHBII
BKJIaJ B pa3pabOTKy KOHIEIIINH 1 TU3aliHa NCCIIeI0BaHus, B cO0p,
aHaJIM3 ¥ MHTEPIIPETALMIO IaHHBIX,  TAKKE B TIOATOTOBKY CTAaThH

61



U HalmMcaHue pyKonucH. Bee aBTopbl npowin, ogo0puiy GuHab-
HYIO BEPCHIO U BBIPA3HJIM COIVIaCHE C ToJadeil ee Ha paccMoTpe-
HHE B )KypHaJl, a TaKKe YTBEpAWIN UCIPABICHHYIO Bepcuto. Bee
ABTOPBI HECYT OTBETCTBEHHOCTB 32 BCE aCIIEKTHI paOOTHI, PyJaroTCst
3a JOCTOBEPHOCTh, TOYHOCTh U OE3yNPEYHOCTh NPEACTaBICHHBIX
B PYKOIIUCH MaTepUaoB.

Author contributions

S.A.M. Nassar — conceptualization, design, methodology,
data collection and curation, data analysis and interpretation,
original draft preparation, revision and editing; A. M. B. El
Din— conceptualization, design, methodology, data collection and
curation, data analysis and interpretation, original draft preparation,
revision and editing; M. E. M. Ibrahim — conceptualization,
design, methodology, data collection and curation, data analysis
and interpretation, original draft preparation, revision and editing;
M. M. M. Helmy — conceptualization, design, methodology,
data collection and curation, data analysis and interpretation,
original draft preparation, revision and editing; M. S. Elsewefy —
conceptualization, design, methodology, data collection and curation,
data analysis and interpretation, original draft preparation, revision
and editing. All authors participated sufficiently in the conception
and design of the work, collection, analysis and interpretation of
the data, as well as the writing of the manuscript. All authors have
approved the final version of the manuscript and its submission to
the journal, as well as the revised version; and agree to be personally
accountable for the authors’ contributions and for ensuring that
questions related to the accuracy or integrity of any part of the
work are appropriately investigated, resolved, and documented in
the literature.

HNndpopmanus 06 aBTopax

Haccap Canma Ampad Moxammen — npernogaBareiis Kagempbl
aKyIIIepCTBA M THHEKOJIOT UK, MEJIUIIMHCKHH (DaKyJIbTeT YHUBEPCUTETA
Aiin-11lamc, Kaup, Eruner; ORCID: 0009-0001-3889-8843, e-mail:
salmaashraf@med.asu.edu.eg;

Onb [lun Axmen Moxammen baxaa — 10KTOp MEIUIIMHCKUX
HayK, podeccop Kadeapbl aKyIepcTBa M FTMHEKOIOTHHI, METUIIHCKHI
¢akynsrer YauBepcurera Aiin-111ame, Kanp, Eruner; ORCID: 0000-
0003-1124-9496, e-mail: abahaa0503@med.ASU.edu.eg;

W6parnm Muxammen Db Mangyx Moxamme — JIOKTOp Me-
JUIAHCKHUX HayK, Tpodeccop Kadeaphl aKylepcTBa i THHEKOIOTHH,
MeUIMHCKIH (hakynsreT YHuBepcuTeTa AitH-111amc, Kanp, Erumner;
ORCID: 0000-0001-8944-5564, e-mail: mandooh@hotmail.com;

Moxammen Maxmyn Moxammen XenbMU — COTPYIHHK Kade-
JIPBI AKYIIEPCTBA ¥ THHEKOJIOT UM, MEIUIIMHCKHHN (aKyIIbTeT YHHUBEP-
curera Aitn-11lamc, Kaup, Eruner; ORCID: 0009-0005-6239-5559,
e-mail: m.m.helmy249@gmail.com;

Onceedn Moxammern Camex — mpernozasarelib Kadenpsl aKy-
IICPCTBA Y THHEKOJIOTUH, MEIUIIMHCKUN (aKyIbTeT YHUBEPCUTETA
Aiin-11lamc, Kaup, Eruner; ORCID: 0009-0009-1577-0140, e-mail:
melsewefy@med.asu.edu.cg.

62

Author information

Salma Ashraf Mohamed Nassar, MD, Lecturer of Obstetrics and
Gynecology, Department of Obstetrics and Gynecology, Faculty of
Medicine, Ain Shams University, Cairo, Egypt; ORCID: 0009-0001-
3889-8843, e-mail: salmaashrafi@med.asu.edu.eg;

Ahmed Mohamed Bahaa El Din, MD, PhD, DSc, Professor
of Obstetrics and Gynecology, Department of Obstetrics and
Gynecology, Faculty of Medicine, Ain Shams University, Cairo,
Egypt; ORCID: 0000-0003-1124-9496, e-mail: abahaa0503@med.
ASU.edu.eg;

Mohamed El Mandouh Mohamed Ibrahim, MD, PhD, DSc,
Professor of Obstetrics and Gynecology, Department of Obstetrics and
Gynecology, Faculty of Medicine, Ain Shams University, Cairo, Egypt;
ORCID: 0000-0001-8944-5564, e-mail: mandooh@hotmail.com;

Mohamed Mahmoud Mohamed Helmy, MD, Department
of Obstetrics and Gynecology, Faculty of Medicine, Ain Shams
University, Cairo, Egypt, ORCID: 0009-0005-6239-5559, e-mail:
m.m.helmy249@gmail.com;

Mohamed Sameh Elsewefy, MD, Lecturer of Obstetrics and
Gynecology, Department of Obstetrics and Gynecology, Faculty of
Medicine, Ain Shams University, Cairo, Egypt; ORCID: 0009-0009-
1577-0140, e-mail: melsewefy@med.asu.edu.eg.



ISSN 1607-419X
ISSN 2411-8524 (Online)
VK 616.12.-008.331.1:616.36-072.7

IHoka3areau pyHKUUM NeYEHH
NPHU APTEPUAIHLHOU THNIePTEH3UMN
(0030p IMTEpPATYpPBI)

C. Pa(l)aKaT, A. Apmau, H. Homap, Konrakrnasi undopmanus:
X.Kypmmug, C.Pagakar Caiipa Padparar,
. Kadenpa 3o0omorumu,
JIaxopCKUil KOJLIEI K KEeHCKOro YHUBEPCUTETA, )
JlaXopcKHil KOIIeK HKEHCKOTO
Jlaxop, Ilakucran YHUBEPCHTETA,
Jlaxop, [Takucran, 44444.
E-mail saera.rafaqat@gmail.com
Cmambs nocmynuia 6 pedaKyuo
25.05.23 u npunsima k nevamu 07.03.25.
Pesrome
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Ha 5—11 MM pT. CT. y My>X9iH ¥ Ha 6—17 MM PT. CT. y )KeHIHH. Takke IMoKa3aHa OTPHUIAaTeIIbHAS CBSI3b MEKITY
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Abstract

Background. Individuals with hypertension tend to have higher liver function test (LFT) levels and an
increased risk of hypertension when abnormal LFT levels are present. The dysfunction of the liver is identified
as a significant contributor to the development of hypertension. Objective. The article specifically focuses on
review of various LFT markers such as albumin, alkaline phosphatase (ALP), alanine transaminase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), serum bilirubin, lactate dehydrogenase,
prothrombin time (PT) and their role in hypertension. Results. The increase in albumin concentration from
approximately 40 to 50 g/l within the physiological range correlated with a rise in systolic blood pressure ranging
from 5 to 11 mmHg in males and from 6 to 17 mmHg in females. Also, there is a negative correlation between
serum ALP and indices of artery anatomy and function in hypertensive African men. Moreover, an inverse
correlation between elevated ALT levels and hypertension in Chinese adults, suggesting that elevated ALT may
precede the onset of hypertension. The overall prevalence of elevated ALT and AST among freshmen was 6,8 %
and 2,3 %, respectively, suggesting a strong correlation between ALT levels and hypertension in both males and
females. Another study indicated that higher GGT levels were associated with an increased risk of hypertension.
In men with pre-hypertension, but not in normotensive individuals, serum bilirubin levels negatively correlated
with arterial stiffness. No significant relationship between arterial stiffness and bilirubin levels was observed
in women. An increase in serum LDH level is linked to the severity of pregnancy-induced hypertension and
complications for both mother and fetus. Systolic blood pressure and diastolic blood pressure showed a positive
correlation with activated partial thromboplastin time (APPT) in hypertensive patients. These findings suggest
that PT and APTT measurements could be used as indicators to assess hemostatic abnormalities in individuals
with hypertension and guide antihypertensive medication. The exact mechanisms by which the liver function
panel influences hypertension were not reported.

Keywords: liver function tests, hypertension, albumin, alkaline phosphatase, alanine transaminase, aspartate
aminotransferase, gamma-glutamyl transferase, lactate dehydrogenase, serum bilirubin, prothrombin time
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Introduction

The prevalence of hypertension is rapidly
increasing worldwide and is a major cause of illness
and death. Various factors such as obesity, lifestyle
choices, age, gender, environment, and genetics
significantly contribute to the development of
hypertension. Hypertension often leads to complications
such as myocardial infarction (heart attack) and
cerebral haemorrhage (bleeding in the brain) [1, 2].
Hypertension is a leading cause of death globally and
a major contributor to cardiovascular disease (CVD) [3,
4]. In the year 2000, approximately 26 % of the global
population had hypertension, and it is expected to rise
to 29,2 % by the year 2025 [5].

Liver function tests (LFTs or LFs) are blood tests
that provide information about the liver’s health. These
tests include a number of measurements, such as
prothrombin time (PT/INR), partial thromboplastin time
(PTT), albumin, bilirubin (both direct and indirect),
and other related assays. Elevated levels of liver
transaminases, specifically aspartate aminotransferase
(AST or SGOT) and alanine transaminase (ALT or
SGPT), are indicative of liver damage [6—8]. There
is growing evidence of the relationship between
hypertension and the functional integrity of the liver.
Clinical and experimental evidence has shown that liver
disease is not directly associated with the development
of hypertension [9, 10].

Similarly, individuals with hypertension exhibit
higher levels of LFTs and are at an increased risk of
disease associated with abnormal LFT levels. Studies
showed abnormalities in liver enzymes such as serum

ALT, total bilirubin, and serum AST in hypertensive
individuals [11]. Additionally, S.Rahman and
colleagues (2020) concluded that the prevalence of
elevated liver enzymes was greater among individuals
with hypertension [12]. At the Glasgow Blood Pressure
Clinic, 15,8% of men and 6,2 % of women with
hypertension had abnormal liver function tests [13].
In both genders, a dose-response relationship was
observed between abnormal blood pressure and levels
of ALT, AST, gamma-glutamyl transferase (GGT), and
alkaline phosphatase (ALP) [14].

Design and methods

Numerous studies have indicated the significant role
of liver dysfunction in the development of hypertension.
Therefore, the purpose of this paper is to provide an
overview of the role of liver function tests or liver
panels, including albumin, ALP, ALT, AST, GGT, lactate
dehydrogenase, serum bilirubin, and PT in hypertension
(Fig. 1). To conduct the literature review, various
databases such as Google Scholar, PubMed, and Science
Direct were utilized (Table 1). The search was completed
on November 20, 2022. Keywords such as “Liver
Function Tests”, “Hypertension”, “Albumin”, “Alkaline
phosphatase”, “Alanine transaminase”, “Aspartate
aminotransferase”, “Gamma-glutamyl transferase”,
“Lactate dehydrogenase”, “Serum Bilirubin”, and
“Prothrombin time” were used. The search was limited
to papers published in English. Although more recent
studies were prioritized, no specific time limit was set.
The references of relevant articles were also examined
and appropriate articles were extracted.

t Lactate
dehydrogenase

1 Prothrombin
time

T Alkaline
phosphatase

T Gamma
glutamyl
transferase

+ Albumin

Hypertension

t Aspartate
aminotransferase

t Alanine
transaminase

Figure 1. Circulating levels of major liver function tests in hypertension

Note: (1) elevated and () reduced levels.
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Table 1
FULL SEARCH STRATEGY OF THE DATABASES

PubMed

For biomedical and life sciences research, including medicine, biology,
and health-related topics
https://pubmed.ncbi.nlm.nih.gov/

ScienceDirect

A platform offering access to a wide range of scientific, technical,
and medical research articles
https://www.sciencedirect.com/

Google Scholar

A free search engine that indices scholarly articles, theses, books, conference papers,
and patents across various disciplines

https://scholar.google.com/

Role of major liver function tests in hypertension

This review specifically focuses on a subset of liver
function tests in the context of hypertension. While
there are various liver function tests available, the tests
highlighted in this review include albumin, ALP, ALT,
AST, GGT, lactate dehydrogenase, serum bilirubin,
and PT (Table 2).

Albumin

Albumin, a vital serum protein, plays various roles
such as transporting chemicals, maintaining plasma
colloid osmotic pressure, and exhibiting antioxidant
activity. Its levels are tightly regulated by physiological
systems [15]. The liver ability to produce substances,
known as biosynthetic capacity, or how well a patient’s
liver is functioning can be evaluated by analyzing
serum albumin levels. To gain a more comprehensive
understanding of liver biosynthesis, serum albumin
is often examined together with prothrombin time
and/or international normalized ratio. However, it is
worth noting that normal serum albumin levels can
be observed in cases of chronic liver disease, while
abnormal levels may be present even in individuals
with normal liver function. A study focusing on
patients being assessed for gastric bypass found a weak
correlation between liver pathology and liver function
tests. Additionally, low levels of serum albumin, known
as hypoalbuminemia, may indicate reduced albumin
production or a dilution effect due to increased free
fluid in the body [16]. Generally, albumin levels tend to
be higher in men compared to women and in younger
individuals compared to older ones. Within the normal
range, an increase in albumin content was associated
with elevated systolic and diastolic blood pressure in
both sexes and across different age groups. The increase
in albumin concentration from approximately 40 to
50 g/l within the physiological range correlated with
the rise in systolic blood pressure ranging from 5 to
11 mmHg in males and 6 to 17 mmHg in females.
Corresponding increases in diastolic blood pressure
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ranged from 3 to 7 mmHg in men and from 4 to 9
mmHg in women. Each standard deviation increase
in albumin concentration was associated with a 1-3
mmHg increase in blood pressure [17].

In a separate study, lower serum albumin levels
in Chinese hypertensive adults were associated with
a higher prevalence of peripheral arterial disease
(PAD) in men but not in women [18]. Another study
highlighted a correlation between serum albumin levels
and disruption of the circadian blood pressure rhythm,
with more than two-thirds of patients exhibiting a non-
dipper pattern. This finding was particularly significant
for non-diabetic essential hypertension patients with
mild proteinuria. The study emphasized the importance
of serum albumin levels as an independent predictor
of nocturnal systolic dipping, in contrast to urine
albumin excretion [19]. Even within the normal range,
below the threshold for microalbuminuria, urinary
albumin was found to be an independent predictor of
hypertension and elevated blood pressure in the general
population [20]. According to the findings of G. W. Choi
and colleagues (2021), significant predictors for the
development of hypertension included serum albumin
levels, along with polymorphisms of rs2894536
in LOCI107986598 and rs10972486 in ATPSB5P.
Higher albumin concentrations, as indicated by two
hypoalbuminemia-related genetic variants (rs2894536
and rs10972486), were associated with reduced hazard
ratios (HRs) for the development of hypertension.
Genetically determined hypoalbuminemia significantly
predicted the onset of hypertension [21].

Alkaline phosphatase

Alkaline phosphatase (ALP) is present in various
tissues such as the liver, bone, kidney, intestine,
and placenta. Consequently, serum ALP consists of
multiple ALP isoenzymes, which can be separated
through electrophoresis. Normal serum ALP
comprises liver and bone components, with bone ALP
being heated labile. Liver ALP increases in situations



SUMMARY OF MAJOR LIVER FUNCTION TESTS IN HYPERTENSION

Table 2

First author

Year
of publi-
cation

LFTs

The main finding of LFTs in hypertension

ref

Ding et al.

2020

Serum albumin

Lower serum albumin levels among Chinese
hypertensive adults were only associated with
a higher frequency of peripheral arterial disease
(PAD) in men and not in women

[18]

Ahbap et al.

2016

Urinary albumin

The paper highlights the significance of serum albu-
min levels as an independent predictor of nocturnal
systolic dipping, at least in non-diabetic essential
hypertension patients with mild proteinuria,

as opposed to urine albumin excretion

[19]

Takase et al.

2015

Urinary albumin

Urinary albumin was an independent predictor
of hypertension and elevations in blood pressure
in the general population

(20]

Choi et al.

2021

Serum albumin

Significant predictors of the development

of hypertension included serum albumin

(HR = 0,654, 95 % CI 0,521-0,820), polymorphisms
of rs2894536 in LOC107986598 (HR = 1,176, 95%
CI1,015-1,361), and rs10972486 in ATP8B5P

(HR =1,152,95% CI 1,009-1,316)

(21]

Shimizu et al.

2013

Serum ALP

ALP was associated with hypertension for both male
and female non-drinkers, but not for drinkers

[25]

Zhang et al.

2021

Serum ALP

Chinese hypertensive people had a considerably
greater risk of having their first stroke even when
serum ALP levels were within the normal range

[26]

Khalili et al.

2022

Serum ALP

Males and females both had an elevated risk

of hypertension when their serum ALP activity was
higher. Increased ALP may therefore be a precursor
of hypertension

[14]

Schutte et al.

2013

Serum ALP

In hypertensive African men, serum ALP negatively
correlated with indices of artery anatomy and func-
tion

(27]

Aliyu et al.

2006

Serum ALP

The severity of hypertension strongly correlated
with the serum heat-stable ALP activity in patients
with pre-eclampsia/eclampsia

(28]

Jia J et al.

2021

Serum ALT

The linear relationship between serum ALT

and hypertension or blood pressure, suggests

that aberrant liver metabolism, as evidenced by high
serum ALT, may contribute to hypertension

or elevated blood pressure

[31]

Wu et al.

2017

Serum ALT

In elderly Chinese rural population, ALT levels
substantially correlated with hypertension only
in women

[32]

Rahman et al.

2020

Serum ALT, GGT
activity

In Bangladeshi individuals, elevated serum ALT
and GGT activity positively correlated
with hypertension

[12]

67



Continuation of table 2

First author

Year
of publi-
cation

LFTs

The main finding of LFTs in hypertension

ref

Huang et al.

2021

Serum ALT

Elevated ALT and hypertension inversely correlated
in Chinese adults, and elevated ALT likely precedes
the onset of hypertension

Zhu et al.

2021

ALT, AST

The overall prevalence of elevated ALT and AST
were 6,8 % and 2,3 % among freshmen. ALT level
was related to both male and female freshmen’s
hypertension

Yoon et al.

2021

(AST/ALT) ratio

In Korean people with hypertension, the high pulse
pressure inversely correlated with ALT but favorably
correlated with AST and AST/ALT ratio

[36]

Dan et al.

2012

GGT

GGT levels were higher in hypertension patients
when compared to their age- and sex-matched
normotensive peers, pointing to a possible causal
relationship

Ortakoyluoglu
et al.

2016

GGT

The non-dipper group had greater GGT levels, which
were associated with the nighttime decline in diurnal
blood pressure. The non-dipper group had higher
levels of uric acid and C-reactive protein

[39]

Liu et al.

2012

GGT

The development of hypertension correlated with
GGT levels

[40]

Lee et al.

2015

GGT

Serum GGT levels significantly correlated

with significant cardiovascular risks factors such
as MetS, DM, and urine albumin excretion

in hypertensive patients

[41]

Baduwal et al.

2020

GGT

GGT levels might be utilized as indicators
of prehypertension and hypertension

[42]

Ermis et al.

2012

GGT

One of the causes of the cardiovascular problems
associated with non-dipper pattern might be
increased GGT activity, which has been reported
to be connected with CRP levels

Karakurt et al.

2011

GGT

Higher serum GGT levels were linked to increased
blood pressure and the development of hypertension

Lee et al.

2003

GGT

The physiologically normal range for serum GGT
was linked to the incidence of DM and hypertension

Wang et al.

2015

Bilirubin

The prevention and management of hypertension,

as well as coronary heart disease, could be greatly
influenced by methods to increase the bioavailability
of tissue and circulating bilirubin or to imitate
bilirubin antioxidant qualities

Tang et al.

2022

Bilirubin

Higher levels of total and unconjugated bilirubin
were risk factors for hypertension while higher levels
of conjugated bilirubin had the inverse effect

[49]

Kunutsor et al.

2017

Bilirubin

Circulating total bilirubin showed weak and inverse
relationship to the risk of developing hypertension
which may be the result of biases such as unmea-
sured confounding and/or reverse causation

[50]
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Continuation of table 2

First author

Year
of publi-
cation

LFTs

The main finding of LFTs in hypertension

ref

Huang et al.

2016

Bilirubin

In men with pre-hypertension but not normotension,
serum bilirubin negatively correlated with

an increase in arterial stiffness. In women, there was
no evidence of a significant relationship between
arterial stiffness and bilirubin levels

[51]

Yu et al.

2019

Bilirubin

In preterm newborns, neonatal serum bilirubin levels
positively correlated with childhood hypertension
and blood pressure. Research may help clarify

how bilirubin contributes to the prevention

of hypertension

[52]

McCallum et al.

2015

Bilirubin

The findings encourage more research to clarify
the processes by which bilirubin and liver enzymes
may influence blood pressure and cardiovascular
risk, but there was insufficient evidence to justify
their use in risk stratification

[53]

Cai et al.

2021

LDH

The conclusion is that to confirm LDH as an early
marker for the risk of renal involvement
in hypertensives, more research is required

[56]

Vazquez-Alaniz
et al.

2019

LDH

Serum LDH was an indicator of severity, diagnosis
and unfavourable maternal outcomes in hypertensive
disorders in pregnancy

[57]

Khidri et al.

2020

LDH

Serum LDH indicated the severity and development
of pre-eclampsia

[58]

Talwar et al.

2017

LDH

Poor maternal and perinatal outcomes as well as
higher LDH levels were related to high blood
pressure

[59]

Prajapati et al.

2021

LDH

An increase in serum LDH level correlated with
the severity of pregnancy-induced hypertension
and maternal and fetal complications

[60]

Jiskani et al.

2017

PT, APTT, INR

The examination of coagulation markers in newly
diagnosed hypertension patients showed

a considerable increase, indicating their propensity
for hemostatic problems and coagulopathy

[62]

Nnenna Adaeze
et al.

2014

PT, APTT

PT and APTT measurements could be used

as indicators to assess hemostatic abnormalities
in hypertension individuals and serve as a guide
for antihypertensive medication

[63]

Eledo et al.

2018

PT

Hypertension patients had significantly higher
platelet counts, PT, and APTT than healthy controls.

[64]

Nwovu et al.

2018

PT

There was no statistically significant difference
between the PT and platelet count (p > 0,05).

PT can be an indicator of haemostatic abnormalities
in patients with hypertension

[65]
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of biliary obstruction, observed on canalicular
surfaces (intrahepatic and extrahepatic). In hepatocyte
damage, ALP is often within the normal range or
only mildly elevated. Alkaline phosphatases, a type
of phosphomonoesterases, hydrolyze phosphate esters
with optimal activity at a pH of 10. Enzyme activity is
measured in international units (IU), representing the
amount of enzyme required to catalyze the conversion
of 1 mol of substrate per minute. The commonly used
approach yields a reference range of 35 to 125 IU
per litre in the adult population, although reference
ranges vary depending on the methodology used.
This characteristic helps differentiate between biliary
dysfunction and liver parenchymal disease [22,
23]. Elevated hepatic enzyme activity consistently
corresponds to an increase in serum ALP activity.
This is mainly attributed to a rise in the translation
of ALP mRNA, which is facilitated by the higher
concentration of bile acids. Additionally, there is an
augmented secretion of ALP into the bloodstream
through canalicular leakage into the hepatic sinusoid.
However, the specific mechanism triggering its
release into circulation has not been fully understood
[24].

Despite ALP being an enzyme affected by alcohol
use and its association with hypertension, there is
currently no research on the correlation between serum
ALP levels and the risk of hypertension from alcohol
use. The odds ratio and 95 % confidence interval (CI) of
hypertension per 1-log increment of ALP were 0,95 for
men and 1,57 for women, after adjusting for multiple
variables. ALP was associated with hypertension in
non-drinking males and females, but not in drinkers.
Therefore, alcohol consumption should be considered
a potential confounding factor when analyzing the
associations between ALP and blood pressure [25]. In
a study by Y.Zhang and colleagues (2021), Chinese
hypertensive individuals had a significantly higher risk
of experiencing their first stroke, even when serum ALP
levels were within the normal range [26].

In participants with normal levels of ALT, AST,
GGT, and ALP, there were dose-response increases in
abnormal blood pressure for both sexes. Both males and
females exhibited an elevated risk of hypertension with
higher serum ALP activity, indicating that increased
ALP may be a precursor of hypertension [14]. Similarly,
R. Schutte and colleagues (2013) found a negative
correlation between serum ALP and indices of artery
anatomy and function in hypertensive African men [27].
In patients with pre-eclampsia/eclampsia, the severity
of hypertension showed a strong correlation with serum
heat-stable ALP activity, suggesting its potential use in
the early detection of complications [28].
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Alanine transaminase

Alanine transaminase also known as alanine
aminotransferase (ALT or ALAT), is an enzyme of
the transaminase class (EC 2.6.1.2). In the past, it was
referred to as serum glutamate-pyruvate transaminase or
serum glutamic-pyruvic transaminase (SGPT). Arthur
Karmen and his colleagues were the first to characterize
this enzyme in the mid-1950s. ALT is present in plasma
and various body tissues but is predominantly found in
the liver. Its primary role is to facilitate the two parts
of the alanine cycle. Clinically, the levels of serum
ALT, serum AST (aspartate transaminase), and their
ratio (AST/ALT ratio) are commonly measured as
biomarkers of liver health. These tests are included
in blood panels. ALT has a half-life of approximately
47 hours in the bloodstream and is removed from
circulation by sinusoidal cells in the liver [29, 30].
A study by J.Jia and colleagues (2021) conducted cross-
sectional research and established a linear relationship
between serum ALT levels and hypertension or blood
pressure. This suggests that abnormal liver metabolism,
as indicated by high serum ALT, may contribute to the
development of hypertension or elevated blood pressure
conditions [31]. In elderly Chinese rural population,
a significant correlation between ALT levels and
hypertension was observed only in women [32].

Similarly, S.Rahman and colleagues (2020)
concluded that elevated levels of liver enzymes were
more prevalent in individuals with hypertension.
Among Bangladeshi individuals, increased serum
ALT and GGT activity showed a positive correlation
with hypertension [12]. In contrast, G. Huang and
colleagues (2021) found an inverse correlation between
elevated ALT levels and hypertension in Chinese adults,
suggesting that elevated ALT may precede the onset of
hypertension [33].

Aspartate aminotransferase

Aspartate aminotransferase (AST) is an enzyme of
the transaminase class responsible for facilitating the
conversion of aspartate and alpha-ketoglutarate into
oxaloacetate and glutamate. This enzyme was formerly
referred to as serum glutamate oxalate transaminase
(SGOT) and is present in all tissues except for
bone, with the highest levels found in the liver and
skeletal muscle. The concentration of AST increases
in response to conditions such as bruising, trauma,
necrosis, infection, or neoplasia affecting the liver or
muscle. In cases of cellular damage, AST is detected
in cerebrospinal fluid, exudates, and transudates, with
the level corresponding to the extent of the damage.
While low levels of AST can also be found in urine,
they are not useful for diagnosing renal damage [34].
High blood pressure is increasingly prevalent among



young individuals and is a well-known risk factor for
cardiovascular events. L. Zhu and colleagues (2021)
examined the association between ALT and AST levels
and hypertension in Chinese freshmen. The overall
prevalence of elevated ALT and AST among freshmen
was 6,8 % and 2,3 %, respectively, suggesting a strong
correlation between ALT levels and hypertension in
both male and female freshmen [35]. Additionally,
H.Yoon (2021) discussed the relationship between
the AST/ALT ratio and pulse pressure in Korean
individuals with hypertension. Among Korean
individuals with hypertension, higher pulse pressure
was inversely correlated with ALT but positively
correlated with AST and the AST/ALT ratio [36].

Gamma-glutamyl transferase

Gamma-glutamyl transferase (GGT) is a group of
enzymes that play role in transferring amino acids from
one peptide to another or an amino acid. Although it is
classified as an amino acid transferase, it is sometimes
referred to as a “transpeptidase” due to its function
in transferring a gamma-glutamyl group to a different
acceptor. The reference range for GGT activity is
typically 0 to 50 IU/L for males and 0 to 30 IU/L for
females, with higher activity in males likely due to
its presence in prostatic tissue [22]. In mammalian
cells, GGT initiates the breakdown of extracellular
glutathione. Serum GGT has been widely utilized
as an indicator of liver dysfunction and as a marker
of alcohol consumption. In recent years, significant
progress has been made in these fields, shedding
light on its physiological role in combating oxidative
stress. This is achieved by breaking down extracellular
glutathione and providing its constituent amino acids
to the cells. Conditions that elevate serum GGT levels,
such as obstructive liver disease, excessive alcohol
intake, and the use of enzyme-inducing drugs, can lead
to an increase in free radical production and pose a risk
of glutathione depletion. Interestingly, the products
resulting from the GGT reaction may themselves
contribute to elevated free radical production, especially
when the iron is present [37].

However, there is limited research exploring the
relationship between GGT and hypertension. S. Dan
and colleagues (2012) found that GGT levels were
higher in hypertensive patients compared to age- and
sex-matched normotensive individuals, suggesting
a potential causal relationship [38].

Hypertension is a significant contributor to illness
and death. Serum GGT, a biomarker of oxidative
stress, has been associated with an increased risk
of diabetes and hypertension. A. Ortakoyluoglu and
colleagues (2016) conducted a study to examine the
relationship between serum GGT levels, an early

indicator of endothelial dysfunction and inflammation,
and the disruption of the diurnal blood pressure
rhythm. The non-dipper group had higher GGT levels
[39]. Several prospective observational studies have
suggested a positive correlation between GGT levels
and the risk of hypertension. To determine the precise
relationship between GGT levels and the development
of hypertension, a systematic review and meta-analysis
were conducted. The results strongly indicated that
higher GGT levels were associated with an increased
risk of hypertension. However, additional research is
required to confirm these findings and elucidate the
underlying mechanisms connecting GGT levels with
hypertension prevalence [40].

Previous research has shown a correlation between
serum GGT levels and CVD risk factors in the
general population, including hypertension, diabetes
mellitus (DM), and metabolic syndrome (MetS). In
Korean hypertensive patients, serum GGT levels were
significantly associated with major cardiovascular risk
factors such as MetS, DM, and urine albumin excretion.
Even after adjusting for age and gender, there was
a strong correlation between serum GGT levels and
prehypertension and hypertension, suggesting that GGT
levels could serve as indicators of these conditions [41,
42]. Non-dipper pattern, characterized by the absence
of nighttime blood pressure decline, has been linked
to increased cardiovascular morbidity and mortality.
This condition is associated with higher levels of
serum GGT, which indicates oxidative stress, as well
as elevated C-reactive protein (CRP) levels. Increased
GGT activity, which is connected to CRP levels, may
contribute to the cardiovascular problems associated
with non-dipper pattern [43].

In a nationally representative sample of Turkish
individuals, the relationship between prehypertension
and serum GGT levels was investigated. GGT is present
on most cell surfaces and in serum and serves as
a marker for oxidative stress. Higher serum GGT levels
were associated with elevated blood pressure and the
development of hypertension. Furthermore, GGT may
play a role in the aetiology of MetS, DM, obstructive
sleep apnea syndrome, and CVD. The elevated GGT
levels observed in prehypertensive patients supported
the notion that they experience higher oxidative
stress. It is crucial to closely monitor cardiovascular
risk factors, even during the prehypertensive stage
[44]. The enzyme GGT, which helps maintain cellular
glutathione levels and can also induce oxidative stress,
is a potential indicator of oxidative stress. D.H. Lee
and colleagues (2003) conducted a prospective study
to investigate whether blood GGT levels could predict
the incidence of DM and hypertension. The study found
that GGT levels within the physiological range were
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associated with an increased risk of developing DM
and hypertension, suggesting a role of oxidative stress
in the pathogenesis of these conditions [45].

Serum Bilirubin

Bilirubin, the product of erythroid cell destruction
and heme-containing protein breakdown, is derived
from two main sources. The majority of bilirubin
(around 80 %) is produced through the premature
destruction of erythroid cells in the bone marrow
and the breakdown of haemoglobin in senescent red
blood cells. The remaining portion comes from the
breakdown of heme-containing proteins in other tissues,
particularly the liver and muscles, including proteins
like myoglobin, cytochromes, catalase, peroxidase, and
tryptophan pyrrolase. On average, the daily production
of bilirubin is approximately 4 mg/kg of body weight
[46, 47].

Oxidative stress has been implicated in the
development of hypertension. Cohort studies have
recognized serum bilirubin as an independent
cardiovascular risk factor and a significant contributor
to the antioxidant capacity of blood plasma. However,
there is limited and conflicting data regarding the
association between bilirubin and blood pressure.
High levels of serum bilirubin may reduce the risk of
hypertension by inhibiting the production of reactive
oxygen species in vascular cells and preventing their
activation. Finding ways to increase the bioavailability
of bilirubin in tissues and circulation or replicating its
antioxidant properties could have a significant impact
on the prevention and management of hypertension and
coronary heart disease [48].

C.Tang and colleagues (2022) conducted a study
in the Guankou Ageing Cohort to investigate the
relationship between bilirubin and hypertension. Their
findings showed that total and unconjugated bilirubin
was associated with an increased risk of hypertension,
while conjugated bilirubin had the opposite effect [49].
The future risk of CVD is inversely and independently
correlated with the level of total bilirubin in the blood.
However, the association between circulating total
bilirubin and incident hypertension remains unclear.
To evaluate this relationship, the authors implemented
a Mendelian randomization approach. It was suggested
that biases such as unmeasured confounding and
reverse causation resulted in the weak and inverse
association between circulating total bilirubin and the
risk of developing hypertension. Further investigation
is needed to better understand this relationship [50].

Serum bilirubin levels, a protective biomarker of
coronary artery disease, have been inversely associated
with coronary atherosclerosis. In males, both with and
without a history of hypertension, there is a negative
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correlation between serum bilirubin levels and brachial-
ankle pulse wave velocity (baPWV). However, it is
unclear if pre-hypertensive or normotensive individuals
experience similar correlations. Y. H. Huang and
colleagues (2016) conducted a study to examine
the association between arterial stiffness and serum
bilirubin levels in pre-hypertensive and normotensive
participants of both sexes. In men with pre-
hypertension, but not in normotensive individuals,
serum bilirubin levels negatively correlated with
arterial stiffness. No significant relationship between
arterial stiffness and bilirubin levels was observed in
women [51].

Moreover, consistent findings have been reported
when maximal newborn serum bilirubin levels
are considered as an exposure factor. In preterm
newborns, neonatal serum bilirubin levels positively
correlated with childhood hypertension and blood
pressure. This research may provide insights into how
bilirubin contributes to the prevention of hypertension
[52]. Additionally, mounting evidence from general
population studies suggests that serum bilirubin
and liver enzymes may affect blood pressure and
cardiovascular risk. However, it remains unclear if these
factors influence long-term survival or blood pressure
control in hypertensive patients. Further research is
needed to elucidate the mechanisms by which bilirubin
and liver enzymes may influence blood pressure and
cardiovascular risk, but currently, there is insufficient
evidence to support their use in risk stratification [53].

Lactate dehydrogenase

Lactate dehydrogenase (LDH) is present in almost
all tissues of the body. Elevated levels of LDH in the
blood can be indicative of various diseases, including
liver disease, anaemia, heart attacks, bone fractures,
muscle damage, cancer, and more [54]. Furthermore,
an increased level of LDH may be associated with
arterial stiffness and an elevated 10-year risk of CVD.
In populations undergoing health examinations, LDH
levels could serve as a novel predictor for arterial
stiffness and the risk of CVD over 10 years [55]. In
Chinese patients with hypertension, albuminuria was
found to correlate with LDH levels, particularly in
those with hyperhomocysteinemia. LDH and white
blood cell count were better indicators of albuminuria
in hypertensive individuals compared to standard renal
function tests. However, further research is needed to
establish LDH as an early marker for renal involvement
risk in hypertensive patients [56].

Serum LDH concentration has been identified as
a diagnostic and prognostic indicator for the severity
and adverse maternal outcomes of hypertensive
disorders in pregnancy. It is particularly relevant



in pre-eclampsia, which is also associated with
proteinuria. Early detection of pre-eclampsia through
the measurement of LDH levels helps avoiding major
complications and adverse consequences. Elevated
LDH levels guide effective monitoring and care for
pre-eclampsia [57, 58]. Women with pre-eclampsia and
eclampsia exhibit significantly higher LDH levels and
these higher levels are associated with poor maternal
and perinatal outcomes. High blood pressure shows
a significant correlation with both elevated LDH levels
and adverse outcomes [59]. Additionally, S.Prajapati
and colleagues (2021) reported that an increase in
serum LDH level is linked to the severity of pregnancy-
induced hypertension (PIH) and complications for both
the mother and fetus [60].

Prothrombin time

The prothrombin time (PT) is frequently monitored
in patients with liver impairment due to its affordability,
easy accessibility, and perceived ability to indicate the
risk of bleeding. The PT becomes prolonged as the
liver synthetic capacity declines since it affects the
levels of factors produced by the liver, including both
pro-coagulant factors and anticoagulant factors like
antithrombin, protein C, and protein S. In liver failure,
the levels of these anticoagulant factors are reduced
[61]. On the other hand, hypertension is a leading
factor in CVD. Abnormal coagulation characteristics,
predisposing to atherosclerosis, are typically found
after unfavourable events such as myocardial infarction
or cerebral bleeding. In a hypertensive group, all
coagulation parameters, including mean PT of 15,07 +
1,92 seconds (p = 0,02), activated APTT of 37,14 +
4,06 seconds (p = 0,001), and international normalized
ratio (INR) of 1,04 + 0,18 (p < 0,001), were higher
compared to the control group with mean PT of 12,36 +
0,74 seconds, APTT of 30,4 + 2,39 seconds, and INR
of 0,87 + 0,07 [62]. Several scientific findings have
demonstrated the effects of hypertension on hemostasis
and the functions of blood coagulation products in the
clinical development of hypertension. Systolic blood
pressure and diastolic blood pressure showed a positive
correlation with APTT in hypertensive patients. These
findings suggest that PT and APTT measurements
could be used as indicators to assess hemostatic
abnormalities in individuals with hypertension and
guide antihypertensive medication [63].

Another study by B.O.Eledo and colleagues (2018)
found that hypertension patients had significantly
higher platelet counts, PT, and APTT compared
to healthy controls. The authors emphasized the
importance of early optimal therapy in hypertension
patients to prevent coagulation and thrombosis-related
complications [64]. In contrast, a study by A.I. Nwovu

and colleagues (2018) concluded that there was no
statistically significant difference in PT and platelet
count (p > 0,05) as indices for assessing hemostatic
anomalies in patients with hypertension [65].

Conclusion

Albumin, ALP, ALT, AST, GGT, LDH, and serum
bilirubin play a significant role in the development of
hypertension. The specific mechanism by which the
liver panel affects hypertension was not reported. The
therapeutic management of these liver function tests
is essential to control major liver diseases in patients
with hypertension.
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