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JInHaMuKa 01M0JIOTMYEeCKOTO BO3pacTa U aCCOLIMUPOBAHHBIX
OMOMapKePOB B YCIOBUSIX KOMITJIEKCHOMN TepOIPOTEKTUBHOM
WHTEPBEHLMU: PE3YyJIbTaThl MPOCHEKTUBHOTO HAOIIOACHUS

I'masmyranuosa M. P., Bepuc C. A., Bepemees A.B., Casuuesa A. A., Vcaitkuna O. 0.,

Mmaesa A.D., baranosa I0. A.

OI'BY "HanmoHaAbHbI MEAVIIMHCKIMI MCCAEAOBATEABCKIUI IEHTP Tepamuy u IpodurarTHIeckoit Meannuaer" Munsapasa Pocen.

Mocksa, Poccns

Lenb. OueHnTb anHammnky PhenoAge n 6romapkepoB y nL, 3pesnoro
BO3pacTa Ha poHe 6-Mec. NporpamMmMbl KOPPEKLIMM 0O6pa3a Xn3Hu.
O6beKTMBHASA OLEHKa CTapeHns U aPHEKTUBHOCTY reponpoTEKTUB-
HbIX BMELIATENbCTB — BaXHasi 3ajadya NPEBEHTUBHOW MeAWLVHBI.
®deHoTunnyeckuii BospacT (PhenoAge) — nepcnekTMBHbIA MHCTPYMEHT
OLIEHKM BMONOrMyYeckoro Bo3pacTa.

Matepuan u metoppl. B npocnekTnBHOE MCCnefoBaHNe BKAOYEHa
koropTa 13 100 yenosek 35-55 net. Bce yyacTHUKM NPOLUAY KOMMEKC-
HYl0 MporpamMmy, BK/IIOYaBLLYIO KOPPEKLMIO NUTaHus, GU3nNYeckyto ak-
TUBHOCTb M CTPeCC-MeHeakmeHT. OueHka NpoBOAMNACh HA UCXOAHOM
BU3uTe, yepes 3 1 6 mec. bronornyeckuin Bo3pact onpeaensnm ¢ no-
MoLLbio kanbkynatopa PhenoAge (Levine ME, et al., 2018). ins aHanu-
3a KOropTy cTpatmduumMpoBanu Ha KBapTuam no ncxogHomy PhenoAge.
Vicnonb3oBanu HenapameTpryeckne MeToabl CTaTUCTMKU C MONPaBKo
BoHdeppoHw.

Pe3ynbratbl. 3a 6 Mec. HAOMIOAEHNS BLISIBIEHO CTATUCTUYECKM 3Ha-
4yumoe cHuxeHne PhenoAge, Hanbonee BbIpaXeHHOE B rpymnnax ¢ uc-
XOAHO BbICOKMMM 3HaveHusamu (Q3, Q4). B Q4 cHuxeHne cocTtaBmio
-6,73% (p<0,001). Akcenepaumnsi CTapeHnsi Takke 3HaYNMO YMEHbLLN-
nacb. OuHamuka PhenoAge accoummnpoBanachk CO CHUXEHNEM YPOBHS
C-peakTnBHOro 6enka, MoBbileHWEM anbbymuHa U HOpManusaum-
el reMaToNnormyeckmx nokasartenei. B rpynne ¢ HU3KUM UCXOAHBIM
PhenoAge (Q1) 3Ha4vMbIX UBMEHEHWI HE OTMEYEHO.

3aknioyeHue. KomnnekcHas nporpamMma koppekuym obpasa Xn3Hu
3Ha4YMMO CHUXAET BMONOrM4YeCcKunini BO3pacT, 0COBEHHO Y NN, C YCKO-
peHHbIM cTapeHneM. AddeKT CBA3aH C MoaynsaLmMell MapkepoB BoCna-
NIEHUst M HYTPUTMBHOTO CTaTyCa, YTO NOATBEPXAAET Lienecoobpas3HoCTb
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Changes of biological age and related biomarkers in the context of a comprehensive geroprotective

intervention: results of a prospective follow-up

Gilmutdinova I.R., Berns S.A., Veremeev A.V., Savicheva A.A., Isaykina O. Yu., Imaeva A.E., Balanova Yu. A.
National Medical Research Center for Therapy and Preventive Medicine. Moscow, Russia

Aim. To evaluate the PhenoAge and biomarkers’ changes in older
adults during a 6-month lifestyle modification program.

Objective evaluation of aging and the effectiveness of geroprotective
interventions is an important task in preventive medicine. Phenotypic
age (PhenoAge) is a promising tool for assessing biological age.
Material and methods. The prospective study included a cohort
of 100 individuals aged 35-55 years. All participants completed
a comprehensive program including diet modification, physical activity,
and stress management. Assessments were conducted at baseline,
3, and 6 months. Biological age was determined using the PhenoAge
calculator (Levine ME, et al., 2018). For analysis, the cohort was stra-
tified into quartiles by baseline PhenoAge. Nonparametric statistical
methods with a Bonferroni correction were used.

Results. Over 6 months of follow-up, a significant decrease in PhenoAge
was observed, most pronounced in the groups with high baseline values
(Q3, Q4). In Q4, the decrease was -6,73% (p<0,001). Acceleration of
aging also significantly decreased. PhenoAge changes were associated
with a decrease in C-reactive protein levels, an increase in albumin, and
the normalization of hematological parameters. No significant changes
were observed in the group with low baseline PhenoAge (Q1).
Conclusion. A comprehensive lifestyle modification program signi-
ficantly reduces biological age, especially in individuals with accele-
rated aging. The effect is associated with modulation of inflammatory
markers and nutritional status, rationalizing biological age screening for
personalized prevention.

Keywords: biological age, phenotypic age, PhenoAge, geroprotection,
aging biomarkers, preventive medicine, lifestyle.
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ANT — anaunHamuHoTpaHcdepasa, ACT — acnaptatamuHoTpaHchepasa, BB — 6uonorndeckuii Bospact, BYCPB — BbICOKOYYBCTBUTENbHBIN C-peakTnsHbiil 6enok, MTM — y-rnyramuntpaxcnentuaasa, JIHM —
JIMNONPOTENHbI HU3KOW MmnoTHocTh, Me [Q25; Q75]) — MeanaHa [MHTepKBapTWAbHBIN padmax], CPB — C-peakTuBHbIi 6enok, TI — Tpurnuuepuasl, XC — xonectepuH, HbA;; — rnukupoBaHHblit remorno6us, PDW —
LUIMpUHa pacnpenenexns TpomGouuTos no obwvemy (Platelet Distribution Width), RDW-CV — wwpwuHa pacnpepfenexus aputpouutos B % (Red Cell Distribution Width — Coefficient of Variation), RDW-SD — wwpuHa
pacnpeaenexus apuTpounTos B pemtonutpax () (Red Cell Distribution Width — Standard Deviation), PhenoAge — deHoTunuyeckuii BospacT, PhenoAgeAcc — akcenepaumsi CTapeHus.

BBenenue

CrapeHue npeacTaBisieT coO0ii CI0XHbBIN reTepo-
TeHHBII TIpoIlecC, XapaKTepU3yIOIIUiics MTPOTrpeccupy-
OIINM CHIDKeHUEM (pusnoornyeckux hyHKIUI 1 TT0-
BBILIIEHUEM YSI3BUMOCTH K BO3PaCT-aCcCOIMUPOBAHHBIM
3a00jieBaHUSIM. TpaIUIIMOHHO CTapeHue U3MepseTcs
XPOHOJIOTUYECKUM BO3PACTOM, KOTOPBIiA, OMHAKO, SIB-
JIIETCST HEOCTAaTOYHO TOYHBIM MPEIUKTOPOM WHIUBU-
JIyaJIbHOTO 3IIOPOBBS Y TIPOMOJIKUTEILHOCTH KU3HU [ 1,
2]. B otinuune oT XpOHOJOIMYECKOro, OMOI0TMYeCKUt
Bo3pacT (bB) orpaxaeT GyHKIIMOHATBHOE COCTOSTHUE
OpraHM3Ma, UHTETPaJbHYIO CTEeIeHb €ro M3HOIIEHHO-
CTU U pe3epBHBbIE BOBMOXHOCTH, OIpeNeisieMble TeHe-
TUYECKUMU (hpaKTopaMu, 00pa3oM KU3HU U BO3IEi-
CTBMEM OKpyxKalolleit cpensl [3, 4].

B mocnenHee necstuieTrie akTUBHO Pa3BUBAIOTCS
MEeTONIBbl KOJIMYECTBeHHOM olleHKn BB ¢ ncmonb3oBa-
HUEeM KoMmIuiekca buomapkepoB. OnHON U3 Haubosee
BaJIMJIMPOBAHHBIX U KJIMHUYECKU 3HAYMMBIX METPUK
aBaseTcs deHoTunuueckuii Bospact (PhenoAge),
paspabotaHHblii Levine ME, et al. [5]. JlaHHBIii anro-
PUTM MHTETPUPYET XPOHOJOTMYECKU BO3pACT U Je-

BSTh KJTIOUEBBIX KITMHUKO-Ta00PAaTOPHBIX ITapaMeTpOB
(anmpOyMUH, KpeaTMHUWH, TIokKo3a, C-peakTUBHBII
6enok — CPB, npoueHT 1uM@ouunToB, cpeaHuil 00b-
€M DPUTPOIIMTOB, IIMPUHA PaCIpeaeIeHUs] SPUTPO-
IIUTOB, IesiouHast ¢ocdaraza, KOJUIECTBO JICHKOIIM-
TOB), IEMOHCTPUPYS BHICOKYIO TIPOTHOCTUYECKYIO TIeH-
HOCTb B OTHOIIEHWM PUCKAa CMEPTU OT BCEX NMPUUMH
[5]. Pasnuua mexny PhenoAge u XpOHOJIOrMYEeCKUM
BO3pAacTOM, M3BECTHas KakK akcejepalusi CTapeHUs
(PhenoAgeAcc), CIIy>XXUT KOJTUYECTBEHHOU MEpOii ore-
peXeHUs WA OTCTaBaHUSI OMOJIOTUYECKUX TTPOIIECCOB
CTapeHus OT KaJleHAapHOTro Temia [6].

CoBpeMeHHast TepOHTOJIOTHSI pacCMaTPUBAeT CTa-
peHue Kak MOAUMUIIMPYEMBbIil TIpoIlecC, Ha KOTOPBIA
MOXHO IIeJIEHAIPaBIeHHO BO3/IEHCTBOBATh C TIOMOIIIBIO
repONpOTeKTUBHBIX MHTepBeHI U [7, 8]. Cpeau Hux
HEMeIMKAaMEHTO3HbIE ITOIXO/AbI, HallpaBJIeHHbIE Ha
KOppeKIMo o0pa3a XU3HU (MMUTaHue, pusmyeckas
aKTUBHOCTb, YIIPaBJIEHUE CTPECCOM), 3aHUMAIOT 1IeH-
TpaJbHOE MECTO BBUAY MX 0E30MMaCHOCTU, TOCTYITHO-
CTU M KOMIUIEKCHOTO BO3IEMCTBUSI HAa OpraHu3M |9,
10]. OgHakKo A0 CHUX MOP OCTaeTCsl HENOCTATOUHO U3Y-
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Pecucmpur u uccnedosanus

KioueBbie MOMEHTBI
Yo U3BECTHO O MpeaMeTe NCCIETOBAHNSA?

* buomornueckuit Bo3pact (bB), B wactHOCTH (be-
HoTUIMYecKuit Bo3pacT (PhenoAge), sBasercs
WHTETPaJIbHBIM TIOKa3aTelieM CTapeHMsI, TIPEeBOC-
XOISIIAM XPOHOJIOTUIECKU BO3PACT B IIPOTHO3M-
pOBaHMU 3MOPOBBsA. HeMenmkaMeHTO3HBIE MHTEP-
BCHIIMM, HAMpaBJICHHBIC Ha KOPPEKIMWIO obOpasa
KWU3HU, pacCMaTPUBAIOTCS KaK IePCIEKTUBHBIN
TePOIPOTEKTUBHBIN Toxxon. OgHaKO HaHHBIE 00
X BIMSTHUM Ha TuHaMWUKY BB, paccumranHoro mo
CJIOKHBIM aJITOPUTMaM, M aCCOIIMMPOBAHHBIC OMO-
MapKephl OCTAIOTCS OTPAaHNYCHHBIMM.

Yo 100aBIAIOT PE3YIBTATHI HCCACTOBAHUS ?

+ KommiekcHoe 6-mec. BMEIIATEIbCTBO 3HAYUMO
cHu3uiao PhenoAge, mpeumyllecTBEHHO Yy JIMIL
C MCXOOHO YCKOPEHHBIM cTapeHueM. D¢ deKT ac-
COLIMMPOBAH C IOJOXUTEIBHON MOMYJIIIeit 01o-
MapkepoB BocmajeHus (C-peakTUBHBIN 0€JIOK),
HYTPUTUBHOTO CTaTyca (aJlbOyMHWH) 1 MMMYHHOI
cuctembl (TuMmdonnTel). MccnemoBanme 000CHO-
BBIBAET 11€J16COO00Pa3HOCTh CKpUHMHTA HA BB mis
IepCOHAIM3AIINHN TTPEBEHTUBHBIX ITPOTPAMM.

Key messages
What is already known about the subject?

* Biological age (BA), in particular phenotypic age
(PhenoAge), is an integral indicator of aging, supe-
rior to chronological age in predicting health. Non-
pharmacological lifestyle interventions are conside-
red a promising geroprotective approach. However,
data on their impact on changes in BA, calculated
using complex algorithms, and related biomarkers
remain limited.

What might this study add?

* A comprehensive 6-month intervention significan-
tly reduced PhenoAge, primarily in individuals with
accelerated aging at baseline. This effect was asso-
ciated with positive modulation of inflammatory
biomarkers (C-reactive protein), nutritional status
(albumin), and the immune system (lymphocytes).
The study rationales BV screening for personalized
preventive programs.

YEHHBbIM, KAK UMEHHO MHOTOKOMITOHEHTHbIE HEMeIU-
KaMEHTO3HbIE BMEIIATeJIbCTBA BJIUSIOT HA JUHAMUKY
BB, paccunTaHHOIO MO CAOXHBIM aJITOPUTMaM, TAaKUM
Kkak PhenoAge, n Kakve KOHKPETHbIE OMOJOTUYECKUE
MyTHU TIPU 3TOM 33 CTBOBAHBI.

Llens uccienoBaHus — OUEHUTh TUHAMUKY (e-
HOTUITMYECKOTO BO3pacTa U acCOLIMMPOBAHHBIX C HUM
OMOXMMUYECKUX U TEeMATOJIOTUYECKUX MAPKEPOB Y JIUILL
3peJioro Bo3pacTa Ha hoHe 6-Mec. KOMITIEKCHO Tepo-
MPOTEeKTUBHON MHTEPBEHILIMM, OCHOBAHHOI Ha MOIU-
(ukanmu obpaza KU3HMU.

3anaun ucciie10BaHu:

1. Ouenuth nuHamuky PhenoAge u PhenoAgeAcc
yepe3 3 u 6 Mec. KOMIUIEKCHOM MHTEPBEHIIUU.

2. TlpoBecTtu cTpaTUULIMPOBAHHBIN aHAIU3 AU-
HaMuKu bB 1 GruoMapkepoB B 3aBUCUMOCTU OT UCXO[ -
Horo PhenoAge.

3. IlIpoaHanu3upoBaTh U3MEHEHUS KITIOUEBBIX JIa-
OOpaTOPHBIX MapaMeTpPoB, BXoAdIIUX B pacueT Pheno-
Age, 1 IOTIOJTHUTEJIbHBIX MapKePOB.

4. BbIIBUTH B3aUMOCBSI3U MEXIY U3MEHEHUSIMU
OuoMapkepoB U IuHaMKKoi PhenoAge.

5. O6cynuTh MOTEHIMATbHBIE MEXaHU3MBbI BIIUS-
HUS UHTEPBEHLIMU Ha MPOLIECChI CTAPEHMUSI.

Martepuaj u MeToabl

B ocHoOBY HacToseit pabOTHI JIETJIO TTPOCIEKTUBHOE
OIHOILIEHTPOBOE MHTEPBEHLUMOHHOE ucciaenoBanue 100 ye-
JIOBEK B Bo3pacTe oT 35 10 55 jeT, oTOOpaHHbIX 1O KPUTE-

PYSIM HAJIMYUS BBICOKOI BHYTpeHHEH MOTUBAIIMY K U3MEHe-
HUIO 00pa3a XW3HU U YJIYIIIeHUIO TToKa3aTesieil 310pOBbs.
Bce yyactHuku noanucanu MHGOPMUPOBAHHOE 1O0OPOBOJIb-
Hoe comtacue. MccienoBanne TPOBOAMIOCH B COOTBETCTBUM
¢ XeJlbCMHKCKOU AeKiIapanneil u crangaptamu Hamnexanieit
kiauHudeckoit nmpaktuku (Good Clinical Practice, GCP).
B cBs13u ¢ pokycom Ha o1eHKY 2h(HEKTUBHOCT aKTUBHOTO
BMEIIIATeJIbCTBA B BBICOKOMOTUBUPOBAHHOI KOTOPTE U OITe-
PAIIMOHHON CIIOXHOCTBIO (DOPMUPOBAHUS PETIPE3ECHTATUB-
HOW KOHTPOJIBHOU TPYIIITBI, COMIOCTAaBUMOM TT0 YPOBHIO MO-
TUBAIUU, VCCIIeNOBaHNE OBUIO MPOBeNeHO 6e3 KOHTPOIbHOM
rpymibl. JlaHHOe orpaHWYeHe TTPU3HAETCST aBTOpaMH U 00-
cyxxmaercs B paszaeiie "OrpaHMUeHUS UCCICIOBAaHMS .

B TedeHue 6 Mec. y9aCTHUKY KCTIEPUMEHTATTBHON TPYII-
TTBI TIPOXOIVJTA KOMIUIEKCHYIO ITPOrpaMMy, BKITIOUABIIYIO Cle-
NYIOIIINE KITIOYeBbIe KOMITOHEHTHI:

1. MlHTerpaTMBHAsT KOPPEKIUST MTUTAHUSI: HA OCHOBE UC-
XOITHBIX TAaHHBIX KAXKIOMY YYaCTHUKY ObLTU TaHbI IIEPCOHATb-
Hble PEKOMEHIAIMY TI0 ONTUMMU3ALUK TTUIIeBOTO pallMoHa,
HarpaBJieHHbIE Ha HOPMAaJTU3aINI0 MacChl Tejla, KOPPEKIINIO
JIMMUIHOTO U YIJIEBOOAHOTO oOMeHa. PekoMeHaalmm BKItoya-
T obecrieueHne aneKBaTHOTO moTpedaeHus 6enka (1,2-1,6 T/
KT), TIMIIEBBIX BOJIOKOH (He <30 I/CyT.), orpaHruueHne 100aB-
JIeHHBIX caxapoB (<10% OT cyTouHOI KaIOpUHHOCTH) 1 HAChI-
MEHHBIX KUPOB (<7% OT CYTOUHOI KaJIOPUITHOCTH).

2. OnruMu3auus ABUraTeIbHOM aKTUBHOCTU: OblIa pas-
paboTaHa W BHeIpeHa CTAaHIApTU3MPOBAaHHAsI TTporpaMMa Me-
IUIMHCKOM peadwtutauuu. I[Tporpamma cocrosuia u3 10 mo-
cJieloBaTeIbHBIX MPOLIEAyp o MpoTokoiry 5+5: nepsas daza
(5 ceccmit) Bktovana (pu3noTepaneBTUUEeCKUe METOIUKU TSI
BOCCTaHOBJIEHUSI (DYHKIIMOHATBHOM aKTUBHOCTH MBITIIEUHO-
CyCTaBHOTO amrapara; Bropas ¢asza (5 ceccuii) — 3aHATUS
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C aKIICHTOM Ha JBUTATEIbHYIO TEPAIMIO0 U KOTHUTUBHO-MO-
TOPHYIO peabwInTaunio st GOpMUpPOBAHUS aZallTUBHBIX
NIBUATATENIbHBIX TTaTTepHOB. [IoMUMO 3TOrO, y9acTHUKAM pe-
KOMEHIIOBAIMCh a3pO0OHbIe HAarpy3ku (xonpbda, Oer, MjiaBaHue)
o0111eit mponokuTenbHocThio 150-300 MUH/Hen. cpenHeit nH-
TEHCUBHOCTH U CWJIOBbIC TPEHUPOBKM He <2 pa3/Hell.

3. Crpecc-MEeHEIKMEHT: YYaCTHUKK OBUTM OOYyYeHBI Me-
TOIAM CHIDKEHUSI YPOBHS TICUXO3MOLIMOHAIBHOTO HaTIpsTKe-
HUSI, BKITIOYasi TEXHUKY MuadparMagbHOTO IbIXaHUS W dJe-
MEHTbI KOTHUTUBHO-TIOBeAeHUYecKoi Teparnuu [11, 12], Ha-
MpaBJEHHbBIX Ha MOBBIILIEHUE alanTallMOHHBIX BO3MOXHOCTEM
opraHusma.

4. HyrpuTuBHas MomaepxKa: Ha MPOTSKEHUU 6 He.
KaXIbIil YYaCTHUK TMOJIy4a] KOMIUIEKC OMOJIOTMYECKM aKTUB-
HBIX T00ABOK IT0 YHU(DUIIUPOBAHHOI cXeMe: OMeTa-3 MOJIMHE-
HachIIeHHbIe XUpHbIe KUcIoThl (1000 Mr/cyT.), BuTamuu D
(2000 ME/cyt) u ayronpoduotuku (mutamm Lactobacillus).

MeTonbl OLIEHKU U uccienyeMble mapameTpbl. O6caeno-
BaHME YYaCTHUKOB MPOBOAMIOCH TPMIKAbI: HA UCXOTHOM BH-
sute (Busur 1), uepes 3 mec. (Busur 2) u yepes 6 mec. (Bu-
3UT 3) OT Havaja MUCCIIeNOBaHNSI.

AHTPOTIOMETPUST: U3MEPSUTICH POCT, Macca Tejla, OKPYXkK-
HOCThb TaJlud U Oemep ¢ IMOCIEAYIOIIMM PAacyeToM HWHIeKca
Macchl Tefa.

JlabopaTopHble uccaeI0BaHMSI: B3SITHE BEHO3HOI KPOBU
MPOBOAWJIOCH HaToIIaK nocie 12-4 rojgoganus. [IpoBonuics
KOMIIJICKCHBIN aHaJIN3:

OMOXMMUYECKHE TTOKA3aTeN: aJaHMHAMUHOTpaHChe-
paza (AJIT), acnapratamuHoTpaHcdepasa (ACT), y-miyra-
muntpancrientunasa (I'TTIT), menounast ¢pocdarasa, oo1mii
OUIUpyOMH, OOLIMIT Oe0K, albOYMUH, TIIOKO3a, TIIMKUPO-
BaHHbII remorioouH (HbA|.), KpeaTUHUH, MOYEBMHA, MOYE-
Bast Kucjaora, C-peakKTUBHBIN O€JIOK, ONpeae/IeHHbIN BHICOKO-
YyBCTBUTENbHBIM MeTonoM (BUCPB), munmmHbrit mpoduab —
obmuit xonectepuH (XC), XC IUMONPOTEUMHOB BBICOKOU
I0THOCTU; XC JIMIMONPOTEMHOB HU3KOM mioTHocTH (JIHIT)
tpurnuuepuasl (TI), kanuit, Hatpuii. buoxumuyeckuit aHa-
JIU3 BBITIOJIHSJICS HA aBTOMATUYECKOM OMOXMMUYECKOM aHa-
nuzatope Architect c8000 (Abbott Laboratories, CILIA);

reMaToJOTMYECKMe T0Ka3aTeNu: OO aHaIN3 KPOBU
C TIOICYETOM JIEMKOIUTAPHOI (hOPMYIIBI, BKIIFOUast abCOJIIOT-
HbIC U OTHOCUTEIbHBIC ITOKA3aTeNI TUMMOIIMTOB, HeTpodu-
JIOB, MOHOILIUTOB, 203MHOMDWIOB, 6a30(UIIOB; OIpenecHIe
SPUTPOLIMTAPHBIX MHIEKCOB [CpemHUii 00BbeM 3PUTPOLIUTOB
(Mean Corpuscular Volume, MCV); cpenHee conepaHue re-
mornobuHa B aputpouute (Mean Corpuscular Hemoglobin,
MCH); cpenHsisi KOHLIEHTpalUsl TeMOTJIOOMHA B 3PUTPOLIATE
(Mean Corpuscular Hemoglobin Concentration, MCHC); mm-
puHa pacnpeneneHust apurponton B % (Red Cell Distribution
Width — Coefficient of Variation, RDW-CV); mupuna pac-
npeneaeHus: 3putpouutoB B (pemronutpax (pa) (Red Cell
Distribution Width — Standard Deviation, RDW-SD)],
TPOMOOLIMTOB M MX MHIEKCOB [CpeaHMii 00beM TpOMOOLIM-
ToB (Mean Platelet Volume, MPV); mupuna pacrnpeneneHust
TpoMbGo1uToB 110 00BeMy (Platelet Distribution Width, PDW);
Koo duimeHt doabiux TpomoOouuToB (Platelet Large Cell
Ratio, P-LCR)]. I'emaTonornyeckuii aHaau3 npoBOAWICS Ha
reMatojiornyeckoM aHanuzarope Sysmex XN-1000 (Sysmex
Corporation, AnoHus);

MHCTPYMEHTAJbHbBIE MCCAENOBAHUSA: JUIS MCKITIOUEHUS
BBIPAKEHHOM COMATMYECKOI MaTOJIOTUU M OLIEHKU MCXOTHO-
TO COCTOSIHMSI BHITIOJHSITUCH 3JIEKTpOKaparorpadusi, yiasTpa-
3BYKOBOE MCCJIeOBAaHWE OPTaHOB OPIOIIHOM ITOJIOCTU U TI0-

4YeK, IyTUIEKCHOe CKaHMPOBaHMe OpaxuoniedanbHbIX apTepuit
U apTepuii HUKHUX KOHEUYHOCTEM, yIbTpa3ByKOBasl MOII-
meporpadusi BeH HUKHUX KOHEYHOCTeH, TeHCUTOMeTpus,
MarHuTHO-pe30HaHCHast ToMorpadus roJoBHOTO Mo3ra. Uc-
CJIeNOBaHUS MPOBOIUINCH HA 000PYIOBAaHUM: YIBTPA3BYKO-
Bele anmapatel Mindray DC-70 (Mindray, Kuraii) u Philips
Affiniti 70 (Philips, HunepiaHabl); MarHUTHO-pE30HAHCHBII
ToMorpad-ckanep Siemens Magnetom Spectra 3T (Siemens
Healthineers, ['epmanust);

OIIeHKA OMOJIOTMYECKOTO BO3pACTa: pacueT (heHOTUTTIe-
ckoro Bo3pacTa (PhenoAge) u ero akcenepaunu (PhenoAge-
Acc) IpOBOAMJICS C UCTIONB30BAHNEM TOTOBOTO KAITbKYJISTOPA,
pa3paboranHoro Ha 6a3e HalmoHambHOTO WCCienoBaTelb-
ckoro Hwukeropomckoro rocynapCTBEHHOTO YHUBEPCUTETA
um. H. W. Jlo6aueBCcKOro, 0CHOBAaHHOTO Ha OPUTMHAJIBHOMN Me-
tomuke Levine ME, et al. [4, 5].

Craructnyecknii anamm3. s cratuctuyeckoit obpa-
0OTKM TaHHBIX HUCTOJIH30BAJIOCH MTPOTPaMMHOE obecriede-
uue IBM SPSS Statistics 26.0. BBuay oTKiIoHEHHs pacipe-
neneHus] OOJMBIIMHCTBA KOJMYECTBEHHBIX TMOKa3aTeneil oT
HOpMaJbHOTO (TpoBepsioch kputepuem lllammpo-Yumka),
NAaHHBIE OTMCAHBI B BUAe MenuaHbl (Me) U MHTepKBapTUIIb-
Horo pasmaxa [Q25; Q75]. Jng cpaBHeHUs IMoKa3aTeneit
MeXIy He3aBUCUMBIMU TPYyMMaMu (KBapTUISIMU) Ha MCXOI-
HOM YpOBHE MCTIOJb30BAaJICsS HeTlapaMeTpUIeCcKUil KpUTEpUit
Kpackena-Yonmuca. s olleHKM TUHAMUKW TOKa3aTeneit
BHYTPU TPYMI B IMAPHBIX HAOMIONCHUSX TIPUMEHSIIICST KPUTe-
puit Yunkokcona. s yueta MHOXECTBEHHBIX CpaBHEHWI
(3 BU3UTA) MpU OLIEHKE BHYTPUTPYIIITOBOM TMHAMUKY UCITOJb-
30BaJsiach Torpaska boHbeppoHM, TP 3TOM YPOBEHb CTaTH-
CTUYECKOU 3HAYMMOCTHU yCcTaHABIMBaIcs Ha ypoBHe p<0,017.
151 aHanmM3a CTaTUCTUIECKO 3HAUMMOCTH JTUHAMUKU MEX-
Iy KBapTWIBHBIMU TPYTTaMU UCTIONb30BAINCH METOMIBI He-
IMapaMeTpUIecKOoTo MUCIIEPCUOHHOTO aHalINW3a IS TIOBTOP-
HBIX U3MEPEeHUIA. YPOBEHb CTAaTUCTUIECKON 3HAYUMOCTH (p)
ycraHaBiuBajcsa Ha ypoBHe <0,05. [Tpu cpaBHeHUU >2 TPy
HCTIONBh30BaIach mornpaBka XonMa-boHdepponn (mompaska
Ha MHOXECTBEHHBIE CPAaBHEHUST).

st yrmyGIeHHOTO aHaiu3a U BBISBICHUS TeTepOTeH-
HOCTH OTBETa Ha MHTEPBEHIIUIO Bcs Koropra (n=100) 6buta
crpatudunrpoBaHa Ha 4 kBaptuid (Q1-Q4) mo BenmnumHe
ncxomHoro (eHoTunuueckoro Bo3pacta (PhenoAge), rme
Q1 —rpyrma ¢ HaumenbM BB, a Q4 — ¢ HanboIbIITIM.

Pe3ynbTaThi

O0mas xapakTepuCTHKa KOTOPThI HA HCXOTHOM
YpOBHe

Ha momeHT BKiTIOUeHMSs B McciienoBaHue Me Xpo-
HoJIOrMYecKoro Bo3pacta ydyacTHUkoB (n=100) cocTa-
Buna 47,00 [41,75; 51,00] net. PaccuntaHHbIi (heHOTU-
nuyeckuii Bo3pacT (PhenoAge) ObL1 JOCTOBEPHO HUXKE
KaJleHIapHoro, ero Me pasHsutach 36,89 [30,92; 42,31]
seT. CooTBeTCTBEHHO, Me akceilepalluu CTapeHUs
(PhenoAgeAcc) 6buta oTpunateabHoii: -11,11 [-14,45;
-6,42], 4TO yKa3bIBaeT Ha TO, YTO B LIEJIOM HCCIeayeMast
KOropTa Ha CTapTe XapaKTepu3oBajach 3aMeIJICHHBIM,
10 CPaBHEHWIO C TOMYJSIIIMOHHON HOPMOW, TeMITOM
crapeHus.. Me KOTHUTUBHOTO BO3pacTa, OIpeiesieH-
HOTO C MCTIOJIb30BAHWEM CTEIUATN3UPOBAHHOM KOM-
MbIOTEPHOI 6aTapey TeCTOB, MO3BOJISIONIEH OIICHUBATh
CKOPOCTh 00pabOoTKM MHGMOPMAIIUU, TaMSITh U UCIOJI-
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Tabmauua 1
HcxonHble xapaKTepUCTUKU YYaCTHUKOB B KBapTWISX (peHoTUIMYecKoro Bo3pacta (Busur 1)
TMokasareb Q1 (n=25) Q2 (n=24) Q3 (n=25) Q4 (n=24) p
Me [Q25; Q73]

PhenoAge, siet 28,21[25,74;30,01]  33,19[32,09;35,27]  40,52[38,23;40,95] 46,11 [44,87; 50,44]  <0,001
Xpononoruueckuii Bo3pact, tetr 39,00 [37,00; 42,00] 45,50 [41,75; 48,25] 49,00 [47,00; 52,00] 51,00 [47,00; 52,25] <0,001
PhenoAgeAcc, et -14,46 [-15,86; -12,17]  -12,98 [-15,05; -10,00]  -11,39 [-13,86; -8,79] -4,56 [-6,55; -2,46] <0,001
KoruutusHblii Bo3pacr, Jet 42,30 [33,70; 45,70] 37,10 [31,98; 46,08] 44,00 [37,80; 48,00] 43,85 [35,83; 52,82] 0,267

Ipumeuanue: Me [Q25; Q75] — MenuaHa [MHTepKBapTUNbHBIM pazmax|, PhenoAge — denotunmueckuit Bo3pact, PhenoAgeAcc — axceneparust

CTapeHusl.
Tabmna 2
Hunamuka PhenoAge u PhenoAgeAcc B KBapTWIbHBIX TPYIIIax
Ksaprtunp  Ilokasarenb Busurt 1, et Busur 2, net (% A) Busur 3, net (% A) p
Me [Q25; Q75] (mMHaMuKa)

Ql PhenoAge 28,20 [24,88; 30,08] 26,69 [22,79; 29,67] (-5,37%) 28,42 [25,37; 31,15] (+0,79%) 0,385
PhenoAgeAcc  -14,47 [-15,80; -12,29] -14,56 [-17,62; -11,76] (-0,57%) 14,04 [-16,54; -10,47] (+3,00%) 0,580

Q2 PhenoAge 33,04 [32,20; 34,94] 32,68 [30,14; 34,78] (-1,11%) 34,07 [31,70; 35,98] (+3,11%) 0,129
PhenoAgeAcc  -11,98 [-15,93; -9,69] -14,36 [-15,23; -10,92] (-19,87%) -13,25 [-16,08; -8,87] (-10,62%) 0,277

Q3 PhenoAge 40,56 [38,36; 41,17 37,23 [34,27; 39,89] (-8,20%) 38,64 [37,47; 40,00] (-4,72%) 0,015
PhenoAgeAcc  -11,41 [-13,99; -8,64] -14,11 [-18,09; -10,98] (-23,73%) -11,92 [-16,11; -9,58] (-4,52%) 0,015

Q4 PhenoAge 45,82 [44,33; 50,49] 42,83 [39,53; 46,48] (-6,53%) 42,74 [40,25; 48,08] (-6,73%) <0,001*
PhenoAgeAcc  -4,08 [-6,25; -2,46] 9,35 [-11,17; -6,17] (-129,05%) -8,41 [-10,24; -5,61] (-105,97%)  <0,001*

[puMmeyanue: IS OLIEHKK CTATUCTUYECKON 3HAYMMOCTH JMHAMUKYM BHYTPY TPYIIN UCIIONB30BAICS KPUTEPHiA YUIKOKCOHA ¢ MonpaBkoit boHdep-
POHH U1 MHOXECTBEHHBIX CpPaBHEHUIt (3 BM3UTa), ¥ — CTAaTUCTUYECKM 3HAYMMasi IMHAMUKa ¢ yuyeToM nonpasku bondepponu (p<0,017), A — npo-
LIEHT u3MeHeHus ot Busura 1, Me [Q25; Q75] — menuaHa [MHTepKBapTUIIbHBINM pa3max]|, PhenoAge — dbeHotunuyeckuii Bospact, PhenoAgeAcc —

akcenepanusd CTapeHus.

HUTeJbHbIe QPyHKUMU, cocTaBuaa 42,40 [33,45; 47,45]
JIeT.

CrpaTudukanus no UCXoaHOMy (heHOTHIYECKOMY
BO3pPACTy U 0a30Bble Pa3IHINs

JJ1s BBISIBIEHUST OCOOEHHOCTEN peakluMy Ha UH-
TEPBEHIIUIO B 3aBUCUMOCTU OT MCXOIHOTO COCTOSIHUS
BCE YYaCTHUKHU ObUIM pa3fesiieHbl Ha 4 KBapTWsd MO
BenmurHe PhenoAge Ha Busute 1. Pesynbrathl cTpatu-
(bukanmu npeacTasieHsl B Tadaute 1.

Ha npumepe maHHbIX TaGauLbl | MOXHO KOHCTa-
TUPOBATh, YTO KBAPTWIU JOCTOBEPHO PA3IUYAIUCh HE
ToJIbKO 10 PhenoAge (4To ObLIO 3aJIoKEHO B AM3aliH
cTpatuduKalMKu), HO U MO XPOHOJOTUYECKOMY BO3-
pacty (p<0,001). YuactHuku u3 QI ObLIM MOJIOXE He
TOJIBKO OMOJIOTUYECKU, HO U KalleHAapHo. [Ipu atom
BesmunHa PhenoAgeAcc mporpeccuBHO YyBeEIWYMBa-
Jack oT Q1 k Q4, nocturas B Q4 MeamaHHOTO 3HaUYeHUsI
-4,56 jieT, 4TO CBMICTENbCTBYET O 3HAUUTEIBLHO MEHee
BBIPAXKEHHOM OJIarornoJiydr B 3TOU IpymIie Mo cCpaB-
Henuto ¢ Q1 (-14,46 net). [To KOTHUTUBHOMY BO3pacTy
TPYMIbl JOCTOBEPHO HE Pa3Inyaauch MEXIY COOOM, 4TO
YKa3bIBAa€T Ha €ro He3aBUCUMOCTb OT BBIYMCJIEHHOTO
(beHOTUTIMYECKOTO CTapeHUsI Ha CTapTe UCCIEIOBaHUS.

JInnamuka ¢GeHOTHIIMYECKOT0 BO3PACTa M €ro akce-
Jiepanuu

Ha nipotskeHuu 6 Mec. HaGmoaeHUs Obl1a 3aUK-
cUpoBaHa HeJWHeWHas OUHaMuKa Tokasateneit bB
(Tabnuua 2), aHajau3 KOTOPOM MO3BOJISIET 3aKIIOUUTD,

YTO HauboJiee BBIPAXKEHHBIE TOJIOXUTEIbHbBIE HU3Me-
HEHUST TIPOM3OIILIN B TPYIINax ¢ UCXOMHO BhICOKUM BB
(Q3 u Q4). IMocne npuMeHeHus: nomnpaBku boHdep-
POHU JIJIST MHOXECTBEHHBIX CPABHEHUI CTATUCTUYECKH
3HauYMMoOe cHIXeHue PhenoAge coxpaHWUIOCHh TOJIBKO
B Ipymnre ¢ HauboJablIuM ucxoaHbiM BB (Q4): cHuke-
HHE cocTaBuiIo -6,53 u -6,73% na Busurax 2 u 3, coor-
BeTcTtBeHHO (p<0,001). B rpynne Q3 ucxomHo HabJ0-
Janock cHukeHue Ha -8,20 u -4,72% (p=0,015), onHako
TTOCJIe KOPPEKITMU YPOBEHb 3HAYMMOCTH C TIOTIPaBKOIl Ha
MHOXECTBEHHbIE CpaBHeHUs mpeBbicl ropor p<0,017,
YTO CBUJIETEIBCTBYET O BBIPAXKEHHOM TEHICHIIMM K CHU-
JKEeHWI0, HO HEe O CTaTUCTMYECKU 3HauMMoM 3ddexre.
ITpu atom akcenepauusi ctapeHust (PhenoAgeAcc) B Q4
yMeHbIIMIach 0osee yeM B 2 pasa (-129,05 u -105,97%
Ha Busurtax 2 u 3), yTo yKa3blBaeT Ha pe3Koe 3amelie-
HHE TEMITOB CTapeHUsI OTHOCUTEIHHO TOITYISIIIMOHHON
HOPMBI Y 3TO# TPYIIBI y4aCTHUKOB. B rpymmax ¢ uc-
xonHo HU3kuM BB (Q1 u Q2) ctaTucTyecky 3HAYMMOM
nuHamuku PhenoAge n PhenoAgeAcc 3adukcupoBaHo
He OBIJIO, YTO CBUIETEIBCTBYET 00 "3 deKTe moTO-
Ka" — y JIMII ¢ M3HAYaJIbHO ONTUMAJIbHBIMU TTOKa3aTe-
JIIMM JajibHellee 3HaunMoe yiaydieHue bB B pamkax
MPUMEHSIEMOI MTHTePBEHIIMY 3aTPYIHUTELHO.

Mapkepbl CHCTEMHOTO BOCTIAJIEHUSI U HYTPUTHBHOTO
craryca

BuCPb: ncxoqHo rpynibl 1OCTOBEPHO pasinya-
Juck 1o yposHio BUCPB (p=0,003), ¢ MakcuMaJIbHbI-
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mu 3HaueHussMU B Q4 (3,00 mr/m) vs QI (0,66 mr/i).
K Busuty 3 B Q4 HaGmtonanach TeHACHLUS K CHUXeE-
auto B9CPB no 3,00 [0,80; 4,10] mr/n (p=0,010), omHa-
KO ¢ nomnpaBkoil boHbeppoHU cTaTucTUYeCKask 3HAYU-
MOCTb He Obla TOCTUTHYTA, B TO BpeMs KakK B JPYIMX
rpymnnax IuHaMuKa Oblia He3HauuTeabHoU. [TomyueH-
HOE CHIKEHUE, JaXe OCTaBasiCh B 30HE MOBBIIIEHHBIX
3HAYEHUI, yKa3blBa€T Ha YMEHbIIEHUE WHTEHCHUB-
HOCTU CUCTEMHOTO MUKPOBOCIAJIEHUS, SIBJISIOIIErO-
Cd ONHUM U3 JApaiiBEPOB BOCHAIUTEIbHOIO CTAaPEHUS
(inflammaging).

ANBOYMUH: UCXOJHAs KOHILEHTpalUs aJbOyMU-
Ha ObLIa TOCTOBEPHO HUXE B TpyImax ¢ BhICOKUM BB
(B Q4 —42,40 vs 45,40 r/n B Q1, p=0,017). K Buzury 3
BO BCeX Ipymnmax Habaogaioch GU3MOJI0rMYecKoe Mmo-
BBILLIEHUE YPOBHS albOyMUHaA, HauOoJiee BhIPaXKEHHOE
B Q4 (mo 47,30 /1), XOTSI MEXKTPYIIIOBEIC Pa3TUIUS
HuBeaupoBaiuch (p=0,452). PoCT KOHLEHTpAIlUU aJib-
OyMMHa OTpaxaeT yJaydyllleHWe HYTPUTUBHOTO cTaTyca
U CUHTETUYECKOUN (DyHKIIMU NIEYECHU.

IToka3zaTe/m yrJieBOTHOTO 0OMeHa

Imoko3a u HbA,.: ucxonHo rpymnmsl He pa3inya-
JIUCh MO YPOBHIO IJTIOKO3bI, KOTOPBIIA OCTaBajCs CTa-
OWJIbHBIM B TE€UEHME BCero ucciaenoBaHusi. OgHaKo
no HbA,. Ha Buszute | ObUIM BBISIBIIEHBI JOCTOBEPHbIE
pazauuusg (p=0,031), ¢ 6osiee BLICOKUMU 3HAYEHUSI-
mu B Q3 u Q4 (5,40%) no cpasuenuio ¢ Q1 (5,20%).
K Busuty 3 2Tu pasiuuusi HUBEAUPOBAIUCH, a B Q4
OoTMevaJlach TeHIAeHUMsI K cHuxeHuto HbA;. mo 5,10
[5,03; 5,38]%. HabnogaeMast nMHAMUKa CBUIETENb-
CTBYET 00 YJyUYLIEHUU JOJTOCPOYHOTO KOHTPOJIS TJIU-
KeMUU TIOJ BAWSHUEM BMeEIIATEIbCTBA, OCOOEHHO
Y JIM1I C UCXOMHO 00Jiee BBICOKUM PUCKOM HapylIeHUN
YIJIEBOIHOTO OOMEHa.

JIvunuaHbii npoduan

TI: ucxonHo yposeHb TI' ObLT MakKCMMaJlbHbIM
B Q3 (1,44 mmonb/n, p=0,024). K Busuty 3 Bo Bcex
rpymnmnax, kpome Q3, HaGaoHaIaCh TEHAEHLIMST K CHU-
xeHuto TT. B Q3 yposenb TI ocraBajics Ha ypoBHE
1,10 MmMmoOITB/T1.

XC JIHIT: Ucxonusie 3HaueHus XC JIHIT 6buiu
Boie B Q2 u Q3. K koHily uccienoBanust Habaonanach
TeHaeHuMs K cHrkeHuto XC JIHIT Bo Bcex KBapTWisX,
YTO OTPaXaeT MOJIOKUTEIbHOE BIUSHUE OUETUYECKON
KOPPEKIIUU Ha aTePOreHHYI0 (DPaKIIMIO JTATTUIOB.

T'emaTosoruyeckue Mmapkepsi

Iupuna pacnpenenenus: aputpountoB (RDW):
noka3atequ RDW-CV u RDW-SD 6butn 1ocToBEepHO
Boilie B Q4 Ha Bcex Busutax (p=0,001 u p<0,001, co-
oTBeTCTBeHHO). RDW gBisieTcs MapkepoM reTeporeH-
HOCTU 3PUTPOILIMTOB U AaCCOLIMUPOBAH C BOCTAJIEHUEM,
OKHUCJIUTEIbHBIM CTPECCOM U TMOBBIIIEHHBIM PUCKOM
cmepTu. CtabunbHo Bbicokue 3HaueHUs: RDW B Q4,
HECMOTpPSI Ha UHTEPBEHIIMIO, MOTYT yKa3bIBaTh HA Ha-
JINYME YCTOWYMBBIX MATOJOTMYECKUX MPOLIECCOB, Tpe-
Oyrolux 0oJsiee NJIUTEIBHOTO WU arPeCCUBHOTO BMe-
11aTeIbCTBA.

JIumdouuTel: abCOMIOTHOE U OTHOCUTEIBHOE KO-
JIMYECTBO JIMM(MOILMTOB MCXOIHO OBLJIO TOCTOBEPHO
Huke B Q4 (p=0,001), yTo MOXeT CBUAETEIbCTBOBATh
00 ummyHoceHecueHunu. K Busuty 3 Habmonanach
MOJIOXUTENbHAsE TuHaAMKKa B Q3 (pOCT OTHOCUTEBHO-
ro KojaudecTBa JuMdounToB 10 38,80%), B TO BpeMs
kak B Q4 mokaszatenu ocTaBajiuch HU3KUMU. [lomy-
YEHHbIEe JaHHbIE CBUAETEIbCTBYIOT O YACTUYHOM BOC-
CTaHOBJIEHUM UMMYHHOTO cTaTyca B rpymnmne Q3 u ero
YCTOMYMBOM HapylieHuu B Q4.

Heiitpoduibl: ©CXO0nHO aOCOMIOTHOE KOJIUYECTBO
HeiiTpodmioB ObUI0 moBeIIeHO B Q4 (p=0,026), uTO
KOppeupyeT ¢ MoBbIlIeHHbIM ypoBHeM BUCPD u mon-
TBEpPXIAaeT Hajluuyue MPOBOCHATUTEIBHOIO CTaTyca.
K Busury 3 paznuuust Mexay rpynramMu CTajiv He3Ha-
YUMBIMU, YTO MOXET YKa3blBaTh HA CHUXXEHWE HEUTPO-
(pUIBHO-0MTOCPENOBAHHOIO BOCHATICHUS.

IToka3aTenn (pyHKIMU NeYeHN U MeTadoIM3Ma

AJIT u ACT: ucxonnsie ypoBHu AJIT u ACT He
UMENN TOCTOBEPHBIX Pa3IMUMil MEXIY KBapTUIISIMU,
OCTaBasich B Ipenenax pedpepeHCHbIX 3HaueHuit. OnHa-
KO TIpU CTpaTUGULUKUPOBAHHOM aHanuie B rpymnmne Q4
oTMevajach TEHAECHIUS K 00jiee BHICOKUM HMCXOOHBIM
sHaueHusm AJIT (22,10 [16,85; 26,60] vs 18,30 [13,60;
24,80] En/n B Q1). K Busury 3 Bo Bcex rpymrax Ha-
Onropanach ycTouMBasi TEHACHUMSI K CHUXEHUIO aK-
TUBHOCTU TpaHcaMuHa3. Haubonee BbIpaxkeHHasH MU-
HaMmuKa Obl1a 3acukcupoBaHa B rpymnmne Q4, rae Me
AJIT cumsunacs go 16,15 [13,75; 21,45] En/n, a ACT —
mo 18,85 [17,58; 21,45] En/n. Takoe CHMKEHUE, XOTS
U CTaTUCTUYECKU HE3HAUYMMOE B MEXTPYIIIOBOM CPaB-
HeHuu (p>0,05), KIMHUYECKU BaXKHO, T.K. YKa3bIBaeT
Ha YMEHbIIEHNE MeTabOIMYECKO Harpy3Ku Ha MeYyeHb
U yaydllieHue (GyHKIMOHAIBHOTO COCTOSIHUS rema-
TOLIMTOB Ha (DOHE AUETOTepanvuu U CHUKEHUS MacChl
Tena.

I'TTII: yposens I'TTII, aBnsiomuiicss 4yBCTBU-
TeJIbHBIM MapKepOM XOJIeCTa3a, aJKOTOJbHOW MHTO-
KCUKAIIMU U UHCYJIUHOPE3UCTEHTHOCTH, UCXOMHO TaK-
XK€ JEMOHCTPUPOBAJ TEHACHLIMIO K yBeaudeHuto oT Q1
K Q4 (19,00 Exn/a B Q1 vs 27,00 Exn/a B Q4, p=0,171).
K xoH1y uccienoBaHus BO BCeX IpyImax, 0COOEHHO
B Q2 u Q4, ormeuanock cHuxkeHue aktuBHoctu I'TTII.
B Q4 Me cumsumace go 23,00 [15,00; 37,00] En/m.
Hopmanuzanusa I'T'TII gaBasieTcss AOMNOJHUTEIbHBIM
MOATBEPKACHUEM YJIYUIIEHUSI METa0OJIMYECKOTO 3[10-
POBbBSI MU CHUXKEHUS Harpy3KU KCEHOOMOTUKAMU Ha CHU-
CTEMY NETOKCUKAIIUU MTEYEHHU.

Mapkepbl (hyHKIMH 0YEK ¥ IYPUHOBOTO 0OMeHa

KpeaTnHuH 1 MOYeBUHA: KOHIEHTPAIIMUA KpeaTu-
HUHA U MOYEBUHBI OCTABAIUCH CTAOMJIBHBIMU Ha MPO-
TSIKEHUU BCErO MCCJIENOBAHUS U TOCTOBEPHO HE pa3-
JIMYAJTUCh MEeXAY KBapTWiIsiMU. OTCYyTCTBUE NTMHAMUKU
10 3TUM MapaMeTpaM CBUIETEIbCTBYET O CTAOUIBbHOMN
(GYHKIMM TTOYEK Y YYACTHUKOB UCCIENOBAHUS U OTCYT-
CTBUU HETaTUBHOTO BIUSHUS WHTEPBEHILIUU HA BblIe-
JINTEJIbHYIO CUCTEMY.
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MoueBasi KHUCI0Ta: UCXOAHO YPOBEHb MOYEBON
KKCIoTel Obu1 Bhiie B rpymmax Q3 u Q4 (306,00
n 294,50 MKMOJIb/I]I, COOTBETCTBEHHO) IO CpaBHEHMIO
¢ QI (249,00 MKMOITIB/JT), XOTSI pa3IUIMs HE TOCTHT-
JIU cTaTUCcTUYecKoi 3Hauumoctu (p=0,297). lunepy-
PUKEMUST aCCOLIMMPOBAHA HE TOJBKO C MOJArpoif, HO
U C CEepAeYHO-COCYAUCTBIM PUCKOM, apTepualbHOU
TUTIePTEH3UEN U UHCYIUHOPE3UCTeHTHOCThIO. K Busu-
Ty 3 B rpynmnax Q1 u Q2 ormevanach TeHASHIUS K CHU-
XKEHUIO YPOBHSI MOYEBOM KMCJIOTBHI, B TO BpeMsl Kak
B Q3 u Q4 3HaUYeHUs OCTaBaJIUCh Ha MPEXHEM YPOBHE
WJIA HE3HAYUTEJIbHO POCTIU.

OO6HapyXeHHass TUHAMUKa MOXET YKa3blBaTh Ha
TO, YTO MMPUMEHSIEMOE BMEIIATEIbCTBO 0Ka3aJ0Ch He-
JMOCTAaTOYHBIM IJI1 KOPPEKIIUKU MyPUHOBOTO OOMEHa
y JIMI] C UCXOAHO 060Jiee BBICOKAM €ro ypOBHEM, UTO
TpebyeT, BO3MOXHO, 0o0jee CTPOruX AMEeTUYEeCKUX
OrpaHWYEeHUN WIKn (HpapMaKoJIOTUYECKON KOPPEKIIUH.

DIeKTPOIMTHBIN Dananc

Kanuii u Hatpuii: ypoBHU Kalusl U HATPUS B Chl-
BOPOTKE KPOBM OCTaBAJIMCh B mpeaenax (pu3uoo-
TMYECKO HOPMBbI Ha MPOTSKEHUU BCEro HUCCIEeNO-
BaHUS U HE NEMOHCTPUPOBAIM 3HAUYUMON TUHAMUKU
WIM MEXTIPYNIoBbiX pa3nuuuii. Habmomaemas cra-
OUJIBHOCTb CBUAETEIBCTBYET O COXPAHHOCTU BOIHO-
9JIEKTPOJUTHOTO OajlaHca U OTCYTCTBUM €ro Hapylie-
HUIi Ha (hOHE MPOBOAUMBIX BMEIIATEIbCTB.

Hanee, mjisi BBIIBICHUS KJIOYEBBIX ApaiiBepoB
cHuxeHuss BB ObL1 mpoBeiaeH aHalU3 KOppeasiuit
mexny auHamukoit (A) PhenoAge (Busut 3 — Bu-
3UT 1) U IMHAMUKOI OTAENbHBIX OMOMapKEPOB B TPYII-
ne ¢ HauooabuM oTBeTOM (Q4). B pesynbraTe BbISIB-
JIEHbI CTATUCTUYECKU 3HAYMMbIe KOPPEISLIUUA CpeaHel
CUJIBL: MOJIOKUTENbHAsE Koppensauus mexny APheno-
Age u ACPb (r=+0,42, p<0,05): yeM OoJibllie CHUXKAJI-
cg ypoBeHb BUCPD, TeM 3HauuTesibHEe yMEHbIIAJICS
(beHoTUNMUecKUii BO3pacT; oTpullaTeibHAasA KOppe-
qauus mexay APhenoAge u AAnbbymuH (r=-0,38,
p<0,05): yBelmueHe KOHLEHTpalluu aJibOyMUHa Obl-
JIO acCOLIMMPOBAHO CO CHUXeHueM bB; oTpuuarennb-
Has Koppensius mexny APhenoAge u AJluMbonuTel
(abc.) (r=-0,35, p<0,05): pocT abCOMOTHOTO YuUCIa
JUM@OLIUTOB KOPPEIUPOBAI C MOJOXUTETbHONU AUHA-
mukoit bB. TlonydyeHHble TaHHBIE HATJSJAHO AEMOH-
CTPUPYIOT, YTO OCHOBHBIMU (haKTOpaMu, OMpeneanB-
UMM yCTieX UHTEpBEHLIMU B rpymnmne Q4, Obuiu CHU-
xxeHue cucteMHoro BocrnajieHus (CPB) u ynydymenue
HYTPUTUBHOTO W WUMMYHHOIO cTaTyca (aJlbOyMUH,
JIUM@OLIUTHI).

Nudopmanusa u codmoneHne THIECKMX HOPM: VC-
CJIeIOBAHUE BBIMOJHSJIOCh B COOTBETCTBUM C ITHU-
YEeCKUMU MPUHUUIAMU XEeTbCUHKCKON AeKIapaluuu
n HaumonanbHbiM ctaHmapToM Poccuiickoit @ene-
panuu "Hamrexamasi knmHndeckas rnmpaktuka Good
Clinical Practice (GCP)" TOCT P52379-2005. Bce
YYaCTHUKU MOAMUCATU UHMOPMUPOBAHHOE NOOpPO-
BOJIBHOE COIJIaCH€ Ha y4acTUe B UCCAENOBaHUM.

O06cyxaeHue

ITpoBeneHHOE MPOCIEKTUBHOE UCCIENOBAHUE Jie-
MOHCTPUPYET, YTO KOMIUIEKCHOE 6-MeC. HeMeauKa-
MEHTO3HOE BMEUIATeIbCTBO, OCHOBAaHHOE Ha MoAU(MU-
Kaluuy odpasa XU3HU, CIIOCOOHO OKa3bIBaTh 3HAYUMOE
pausiHue Ha BB, oueHuBaeMsblii o anroputMy Pheno-
Age. Ki11oueBbIM pe3yJibTaTOM MPOBEIEHHOTO 3KCHEPU-
MEHTAJIbHOTO UCCJIEOBAHUS SIBJISIETCS T€TEPOT€HHOCTh
aToro 3dgdexra: 3HauumMoe cHuxxeHue bB Habmona-
JIOCh UCKJIIOYUTEIBHO Y JIMI[ C €70 UCXOJHO BBICOKU-
MU 3HaueHusIMU (KBapTuiau Q3 u Q4), B To BpeMs Kak
y nuil ¢ ucxogHo HU3kuM bB (Q1 u Q2) nuHamuka Obi-
JIa MUHUMAJIbHOM U CTATUCTUYECKU HE3HAUMMOIA.

OTcyTcTBUE 3HAYMMOM NUHAMUKU B rpymnmax Ql
u Q2 MOXeT ObITh 00BsICHEHO (DEHOMEHOM, U3BECT-
HBIM Kak "3 dexT motoska" wim "310pOBbIi MOIBH30-
Bareb" [13]. Y4acTHUKM 3TUX TPYIIT yXe HaXOIUJINCh
B COCTOSIHUM ONTUMAJBHOIO IJISi CBOEU MOMYISIUU
3[0POBbSI, O YEM CBUAECTEIbCTBYIOT HU3KUE 3HAUECHUS
ux PhenoAgeAcc (B cpentem, 14,46 et B Q1). Jdanb-
Helillee yiayylleHre X OMoMapKepoB ObLIO OrpaHu-
YeHO (PU3UOTOTrMYECKUMU MpeaeiaMu U, BEPOSITHO,
TpeboBaJio Obl 0oJiee arpeCCUBHBIX WU AJUTEIbHBIX
BMEIIAaTeJbCTB. BbIBOI MMeeT BaxXHOE MPaKTUYECKOE
3HaYeHUe: CKPUHUHT Ha bB ¢ ncnoiap3oBaHUEeM TaKUX
WHCTPYMEHTOB, Kak PhenoAge, mo3BosisieT uaeHTUGU-
LIMPOBATh LIEJEBYIO MOMYISLIUIO — JIUL] C YCKOPEHHBIM
CTapeHueM, JJIsi KOTOPbIX MPEBEHTUBHBIE MPOTPaMMBbI
OynyT HauboJsee peHTadenbHbI U 3 GhEKTUBHEI [5].

[TonyyeHHbIE naHHBIE CBUAETEIBCTBYIOT O TOM,
YTO CHUXKEHUE CUCTEMHOTO BOCIAJEHUS ObLJIO OTHUM
U3 [JIaBHBIX MEXaHU3MOB, Yepe3 KOTOpoe BMellaTesb-
CTBO 3aMelisiio ctapeHue. I'pynmna Q4 xapakTepuso-
BaJlaCh UCXOJHO HanboJjiee BBICOKUM ypoBHeM BUCPD,
KOTOPBIIA 3HAUMMO CHU3UJICA K KOHILY MCCJIeIOBAHUS.
M3BecTHO, YTO XPOHUYECKOE CUCTEMHOE BOCITAJIEHUE
HU3KOW crernieHn akTuBHOCTU (inflammaging) siBisi-
€TCsl KPaeyrojbHbIM KaMHEM B MaTOreHe3e CTapeHUs
U BO3PAaCT-aCCOLIMUPOBAHHBIX 3aboyieBaHuil [14].
CPb He TosbKO SIBJISIETCS MapKepoM BOCIaJIeHUsI, HO
U caMm obJlamaeT MPOBOCHATUTENbHONW aKTUBHOCTBIO,
YCUJIMBAsA 9KCIIPECCUI0 MOJIEKYJl aAre3uyd U MpoayK-
oo uUToKUHOB [15]. CHuxeHue ypoBHs BUCPb Ha
¢oHe KoppeKIuU TUeThl U HGU3NIECKO aKTUBHOCTH,
HabJonaeMoe B HallleM MCCIelOBaHWU, COTJIacyeT-
Cs ¢ JAHHBIMU O MPOTHUBOBOCHATUTENbHOM 3P heKTe
9Tux BMemareabcTB [15]. KoppensuuoHHblil aHanu3
MOATBEPAUI MIPSMYIO CBSI3b MEXIY CHUXKEHUEM YPOB-
Hs1 BYCPDb u ymenbiieHuem PhenoAge.

IToBbilleHUE YpOBHS ajlbOYMHWHA B CHIBOPOTKE
KpoBU, 0cOOeHHO B rpyrne Q4, sBisieTcs ellle OqHUM
3HAaYUMBIM PE3YJIbTaTOM. AJTBOYMUH — HE TOJIBKO OC-
HOBHOI OHKOTWUYECKUIA OEJOK KPOBU, HO U BaxKHbBIMI
AHTUOKCUJIAHT U TPAHCIOPTEP MHOXECTBA OMOJIOTUYe-
CKU aKTHUBHBIX BelllecTB [16]. CHUXeHUe YPOBHS alb0y-
MMHa aCCOLMUPOBAHO C MOBBIIIEHHBIM PUCKOM CMEPTHU
OT BCEX MPUYMH U BXOOUT B aJITOPUTM pacyeTa Pheno-
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Age Kak MOIIHBIA MPEeAUKTOP HEeOJaronpUsTHBIX UC-
XxonoB [4]. VaydlieHre HyTPUTUBHOTO CTaTyca 3a CYeT
ONTUMU3ALMU TUETHl (aneKBaTHOE MOTpedseHue oen-
Ka, Koppekuus aedunuTa MUKPOHYTPUEHTOB) MpPUBE-
JIO K YCUJIEHUIO ero CMHTe3a B meyeHu. [TosioxuTenb-
Hasg nuHamMuKa nedyeHouHbix depmeHtoB (AJIT, ACT,
I'TTII) xocBEeHHO MOATBEPXKIAET yaydlleHUue MeTabo-
JIMYECKOU (PYHKIIMY MeYeHU KakK LIEHTPAIbHOTO OpraHa
B MOAJIEPXaHUU OEJTKOBOTO U SHEPTreTUYEeCKOrO roMeo-
cTasa.

BoisiBlieHHbBIE U3MEHEHUS B T€MaTOJOTMYECKOM
npoduie, B YaCTHOCTU TEHACHILIUS K YBETUYEHUIO OT-
HOCHUTEIBHOTO U aOCOIOTHOTO KOJIMYeCcTBa JUMMOIU-
ToB B rpynne Q3, 3aciayXuBaloT 0co60ro BHUMaHUS.
BospacTtHoe cHUXeHUe KOoau4yecTBa U PYHKIIUU JIMM-
(ounTOB (MMMYHOCEHECLIEHIIMST) SIBJISIETCS XapaKTep-
HBIM MPU3HAKOM CTapeHUsI UMMYHHOI cucTteMsbl [17].
Jlumdonenusi, Habmogaemas ucxonHo B rpynme Q4,
MOXET paccMaTpUBaThCsl KakK MpOosiBIeHrEe 0ojiee BbI-
PaXeHHOU UMMYyHOceHeclieHIIMU. KoMIiekcHoe BMe-
1IaTeJIbCTBO, BKJIIOUaBIlee (DU3NUECKYI0O aKTUBHOCTh
(M3BECTHBIE MMMYHOMOMYJISTOP) U HYTPUTUBHYIO
MOIIEPXKKY, BO3MOXHO, CIIOCOOCTBOBAJIO HEKOTOPOMY
"OMOJIOKEHHIO" UMMYHHOTO TIPO(UIIST, YTO OTPA3HIOCh
B TOJIOKUTEJbHOW NUHAMUKE JAHHOTO IapameTrpa
U ero Koppessiiuu co cHrxeHnueM bB [18].

HexkoTtopsie nabopaTopHble MOKa3aTeau OKa3a-
JIUCh 0oJiee PEe3UCTEHTHBIMU K BMellaTeabCTBY. Ilpe-
xne Bcero, 3ro RDW. CtabuyibHO BbICOKME 3HAUYCHUS
RDW B rpynne Q4 Moryt oTpaxarb HaJlMuue yCTOM-
YUBOTO BOCTAJIEHUSI, OKUCIUTEIBHOTO CTpecca WIn
CYOKJIMHUYECKOTO AeduliuTa HyTpUEeHTOB (KeJie3a, BU-
TamuHa By, (ponatoB), KOTopbie HE OBLIM MOJHOCTHIO
CKOPpPEKTUPOBaHbI 3a 6 Mec. [19]. AHaJIOTMYHO, OTCYT-
CTBUE€ 3HAUYMMOTO YJIyYIIIEHUSI YPOBHS MOYEBOU KHCIIO-
Thl B rpynnax Q3 u Q4 yka3piBaeT Ha HEOOXOAUMOCTh
OoJsiee U30UPATETBLHOTO MOAXOAa K KOPPEKIUU Mypu-
HoBoro obmeHa. [IpeactaBneHHbIe JaHHBIE TTOAYEPKU-
BAIOT, 4YTO JUIS JIULL ¢ HauboJsee BhIPaKEHHBIMU Hapy-
IIEHUSIMU CTAHIAPTHOU WHTEPBEHLMU MO KOPPEKIUU
oOpasa XXU3HU MOXET ObITb HeIOCTAaTOYHO, U Tpedy-
€TCsl MEPCOHAIM3UPOBAHHBINA, MHOTOYPOBHEBBIN MO/~
xon [20].

HMHTepecHO HaxXxomKo#l sBisieTCS HEIWHEUHBIH
xapakrtep nuHamuku PhenoAge ¢ Haubosiee BbIpaKeH-
HBIM CHIDKEHUEM K 3 MecC. W MOCIeqyIoIUM HEOOb-
UM OTCKOKOM K 6 MeC., XOTsSl MTOrOBble 3HAUEHMUSI
OCTaBaJIUCh JTOCTOBEPHO HUXE MCXOMHBIX, UTO MOXET
OOBSICHITHCS HECKOJIbKMMU (hbaKTOpaMU: MEepBOHA-
YaJIbHBIM OBICTPBIM OTBETOM Ha W3MEHEHUE NUEThI
¥ (pU3UYECKOit aKTUBHOCTH, MOCJENYIOlIeH YaCTUYHOMI
ajanTauveil opraHu3Ma Uiu HeoOXOOIUMOCTBIO MOCTO-
STHHOM "TIOACTPONKN" MHTEPBEHIINU JUTSI TTOICPXKAHUST
nocturnytoro addexkra. [JaHHOe HaOMIOAEHUE CTAaBUT
BOIIPOC O AOJTOCPOYHOM MOMAECPKAHUU TOCTUTHYTHIX
pEe3yJIbTaTOB U HEOOXOAUMOCTU pa3paboTKU MPOrpamMm
MOAIePXKUBAIOLIEH TEpAITUU.

Orpannyenus uccienoBanus. [JlaHHoe MccienoBa-
HUE UMEET Psill OTpaHUICHUIA:

1. OtcyTcTBHME paHIOMU3UPOBAHHON KOHTPOJIBHOM
TPYIIBI, HE TIOJTyYaBIlleil MHTePBEHIINMU, HE TI03BOJISIET
TTOJTHOCTBIO UCKJTIOYUTD BIMSTHUE PETPECCUU K CpemHe-
My U JPYTMX HEKOHTPOJUPYEMBIX (hakTopoB. JlaHHOTO
polia orpaHUYeHMe CBSI3aHO ¢ (DOKYCOM MCCIIeIOBaHUS
Ha OIIeHKY 2(D(EKTUBHOCTM aKTUBHOTO BMeEIIATEh-
CTBa B BBICOKOMOTHMBUPOBAHHOI KOTOPTEe U CIOXHO-
CTbIO (hOPMUPOBAHMS PETIPE3EHTATUBHON KOHTPOJIBHON
TPYIIITBI, COTIOCTaBUMOM 10 YPOBHIO MOTHBALIMH.

2. OTHOCHUTETBbHO HEOOJBIIONH pa3Mep BbIOOPKH,
0COOEHHO Tocye cTpaTudUKAIMM Ha KBapTUJIU, MOT
OTPaHMYUTH CTATUCTUYECKYIO MOITHOCTH JUISI BBISIBJIE-
HUST 3HAYUMBIX U3MEHEHUI TI0 HEKOTOPBIM TapaMer-
pam.

3. 6-Mec. mepuo HaOJIOAEHUs SIBISIETCS 10CTa-
TOYHBIM JUTSI OLEHKU KPaTKOCPOYHOU TUHAMWKM, HO
HEIOCTaTOYHBIM JIJISI BBIBOJIOB O JIOJITOCPOYHOM BJIMSI -
HUU Ha 3[I0POBBE U MPOIOJIKUTETBHOCTD XKU3HMU.

4. HakoHell, cyObeKTUBHBINA XapaKTep OLIEHKU
MPUBEPKEHHOCTH YYaCTHUKOB PEKOMEHIALIMSIM MOT
BHECTHM HEKOTOPYIO TIOTPEITHOCTh B Pe3YJIbTaThI.

3akioyenue

KoMriekcHoe 6-Mec. TepornpoTeKTUBHOE BMeIla-
TEJIbCTBO, HAMPABJIEHHOE Ha KOPPEKIMIO 00pa3a Xus3-
HU, TIPOJEMOHCTPUPOBAJIO CITOCOOHOCTh TOCTOBEPHO
cHUXaTh BB, paccuuTaHHBI Kak (pEeHOTUNMUYECKUN
Bo3pacT (PhenoAge).

D¢ heKT MHTepBEHLIMU HOCUJI TeTepOTeHHbIN Xa-
pakTep 1 ObUT CTaTUCTUYECKN 3HAYMMBIM MCKITIOUMTEITb-
HO Yy JIUII C HAUOOJIBIIIMM UCXOIHBIM YCKOPEHHBIM TEM-
nom crapeHus (Q4). ¥V iuu ¢ ucxonHo Huskum bB (Q1,
Q2) 3HaumMoit TMHAMUKK He Habmonanock ("addexr
rmoronka"), a B rpymme Q3 OblUIa OTMeUeHA TCHICHIIUS
K CHVDKEHUIO, He JIOCTUTIIAS CTaTUCTUIECKO 3HAUMMO-
CTH TTOCJIe TIOTPAaBKM HA MHOXXECTBEHHbIE CPaBHEHMUSI.

KittoueBbIMM OMOJTIOTUYECKMMU MeXaHW3MaMU, ac-
COLIMMPOBAHHBIMU CO CHIDKeHUeM BB, siBisuich yMeHb-
IIeHNe WHTEHCUBHOCTU CUCTEMHOTO BOCTIAJIEHUsT (CHU-
xxeHue ypoBHs BUYCPDB) u ynydinieHue HyTpUTUBHOTO
cTaryca U CUHTETUYECKON (DyHKIIMM TTeYeHU (ITOBBIIIIE-
HUe YpOBHS aJIbOyMUHA).

ITonoxuTtenbHas UHAMUKA Takxke HabJonaiach
B OTHOIIIEHUU MapkepoB MeTabonusma neyeHu (AJIT,
ACT, ITTII) u ummyHHOTO ctaryca (JIMMGMOLUTHI),
onHako HekoTopble mokazarenu (RDW, moueBast kuc-
JIOTa) TIPOIEMOHCTPUPOBATM MEHbBIIIYIO YYBCTBUTEIb-
HOCTb K BMEIIIATEeJILCTBY.

Hcnonp3oBaHue anroputMoB pacueTa bB, Takux
kak PhenoAge, sBisieTcsl BBICOKOMH(POPMATUBHBIM WH-
CTPYMEHTOM JJIsl CTpAaTU(PUKALIMKY pUCKa, UIEHTU(DWKA-
LIVU 1IeJIEBOI TTOITYJISILIMK 71T TIPEBEHTUBHBIX BMella-
TEJBbCTB Y OOBEKTUBHOI OLIEHKU UX 3((HEKTUBHOCTH.

Takum oOpa3oM, pe3yiabTaThl UCCAENOBaHUS 000-
CHOBBIBAIOT 11€71€CO00PA3HOCTh BHEAPEHUSI CKPUHUHTA
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BB B xiimHMYeCKyIO NPAKTUKY MPEBEHTUBHOW Menu-
LIHEI.

OTHOmEeHud u JeqarelbHOCTb. PaboTa BbIMOJIHEHA

B pamKax rocynapctBeHHoro 3amanust Ne 124013100888-0
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