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PE3IOME

BBEOEHUE. AHTUNCUXOTUK-UHAYLMPOBaAHHbIN MeTabonuueckuin cuHapom (AMMet(C) siBngeTcsa pacnpocTpaHeH-
HOM HexenaTenbHOWM peakuuen nNpu dapMakoTepanuu NCUXMYECKUX PacCTPOMCTB M HGonesHel 3aBUCMMOCTMU.
OfHaKo YyBCTBUTENBHOCTb M CNEUM@UYHOCTb M3BECTHbIX BMOXMMUUECKMX BMOMapKepoB B KPOBM MOTYT ObiTb
HefoCTaTOUYHbIMM AN OLeHKKn 6e3onacHoCcTM NncuxodapMakoTepanum u pucka passutus AMMeTC B cBS3U € UHAK-
BMAYaNbHbIMU pa3nnunamMm MeTabonmsmMa aHTUNCUXOTUKOB Y NaLMEHTOB C PACCTPOMCTBaMM WK30hpEHNYECKOro
cnekTpa. Lnpkynupytowmne MukpoPHK B KpoBM paccMaTpuBalTCS Kak HOBble MePCNEeKTUBHbIE INMUTeHeTUYecKue
6mnomapkepbl AUMeTC.

LE/Nb. OueHnTb BO3MOXHOCTb MCMOb30BaHUS UMpKynupyowmx MuKpoPHK kak anureHetuyeckmx 6uomapkepos
[O1S NPOrHO3MPOBAHMS U paHHel auarHocTukn AMetC.

OBCYXXOEHUE. MNpoeeneH aHanu3 pe3ynbtatoB GyHAAMEHTANIbHbIX U KIMHUYECKUX UCCIeA0BaHUI PONU LUPKY-
nupyrownx MUKpoPHK, Bansowmx Ha OCHOBHble 3BEHbsl MaToreHesa u nporpeccuposaHus AMMetC, ony6auko-
BaHHbIX B nepuon 2012-2024 rr. NpencTaBneHbl HOBble MeXAYHapPOAHbIe MOAXOAbl K UCMOMb30BAaHUID OCHOBHbIX
W [ONONHUTENBHBIX KIMHUYECKUX U Buoxummuuecknx buomapkepos AMeTC, nokasaHbl NpenMyLecTBa UCNob-
30BaHMsa MUKpoOPHK B kayecTBe anureHetnyecknx 6uomapkepos AMMetC. lMpuBeneHbl 0606WeHHbIE AaHHbIE
o ponu MukpoPHK B MexaHu3max pa3sutus AUMeTC, BKkOYas OKUCIUTENbHDBINM CTpecc, CUCTEMHOE BOCNaneHue,
anddepeHUMpoBKY aaAMNoOUNTOB, METaboNM3M NUMMUAOB U [HOKO3bl, PErYNSALMI0 anneTuTa, U3MeHeHue 3KCnpec-
cuu HeiponenTuaa Y, YyBCTBUTENbHOCTU K IENTUHY, IKCNPECCUM OPEKCMHA, YPOBHEW TECTOCTEPOHA, TUPEOUAHbIX
rOpMOHOB W NApaTUPEOUAHOIr0 FOPMOHa.

BbIBOAbI. BoiseneHne n3MeHeHWi ypOBHS 3KCMpeccun LupKyaupyowmx MukpoPHK B pocTynHbix o6pasuax
(kpoBb, CNtOHa, MOYa) NepCcrneKTUBHO Kak OAHAa U3 aNbTEePHATMBHbIX METOAO0NOMMI NMPOrHO3MPOBAHUS U AUATHO-
ctukn AMetC. Bo BTOpoit yacTn o630pa Bynet paccMoTpeHa posnb Uupkynampyowmx MukpoPHK kak anureHe-
TMyeckux BroMapkepoB pa3BUTUS OCHOBHbIX nposieneHunit MetC, AMeTC, a TakxXe pacnpeneneHue CUrHaTyp
MUKpoPHK B 3aBMCMMOCTM OT pucka passutus AUMetC.
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ABSTRACT

INTRODUCTION. Antipsychotic-induced metabolic syndrome (AIMetS) is a common adverse reaction to the phar-
macotherapy of psychiatric and addiction disorders. However, interindividual variability in the metabolism of an-
tipsychotics may limit the sensitivity and specificity of known blood-based biochemical biomarkers of AlMetS
for assessing the safety of psychopharmacotherapy and the risk of AIMetS in patients with schizophrenia spec-
trum disorders. In recent years, circulating microRNAs have been considered as new and promising epigenetic
biomarkers of AIMetS.

AIM. This study aimed to evaluate the potential of circulating microRNAs as epigenetic biomarkers for the pre-
diction and early diagnosis of AlMetS.

DISCUSSION. The authors analysed the results of academic and clinical research published from 2012 to 2024
with a focus on the role of circulating microRNAs involved in the key AIMetS pathogenesis and progression path-
ways. This review presents novel international approaches to using primary and additional clinical and biochem-
ical biomarkers of AIMetS and demonstrates the advantages of microRNAs as epigenetic biomarkers of AlMetS.
The article summarises data on the roles of microRNAs in the mechanisms of AIMetS development (oxidative
stress, systemic inflammation, adipocyte differentiation, lipid and glucose metabolism, appetite regulation,
and changes in neuropeptide Y and orexin expression, leptin sensitivity, and testosterone, thyroid and parathy-
roid hormone levels).

CONCLUSIONS. Detecting changes in the expression of circulating microRNAs in easily accessible samples (blood,
saliva, urine, etc.) is a promising alternative method for predicting and diagnosing AIMetS. The second part of this
review will explore the role of circulating microRNAs as epigenetic biomarkers for developing the main mani-
festations of MetS and AlMetS and will classify microRNA signatures according to the risk of developing AlMetS.
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BBEAEHWE

AHTUNCUMXOTUKM (AlT) OTHOCATCA K NMpenapaTtam
nepBoro Bblbopa AN JleYeHUs pacCTPOWCTB LWK-
30dpeHnyeckoro cnektpa (PWC), HO ux npume-
HEeHWEe COMpPSXXEHO C BbICOKMM PUCKOM pa3BUTUS
Al-MHOYUMPOBAHHOTO  MeTaboNMYeCcKoro  CUH-
npoma (AMMetC) [1]. MeTabonnueckuit CMHAPOM
(MetC) npenctaBnset coboit knacTep natonoruye-
CKUX COCTOSIHWMW, BKNHOYAOLWMI LeHTpanbHoe (ab-
[LOMWHANBHOE) OXMpPEHUE, BbICOKOE apTepuanbHoe
nasnexue (ALl), runepraMkemMuio HaTowWwak, TPUIn-
LepuaeMuIo, CHUXKEHWe XoNiecTepuHa aunonpoTe-
MHOB BbicOKOM nnoTHocTH (XC-JIMBIT) B cbiBOpOTKE
KpoBM [2]. YBennueHune pacnpoctpaHeHHocTn MeTC
BO MHOMMX CcTpaHax [3] cnocobcTByeT pocTy noka-
3aTefiell CMepPTHOCTM HaceneHus [4] n 3KoHOMUYe-
ckoro 6pemenu 3abonesanus [5]. Mo oueHKaM 3Kc-
neptoB MexayHapoaHon depepaumm caxapHoOro
ounabeta (International Diabetes Federation, IDF),
y 20-25% B3pocnoro HaceneHus mupa Habnwopaer-
cs MeTC, a BEpOATHOCTb NpeXxaeBpeMeHHON CMep-
Tv naumeHToB ¢ MeTC B 3 pasa Bbllue, YEM NpU ero
oTCYTCTBUM.,

PacnpoctparneHHocTb AIMeTC BbiCOKasi U Bapbu-
pyeT oT 37 po 63%, BKAHOYAS €ro OCHOBHbIE KOM-
MOHEHTbI: YBEIMYEHUE MACChl TeNla / OKPYXHOCTH
Tanuu, AUCAUNULEMUS, UHCYNTUHOPE3UCTEHTHOCTDL /
caxapHblit ouabet 2 TMna, apTepuanbHasg runepTeH-
31 [6]. AUMeTC nrpaet onpenensioLLyo posib B No-
BbILUEHUM PUCKA MpeXAEeBPEMEHHOW CMepTHOCTH
y naumeHToB ¢ PLUC — npeumyliecTBeHHO OT cep-
AEeYHO-CoCYAnCTbIX 3aboneBannii [7]. HeratueHble
mMeTabonuyeckne nocnencTsus npumeHeHus All
nopaxatT 6osiee NONOBMHbI MALMEHTOB MNCUXMa-
TpUYeckoro npoduas € CaMbiM BbICOKMM PUCKOM
ANS AeTel u NOAPOCTKOB, ABNASICH CEPbE3HbIM Mpe-
NATCTBMEM ANS AJUTENBHOIO JIeYEeHUS COLMANbHO
3HauMMbIX 3aboneBaHui, Bkatoyasa PLUC [8, 9].

MockonbKy AnuTenbHblh (bonee 3-x mec.) npu-
em All mMoxeT cnocobCTBOBaTb BO3HWKHOBEHUIO
AUMeTC, B MeXAYHAapOAHbIX KIMHUYECKUX PEKO-

MeHAauMaxX YykasaHa HeobxoAMMOCTb NepBOHa-
YyanbHOro (McxonHoro) dusnyeckoro M nabopa-
TOPHOro 06CnefoBaHMs HaMBHbIX MAUMEHTOB (L0
Ha3HauveHuns All), a Takke nocneayloLlmin MOHUTO-
PUHT KAWMHUYECKUX M NabopaTopHbix (Buoxumumye-
CKMX, FOPMOHa/bHbIX) MAapKepoB ANS PaHHEro Bbl-
SBNIEHUS U NEYEHUS ITOW HEXEeNaTeNbHON peakunm
[10]. PacwwupeHune 3HaHWM 06 WHAMBMAYANbHOM
npodune nepeHoCMMOCTU XOPOLIO 3apEKOMEHAO0-
BaBLWMX Ce6S TUMMUYHBIX W aTUNUYHbIX ATl 1 noumck
HoBbIXx 6uomapkepos AMeTC MoxeT cnocobcTBo-
BaTb MoOBbIWeHWO 6e3onacHocTM dapmakoTepa-
nun PLUC 1 MUHUMMU3MPOBATL PUCK Pa3BUTUA fe-
KapCTBEHHO-MHAYLMPOBAHHOIO MeTabonuyeckoro
pacctpoiictea [11, 12].

MexaHn3Mbl, nexalume B 0CHOBe pa3BuTua AU-
MeT(C, Noka HeAOoCTATOYHO ACHbLI, @ MCUXMATPaM
[OCTYMHO NUWb HECKONbKO CMArYalLWmx (CHUxe-
Hue po3bl All nnu 3aBeplieHMe 3Tana akTUBHOM
Tepanuu PWC ¢ ncnonb3osaxneM All, Bbi3BaBLIero
3TO COCTOSIHWE) MM ANbTEPHATMBHLIX (ONTUMM3a-
uma obpasa xu3Hu naumeHta ¢ PWC, koppekuna
AWeTbl) BApMaHTOB Koppekuuun 3ton All-uHayumpo-
BaHHOM HexenaTesnbHOW peakuuun [13]. 3To onpe-
fenseT BaXHOCTb MOMCKA HOBbIX NyTeN MPOrHo3u-
poBaHUS M paHHen auarHocTukm AUMetC, B TOM
yucne C MCNosb30BaHWEM 3MUreHeTU4yeckux 6uo-
MapKepoB, MO3BOASIOWMX MNPOrHO3MPOBATbH PUCK
pa3BUTUS HeEXenaTenbHbIX peakuuin ncuxodapma-
KoTepanuu c 6onee BbICOKOM YyBCTBUTENbHOCTbHO,
4yeM Npu UCNONb30BAHUMU KNACCUYECKUX MOAXOA0B
[14]. K TakMM nepcnekTUBHbIM 3MUreHeTUYEeCKUM
BuomMapkepaM OTHOCATCA LUMPKYAMpYyloLmMe Manble
Hekoaupyrowmne pubOHYKNENHOBbIE KMCIOTbI (MU-
kKpoPHK) [15-17], koTOpble MUrpatT BaXHYyH poJib
B perynsumm pasnunyHbix GU3MON0rmyecknx u na-
TONOrMYeCKMX NpoLEeccos.

Lenb paboTbl — OLLEHUTb BO3MOXHOCTb UCMOJIb-
30BaHMa umMpKynupyowmnx MUkKpoPHK kak anwure-
HeTuyeckux BruoMapkepoB A9 NPOrHO3MPOBAHMA
n paHHen anarHoctnkn AMetC.

! The IDF consensus worldwide definition of the metabolic syndrome. IDF; 2006. https://idf.org/media/uploads/2023/05/

attachments-30.pdf
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lNpoBeneH aHanu3 QyHAAMEHTaNbHbIX U KAK-
HUYECKMX WCCNefoBaHMMI, MOCBALWEHHbIX LMUPKY-
nvpyrowmnm MUKpoPHK Kak anureHeTnyeckum 6uo-
MapKepaM OCHOBHbIX MexaHW3MoB pa3eutus MetC
n AMMetC, noctynuelumnx B 6a3bl AaHHbIX Google
Scholar, PubMed, Scopus, eLIBRARY.RU B nepuopg,
2014-2024 rr. KntoyeBble cnoBa 419 NoOMCKa: «Me-
TabONMYECKUIA CUHAPOMY, «AHTUMNCUXOTUK®», «aH-
TUNCUXOTUK-UHAYLMPOBAHHbIA ~ MeTabonuyeckuit
CUHLAPOMY», «3MUreHeTUYecKMin Buomapkep», «MU-
kpoPHK», «metabolic syndrome», «antipsycho-
ticw, «antipsychotic-induced metabolic syndrome»,
«epigenetic biomarker», «microRNAs». Kputepumu
BK/IIOYEHMS: TWUN [JOCTyna — OTKPbITbIA AOCTYN
K MONHOTEKCTOBOW BepcuM nybaukauum Ha pyc-
CKOM WM @HIIMICKOM f3blke; TUN nybnukaumm —
OpWUrMHanbHas CTaTbs, CUCTEMATMYeCKuid 0630p,
MeTaaHanus, KokpenHoBCkuii 0630p. Kputepuu
UckNYeHus: gybnupyowme nybamkauuu, amuccep-
TauuMu u aBTopedepatbl AuccepTauuii, onybaunko-
BaHHble Ha NpaBax pPyKoOMucH.

B npoaHanusmMpoBaHHbIX HamMu ny6aMKaumax
M3MeHeHWe YPOBHEN 3KCMPeCCUMU LUPKYIUPYHOLLMX
MnkpoPHK oueHuBanoch nccnenoBatensiMm B Kposu
(nnasme, CbIBOPOTKE, 3K30COMAX, MOHOHYKJIeapax).

OCHOBHAA YACTDb

OnarHocTuyeckme Kputepmm
aHTUNCUXOTUK-UHAYLMPOBAHHOIO
MeTabosiIM4ecKoro cuHgpoma

CornacHo HoBoMy onpegenexuto IDF? (2023 r)
[Ng NOCTaHOBKM AnarHo3a MeTC y nauneHTa fonx-
HO ObITb: LEHTpaNbHOEe OXupeHue (yBennyeHue
OKPY>XHOCTU Tanuu (maba. 1, onybnmkoBaHa Ha cai-
Te XypHana®) No CpaBHEHUID C STHUYECKUMMU HOPp-
Mamu) nntoc nobble ABa U3 CeayOWUX MapKepoB:
ypoBeHb Tpurnmuepuaos (TI) B cbiIBOpOTKE KPOBM
2150 mr/on (1,7 mmonb/n) muam cneunduyeckoe
neyeHue Tpurnmuepuaemuun; yposeHb XC-JIMBI
B cbiBOpoTKe KpoBu <40 wmr/on (1,03 mmonb/n)
y MyxuunH n <50 mr/on (1,29 mMMonb/n) y XeHWwmH
uan cneumduryeckoe neyeHne 3TOrO0 HapyLUEHUS
AMNMaHoro obMeHa; NOoBblEHWE CUCTONMYECKO-
ro A 2130 MM pT. CT., NOBbIWEHME AMACTONU-
yeckoro Al 285 MM pT. CT. MAM neyeHne paHee
AMArHOCTUPOBAHHOW  apTepuanbHOM  TUNepTeH-
3UK; YpOBEHb [/10KO3bl B NJIa3Me KPOBM HATOLLAK

2100 mr/pn (5,6 MMOAb/N) UK paHee AMArHoCTUMpPO-
BaHHbIM caxapHbiit anabeT 2 Tuna (ecnu >100 mr/an
(5,6 MMonb/n), TO HacTOATENIbHO peKoMeHAayeTCs
npoBefeHWe TecTa Ha TOJIepPaHTHOCTb K [/1OKO-
3e). B 2023 r. akcneptamu IDF Takxe pa3pabota-
Hbl LOMONHUTENbHbIE KAMHMYeCKMe M nabopaTop-
Hble (BMOXMMMYECKME, FOPMOHaNbHbLIE) MapKepsbl
MeTC (mabs. 2, onybnnkoBaHa Ha caiTe xypHana*,
MpU COCTaBNEHUM WMCMOJb30BaHbl TakXe MaTepua-
nol [14, 18, 19]).

BrvioMapkepbl MOryT MCMNO/Ib30BATHLCS HE TObKO
AN Knaccudukaumm, OLEHKM WHAMBUAYANbHOIO
puUCKa pa3BUTUS M MPOrpPeccMpoBaHUs MCUXUYe-
CKMX PACCTPOMCTB U KOMOPOUAHbIX 3aboneBaHun
Yy KOHKPEeTHOro MauueHTa, HO M ANns oueHku 6e3o-
MacHOCTM U pUCKa KNACCUYEeCKUX U HOBbIX Tepanes-
TMyeckux ctpaternin [20], BKAOYasa pUCK pa3BuTma
MeTC y naumenToB c PLUC: kak nepBuYHOro, Tak
M BTOPUYHOrO (NeKapCTBEHHO-MHAYLMPOBAHHOTO),
Kak B cnyyae ¢ AMetC [8]. B nocnenHue roapl
naTTepH nabopatopHbix 6uomMapkepo AUMeTC
3HAUMTENbHO pacWwuMpuics B pesynbTaTe NpoBefe-
HWS POCCUMCKMX M 3apybexHbiX (yHAAMeHTanb-
HbIX U KTUHUYECKUX UCCNen0BaHui (mab. 3).

Ha ocHoBe pe3ynbraToB MCCNef0BaHUS YKa-
3aHHbIX NlabopaTopHbix 6OMOMapkepoB npenno-
XEHO AumarHocTupoBaTtb Tpu BapuaHta AMMetC
y naumenTtos ¢ PLUC, nonyyatowmx All B TeyeHune
3 Mec. 1 bonee: onpeneneHHbIN, BO3MOXHbIN U Be-
poaTHbin [14].

Onpedenernbili AMMMemC xapakTepusyeTcs Ha-
nmumem 23 knunHuveckmux Kputepues MetC B co-
OTBETCTBUM C AEUCTBYHOLWMMU MEXAYHAPOLHbIMU
kputepuamu IDF uan OTyeTa no neyeHuo B3poC-
neix Il HaumoHanbHOW 06pa3oBaTenbHOM npo-
rpammbl no xonectepuHy (National Cholesterol
Education Program Adult Treatment Panel Il —
ATP 11l / National Cholesterol Education Program
Adult Treatment Panel lll-advanced — ATP IlI-A)®
Ha ¢oHe npuema All B TeyeHue 23 MeC. B pexu-
Me MOHO- W/IM MonuTepanuu; 23 LONOAHUTENbHbIX
6uomapkepos AUMeTC B KpoBM (NN1a3mMe U CbiBO-
poTke) u 23 mapkepos AMeTC B Moue.

BosmoHbili  AUMemC  xapakTepusyeTcs Ha-
nmumem ot 1 no 3 knmHuyecknx kputepues MetC
B COOTBETCTBUM C AEUCTBYHOLWMMU MEXAYHAPOL-
HboiMu kputepusimu (ATP I, ATP 1lII-A wan IDF)
Ha ¢poHe npuema All B TeueHune 23 MecC. B pexmme

2 The IDF consensus worldwide definition of the metabolic syndrome. IDF; 2006. https:/idf.org/media/uploads/2023/05/

attachments-30.pdf
* https://doi.org/10.30895/2312-7821-2025-478-tabl1-2
4 https://doi.org/10.30895/2312-7821-2025-478-tabl1-2

> National Cholesterol Education Program High Blood Cholesterol ATP Il Guidelines At-A-Glance: Quick Desk Reference.

https://www.nhlbi.nih.gov/files/docs/quidelines/atglance.pdf
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Ta6auua 3. OCHOBHbIE M LOMOAHUTENbHbIE NabopaTopHble BUOMapKepbl aHTUNCUXOTUK-MHAYLLMPOBAHHOIO MeTabonu-
4ecKoro CMHApoOMa, naeHTubuunpyemMbie B kposu® [14, 21-26]

Table 3. Primary and additional blood-based laboratory biomarkers of antipsychotic-induced metabolic syn-
drome® [14, 21-26]

YpoBeHb npu

Buomapkep Hopma Cumntom MetC
Biomarker Reference value RS MetS symptom
Levels in MetS ymp
OcHoBHble labopaTopHblie 6uoMapkepbl / Primary laboratory biomarkers
[niokosa, Mr/an <100 Bbicokuii Pe3ncTeHTHOCTb K MHCYNIUHY
Glucose, mg/dL High Insulin resistance
MHcynuH, MkER/mMn 2,6-249 Bbicokuit Pe3ncTeHTHOCTb K MHCYNUHY
Insulin, uU/mL High Insulin resistance
AnonunonpoTeuH B, r/n 0,6-1,33 Bbicokuit Pe3ncTeHTHOCTb K MHCYNUHY.
Apolipoprotein B, g/L High Oucnannuoemums.
LleHTpanbHoe oxupeHune
Insulin resistance.
Dyslipidaemia.
Central obesity
JIunonpoTenHbl BbICOKOM NIOTHOCTH, 0,7-1,7 Huskwnin Pe3ncTeHTHOCTb K MHCYNIUHY

MMONb/N Low Insulin resistance

High-density lipoproteins, mmol/L

JIunonpoTeunHbl HU3KOM NIOTHOCTY, <2,6 Bbicokuii Oucnunuaemus.

MMOnb/N High LleHTpanbHoe oxunpeHue
Low-density lipoprotein cholesterol, Dyslipidaemia.

mmol/L Central obesity

MoueBas kucnota, MKMonb/n M/M:202,3-416,5 Bbicokuii OxupeHue

Uric acid, umol/L X/F:142,8-339,2 High Obesity

AnbAOCTEPOH, Nr/MN 25-315 Bbicokuii ApTepuanbHas runepToHus
Aldosterone, pg/mL High High blood pressure
C-nenTtua, HI/Mn 1,1-44 Bbicokuit Pe3nCTEeHTHOCTb K MHCYNUHY
C-peptide, ng/mL High Insulin resistance

MononHuTtenbHble nabopaTopHble 6uomapkepbl / Additional laboratory biomarkers

CuanoBas KMucnoTta, MMosb/N 2,00-2,33 Bbicokuii Mwemunyeckas 6onesHb cepaua.
Sialic acid, mmol/L High CucTeMHOe BoCnanexHune
Coronary heart disease.
Systemic inflammation
ALMNOHEKTUH, r/n 0,6-1,33 Huskuin Pe3nCTeHTHOCTb K MHCYNUHY
Adiponectin, g/L Low Insulin resistance
XUMepWH, Hr/Mn 116,00-157,50 Bbicokui LleHTpanbHoe oxupeHue.
Chimerin, ng/mL High Mwemuueckas 6onesHb cepaLa
Central obesity.
Coronary heart disease
[penuH, Hr/n 0-100 Huskuin LleHTpanbHOe oxupeHue
Ghrelin, ng/L Low Central obesity
NlenTuH, Hr/Mn M/M:2-5,6 Bbicokuit Pe3ncTeHTHOCTb K MHCYNUHY.
Leptin, ng/mL X/F.3,7-11,1 High Pe3ncTeHTHOCTb K neNTUHY

Insulin resistance.
Leptin resistance

6 https://www.biovendor.com/file/5881/PDS 67 HOME _ENG.004.A EV.pdf?version=202303080807

https://www.abcam.com/products/elisa-kits/human-mcp-1-elisa-kit-ab179886.html

https://practical-haemostasis.com/Fibrinolysis/pai_1.html

https://www.athensresearch.com/products/human-proteins/retinol-binding-protein-human-plasma-rbp-4

https://www.randox.com/superoxide-dismutase-ransod/
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MpoponxeHue Tabamubl 3

Table 3 (continued)
Buomapkep Hopma YD) Cumntom MetC
Biomarker Reference value e MetS symptom
Levels in MetS ymp
OMEHTUH, HI/MN M/M (18-29 net/years): Huskui LleHTpanbHOe oXunpeHue.
Omentin, ng/mL 200-960 Low JHAOTeNManbHas AUChyHKUUS.
M/M (30-39 net/years): Mwemunyeckas 6onesHb cepaua
252-712 Central obesity.
M/M (40-49 net/years): Endothelial dysfunction.
272-784 Coronary heart disease
X/F (15-29 net/years):
242-764
X/F (30-37 net/years):
236-560
X/F (38-49 net/years):
220-600
MapaTupeonHbiit FOPMOH, NT/MN 15,0-65,0 Bbicokuit CepLeyHo-cocynucTble 3aboneBaHus
Parathyroid hormone, pg/mL High Cardiovascular diseases
TecToCTEepOH, HMONb/N M/M (18-55 net/years): Huskui LleHTpanbHOe oxupeHue
Testosterone, nmol/L 8,64-29,0 Low Central obesity
X/F (18-55 net/years):
0,29-1,67
TUpeoTpOonHbIi rOpMOH, MKME/Mn 0,27-4,2 Bbicokuii CepaeyHo-cocyaucTble 3aboneBaHns
Thyroid-stimulating hormone, ulU/mL High Cardiovascular diseases
06wmnin 6UnMpybuH, MKMonb/n <21 Huskni OKMCAUTEeNbHbIN CTpecc
Total bilirubin, umol/L Low Oxidative stress
benok, cBA3bIBAKOWMI KMUPHbIE <6,2 Bbicokuii LleHTpanbHoe oxupeHue.
KMCNOTbI B agunoumTax, Hr/mMn High KapanomeTabonuueckue
Adipocyte fatty acid-binding protein, 3aboneBaHus
ng/mL Central obesity.
Cardiometabolic diseases
PacTBOPMMBIN CBIBOPOTOYHbIN <35 Bbicokuii CucteMHoe Bocnanexue.
nurang CD40, Hr/mn High Mwemunueckas 6onesHb cepaua
Serum soluble ligand CD40, ng/mL Systemic inflammation.
Coronary artery disease
Uuctatuu C, mMr/n 0,5-1,2 Bbicokuit ApTepuanbHas runepToHus
Cystatin C, mg/L High High blood pressure
DeppuTuH, MK/ M/M:20-250 MpoTtuBopeunBbie | OKUCAUTENbHBIN CTpecc
Ferritin, ug/L X/F:10-120 Contradictory Oxidative stress
®ubpuHoreH, r/n 1,8-3,5 Bbicokuii ApTepuanbHas runepToHus.
Fibrinogen, g/L High Mwemunueckas 6onesHb cepaua
High blood pressure.
Coronary artery disease
®akTop pocTa pubpobnactos 21, M/M: 3,6-1021,4 Bbicokuii LleHTpanbHoe oxupeHue.
nr/mn X/F: 65,3-1209,8 High Atepocknepo3s
Fibroblast growth factor 21, pg/mL Central obesity.
Atherosclerosis
MoHOUMTapHbI XeMOTaKCUYECKHUI 4,7-300,0 Bbicokuit Mwemunueckas 6onesHb cepaua
npoTeunH-1, nr/mn High Coronary artery disease
Monocytic chemotactic protein-1,
pg/mL
MHrubutop aktuBaTopa 5,0-40,0 Bbicokuit Pe3ncTeHTHOCTb K MHCYNUHY.
nnasMuHoreHa-1, Hr/mn High Mwemunyeckas bonesHb cepaua
Plasminogen activator Insulin resistance.
inhibitor-1, ng/mL Coronary artery disease
PeTuHoON-cBA3bIBaOWMI 6eNok 4, 11,0-40,0 Bbicokuit LleHTpanbHoe oxupeHue.
MKI/Mn High Pe3nCcTeHTHOCTb K MHCYIUHY.
Retinol-binding protein 4, ug/mL CepaeyHo-cocyancTble 3aboneBanHus
Central obesity.
Insulin resistance.
Cardiovascular diseases
®dakTop Hekpo3a onyxonu anbda, <8,1 Bbicokuii Mwemmnyeckas bonesHb cepaua
nr/mn High Coronary artery disease

Tumour necrosis factor alpha, pg/mL
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MpoponxeHune Tabnuubl 3
Table 3 (continued)

Buomapkep Hopma YD) Cumntom MetC
Biomarker Reference value e MetS symptom
Levels in MetS ymp
OKMCNEHHbI TMNONPOTENH HU3KOM 26,0-117,0 Bbicokuii OKMCAUTEeNbHBIN CTpecc.
nnotHocTu, ME/n High CucteMHoe Bocnanexume
Oxidised low-density lipoprotein, IU/L Oxidative stress.
Systemic inflammation
AnonunonpoteuH Al, r/n M/M:>1,2 Huzkuin Pe3ncTeHTHOCTb K UHCYNUHY.
Apolipoprotein A1, g/L X/F:>1,4 Low Oucnannuoemums.
LleHTpanbHoe oxunpeHune
Insulin resistance.
Dyslipidaemia.
Central obesity
CBODOOAHbIE XXMPHbIE KUCAOTbI, HI/MA M/M: 8,5-10,9 Bbicokuit Pe3ncTeHTHOCTb K MHCYNIMHY
Free fatty acids, ng/mL X/F:11,4-13,6 High Insulin resistance
CynepokcupaancmyTasa 1 tuna 1200,0-2000,0 Husknm OKMCIUTeNbHBbIN CTpecc.
(B apuTpoumTax), En/r Low CucteMHoe Bocnanexue
Superoxide dismutase type 1 (in red Oxidative stress.
blood cells), U/g Systemic inflammation
lamMMa-rnyTamuntpaHcdepasa, Ea/n M/M:10,0-71,0 Bbicokuit OKMCIUTeNbHBIN CTpecc.
Gamma-glutamyl transferase, U/g X/F:6,0-42,0 High CucTeMHoe BoCnaneHune
Oxidative stress.
Systemic inflammation
JlnnonpoTenH-acCoUMMPOBAHHANA <200,0 Bbicokuit CeppeyHo-cocynucTble 3aboneBaHus
dochonmnasza A, Hr/mn High Cardiovascular diseases
Lipoprotein-associated
phospholipase A, ng/mL
25-Tuppokcusutamut D, Hr/mMn 30,0-100,0 Huskui CeppeyHo-cocynucTble 3aboneBaHus
Vitamin D (25-hydroxycholecalciferol), Low Cardiovascular diseases
ng/mL
ButamuH E (Tokodbepon), Mkr/mn 5,0-18,0 Hu3kum OKMCAnTENbHbIN CTpecc
Vitamin E (tocopherol), ug/mL Low Oxidative stress

Tabnuua coctaBneHa astopamu / The table is prepared by the authors

lMpumeyarue. MeTC — MeTabonnueckuit CMHAPOM; M — My>XUunHa, XK — XeHLMHa.
Note. MetS, metabolic syndrome; M, male; F, female.

MOHO- unu nonuTepanuu; oT 1 no 3 Guomapkepos YyBCTBUTENBHOCTL M cneunduyHoCcTb nabopa-
B KpOBM (NNa3Me U CbiIBOPOTKE) uan oT 1 go 3 6Mo-  TOpHbIX (BMOXMMUYECKMX M TOPMOHaNbHbIX) BuMo-
MapKepoB B MOuYe. MapkepoB AUMeTC MOryT BapbMpOBaTh B LUIMPOKOM

Beposmueili AUMemC xapakTepusyeTcs OTCYT-  AMana3oHe B 3aBUCMMOCTM OT BAUSHUSA $aKTOPOB
CTBMEM KNMHMYeckux kpuTepune MeTC (B cOOT-  BHewHeln cpepbl (knumaTtoreorpadumyeckux, Coum-
BeTcTBUYU C KpuTepuamu ATP IIl, ATP IlI-A uan IDF)  okynbTypHbIX, NULEBbLIX), BO3pacTa M nona nauu-
nocne 23 mec. npuema All B peXxMuMe MOHO- MM MO-  €HTOB C MCUXUYECKMMU pacCTPOACTBAMM, BAUSHUE
MTepanuu; HanuymMem OTAeNbHbIX (EAMHMYHbBIX)  MOFYT OKa3blBaTb TakXe ycnoBus 3abopa u xpaHe-
6uomapkepoB MeTC B KpoBM (MNa3Me U CbIBOPOTKE) Hua obpa3uoB. ITo nobyxaaeT uccneposartenen
U/MNn e AMHUYHbIX BUOMApPKepPOB B MoYe. K NMOMCKY HoBbIx BoMapkepoB ANMeTC, KoTopble

TeM He MeHee OTCYTCTBME BblleyKa3aHHbIX  obnaganu 6bl nyywunm npodunem CTabunbHOCTH
KAMHMYecknux wu  nabopaTopHbix 6HGuoMapkepoB B 0OpasLax KpoBM, @ TakXKe XOpOLLei BOCNPOn3BO-
MeTC y nauMeHTOB C MCUXMYECKMMM PaACCTPOM-  AMMOCTbIO Pe3yNbTaTOB MCC/eA0BaHUS B pasiuy-
CTBaMu B TeyeHue 3 Mec. oT cTapTta All Tepanuu HbiX nabopatopuax. Limpkynupytowme mMukpoPHK
He WCKAKYaeT BepoaTHOCTb paseutua AUMetC  4BnalOTCA NepcnekTUBHbIMMW  3MUreHeTUYeCKUMKU
B 6yayuwem, ecnm npuem Al npoponmxkaertcs. BaxxeH  6uomapkepamu [15-17], koTopble MoOryT copep-
AMHAaMUYECKMI1 KOHTPONIb 3TUX BMOMapKepoB y Ma-  aTb MHAOPMALMIO O BAUSHUM OKpYXKaloLLen cpe-
uneHToB ¢ Bo3MOXHbIM AUMeTC — 1 pa3 B 3 Mec.,  Abl 1 06pasa XU3HMU Ha 340poBbe naumeHTa ¢ PLUC,
¢ BepoatHbiM AUMeTC — 1 pas B 6 Mec. [14]. a TaKXXe NO3BONSKT OTCNeXMBaTb 3PEHEKTUBHOCTD
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NPUMEHSAEMbIX METOLOB NEYEeHUS 3TOr0 MCUXUYe-
cKoro paccrponctsa [27-30].

AnureHeTnyeckue 6MoMapkKepbl
aHTUNCUXOTUK-UHAYLMPOBAHHOIO
MeTabosIM4ecKoro cuHgpoma

LJocTuxeHus B 061aCTU 3NUrE€HOMUKU OTKPbI-
71 HOBble BO3MOXHOCTH, NO3BONSAS AMArHOCTMPO-
BaTb M KoHTponauposaTb PLUIC u nporHosmnposatb
HebnaronpusaTHbIM OTBET Ha ncuxodapMakoTepa-
nuto 6onee TouHO, apdekTUBHO 1 BbicTpO [30, 31],
4yeM Npu UCMoNb30BaAHMM KNTACCUYECKMX NOAXOA0B,
OCHOBAHHbIX Ha OLEHKe paHee NpennoXeHHbIX
KAMHUYECKUX U Buoxumuyecknx mapkepos MetC
n AMMetC [15, 16]. KaHampaTbl B anureHetnye-
ckme 6Momapkepbl 0TOMPAOTCS U3 OTPOMHOIO KO-
NMyecTBa MoONeKyn, BbipabaTbiBaeMbiX KeTKaMM
n TKaHamu npu MetC u AUMeTC B X04€ BOKIUHMU-
YEeCKMX M KJIMHWUYECKMX UCCNef0BaHWi, BKAOYas
MUKpoPHK w» nocTTpaHcnaumoHHble Moandwmka-
UMM TUCTOHOB, KOTOpble MOXHO aHanu3MpoBaTb
B WMPOKOM cnekTpe Buonornyeckmx o6pasuos
(nhasmMe KpoBW, CbIBOPOTKE, CJ/IIOHE, MouYe, rpya-
HOM MOJIOKE, CBEXMX M 3aMOPOXEHHbIX TKaHSAX,
napapuHoBbIX 610Kax, GUKCUPOBAHHbLIX PoOpMa-
JIMHOM, U ap.). MukpoPHK ctabunbHbl 1 BOCNpPOU3-
BOAMMBI Npu 06paboTke 06pa3L0B, MOrYT UCMOJb-
30BaThCa AN NPOrHo3npoBaHma passutus MetC
n AUMetC M UX paHHeW AMArHOCTUKU (MAEHTU-
dukaumm) y naumentos ¢ PLUC, a Takxe C uenbto
yTO4YHEeHUs MHdOpMaUMM O eCTeCTBEHHOM Teye-
Hum 1 ncxope [30].

MukpoPHK — 3To KopoTkue Hekoaupylolme
opHouenoyveyHble PHK (19-25 HykneoTupos), Ko-
TOpble Y4acTBYT B TPAHCKPUMLMOHHOM M MOCT-
TPAHCKPUMLMOHHOW perynsumm 3KCnpeccum reHos
nocpeacTBOM crneunduyeckux B3aMMOLENCTBUN
C reHaMu-muLeHsaMm [32]. MukpoPHK urpatot Bax-
HYK pOfib B perynsumm pasnuyHbix dusnonoruye-
CKMX WM NaToNOrMyeckMx npoLeccoB, 3a4encTBO-
BaHHbIX B MexaHu3Mmax pa3sutua MetC u AMetC,
BKJ/1I04AS OKMCAMTENBHbLIN (OKCMAATMBHBIN) CTpecc
[33, 34], cuctemHoe Bocnanexue [35, 36], and-
dbepeHUMPOBKY aAMNOLUTOB U LEHTPASIbHOE OXM-
peHue [35-37], meTabonunsm NMNUAOB U TNHOKO3bI
[35, 38-50], perynauuio anneTtuta [51-54, 56], us-
MeHeHue 3kcnpeccun Henponentuaa Y (NPY) [51,
55-57], nameHeHne 4yBCTBUTENBHOCTU K NENTUHY
[36, 56, 57], uaMeHeHue 3KCNpeccun OopekcuHa
[58, 59], nameHeHune yposHew TectocTepoHa [60],
TMPEOoUAHbIX rOpMOHOB [61] M napaTupeonaHoro
ropmoHa [62] (mabn. 4). CurHatypa UMpKynupyto-
wux MUMKpoPHK B KpOBM Yy MauueHTOB, NOay4ato-
wux Al u umewwmnx AMMetC, oTnnyaeTtcs oT Ta-

KOBOW Y HauBHbIX NaLMEHTOB (80 Ha3HavyeHusa All)
W'y 300pOBbIX ntogen [33-56, 58-62].

MNMocnenHue rofbl aKTMBHO 06CYyXAaeTcs runo-
Te3a, CyTb KOTOPOM B TOM, YTO LMPKYyAUpyowmne
MUKpoPHK MoryT npuHumathL yyactue B MHMUMA-
LMK U MOAUDUKALMM PA3BUTUS U TIXKECTU TEYEHUS
AUMetC [36, 63, 64], a Takxe MeTC, accounmnpo-
BaHHoro ¢ camum PLUC [65-67]. Kpome Toro, no-
numopdHble BapuaHTbl B KoaupyoLwmx MnkpoPHK
reHax u/Mnu B canTax CBA3bIBaHUS FrEHOB-MULLEHEN
n MUKpoPHK MOryT M3amMeHaTb YpOBHM 3KCNpeccuu
unpkynupytowmx MuMkpoPHK B KpoBM, UTO Takxe
ACCOLMMPOBAHO C PUCKOM PA3BUTUA U TIKECTbIO
Teyenns MetC n AMMetC y naumMeHToB C NCuxuye-
CKUMM paccTponcTeamm [68, 69].

Uupkynupytowmne mukpoPHK dasngtotcs nep-
CNeKTUBHbIMKU BUOMapKepaMm Pa3BUTUS U TAXKECTU
AUMeTtC y naumeHTos ¢ PLLUC u3-3a npocToTsbl U A0-
CTYNHOCTW MOAyyYeHuss BuMonornmyecknux obpasuos.
Poccuiickne u 3apybexkHble wuccnefoBaHus Mo-
cnegHux 10 net NnpoaeMOHCTPUPOBANN, YTO LIUPKY-
nupytowmne MukpoPHK, a Takxe onocpenoBaHHas
UMK perynsuus MeTabonmyeckoro oteeTa Ha All,
MOryT paccMaTpuBaTbCi Kak 6a30Bbii ypOBEHb
3NUreHeTUYeCcKoro KOHTPONS PasfiMuHbIX nartore-
HeTMYeckux MexaHmsmoB pazsutna AMetC u un-
AvBUAYanbHOM BapnabenbHocTn 6esonacHocTu All
B LLeNOM, BK/IOYAsi PUCK pasBUTUSA TepanesBTuye-
CKOM pe3ncTteHTHoCcTHM K Al [70].

3AKJTIOMEHME

lNpobnema paHHent puarHoctukn AUMetC, He-
CMOTPS Ha BbICOKYK 4acTOTy ero BCTPe4YaemMoCTu
npu ncuxodapMakoTepanuu, Laneka oT paspeLleHus.
B nepBoii yacTu HacToswero o63opa NpeacTaB/ieHbl
NoAXoAbl K CMEKTPYy M OLEHKE OCHOBHbIX M AONON-
HUTENbHBIX KJMHMYECKMX M NABOpPaTOPHbLIX Mapke-
pos MetC y naunenTos ¢ PLUIC B uenom n AUMetC
B yacTHoCTU. Mcnonb3yemble paHee Knaccuyeckue
6uomapkepbl (BMOXMMUYECKune, FOpMOHabHbIE) UMe-
0T MHOMBMAyanbHYl BapuabenbHOCTb M noaBep-
YKEHbI BIMSHUIO KakK (aKTOPOB BHELLHEN cpeapl, TaK
M 0cobeHHOCTeN NPOboNoAroTOBKM U XpaHeHUs B1o-
06pa3LoB, YTO BAMSET HA UX CTABUNBLHOCTb ex Vivo.

Uunpkynupytowme MukpoPHK yyacTByoT B UHU-
uMauuMnu M MoaMduKauumM pasBUMTUS BCEX MpPOsIB-
neHnn AMetC, BKIOYAN OKUCIUTENbHbIN CTpecc,
cMcTeMHoe  BoCnaneHue,  auddepeHUMpOBKY
aaunoumToB, MeTabosNM3M AUMMAOB M [HOKO3bI,
perynaumio  annetuTa, M3MEHEeHWe 3KCNpeccuu
HelponenTnaa Y, 4YyBCTBUTENIbHOCTM K JenTu-
HY, 3KCMpeccuu OpeKCUHa, YpOBHEeW TecTocTepo-
Ha, TUPEOMAHbIX FTOPMOHOB M NApPATUPEOUIHOr0
ropmoHa. MukpoPHK nepcnekTuBHbl B KayecTBe
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Ta6bnuua 4. Ponb umpkynupylowmux MukpoPHK B MexaHM3Max mnaToreHesa aHTUNCUXOTUK-MHAYLMPOBAHHOIMO
MeTabosnyeckoro CMHApPoOMa

Table 4. Roles of circulating microRNAs in the mechanisms of antipsychotic-induced metabolic syndrome pathogenesis

MexaHu3m naToreHesa Ponb unpkynupyrowmnx MukpoPHK UcTouHuK
Pathogenetic mechanism Role of circulating microRNAs References
OKkncanTenbHbIN CTpecc MHrnbuposaHue okncanmTensbHoro ctpecca / Inhibition of oxidative stress:
Oxidative stress miR-19b, miR-20a, miR-24, miR-99a, miR-125b, miR-141, miR-152, miR-200a,
miR-200c, miR-210, miR-221, miR-455, miR-601, miR-626
MHayKumus okucautenbHoro ctpecca / Induction of oxidative stress: [33, 34]
miR-1, miR-21, miR-23b, miR-27a, miR-28, miR-29, miR-34a, miR-92a, miR-93,
miR-101, miR-106b, miR-128, miR-129, miR-140, miR-142, miR-144, miR-146,
miR-148, miR-153, miR-155, miR-181c, miR-193b, miR-320, miR-365, miR-375,
miR-383, miR-495, miR-503, miR-802
CucteMHoe BocnanexHue lMpoTtuBoBocnanuTenbHoe pencteue / Anti-inflammatory effect:
Systemic inflammation miR-7, miR-9, miR-10a, miR-15a, miR-16, miR-24, miR-31, miR-124, miR-125,
miR-126, miR-142, miR-143, miR-146, miR-149, miR-150, miR-210, miR-223, miR-363 35 36
MpoBocnanuTencHoe aeicteue / Pro-inflammatory effect: (35 3€]
miR-21, miR-23a, miR-27a, miR-29a, miR-34a, miR-34c, miR-92a, miR-132,
miR-138, miR-155, miR-200, miR-let7a
Perynsuus agpunorexesa MHrnbrupoBaHne agmunoreHesa U NpensTCTBUE Pa3BUTUIO LLEHTPAIbHOTO
M pa3BUTHE LEHTPANbHOTO oxupenus / Inhibition of adipogenesis and prevention of central obesity:
0XMpeHUs miR-27, miR-27a, miR-30c, miR-33a, miR-33b, miR-130, miR-145, miR-146a,
Regulation of adipogene- miR-155, miR-181, miR-182, miR-200b, miR-236, miR-363, miR-344, miR-448,
sis, development of central miR-4429 [35, 37-39]
obesity - ; :
MHAyKUMS aaunoreHesa u LLeHTpanbHOro oxupenus / Induction of adipogenesis
and central obesity:
miR-17, miR-20a, miR-21, miR-103, miR-128-1, miR-143, miR-144, miR-146b,
miR-148a, miR-194, miR-210, miR-322, miR-375, intronic miR-378
M3MeHeHne nunuaHoro MHrnbuposaHue nunuaHoro metabonusma / Inhibition of lipid metabolism:
MeTabonusma miR-30c, miR-33a, miR-33b, miR-34a, miR-128-1, miR-144, miR-148a, miR-223,
Changes in lipid metabolism miR-246b [38, 60]
MHaykuus nunuaHoro metabonusma / Induction of lipid metabolism:
miR-7, miR-27a, miR-27b, miR-122
M3MeHeHWe romeocTasa MoBblWeHWe ypOBHS TMNONPOTEUHOB BbICOKOM NAoTHOCTKM / Upregulation
NIMNONPOTENHOB BbICOKOM of high-density lipoprotein levels:
NAOTHOCTHU HeT AaHHbIX / no data
Changes in high-density . ] [38, 40, 41]
lipoprotein cholesterol CHVI?KEHVIE YPOBHS IMNONPOTEUHOB BbICOKOM NJIOTHOCTH / Downregulation
homeostasis of high-density lipoprotein levels:
miR-33a, miR-33b, miR-128-1, miR-144, miR-148b
M3MeHeHne romeocTasa MoBbllWeHWe ypOBHSA TMNONPOTEUHOB HU3KOM NNOTHOCTHU / Upregulation
NUNONPOTENHOB HU3KOW of low-density lipoprotein levels:
NAOTHOCTU miR-128-1, miR-148a
Changes in low-density = : [40, 42]
lipoprotein cholesterol CHuxeHune YPOBHS IMNONPOTENHOB HU3KOW NNOTHOCTH / Downregulation
homeostasis of low-density lipoprotein levels:
miR-30c
M3MeHeHune npoueccos MHrubuposaHue ateporeHesa / Inhibition of atherogenesis:
aTeporeHesa miR-30c 39 41 47
Changes in atherogenesis MHaykuus ateporeHesa / Induction of atherogenesis: [38, 41, 421
miR-33, miR-144
Pazsutume xuposoro Ycunenue pa3BuTus xxupoBoro renatosa / Contribution to fatty hepatosis
renarosa (xupoBoi 6bonesuun | development:
neyeHu) miR-34a 38
?ig\;%(;tpyn;ie‘gtr%é‘gg?;)hepato MpenoTtBpa LI..I,EHI/IE pa3BUTUS XXMPOBOro renato3sa / Prevention of fatty hepatosis [38]
development:
miR-27a, miR-122, miR-223
M3mMeHeHne CHUXXEHMe YYBCTBUTENBHOCTU K MHCYAUHY / Reduction of insulin sensitivity:
4YyBCTBUTENIBHOCTHU miR-let7 (MblweyHas TkaHb / muscle tissue), miR-15b, miR-19, miR-29, miR-33a/b
K UHCYNUHY (neyeHb/liver), miR-103 ()xmpoBas TkaHb / adipose tissue), miR-107 (xupoBas
Changes in insulin sensitivity | Tkawb / adipose tissue), miR-143, miR-155, miR-223 miR-378 (neuenv/liver), [35, 38,
miR-451-1, miR-802 (neueHb/liver) 43-45]
MoBbieHWe YYBCTBUTENBHOCTU K MHCYNUHY / Improvement of insulin sensitivity:
HeT AaHHbIX / no data
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MpoponxeHue Tabnuubl 4

Table 4 (continued)
MexaHu3M naTtoreHesa Ponb unpkynupyrowmx mukpoPHK UcTouHuMK
Pathogenetic mechanism Role of circulating microRNAs References
M3MeHeHKne skcnpeccun MHrnbupoBaHue 3Kcnpeccumn u cekpeumnn MHcynuua / Inhibition of insulin
M CeKpeLmnn MHCYNnHa expression and secretion:
B-knetkamu octpoBkoB JlaH- | miR-7a, miR-26a, miR-29, miR-124a, miR-130a, miR-130b, miR-152, miR-187,
repraHca noaxenyno4yHoin miR-200, miR-204, miR-375, miR-802 [38, 46-50]
?ﬁ;:;; in insulin expression AKTMBM3aLMS IKCMPECCUM U CEKPELMM MHCYNUHA / Activation of insulin
and secretion by B-cells in the ex'pressmn.and SCEEENEE .
islets of Langerhans miR-24, miR-26, miR-30d, miR-148, miR-182
M3MeHeHne MeTabonnsma MHrnbuposaHue rnnkoHeoreHesa u metabonusma rnkossl / Inhibition
TI0KO3bl of gluconeogenesis and glucose metabolism:
Changes in glucose metab- miR-7a, miR-26a, miR-27, miR-29, miR-33b, miR-103, miR-107, miR-124,
olism miR-130a, miR-130b, miR-143, miR-152, miR-155, miR-187, miR-200, miR-204,
miR-336, miR-375, miR-378, miR-451-1, miR-466b, miR-802 [38, 43-50]
MHayKkumsa rnmkoreHesa u metabonusma rnokossl / Induction of glycogenesis and
glucose metabolism:
miR-19, miR-24, miR-26, miR-27a, miR-30d, miR-33, miR-148, miR-182
M3MeHeHune perynaunm MonasneHune annetuTa / Suppression of appetite:
anneTuTa miR-33, miR-103
rcefmu'}g;%;n appetite Bosbyxnaenue annetuta / Stimulation of appetite: [51-54, 56]
g miR-let7a, miR-7a, miR-9, miR-30e, miR-100, miR-132, miR-141, miR-145,
miR-200a, miR-218, miR-342, miR-383, miR-384-3p, miR-429, miR-488
M3MeHeHUne akcnpeccuu MoBblweHue akcnpeccun HelponenTtuaa Y / Increased of the neuropeptide Y
Helponentuaa Y expression:
Changes in neuropeptide Y miR-708, miR-2137
expression . : - [51, 55]
CHuxeHune skcnpeccun Hevponentuaa Y / Downregulation of neuropeptide Y
expression:
miR-let7b, miR-29b, miR-33, miR-140- miR-143, miR-503
M3MeHeHWe YyBCTBUTENbHO- | [MOBbILWEHWE YYBCTBMTENLHOCTM K NENTUHY / Improvement of leptin sensitivity:
CTU K NenTuHy miR-let7a, miR-9, miR-30e, miR-132, miR-145, miR-218, miR-342
Changes in leptin sensitivity CHUXEHMe YyBCTBUTENBHOCTU K NenTuHy / Reduction of leptin sensitivity: [35,56]
miR-15a, miR-16, miR-33, miR-200a, miR-200b, miR-223, miR-363, miR-429,
miR-532
M3MeHeHue 3kcnpeccum MoBbiweHuWe skcnpeccum opekcuHa / Upregulation of orexin expression:
OopeKcHHa HeT flaHHbIX / no data
Changes in orexin expression - - - [58, 59]
CHuxeHMe akcnpeccun opekcuHa / Downregulation of orexin expression:
miR-137, miR-637, miR-654, miR-665
M3MeHeHue 3kcnpeccum MoBblWweHne akcnpeccun TectocTepoHa / Upregulation of testosterone expression:
TecTocTepoHa miR-15a, miR-320
g)l(vangeg n testosterone CHWXeHWe aKCnpeccum TectocTepoHa / Downregulation of testosterone [60]
pression .
expression:
miR-150
M3MeHeHKe akcnpeccuu MoBblWeHne 3kcnpeccun TMpeouaHbIX ropMoHoB / Upregulation of thyroid
TMPEOUAHbIX TOPMOHOB hormone expression:
Changes in thyroid hormones | miR-21, miR-146, miR-214
expression ; ; [61]
CHMXEHMe 3KCMpeccumn TupeonaHbix ropMmoHoB / Downregulation of thyroid
hormone expression:
miR-27, miR-155, miR-181, miR-200a, miR-221, miR-224, miR-246, miR-383,
miR-425
M3meHeHUe akcnpeccum MoBbIlWeHMe 3KCNpeccun napaTupeonaHoro ropmona / Upregulation of parathy-
napaTMpeouaHOro ropMoHa | roid hormone expression:
Changes in parathyroid hor- miR-27b, miR-136b, miR-146b, miR-503
mone expression [62]
CHMXKEHMe 3KCMpeccumn napatupeonaHoro ropmoxa / Downregulation of parathy-
roid hormone expression:
miR-24

Tabnuua coctaBneHa astopamu / The table is prepared by the authors

lMpumeyarue. miR — mukpoPHK.

Note. miR, microRNA.
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NPOrHOCTUYECKUX M AMArHOCTMYECKMUX Buomapke-
poB AMMeTC, Tak Kak onpeaenstoTcs B Nerkomno-
CTYNHbIX 06pa3uax (KpoBb, C/ILOHA, MOYa), XapaKTe-
pu3ytoTcs 6onblieit cTabubHOCTbIO NPU XPaHEHWM
61oobpasuoB (B TOM 4uMcne NpU MHOFOKPaTHbIX
UMKIaX 3aMOPaXMBAHWUA WM OTTamBaHUS), Nyyllen
BOCMpPOM3BOAMMOCTbIO U Boslee BbICOKOW YyBCTBU-
TeNbHOCTbI ONpeaeneHns y OTAeNbHbIX NaLMeHTOB
MO CPaBHEHMIO C KNlAacCMYeCcKMMM BruoMapkepamu.

Bo BTOpoOi YacTu o630pa GypeT paccMoTpeHa
pofib  KOHKPETHbIX LMPKyAnpyowmnx MukpoPHK
Kak 3nureHeTMyecknx OMOMapKepoB OCHOBHbIX
nomeHoe AMMetC. Takxe 6yayT npencTaBieHbl
npeanoXeHus aBTOPOB NO rpagaumu CUrHaTyp
MukpoPHK y nauunentoB ¢ PWC B 3aBncMMocCTH
oT pucka pazsutna AUMetC (HU3KUI, CpeaHUIA, Bbl-
COKMIA) M 0BCyXKaeHMe NepcnekTMB UX UCMOb30Ba-
HWS B KJIMHUYECKOM NpakTUKe ncuxmaTtpa.

Nutepatypa / References

1. Pillinger T, McCutcheon RA, Vano L, Mizuno Y, Arumuham A,
Hindley G, et al. Comparative effects of 18 antipsychotics on
metabolic function in patients with schizophrenia, predictors of
metabolic dysregulation, and association with psychopathology:
A systematic review and network meta-analysis. Lancet Psychiatry.
2020;7(1):64-77.
https://doi.org/10.1016/S2215-0366(19)30416-X

2. Wnunesckas tOP, LToHaa MB. MeTtabonuuyeckuiti CMHAPOM: coBpe-
MEeHHble acnekTbl AMArHOCTUKM U NeveHus. MeduyuHcKue Hogocmu.
2021;(5):4-8.

Shpilevskaya YR, Shtonda MV. Metabolic syndrome: The modern
aspects of diagnostic and treatment. Medical News. 2021;(5):4-
8 (In Russ.). EDN: HCIBZE

3. Ferrari CKB. Chapter 6. Epidemiology of metabolic syndrome: Glo-
bal scenario. In: Mukhopadhyay S, Mondal S, eds. Metabolic syn-
drome: From mechanisms to interventions. Academic Press; 2024.
P.59-71.
https://www.doi.org/10.1016/B978-0-323-85732-1.00038-4

4. LiW,Qiu X, MaH, Geng Q. Incidence and long-term specific mortal-
ity trends of metabolic syndrome in the United States. Front Endo-
crinol (Lausanne). 2023;13:1029736.
https://www.doi.org/10.3389/fendo.2022.1029736

5. ChongKS, Chang YH, Yang CT, Chou CK, Ou HT, Kuo S. Longitudinal
economic burden of incident complications among metabolic syn-
drome populations. Cardiovasc Diabetol. 2024;23(1):246.

6. Akinola PS, Tardif |, Leclerc J. Antipsychotic-induced metabolic syn-
drome: A review. Metab Syndr Relat Disord. 2023;21(6):294-305.
https://doi.org/10.1089/met.2023.0003

7. Penninx BWJH, Lange SMM. Metabolic syndrome in psychiatric pa-
tients: Overview, mechanisms, and implications. Dialog Clin Neuro-
sci. 2018;20(1):63-73.
https://doi.org/10.31887/DCNS.2018.20.1/bpenninx

8. Libowitz MR, Nurmi EL. The burden of antipsychotic-induced
weight gain and metabolic syndrome in children. Front Psychiatry.
2021;12:623681.
https://doi.org/10.3389/fpsyt.2021.623681

9. Correll CU, Manu P, Olshanskiy V, Napolitano B, Kane JM, Malho-
tra AK. Cardiometabolic risk of second-generation antipsychotic
medications during first-time use in children and adolescents.
JAMA. 2009;302(16):1765-73.
https://doi.org/10.1001/jama.2009.1549

10. Keepers GA, Fochtmann LJ, Anzia JM, Benjamin S, Lyness JM, Mojta-
bai R, et al. The American Psychiatric Association Practice Guide-
line for the treatment of patients with schizophrenia. Am J Psychia-
try. 2020;177(9):868-72.
https://doi.org/10.1176/appi.ajp.2020.177901

11. Bernardo M, Rico-Villademoros F, Garcia-Rizo C, Rojo R,
Gomez-Huelgas R. Real-world data on the adverse metabolic ef-
fects of second-generation antipsychotics and their potential
determinants in adult patients: A systematic review of popula-
tion-based studies. Adv Ther. 2021;38(5):2491-512.
https://doi.org/10.1007/s12325-021-01689-8

12. Limankin OV. Personalized psychiatry: Achievements and pros-
pects. Personalized Psychiatry and Neurology. 2021;1(2):126-7.
https://doi.org/10.52667/2712-9179-2021-1-2-126-127

13. Castellani LN, Costa-Dookhan KA, McIntyre W B, Wright DC, Flow-
ers SA, Hahn MK, Ward KM. Preclinical and clinical sex differenc-
es in antipsychotic-induced metabolic disturbances: A narrative
review of adiposity and glucose metabolism. J Psychiatr Brain Sci.

2019;4:190013.
https://doi.org/10.20900/jpbs.20190013

14. Khasanova AK, Dobrodeeva VS, Shnayder NA, Petrova MM,
Pronina EA, Bochanova EN, et al. Blood and urinary biomark-
ers of antipsychotic-induced metabolic syndrome. Metabolites.
2022;12(8):726.
https://doi.org/10.3390/metabo12080726

15. MupoHoBa OO, bepapiweBa MB, EndumoBa EM. MukpoPHK:
B3rN94 KIMHULKCTA Ha cocTosiHMe npobnembl. YacTb 2. MukpoPHK
B KayecTBe GuMoMapkepa. Egpasulickuli Kapouonoauqeckuli #ypHan.
2023;(2):64-71.
Mironova Ol, Berdysheva MV, Elfimova EM. MicroRNA: A clinician’s
view of the state of the problem. Part 2. MicroRNA as a biomarker.
Eurasian Heart Journal. 2023;(2):64-71 (In Russ.).
https://doi.org/10.38109/2225-1685-2023-2-64-71

16. Dexheimer PJ, Cochella L. MicroRNAs: From mechanism to organ-
ism. Front Cell Dev Biol. 2020;8:409.
https://www.doi.org/10.3389/fcell.2020.00409

17. Pozniak T, Shcharbin D, Bryszewska M. Circulating microRNAs in
medicine. Int J Mol Sci. 2022;23(7):3996.
https://www.doi.org/10.3390/ijms23073996

18. Gayoso-Diz P, Otero-Gonzalez A, Rodriguez-Alvarez MX, Gude F,
Garcia F, De Francisco A, Quintela AG. Insulin resistance (HOMA-IR)
cut-off values and the metabolic syndrome in a general adult popu-
lation: Effect of gender and age: EPIRCE cross-sectional study. BMC
Endocr Disord. 2013;13:47.
https://doi.org/10.1186/1472-6823-13-47

19. Kapnenbes BA, ®ununnos O, Tapacos OB, bospckuit M, Maii-
opoB AlO, LectakoBa MB, enos MW. MaTemaTuyeckoe mMomenu-
poBaHMe CUCTEMbl perynsuuu ramkeMuu y nauueHToB C caxap-
HbIM AnabeToM. BecmHuk Pocculickoli akademuu MeOUUUHCKUX HayK.
2015;70(5):549-60.
Karpel'ev VA, Filippov YI, Tarasov YV, Boyarsky MD, Mayorov AY,
Shestakova MV, Dedov Il. Mathematical modeling of the blood glu-
cose regulation system in diabetes mellitus patients. Annals of the
Russian Academy of Medical Sciences. 2015;70(5):549-60 (In Russ.).
https://doi.org/10.15690/vramn.v70.i5.1441

20. Bethesda M. Biomarkers Definitions Working Group. Biomarkers
and surrogate endpoints: Preferred definitions and conceptual
framework. Clin Pharmacol Ther. 2001;69(3):89-95.
https://doi.org/10.1067/mcp.2001.113989

21. Bynbd MA, WyHbkuHa (CkypaToBckas) A, By X, Komap AA, 3aTo-
nokuH MNA, Kupuenkosa EB 1 gp. XuMepuH yyacTByeT B perynsauum
KOHTPONS KayecTBa MUTOXOHAPUI Yy 6ONbHBIX OXMpeHneM. Medu-
yuHckas ummyHonoeus. 2021;23(4):881-6.
Vulf MA, Shunkina (Skuratovskaia) DA, Hung V, Komar AA, Za-
tolokin PA, Kirienkova EV, et al. Chemerin as a potential regulator
of mitochondrial quality control in obese patients. Medical Immu-
nology (Russia). 2021;23(4):881-6 (In Russ.).
https://doi.org/10.15789/1563-0625-CAA-2227

22. Behnoush AH, Shobeiri P, Bahiraie P, Amirkhani N, Khalaji A,
Peiman S. Chemerin levels in chronic kidney disease: A sys-
tematic review and meta-analysis. Front Endocrinol (Lausanne).
2023;14:1120774.
https://www.doi.org/10.3389/fendo.2023.1120774

23. AnueBa AM, Tennosa HB, Pe3nuk EB, baitkoBa WE, MakeeBa /1M,
Kotukosa MA u ap. InarHocTu4yeckne u NporHOCTUYECKUE acnekTbl
OMEHTMHA NpU CepAeYHO-COCYAMCTON natonorun. Kapouonoauye-
ckuli secmHuk. 2024;19(1):16-22.

354 tesonachocTb puck dapmakoTepanmm. 2025. T.13, N2 3


https://doi.org/10.1016/S2215-0366(19)30416-X 
https://elibrary.ru/HCJBZE
https://www.doi.org/10.1016/B978-0-323-85732-1.00038-4 
https://www.doi.org/10.3389/fendo.2022.1029736 
https://doi.org/10.1089/met.2023.0003 
https://doi.org/10.31887/DCNS.2018.20.1/bpenninx
https://doi.org/10.3389/fpsyt.2021.623681
https://doi.org/10.1001/jama.2009.1549
https://doi.org/10.1176/appi.ajp.2020.177901
https://doi.org/10.1007/s12325-021-01689-8
https://doi.org/10.52667/2712-9179-2021-1-2-126-127
https://doi.org/10.20900/jpbs.20190013
https://doi.org/10.3390/metabo12080726
https://doi.org/10.38109/2225-1685-2023-2-64-71
https://www.doi.org/10.3389/fcell.2020.00409
https://www.doi.org/10.3390/ijms23073996
https://doi.org/10.1186/1472-6823-13-47
https://doi.org/10.15690/vramn.v70.i5.1441
https://doi.org/10.1067/mcp.2001.113989
https://doi.org/10.15789/1563-0625-CAA-2227
https://www.doi.org/10.3389/fendo.2023.1120774

Shnayder N.A., Nasyrova R.F., Pekarets N.A., Grechkina V.V., Petrova M.M.
Circulating MicroRNAs Are Promising Biomarkers for Assessing the Risk of Antipsychotic-Induced Metabolic...

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Alieva AM, Teplova NV, Reznik EV, Baikova IE, Makeeva LM, Koti-
kova IA, et al. Diagnostic and prognostic aspects of omentin in car-
diovascular diseases. Russian Cardiology Bulletin. 2024;19(1):16-22
(In Russ.).

https://doi.org/10.17116/Cardiobulletin20241901116

Mo6oxesa WA, MaHTeneesa AA, lMNonsikoea EA, [payesa KB, Pa3-
runbamHa HA, fankuua OB u ap. OMeHTUH-1 NOAKOXHOW XMPOBO#
TKaHM Npu nweMmuyeckoi bonesHu cepaua. MeduyuHckas seHemuxa.
2020;19(11):21-30.

Pobozheva IA, Panteleeva AA, Polyakova EA, Dracheva KV,
Razgildina ND, Galkina OV, et al. Subcutaneous adipose tissue
omentin-1 in coronary artery disease patients. Medical Genetics.
2020;19(11):21-30 (In Russ.).
https://doi.org/10.25557/2073-7998.2020.11.21-30

Lorente L, Martin MM, Varo N, Borreguero-Ledn JM, Solé-Violan J,
Blanquer J, et al. Association between serum soluble CD40 Li-
gand levels and mortality in patients with severe sepsis. Crit Care.
2011;15(2):R97.

https://www.doi.org/10.1186/cc10104

Wang MN, Han YB, Li Q, Guo L, Yang YM, Wang W, Zhang JC. Higher
serum retinol binding protein 4 may be a predictor of weak meta-
bolic control in Chinese patients with type 2 diabetes mellitus.J Int
Med Res. 2012;40(4):1317-24.
https://www.doi.org/10.1177/147323001204000410
Brandao-Lima PN, de Carvalho GB, Payolla TB, Sarti FM, Fisberg RM,
Malcomson FC, et al. Circulating microRNAs showed specific re-
sponses according to metabolic syndrome components and sex of
adults from a population-based study. Metabolites. 2022;13(1):2.
https://www.doi.org/10.3390/metabo13010002

Solis-Toro D, Mosquera Escudero M, Garcia-Perdomo HA. Associa-
tion between circulating microRNAs and the metabolic syndrome
in adult populations: A systematic review. Diabetes Metab Syndr.
2022;16(1):102376.
https://www.doi.org/10.1016/j.dsx.2021.102376

Xavier G, Mauer J, Ota VK, Santoro ML, Belangero SI. Influence of
antipsychotic drugs on microRNA expression in schizophrenia pa-
tients — a systematic review. J Psychiatr Res. 2024;176:163-72.
https://doi.org/10.1016/j.jpsychires.2024.06.010

Garcia-Giménez JL, Seco-Cervera M, Tollefsbol TO, Roma-Mateo C,
Peir6-Chova L, Lapunzina P, Pallard6 FV. Epigenetic biomarkers:
Current strategies and future challenges for their use in the clinical
laboratory. Crit Rev Clin Lab Sci. 2017;54(7-8):529-50.
https://doi.org/10.1080/10408363.2017.1410520

Neznanov NG. A paradigm shift to treat psychoneurological disor-
ders. Personalized Psychiatry and Neurology. 2021;1(1):1-2.

O’Brien J, Hayder H, Zayed Y, Peng C. Overview of MicroRNA bio-
genesis, mechanisms of actions, and circulation. Front Endocrinol
(Lausanne). 2018;9:402.
https://www.doi.org/10.3389/fend0.2018.00402
Saha S. Role of microRNA in oxidative
2024;4(2):269-81.
https://doi.org/10.3390/stresses4020016
Wtodarski A, Strycharz J, Wréblewski A, Kasznicki J, Drzewoski J,
Sliwinska A. The role of microRNAs in metabolic syndrome-related
oxidative stress. Int J Mol Sci. 2020;21(18):6902.
https://www.doi.org/10.3390/ijms21186902

Carvalho GB, Brandao-Lima PN, Payolla TB, Lucena SEF, Sarti FM,
Fisberg RM, Rogero MM. Circulating miRNAs are associated with
low-grade systemic inflammation and Lleptin levels in older adults.
Inflammation. 2023;46(6):2132-46.
https://www.doi.org/10.1007/s10753-023-01867-6

Das K, Rao LVM. The role of microRNAs in inflammation. Int J Mol
Sci. 2022;23(24):15479.
https://www.doi.org/10.3390/ijms232415479

Engin AB, Engin A. Adipogenesis-related microRNAs in obesity. £x-
RNA. 2022;4:16.

https://www.doi.org/10.21037/exrna-22-4

Agbu P, Carthew RW. MicroRNA-mediated regulation of glucose
and lipid metabolism. Nat Rev Mol Cell Biol. 2021;22(6):425-38.
https://www.doi.org/10.1038/541580-021-00354-w

Dong M, Ye Y, Chen Z, Xiao T, Liu W, Hu F. MicroRNA 182 is a novel
negative regulator of adipogenesis by targeting CCAAT/enhanc-
er-binding protein a. Obesity (Silver Spring). 2020;28(8):1467-76.
https://doi.org/10.1002/oby.22863

Wagschal A, Najafi-Shoushtari SH, Wang L, Goedeke L, Sinha S,
deLemos AS, et al. Genome-wide identification of microRNAs
regulating cholesterol and triglyceride homeostasis. Nat Med.

stress. Stresses.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

2015;21(11):1290-7.

https://www.doi.org/10.1038/nm.3980

Cheng J, Cheng A, Clifford BL, Wu X, Hedin U, Maegdefessel L,
et al. MicroRNA-144 silencing protects against atherosclero-
sis in male, but not female mice. Arterioscler Thromb Vasc Biol.
2020;40(2):412-25.
https://www.doi.org/10.1161/ATVBAHA.119.313633

Irani S, IgbalJ, Antoni W, ljaz L, Hussain MM. MicroRNA-30c reduc-
es plasma cholesterol in homozygous familial hypercholesterolem-
icand type 2 diabetic mouse models. J Lipid Res. 2018;59(1):144-54.
https://doi.org/10.1194/jlr.M081299

Trajkovski M, Hausser J, Soutschek J, Bhat B, Akin A, Zavolan M,
et al. MicroRNAs 103 and 107 regulate insulin sensitivity. Nature.
2011;474(7353):649-53.

https://doi.org/10.1038/nature10112

LiuW, Cao H, Ye C, Chang C, Lu M, Jing Y, et al. Hepatic miR-378 tar-
gets p110a and controls glucose and lipid homeostasis by modu-
lating hepatic insulin signalling. Nat Commun. 2014;5:5684.
https://doi.org/10.1038/ncomms6684

Kornfeld JW, Baitzel C, Konner AC, Nicholls HT, Vogt MC, Herr-
manns K, et al. Obesity-induced overexpression of miR-
802 impairs glucose metabolism through silencing of Hnflb. Na-
ture. 2013;494(7435):111-5.

https://doi.org/10.1038/nature11793

Xu H, Du X, Xu J, Zhang Y, Tian Y, Liu G, et al. Pancreatic  cell
microRNA-26a alleviates type 2 diabetes by improving periph-
eral insulin sensitivity and preserving B cell function. PLoS Biol.
2020;18(2):e3000603.
https://doi.org/10.1371/journal.pbio.3000603

Ofori JK, Salunkhe VA, Bagge A, Vishnu N, Nagao M, Mulder H, et al.
Elevated miR-130a/miR130b/miR-152 expression reduces intracel-
Llular ATP Llevels in the pancreatic beta cell. Sci Rep. 2017;7:44986.
https://doi.org/10.1038/srep44986

Belgardt BF, Ahmed K, Spranger M, Latreille M, Denzler R, Kondra-
tiuk N, et al. The microRNA-200 family regulates pancreatic beta
cell survival in type 2 diabetes. Nat Med. 2015;21(6):619-27.
https://doi.org/10.1038/nm.3862

Zhang F, Ma D, Zhao W, Wang D, Liu T, Liu Y, et al. Obesity-induced
overexpression of miR-802 impairs insulin transcription and secre-
tion. Nat Commun. 2020;11(1):1822.
https://doi.org/10.1038/s41467-020-15529-w

Melkman-Zehavi T, Oren R, Kredo-Russo S, Shapira T, Mandel-
baum AD, Rivkin N, et al. miRNAs control insulin content in pan-
creatic B-cells via downregulation of transcriptional repressors.
EMBO J. 2011;30(5):835-45.
https://doi.org/10.1038/emboj.2010.361

Price NL, Fernandez-Tussy P, Varela L, Cardelo MP, Shanabrough M,
Aryal B, et al. microRNA-33 controls hunger signaling in hypotha-
lamic AgRP neurons. Nat Commun. 2024;15(1):2131.
https://www.doi.org/10.1038/541467-024-46427-0

Taouis M. MicroRNAs in the hypothalamus. Best Pract Res Clin Endo-
crinol Metab. 2016;30(5):641-51.
https://www.doi.org/10.1016/j.beem.2016.11.006

Zhang D, Yamaguchi S, Zhang X, Yang B, Kurooka N, Sugawara R,
et al. Upregulation of mir342 in diet-induced obesity mouse and
the hypothalamic appetite control. Front Endocrinol (Lausanne).
2021;12:727915.

https://www.doi.org/10.3389/fendo.2021.727915
Sangiao-Alvarellos S, Pena-Bello L, Manfredi-Lozano M, Tena-Sem-
pere M, Cordido F. Perturbation of hypothalamic microRNA ex-
pression patterns in male rats after metabolic distress: Impact of
obesity and conditions of negative energy balance. Endocrinology.
2014;155(5):1838-50.

https://www.doi.org/10.1210/en.2013-1770

Mak KWY, He W, Loganathan N, Belsham DD. Bisphenol A al-
ters the levels of miRNAs that directly and/or indirectly target
neuropeptide Y in murine hypothalamic neurons. Genes (Basel).
2023;14(9):1775.

https://www.doi.org/10.3390/genes14091773

Derghal A, Djelloul M, Azzarelli M, Degonon S, Tourniaire F, Lan-
drier JF, et al. MicroRNAs are involved in the hypothalamic leptin
sensitivity. Epigenetics. 2018;13(10-11):1127-40.
https://doi.org/10.1080/15592294.2018.1543507

Dobrodeeva VS, Abdyrahmanova AK, Nasyrova RF. Personalized
approach to antipsychotic-induced weight gain prognosis. Person-
alized Psychiatry and Neurology. 2021;1(1):3-10.
https://doi.org/10.52667/2712-9179-2021-1-1-3-10

Safety and Risk of Pharmacotherapy. 2025. Vol. 13, No. 3 355


https://doi.org/10.17116/Cardiobulletin20241901116
https://doi.org/10.25557/2073-7998.2020.11.21-30
https://www.doi.org/10.1186/cc10104
https://www.doi.org/10.1177/147323001204000410
https://www.doi.org/10.3390/metabo13010002
https://www.doi.org/10.1016/j.dsx.2021.102376
https://doi.org/10.1016/j.jpsychires.2024.06.010
https://doi.org/10.1080/10408363.2017.1410520
https://www.doi.org/10.3389/fendo.2018.00402
https://doi.org/10.3390/stresses4020016
https://www.doi.org/10.3390/ijms21186902
https://www.doi.org/10.1007/s10753-023-01867-6
https://www.doi.org/10.3390/ijms232415479
https://www.doi.org/10.21037/exrna-22-4
https://www.doi.org/10.1038/s41580-021-00354-w
https://doi.org/10.1002/oby.22863
https://www.doi.org/10.1038/nm.3980
https://www.doi.org/10.1161/ATVBAHA.119.313633
https://doi.org/10.1194/jlr.M081299
https://doi.org/10.1038/nature10112
https://doi.org/10.1038/ncomms6684
https://doi.org/10.1038/nature11793
https://doi.org/10.1371/journal.pbio.3000603
https://doi.org/10.1038/srep44986
https://doi.org/10.1038/nm.3862
https://doi.org/10.1038/s41467-020-15529-w
https://doi.org/10.1038/emboj.2010.361
https://www.doi.org/10.1038/s41467-024-46427-0
https://www.doi.org/10.1016/j.beem.2016.11.006
https://www.doi.org/10.3389/fendo.2021.727915
https://www.doi.org/10.1210/en.2013-1770
https://www.doi.org/10.3390/genes14091773
https://doi.org/10.1080/15592294.2018.1543507
https://doi.org/10.52667/2712-9179-2021-1-1-3-10

LWHangep H.A., HacbipoBa P.®,, Mekapel H.A., NpeuknHa B.B., NeTpoBa M.M.
Lipkynupytouime MUKPpOoPHK — nepcnekTUBHble BMoMapKepbl A9 OLEHKM PUCKA Pa3BUTUS aHTUMNCUXOTUK...

58. Holm A, Possovre ML, Bandarabadi M, Moseholm KF, Justinussen JL,
Bozic I, et al. The evolutionarily conserved miRNA-137 targets the
neuropeptide hypocretin/orexin and modulates the wake to sleep
ratio. Proc Natl Acad Sci USA. 2022;119(17):e2112225119.
https://www.doi.org/10.1073/pnas.2112225119

59. Siegert S, Seo J, Kwon EJ, Rudenko A, Cho S, Wang W, et al. The
schizophrenia risk gene product miR-137 alters presynaptic plas-
ticity. Nat Neurosci. 2015;18(7):1008-16.
https://www.doi.org/10.1038/nn.4023

60. Azhar S, Dong D, Shen WJ, Hu Z, Kraemer FB. The role of miRNAs in
regulating adrenal and gonadal steroidogenesis. J/ Mol Endocrinol.
2020;64(1):R21-R43.
https://www.doi.org/10.1530/JME-19-0105

61. Aranda A. MicroRNAs and thyroid hormone action. Mol Cell Endo-
crinol. 2021;525:111175.
https://www.doi.org/10.1016/j.mce.2021.111175

62. Vaira V, Verdelli C, Forno |, Corbetta S. MicroRNAs in parathyroid
physiopathology. Mol Cell Endocrinol. 2017;456:9-15.
https://www.doi.org/10.1016/j.mce.2016.10.035

63. Martinez B, Peplow PV. MicroRNAs as potential biomarkers for di-
agnosis of schizophrenia and influence of antipsychotic treatment.
Neural Regen Res. 2024;19(7):1523-31.
https://doi.org/10.4103/1673-5374.387966

64. Zhang HC, Du Y, Chen L, Yuan ZQ, Cheng Y. MicroRNA schizophre-
nia: Etiology, biomarkers and therapeutic targets. Neurosci Bio-

behav Rev. 2023;146:105064.
https://doi.org/10.1016/j.neubiorev.2023.105064

65. Zaki MB, Abulsoud Al, Ashraf A, Abdelmaksoud NM, Sallam AM,
Aly SH, et al. The potential role of miRNAs in the pathogenesis of
schizophrenia — a focus on signaling pathways interplay. Pathol
Res Pract. 2024;254:155102.
https://doi.org/10.1016/j.prp.2024.155102

66. Chan YL, Ho CSH, Tay GWN, Tan TWK, Tang TB. MicroRNA clas-
sification and discovery for major depressive disorder diagnosis:
Towards a robust and interpretable machine learning approach.
J Affect Disord. 2024;360:326-35.
https://doi.org/10.1016/j.jad.2024.05.066

67. Ding R, Su D, Zhao Q, Wang Y, Wang JY, Lv S, Ji X. The role of micro-
RNAs in depression. Front Pharmacol. 2023;14:1129186.
https://doi.org/10.3389/fphar.2023.1129186

68. Elfaki |, Mir R, Mir MM, AbuDuhier FM, Babakr AT, Barnawi J. Poten-
tial impact of microRNA gene polymorphisms in the pathogenesis
of diabetes and atherosclerotic cardiovascular disease. J Pers Med.
2019;9(4):51.
https://doi.org/10.3390/jpm9040051

69. Gottmann P, Ouni M, Zellner L, Jahnert M, Rittig K, Walther D, et al.
Polymorphisms in miRNA binding sites involved in metabolic dis-
eases in mice and humans. Sci Rep 2020;10:7202.
https://doi.org/10.1038/541598-020-64326-4

70. Villanova F, Di Meglio P, Nestle FO. Biomarkers in psoriasis and pso-
riatic arthritis. Ann Rheum Dis. 2013;72(S2):ii104-10.
https://doi.org/10.1136/annrheumdis-2012-203037

DononHutenbHas nHpopmauma. Tabnamupl 1 u 2 pasme-
WeHbl Ha canTe XypHana «be3onacHocTb 1 puck dpapma-
KoTepanum».
https://doi.org/10.30895/2312-7821-2025-478-tabl1-2

Additional information. Tables 1-2 are posted on the
website of Safety and Risk of Pharmacotherapy.

https://doi.org/10.30895/2312-7821-2025-478-tabl1-2

Bknap aBTopoB. Bce aBTOpbI NOATBEPXKAAIOT COOTBETCTBUE
cBoero aBTopcTBa kputepusam ICMIE. Hanbonblumii Bknag,
pacnpefeneH cnepywowmm obpasom: HA. lllHalidep — Ha-
nMcaHue TeKCcTa pykonucu u ero opaboTka no pesynbra-
TaM peLeH3npoBaHus; PO. Haceiposa — obLwas KoHLenuus,
PYKOBOACTBO MPOEKTOM, YTBEPXKAEHWE OKOHYATENbHON
BEpPCMM pykonucu ansa nybaukauuu; H.A. llekapey — pa-
60Ta c 6asamMu [aHHbIX, HaMMCaHWE TeKCTa PYKOMUCK;
B.B. [peykuHa — paboTta c 6a3amMu AaHHbIX, MOArOTOBKA
rpaduyeckux Matepuanos; M.M. [lemposa — pu3anH uc-
CNnefoBaHus, pefakTMpOBaHMe TEKCTa PyKOMUCH.

Authors’ contributions. All the authors confirm that they
meet the ICMJE criteria for authorship. The most signif-
icant contributions were as follows. Natalia A. Shnay-
der drafted the manuscript and revised it based on the
peer-review results. Regina F. Nasyrova developed the
general concept of the study, managed the project, and
approved the final version of the manuscript for pub-
lication. Nikolai A. Pekarets worked with databases and
drafted the manuscript. Violetta V. Grechkina worked
with databases and prepared illustrations. Marina M.
Petrova designed the study and edited the manuscript.

OB ABTOPAX / AUTHORS

WHaipep Hatanba AnekceeBHa, A-p Mef. Hayk,
npodeccop

ORCID: https://orcid.org/0000-0002-2840-837X
HacbipoBa PeruHa ®apuToBHa, A-p Mef. HayK
ORCID: https://orcid.org/0000-0003-1874-9434
MNekapew, Hukonaii AnekcaHaposuy

ORCID: https://orcid.org/0009-0005-5895-1778
IpeuknHa Buonetta BnaapumuposHa

ORCID: https://orcid.org/0000-0001-8279-4198
MNeTpoBa MapuHa MuxainosHa, A-p Mef. Hayk,
npodeccop

ORCID: https://orcid.org/0000-0002-8493-0058

locmynuna 06.12.2024

locne dopabomku 05.03.2025
lMpuxsma k nyébaukayuu 21.03.2025
Online first 04.06.2025

Natalia A. Shnayder, Dr. Sci. (Med.), Professor
ORCID: https://orcid.org/0000-0002-2840-837X
Regina F. Nasyrova, Dr. Sci. (Med.)

ORCID: https://orcid.org/0000-0003-1874-9434
Nikolai A. Pekarets

ORCID: https://orcid.org/0009-0005-5895-1778
Violetta V. Grechkina

ORCID: https://orcid.org/0000-0001-8279-4198
Marina M. Petrova, Dr. Sci. (Med.), Professor
ORCID: https://orcid.org/0000-0002-8493-0058

Received 6 December 2024
Revised 5 March 2025
Accepted 21 March 2025
Online first 4 June 2025

356 GesonachocTs puck dapmakoTepanmm. 2025. T.13, N2 3


https://www.doi.org/10.1073/pnas.2112225119
https://www.doi.org/10.1038/nn.4023
https://www.doi.org/10.1530/JME-19-0105
https://www.doi.org/10.1016/j.mce.2021.111175
https://www.doi.org/10.1016/j.mce.2016.10.035
https://doi.org/10.4103/1673-5374.387966 
https://doi.org/10.1016/j.neubiorev.2023.105064
https://doi.org/10.1016/j.prp.2024.155102
https://doi.org/10.1016/j.jad.2024.05.066
https://doi.org/10.3389/fphar.2023.1129186
https://doi.org/10.3390/jpm9040051
https://doi.org/10.1038/s41598-020-64326-4
https://doi.org/10.1136/annrheumdis-2012-203037
https://doi.org/10.30895/2312-7821-2025-478-tabl1-2
https://doi.org/10.30895/2312-7821-2025-478-tabl1-2
https://orcid.org/0000-0002-2840-837X
https://orcid.org/0000-0003-1874-9434
https://orcid.org/0009-0005-5895-1778
https://orcid.org/0000-0001-8279-4198
https://orcid.org/0000-0002-8493-0058
https://orcid.org/0000-0002-2840-837X
https://orcid.org/0000-0003-1874-9434
https://orcid.org/0009-0005-5895-1778
https://orcid.org/0000-0001-8279-4198
https://orcid.org/0000-0002-8493-0058

