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Iko3aneHT eTu/1 Ta aTepPOCK/IEpPOTUYHI cepueBo-
CYAMHHI 3aXBOPIOBaHHA NPU LYKPOBOMY Aia6eri
2-ro Tuny (HapaTuBHMI ornaa)

BikTopis CeprieHko?, Jliogmmuna CeprieHko?,
AHapin Yepkac?, OnekcaHap CeprieHko?

11bBIBCbKUV HALIOHA/IbHNI MEANYHNKI YHIBEPCUTET
imeHi flannna anvybkoro, JlbBiB, YkpaiHa
2CaHopi, ®paHKpypT-Ha-MaviHi, Himey4ymHa

MpoaHanizoBaHi cy4yacHi nornaam woao 6ioxiMiyHMX Ta Mone-
KYNAPHUX MeXaHi3MiB w-3 MofliHEeHAaCUYEHUX XUPHUX KUCAOT
(w-3 MHXK), 30kpema iko3aneHT etuny (IPE) npun atepockne-
POTUYHUX CEpLEBO-CYAMHHUX 3axBoptoBaHHAX (ACC3), uykpo-
BoMy piabeti 2 Tuny (LUA2T). Pe3ynbtatn ekcnepmMMeHTanbHuX,
KOrOpPTHUX, NPOCMEKTUBHUX, PAaHAOMI30BaHUX KNiHIYHMX AOCNi-
J>KeHb NiATBEPAXYOTb NepCneKTUBHICTb 3acTocyBaHHA IPE ang
npodinakTnku Ta nikysaHHa ACC3 npwu LAO2T.

CrpaTteria nowyky. llowyKk npoBoamMBCca B Scopus, Science
Direct (Big Elsevier), 6a3ax gaHnx EBSCO i PubMed, Bknto4HO
3 6azamn gaHmx Medline. [na BUABNEHHS pe3ynbTaTiB AOCNi-
JXXEeHHS, SKi He BAANOCH 3HaWTU Nig 4Yac OHNAMH-MOWYKY, BU-
KOPUCTOBYBABCS PyYHUN nowyk 6ibniorpadii nybnikauin.

KnrouoBi cnoBa: w-3 noniHeHacu4yeHi XXUpHi KUCI0TK, iko3a-

NEeHT €TWJ1, aTEPOCKNEPOTUYHI CcepLeBO-CyANHHI 3aXBOPIOBaH-
HS, LYKpoBWUI aiabeT 2 Tuny.
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This narrative review was aimed to analyze the current views
on the biochemical and molecular mechanisms of w-3 polyun-
saturated fatty acids (w-3 PUFAs), in particular icosapent eth-
yl (IPE), in atherosclerotic cardiovascular disease (ASCVD) and
type 2 diabetes mellitus (T2D). The results of experimental, co-
hort, prospective, randomized clinical trials confirm the pros-
pects of using IPE to prevent and treat ASCVD in T2D.

Search Techniques. Databases from Scopus, Science Di-
rect (from Elsevier), EBSCO, PubMed, and Medline were all
searched. To find trials that were missed by the web search, a
manual search of the publishing bibliographies was conducted.

Keywords: w-3 polyunsaturated fatty acids, icosapent ethyl,
atherosclerotic cardiovascular disease, type 2 diabetes mellitus.
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1. Bctyn

ACC3 € npoBigHOK MPUYMHOK 3axXBOPHOBAHO-
CTi Ta cMepTHOCTI xBopux Ha LUA2T [1-3]. Bi-
AoMo, Wwo aiabeTmyHa ancninonpoTeiHeMis 3a-
JNWAETbCS 3HA4YHUM dakTopoM pusmky ACC3
y Takux nauieHTiB. OQHaK 3pOCTa€ KibKiCTb
[OKa3iB TOro, Wo ninigo3HMXXYyBasibHa Tepanis
nos’szaHa 3 AOBroCTpokoBUMM naTtodiziono-
rYHUMM 3MiHAMM rOMeoCTa3y 1I0KO3M Ta po3-
BUTKOM LA2T [4]. Y nauieHTiB 3 AOCATHYTUM
LiIbOBUM piBHEM XONIeCTEPUHY NIMOMPOTEIHIB
HM3bKOI WinbHocTi (XC JIMHLL) Bce we moxe
crnocTepiratucb 3anmwkosuii pusnk ACC3, va-
CTKOBO MOB’A3aHWli i3 NiABULLEHOID KOHLEH-
Tpauieto Tpurniuepuais (TI) [5,6]. Kpim Toro,
Yy XBOpMX 3i CTiNKO NigBULLEHMM BMicTOM TI
HaTwecepue >2,26 MMO/b/N), Ki OTPUMYIOTb
MaKCcMMasibHO MEepeHOoCUMMy Tepani cTaTu-
Hamn, Gibpatn abo w-3 MHXK MoxyTb 6yTu
KOPUCHUMWN ANs rnojanblioro 3HmxeHHa XC
JIMHLL.

Pe3ynbTat paHAOMI30BaAHOrO KJiHIYHOro A0Chi-
xkeHHs (PKAO) PROMINENT (the Pemafibrate to
Reduce Cardiovascular Outcomes by Reducing
Triglycerides in Patients with Diabetes) i3 3acTo-
CyBaHHAM nemadibpaTy He NMpoAEMOHCTpyBanu
YKOAHOI KOPUCTI WOA0 3HMXEHHSA pu3nky ACC3
y xBopux Ha UA2T 3 rinepTpurniuepuaeMieto
(I'TM) | HU3bKMM BMICTOM XONECTEPUHY NiNonpo-
TeiHiB BMCOKOI WinbHocTi (XC JIMBLL), HaToMiCTb
cnocTepiranock 3poctaHHs XC JIMHLL, [7].

Mi>xHapoAHi KepiBHULITBA PEKOMEHAYIOTb BUKO-
puctaHHs IPE (BMCOKOOUMLLEHOI ellko3aneHTa-
€HoBoi kncnoty (EMK)) B nikyBaHHI NauieHTiB i3
BUCOKUM puamkom ACC3 i I'TI [8]. Pe3synbTtaTtyn
REDUCE-IT (the Reduction of Cardiovascular
Events with Icosapent Ethyl Intervention Trial)
NpoAEeMOHCTpOBanM, WO cepea MNauieHTiB i3
I'Tr, pU3nK ileMiyHMX NOoAiN, BKIKOYaoumM cep-
ueBo-cyamHHy (CC) cMepTb, 6yB 3HAUHO HMX-
UMM cepepf XBOopuX, XTo oTpuMmyBaB 2 1 IPE aBiuvi
Ha poby [9]. RESPECT-EPA (The Randomized
trial for Evaluation in Secondary Prevention
Efficacy of Combination Therapy-Statin and
Eicosapentaenoic Acid Trial) xo4 i mano rpa-
HWYHE 3HAUYeHHA A/ NepBUHHOI KiHLEBOI ToY-
KW, BCE X AO0CAr/10 BTOPUHHOI 3 BIiAHOCHUM 3HU-
XKEHHSAM pU3MKY 3aBasku Tepanii IPE [10].

OT)Xe, METOK HaNMCaHHS A4aHOro HapaTUBHOMO
ornsay 6yno npoaHanisayBaTu Ta y3arasbHu-
TW paHi nitepaTypu WoAo edeKTUBHOCTI w-3
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MHXK, IPE npn ACC3, LLA2T Tta Mmoxnmei 6ioxi-
MiYHi Ta MONeKynsapHi MexaHiamu, ki 06yMoB-
JIIOKOTb Ui 3MiHW.

2. Q-3MHXK i pgieTa

BxxnBaHHa w-3 MHXK acouitoeTbcs 3 HU3bKUM
KapaioMetaboniyHMM pPU3MKOM | 3MEHLUEHHSM
AKTUBHOCTI 3ananbHOro npouecy. B Ton xe yac,
piBHI LUnpkyntotoydoi EMNK y xutenis 3axigHoi um-
Binizauii 3a3Buyar Hu3bki [11,12]. MNepenba-
YaEeTbCs, WO nigBuwieHe croxmeaHHA ENK Ta
iHWKMX -3 MHXXK noBMHHO 3MeHLWyBaTn (akTo-
pU pu3nKy, SKi CNpUSOTb KapaiomeTtaboniyHnm
3axBoptoBaHHAM [13]. OgHak, CnoXuBaHHA w-3
MHXXK 3a3Bnyan HegoCTaTHE Yepes ix obmexe-
Hi oxepena [14]. National Health and Nutrition
Examination Survey noBigoMnse, WO piBeHb
rMIOKO3W HaTwecepue y A0POC/UX i3 OXUPiH-
HAM 06epHEeHO NPONOPLINHUIA cnoxmBaHH0 EMK
[15]. Bigomo, wo Mopeni xap4yyBaHHS, TaKi siK
cepeAs3eMHOMOpPCbKa, AIETUYHI nigxoau 3rigHo
Dietary Approaches to Stop Hypertension Ta
KOHTpO/ibOBaHa BYrfeBoAgHa JAi€Ta edeKTUBHI
AN 3HWXKeHHS dakTopiB pu3anky ACC3 [16].
3rigHO 3 pe3yfnbTaTaMu iHTEpPBEHLUIMHUX A0Chi-
[>XKeHb, PI3HOMAHITHICTb MoAenen XapyyBaHHS
TakoXx Moxe 6yTu gouinbHow ansa ocié i3 no-
PYLUEHHAMW TONEepaHTHOCTI A0 rnawokosn (MTr),
BKJ1IOHA0UM cepea3eMHOMOPCbKY Ta CXeMU Xap-
4YyBaHHS 3 HU3bKWM BMICTOM Byrnesoais [3].

3. Iko3aneHT eTun

Y CLWA ansa nikyBaHHSA AOPOCAUX i3 Baxkorw T
CXBaneHi Tpu peuenTypHi dpopmMn w-3 MHXK:
(1) cymiw eTnnosoro edipy w-3 MHXK, ronos-
HUM 4mHOM ETK i foKOo3arekcaeHoBa KUC/OTa
(ArK); (2) IPE, etunosuii edip ENK; i (3) w-3
kapboHoBi knMcnotu, cymiw w-3 MHXK y dop-
Mi BinbHUX (OKK) [14]. Y 3aTBepa)XeHnX Ao3ax
yCi npenapatu CYTTEBO 3HWXYHOTb piBeHb TI
i XC ninonpoTeiHiB Ay)Xe HW3bKOI LWiNbHOCTI
(XC nNngHL). Komno3swuuii, wo mictate AK,
TakoX 34aTHi nigsuwysaTu piseHb XC JIMHLL,
o, 04HAK, HE CYNpPOBOAXYETbCA 3POCTAHHAM
BMicTy XC ninonpoTeiHiB HEBMCOKOI LWiSIbHOCTI
(XC HelMMNBLL) [17]. IPE 3aTBEpPAXEHUN K A0-
NOBHEHHSA A0 AIETU 3 METOK 3HMXKEHHS piBHA
Tl y fopocnux nauieHTiB 3 Tsxkot T (25,65
Mmosnb/n) [14]. AMepuKaHCbKa acouiauia cep-
us (AHA) oHoBuna pekoMeHpgauii WoAO NiKy-
BaHHS XBOPUX 3i CTabilbHUM XPOHIYHMM KOPO-
HapHuM cuHapomom (XKC) i UO2T. 3okpema,
IPE Ha3BaHO ogHWMM i3 fikapcbkux 3acobis
(13) nepwoi NiHii ANS BUKOPUCTAHHA NaLi€H-
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1. Introduction

An atherosclerotic cardiovascular disease (AS-
CVD) is the main complication and cause of
morbidity and mortality in type 2 diabetes
(T2D) [1-3]. Diabetic dyslipoproteinemia re-
mains a major risk factor for ASCVD in these
patients. However, there is accumulating
evidence that lipid-lowering treatment con-
tributes to long-term glucose homeostasis
alterations and T2D [4]. Due to increased tri-
glyceride (TG) levels, despite reaching target
levels of low-density lipoprotein cholesterol
(LDL-C), patients nevertheless may have a
risk of ASCVD [5,6]. Patients with persistently
elevated fasting TG (>2.26 mmol/L) and max-
imally tolerated statin therapy may benefit
from fibrates or w-3 polyunsaturated fatty ac-
ids (w-3 PUFAs) for additional LDL-C lowering.

The randomized clinical trial (RCT) PROMI-
NENT (Pemafibrate to Reduce Cardiovascular
Outcomes by Reducing Triglycerides in Pa-
tients with Diabetes) demonstrated no advan-
tage of permafibrate in reducing ASCVD risk in
T2D patients with hypertriglyceridemia (HTG)
and high-density lipoprotein cholesterol, with
simultaneous increase of LDL-C level [7].

High-risk ASCVD patients with HTG should re-
ceive icosapent ethyl (IPE, a highly purified
eicosapentaenoic acid (EPA)), according to in-
ternational standards [8]. REDUCE-IT (Reduc-
tion of Cardiovascular Events with Icosapent
Ethyl Intervention Trial) found that HTG pa-
tients who took 2 g of IPE twice a day had a
considerably decreased incidence of ischemic
events, including cardiovascular (CV) mortal-
ity [9]. RESPECT-EPA (Randomized Trial for
Evaluation in Secondary Prevention Efficacy of
Combination Therapy-Statin and Eicosapen-
taenoic Acid Trial) met the secondary endpoint
with a relative risk decrease attributable to
IPE therapy [10].

The aim of this narrative review is to evaluate
and summarize the research on the benefits
of w-3 PUFAs and particularly IPE in ASCVD
and T2D, as well as any potential biochemical
and molecular mechanisms behind these im-
provements.

2. Q-3 PUFAs and diet
High consumption of w-3 PUFAs is associated
with decreased cardiometabolic risk and re-
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duced inflammatory activity. At the same time,
circulating EPA blood levels in Western coun-
tries’ residents are usually low [11,12]. It is
generally assumed that increased intake of EPA
and other w-3 PUFAs with a healthy diet should
reduce the risk of ASCVD [13]. However, the
actual intake of w-3 PUFAs is usually insuffi-
cient due to their limited availability [14]. The
National Health and Nutrition Examination Sur-
vey reports that fasting glucose levels in obese
adults are inversely proportional to EPA intake
[15]. Nutritional models such as the Mediterra-
nean Diet, Dietary Approaches to Stop Hyper-
tension, and a controlled carbohydrate diet are
known to be effective in reducing ASCVD risk
factors [16]. According to the results of inter-
vention studies, various dietary patterns may
also be appropriate for people with impaired
glucose tolerance (IGT), including Mediterra-
nean and low-carbohydrate diets [3].

3. Icosapent ethyl

In the United States, three prescription forms
of w-3 PUFAs are approved for the treatment
of adults with severe HTG: (1) a mixture of
w-3 PUFA ethyl ester, mainly EPA and docosa-
hexaenoic acid (DHA); (2) IPE, ethyl ester of
EPA; and (3) w-3 carboxylic acids, a mixture
of w-3 PUFAs in the form of free fatty acids
(FFA) [14]. In the approved doses, all drugs
significantly reduce the levels of TG and very
low-density lipoprotein cholesterol (VLDL-C).
Formulations containing DHA can also in-
crease LDL-C, which is not accompanied by an
increase in non-HDL-cholesterol (non-HDL-C)
levels [17]. IPE is approved as a dietary sup-
plement to lower TG levels in adult patients
with severe HTG (=5.65 mmol/L) [14]. The
American Heart Association amended its treat-
ment guidelines for stable chronic coronary
syndrome (CHD) with T2D. IPE was named a
first-line medication for CHD and T2D patients
with TG >1.69 mmolL [8].

3. 1 Mechanism of action

IPE is a unique drug because it contains ex-
clusively EPA, which is believed to be able to
reduce the risk of ASCVD. In contrast to w-6
arachidonic acid (AA), which is converted to
pro-inflammatory and prothrombotic forms of
eicosanoids, w-3 EPA has the opposite effects
[16]. Increased EPA/AA ratio increases cardio-
vascular health benefits, while lower values
are associated with an increased risk of ASC-
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Tamu 3 XKC i UA2T, 3a ymoBM, WO piBeHb TI B
kpoBi >1,69 mmonb/n [8].

3. 1 MexaHi3m pgii

IPE € yHikanbHUM J13, OCKi/IbKN MICTUTb BUKJTHOY-
Ho EMK, sika, K BBa)kaloTb, 34aTHa 3abe3neun-
TV 3HMXKeHHS pu3nky ACC3. Y Tol yac sk apa-
xigoHoBa kucnoTta (AK) npoaykye npo3anasibHi
Ta npoTtpoMboTu4Hi dopmu, EMNK Bonoaie npo-
TUNexHnMmn edektamm [16]. 36inblweHHs cniB-
BigHoweHHs EMK/AK nigBuwye CC-nepesaru,
TOAI AK HMXKYI MOKA3HMKM acoLitoThCS i3 Nia-
BULLEHHAM pu3nky ACC3 [18]. Mpoayktn meTta-
6onismy w-3 MHXK, a came npoTekTMHK, pe3o-
NnBiHWM (Rvs) Ta Mape3nHW MaroTb NpoTM3anasnbHi
B1IAaCTMBOCTI M MpOTUAIIOTb aKTMBaUii 3ananbHil
peakuii npn ACC3 [11]. Rvs 3B'a3ytoTbcs 3 G-6i-
nokcnpshkeHnM peuentopom 32 (GPR32) Ta ak-
TUBYIOTb 1ioro. MNepeagaya curHanis Yepe3 GPR32
aKTMBHO 3YMWHHAE 3anasbHi npouecn B aTe-
pocK/epoTMUYHMX bnswkax [19; 2; 20]. AroHiam
GPR120, kopoBaHoro reHom 6inka, peuenTtopa
w-3 MHXK, Mae noTy>xxHy npoTu3ananbHy Aito,
6nokytoun nepepadvy curHanis 6aratbox Mposa-
nanbHMx megiatopie [21]. GPR120 dyHKLioHYE
K peuenTtop/ceHcop w-3 NMHXK, 3okpema in vivo
npogeMoctpoBaHo, wo GPR120 onocepeakoBye
NOTY>XHi iHCyniH-ceHcMbinisytodi Ta npoTtuaiabe-
TUYHI edeKT LWNAXOM MpUrHiYeHHs Makpoda-
ro-iHAyKOBaHOro 3anasieHHs TKaHuH [22].

PizHmua mix edektamm EMNK ta ArK moxe 6ytu
4YACTKOBO MOB’'A3aHa 3 niadpakuigsMm ninonpo-
TeiHiB [23]. EMK npurHiyye etann ateporeHesy,
3HWXYe piBHi TI i XC HeJIMNBL, akTtnBye npo-
TM3ananbHi Ta aHTUTPOMOOTUYHI MeaiaTopu i
nokpawye dyHkuito eHgoTtenito [18]. Bigomo,
Wwo 3pocTtaHHs CC-pu3nKy KOpesntoe 3 BTPaTor
okenay asoty (NO) i NO-onocepenkOBaHOWO
Ba3oaunatauiero. EINK npoaemoHcTpyBana nia-
BULLIEHHS e(DeKTUBHOCTI 3B’A3yBaHHA eHAoTeni-
anbHoi NO-cuHTasm i (NO/nepokcuHitputy (NO/
ONOO-), Toai sk ONK He BnnmBae Ha ONOO-
[24]. Ockinbkn IPE Ha 99,99% cknapa€etbcs 3
EMK, J13 BUPI3HAETbCS NepeBaraMmu LWOAO 3HU-
XeHHS pusnky ACC3 nopiBHAHO 3 iHWKMK [20].

Xuposa TkaHuHa 6epe yyacTb y cekpedii nen-
TUHY, aaunoHekTuHy (ADIPOQ) i BicdaTuHy,
i MOXe CTUMYNOBATU iHCY/1IHOBUU CUrHAasIH
[25]. NigBuweHHs cuHTe3y ADIPOQ Binbysa-
€TbCA LWNAXOM iHribyBaHHS peLenTop-KepoBa-
HMUX KaTIOHHMX KAHOHIYHMX KaHanis ioHiB Ca?*
poauHu Transient Receptor Potential, siki 3aaTHi
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KOHTpontoBaTn BupobneHHs ADIPOQ. ADIPOQ
3ajigHnin 'y moaynsuii metabonismy ninigis i
rnoko3un. MNMosigoMnaeTscd, Wwo piseHb ADIPOQ
npu iHcyniHpe3ncTeHTHUX (IP)-cTaHax, a Takox
npyv UO2T 3HMXEHW, a pe3ybTaTh eKcnepu-
MEeHTaNbHUX A0CNIAXEHb MPOAEMOHCTPYBau,
wo w-3 MHXK nokpalytoTb YyTAMBICTb 40 iH-
CyJNiHYy 3a paxyHoOK niasuweHHs piBHa ADIPOQ
Ta NpUrHiYeHHs 3ananbHUX NpoLecis [26].

3. 2 Iko3aneHT eTun i ACC3

3anpornoHoBaHi HacCTyMHi MeXaHi3MW 3axUCHOI
poni EMK npun ACC3: mMoaynoBaHHA aKTUBHOCTI
ninonpoTeiHninasu; 3MiHuM ninigHoro npodinto;
3HMXEHHSA AT; 3MEeHLEeHHA CXWUbHOCTI A0 TPOM-
60yTBOpEHHS; NpoTM3ananbHa Ais; NOKpaLlaHHS
yHKLUii eHaoTenito; 3MeHLWeHHs ekcnpecii ak-
Topa Hekposy nyxnauHu-a (TNF-a) [12,27,28].
V. Musazadeh et al. [29], 3 MeTOlO BMBYEHHS
BnavBy w-3 MHXK Ha AT, 3acTtocyBanu mogesnb
BUNaaKoBux edekTiB, a aHanisy 4YyTauBoCTi -
MEeTOoA NepexpecHOro 3aTBepaXXyBaHHSA 3 BUK/IHO-
yeHHsiM. O6’egHaHa ouiHka 10 meTaaHanisis BU-
SIBUIA@ 3Ha4YyHe 3HMXeHHs cuctoniyHoro AT (CAT)
i piactoniyHoro AT (OAT). OTpuMaHi pesynbTta-
M cBigyaTtb, Wo w-3 MHXK 3aaTHi NO3UTUBHO
BNMBaTn Ha napametpu JAT Ta CAT.

Q-3 MHXK MOXyTb MpPOABAATU CBOK aHTUrI-
nepTeH3nBHY Ait0 3a LOMOMOrol KisibKOX Me-
XaHIi3MiB: LWNFGXOM KOHTPONIO CKiaay Kase-
0N, Wo nNpm3BoANTb A0 akTmeauii cuHTasm NO
(NOS); nocuneHHsa dyHKUIT eHaoTenito i, Bia-
MoBiAHO, 3HWXXEHHHA CUCTEMHOrO OMnopy Cy-
AvH; 36inbleHHa CMHTe3y Bas3oAmaTaToOpHUX
MediaTopiB i NMPUrHiYEeHHSA Ba3OKOHCTPUKTOP-
HUX, WO CNPUSE 3MEHLUEHHIO NepudepuyHoro
CYAMHHOro onipy i apTepiasnibHOI XXOPCTKOCTI;
30aTHOCTI 3Ha4yHO 3HmxyBaTu piBHi TI i XC
JIMHLL; akTuBauii TiopegoKcuHpeaykrtasm 1,
reMokcureHasm Ta CcynepokcuaamcMmyTasu, i,
TakMM UYMHOM 3axuWwaTtn eHaoTeniounTun BiA
okcuaaHTHoro ctpecy (OC). Omxe, npoTu3a-
nanbHa aia w-3 MHXK moxe 6yTn we ogHMM
nepeabavyyBaHMM CnNocoboM NposiBiB aHTUTI-
nepteHsneHoro edekty [11,30,29].

HeobxiaHO 3ayBaXwTu, WO iCHYKOTb BiAMIHHO-
cti Mk ArK i ENK wopo edekTiB Ha cyauHK Ta
Miokapa. 3okpema, EMK Burnsagae 6inbw edek-
TUBHOIO Y CNPUATIMBOMY MOM’sIKLWIEHHI Nepebiry
ACC3 3aBasKu1 CBOIM MOJIEKYNAPHUM B/1aCTUBOC-
TSM, SKi NOKpaLLyoTb nepebir OKMCHO-BIAHOBHUX
NPoLECiB Ha piBHI KNITUHHOI MeMbpaHu [27].
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VD [18]. The products of w-3 PUFA metabo-
lism, namely protectins, resolvins (Rvs), and
maresins, have anti-inflammatory properties
and counteract the activation of the inflam-
matory response in ASCVD [11]. Rvs bind to
and activate G-protein-coupled receptor 32
(GPR32). Signaling through GPR32 actively
inhibits inflammatory processes in atheroscle-
rotic plaques [2,19,20]. Agonism of GPR120,
an w-3 PUFA receptor, has a powerful anti-in-
flammatory effect by blocking the signaling
of many pro-inflammatory mediators [21].
GPR120 functions as a receptor/sensor for w-3
PUFAs, and in vivo, it has been demonstrat-
ed that GPR120 mediates potent insulin-sensi-
tizing and anti-diabetic effects by suppressing
macrophage-induced tissue inflammation [22].

The effects of EPA and DHA may change due
to lipoprotein subfractions [23]. EPA sup-
presses atherogenesis, decreases TG and
non-HDL-C, activates anti-inflammatory and
antithrombotic mediators, and improves en-
dothelial function [18]. Loss of nitric oxide
(NO) and NO-mediated vasodilation raises CV
risk. EPA was found to increase the effective-
ness of endothelial NO synthase and NO/per-
oxynitrite (NO/ONOO-) binding; no effect of
DHA on ONOO- was found [24]. IPE reduces
ASCVD risk more than others because it con-
tains 99.99% EPA [20].

Adipose tissue secretes leptin, adiponectin
(ADIPOQ), and visfatin, which activate insulin
signaling [25]. To increase ADIPOQ synthesis,
it is necessary to block receptor-gated cat-
ionic canonical Ca?* channels of the Transient
Receptor Potential family. ADIPOQ regulates
glucose and lipid metabolism. Experimental
investigations indicate that w-3 PUFAs can im-
prove insulin sensitivity by boosting ADIPOQ
levels and decreasing the activity of inflam-
matory processes, reducing insulin resistance
(IR) and T2D [26].

3.2 Icosapent Ethyl and ASCVD

Several mechanisms for the protective role
of EPA in ASCVD have been proposed: mod-
ulation of lipoprotein lipase activity; changes
in lipid profile; lowering blood pressure (BP);
reducing the tendency to thrombosis; anti-in-
flammatory effect; improvement of endo-
thelial function; reduction of tumor necrosis
factor-a (TNF-a) expression [12,27,28]. V.
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Musazadeh et al. [29] used a random effects
model to study the effect of w-3 PUFA on BP,
and the sensitivity analysis was performed
using the cross-validation method. A pooled
assessment of 10 meta-analyses revealed a
significant reduction in systolic BP (SBP) and
diastolic BP (DBP). The obtained results indi-
cate that w-3 PUFAs can positively affect SBP
and DBP parameters.

Q-3 PUFAs can lower hypertension by con-
trolling caveolae composition, activating NO
synthase, enhancing endothelial function, and
reducing systemic vascular resistance by in-
creasing vasodilator mediator synthesis and
inhibiting vasoconstrictor mediators. Antihy-
pertensive w-3 PUFAs activate thioredoxin re-
ductase 1, heme oxygenase, and superoxide
dismutase, protecting endothelial cells from
oxidative stress (0OS). The anti-inflammatory
activity of w-3 PUFAs may also contribute to
its antihypertensive effects [11,30,29].

It should be noted that there are differences
between DHA and EPA in terms of their ef-
fects on blood vessels and myocardium. EPA
seems to be especially good at slowing down
the progression of ASCVD because its molec-
ular properties improve how redox processes
work at the cell membrane level [27].

3. 3 The effect of IPE on lipid metabolism
A meta-analysis of 45 RCTs that enrolled 2674
patients with T2D showed that daily intake of
w-3 PUFAs for 6 months was associated with
a significant reduction in LDL-C, VLDL-C, TG,
glycated hemoglobin Alc (HbA1lc), and plasma
TNF-a levels [31]. However, it has been demon-
strated that using EPA and DHA in patients with
T2D and ASCVD did not improve metabolic and
inflammatory status [17]. According to the re-
sults of ORIGIN (The Outcome Reduction with
an Initial Glargine Intervention Trial), there
was no statistically significant effect of 0.9 g/
day of w-3 PUFA ethyl esters on reducing mor-
tality due to ASCVD in patients with T2D [32].
In addition, the results of the ASCEND (A Study
of Cardiovascular Events In Diabetes) trial
demonstrated that in patients with T2D without
ASCVD, there was no significant difference in
the incidence of major adverse cardiovascular
events (MACE) between patients receiving w-3
PUFAs and the placebo group [33]. However,
the Gruppo Italiano per lo Studio della Soprav-
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3. 3 Iko3aneHT eTuja: BIJIMB Ha AinigHnUM
06MiH

MeTtaaHaniz 45 PKO y 2674 nauieHTis i3 UA2T
rnokasas, WO WoaeHHe BXuBaHHSA w-3 MHXK
NpoOTAroM 6 MiC acouitOETLCS 3i 3HAYHUM 3HU-
xeHHam XC JIMHLW, XC nAgdLWl, Tr, rnikosa-
Horo remorno6iHy Alc (HbA1lc) Ta pisHsa TNF-a
B nna3mi kposi [31]. OaHak, NpoAEMOHCTpOBa-
HO, Wwo BukopuctaHH4a EMNK i MK y nauieHTis i3
LUAO2T ta ACC3 He crnpusano nokpawaHH MeTa-
6oniyHoro i 3ananbHoro cratycy [17]. Bigno-
BiAHO no pe3ynbtatieB ORIGIN (The Outcome
Reduction with an Initial Glargine Intervention
trial), y nauienTis i3 UA2T He BUABNEeHO cTatmc-
TUYHO 3Hauyworo Bnaney 0,9 r/aoby eTnnosmnx
edipie w-3 MHXK Ha 3HMXEHHS CMEpTHOCTI
BHacnigok ACC3 [32]. Kpim TOro, pesynbtatu
ASCEND (A Study of Cardiovascular Events iN
Diabetes) npogeMoHCTpyBanu, WO y XBOPUX Ha
LO2T 6e3 BepudikoBaHmx ACC3, He cnocTepi-
ranocb iCTOTHOI pi3HWUUI B 4acCTOTi CeprO3HUX
cyanHHux nogin (MACE) MixX nauieHTamu, ski
oTpumyBanu w-3 MHXK Ta rpynoto nnaue6o
[33]. Npote Gruppo Italiano per lo Studio della
Sopravvivenza nell'Infarto Miocardico (GISSI-
Prevenzione trial) nokasano, wo npmn3HadeHHs
HM3bKMX 003 w-3 MHXK (1 r/aoby) 3HMXYE 3a-
rajsibHy CMEpTHICTb Ta panToBy CMepTb BHaC/i-
Aok ACC3 [34]. 3a paHumum JELIS (Japan EPA
Lipid Intervention Study), y nauieHTiB i3 rinep-
XOJ/IeCTEPUHEMIEID, SAKI OTpUMyBanu CTaTUHU
pa3oM 3 BucokoouuweHow EMK (1,8 r/pooby)
cnocTepiranocek 19% BiAHOCHE 3HMXXEHHS Yac-
T0TM MACE BnpoaoBX 5-piyHoro nepiogy cro-
cTtepexeHHs [35]. Kpim Toro, Buxoasum 3 pe-
3ynbTaTie REDUCE-IT, kombiHyBaHHsS 4 r/poby
EMK 3 cTaTMHamu cnpussio 3Ha4YHO MeHLUil Yac-
TOoTi CC-nogin [9]. Lleir BUCHOBOK Aa€E Barome
06rpyHTYBaHHA ANng npusHadeHHs IPE nauieH-
Tam 3 T, 9Ki OTPMMYIOTb CTaTuUHK [36,37].

Pesynbtatn PK[, npoBeneHoro cepen rpynu
Bucokoro pusmky ACC3, npoaeMOHCTpyBanu,
WO Yy nauieHTiB, akuM npusHadanu IPE cno-
CTepiraBcsi HMX4UUIK piBeHb Tl i 3MEHLWeEHHSN
pusnky ACC3 [9]. Kpim Toro metabonitu EMNK
3anobiranu rinepraikeMmii Ta rinepiHcyniHemii
[15]. Pe3ynbTtatn ekcnepuMeHTanbHUX AOCAI-
OXeHb nokasanu, wo IPE 3axuwae Big MTT,
IP Ta B-KAITUHHOI AMCHYHKLIi, CNpUYMHEHOT
OIETO0 3 BMCOKUM BMicTOM >xupy (HFD) [38].
Cepepn nauieHTiB, SKi 3aCTOCOBYBasiM CTaTUHMU
B REDUCE-IT Trial, IPE 3HM3una piseHb TI i
pu3uk nepwoi CC-nogii Ha 30% nopiBHAHO 3
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nnaue6bo [37]. MNoBIAOMNSETLCS, WO OAHIEK i3
3Ha4yHKUX nepesar BukopuctaHHga IPE € Bpaxa-
toue 3HMXKeHHS pusnky LUO2T Ha 53% [39].

D. Al Rijjal et al. [38] npoTecTyBanu noTeHLUiNHI
3axuncHi edektTn w-3 MHXK. NMpoaeMoHcTpoBa-
HO, WO y MuUwen, ki otpumysanu IPE, cnocre-
pira€TbCsa 3HAaYHO 3HMXEHUIN BMICT TI y neyiHu,.
AHani3 pesysbTaTiB MofiiMepasHoi NaHUrosoi
peakuil nokasaB, LWO eKcnpecia peroxisome
proliferator-activated receptor-alpha (PPAR-a)
cyTTeBOo 3pocsa B rpyni IPE-HFD i3 3Hau-
HMM nocuneHHam cytochrome P450, family 4,
subfamily a, polypeptide 31 (Cyp4a31l), reHa
OKMCHeHHs XK. Omxe IPE nocuntoe ekcrnpecito
PPAR-a ta CYP4a31, wo, MMOBIipHO, NpuU3BO-
OVTb A0 NOCUNEHHSA OKMCHEHHSA XK, 3HMKEHHSA
piBHa TI B neyiHui Ta 3MeHLWweHHs IP.

CuHTes w-3 MHXK, 30kpema, w-3, w-6, ArK
peryneTbca aecatypasamm XK (Fatty acid
desaturases, FADS). MyTauii reHa FADS1 mo-
XyTb NMpU3BOAMTW A0 PIi3HMX 3anasjbHUX 3a-
XBOpPIOBaHb 3@ paxyHOK 3MiHW piBHIB MTHXK.
N. Khankari et al. [39], y 6aratoeTanHoMy
aHanisi, 3a A0MNOMOrol BUKOPUCTAHHA MEH-
Aeniscbkoi paHaomizauii (MR) i3 gsoma Bubip-
KamMun, BUKOPUCTaNM WmMpokoMacTabHy eBpo-
NencbKy NiACYMKOBY CTaTUCTUKY pe3ynbTaTiB
AO0CNigXeHb 3arasibHOreHoOMHUX acouiauin ans
OUiHKK 3MiH piBHiIB ninigie abo pu3nKy pos-
BUTKY LUA2T, BUKAMKAHUX TKaHWHOCNEUndiy-
HUMWU MNPOrHO30BaHUMU EKCMPEeCiAMU TEHIB.
Pesynbtatn MR 3 aBOMa BubipKaMm, 3BaKeHoi
Ha 3BOPOTHY AMCMNEPCil0 NPOAEMOHCTPYBasU,
wo FADS1-nporHo3oBaHe 36inblUeHHS BMICTY
umpkyntotoyvoi EMK nos’aA3aHe 3i 3HUXEHHAM
pusuky UAO2T Ha 23%. ABTOpM BBaxarTb,
wo IPE via nocuneHHs ekcnpecii reHa FADS1
CMpUSE 3HMXEHHIO piBHA TI, WO acouitoeTbCA
3i BUPa3HUM 3HWXKXEHHAM pu3uky LO2T.

3. 4 Iko3aneHT eTusl Ta iHcyJliHoOpe3uc-
TEHTHICTb

Q-3 MHXK MOxyTb CnpuaTn 3MeHLWeHHo IP
3a gonomoroto 6araTbOX MeXaHi3MiB, OCKiNbKK
edeKTUBHICTb 3HMXeHHS Tl Nnos’sA3aHa 3 nokpa-
WaHHAM MeTaboniaMmy rawokosn. MetaHanis 45
PK[ npoaeMoHcTpyBaB, wo w-3 MHXK no3m-
TUBHO BMJIMBAOTb Ha NinigHWI npodinb, nokpa-
LWYOTb perynsuito piBHS r1HOKO3U Ta CpUsA0Tb
3HMXEHHI KoHueHTpauii TNF-a Ta iHTepneliki-
Hy-6 [31]. Y gocnigxeHHi Ha muwax niHii db/db
OAHOTUXHeBe npu3HayveHHsa IPE 3meHwwno IP,
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vivenza nell'Infarto Miocardico (GISSI-Preven-
zione Trial) showed that low-dose w-3 PUFAs
(1 g/day) reduced overall mortality and sudden
death due to ASCVD [34]. According to the JE-
LIS (Japan EPA Lipid Intervention Study), pa-
tients with hypercholesterolemia treated with
statins and highly purified EPA (1.8 g/day) ex-
perienced a 19% relative reduction in the inci-
dence of MACE over a 5-year follow-up period
[35]. In addition, based on the results of RE-
DUCE-IT, the combination of 4 g/day of EPA
with statins contributed to a significantly lower
incidence of CV events [9]. This finding pro-
vides a strong rationale for prescribing EPA to
patients with HTG treated with statins [36,37].

The results of an RCT conducted among a high-
risk group of patients with ASCVD demonstrat-
ed that patients treated with IPE had lower
TG levels and a reduced risk of ASCVD [9]. In
addition, EPA metabolites prevented hypergly-
cemia and hyperinsulinemia [15]. The results
of experimental studies have shown that IPE
protects against IGT, IR, and B-cell dysfunction
caused by a high-fat diet (HFD) [38]. Among
patients treated with statins in the REDUCE-IT
Trial, IPE reduced TG levels and the risk of a
first CV event by 30% compared with placebo
[37]. One of the significant benefits of using
IPE is reported to be an impressive 53% reduc-
tion in the risk of T2D [39].

Al Rijjal et al. [38] tested the potential protec-
tive effects of w-3 PUFAs. It has been demon-
strated that mice treated with IPE have sig-
nificantly reduced TG content in the liver. The
polymerase chain reaction analysis showed
that the expression of peroxisome prolifer-
ator-activated receptor-alpha (PPAR-a) in-
creased significantly in the IPE-HFD group,
with a significant increase in cytochrome
P450, family 4, subfamily a, polypeptide 31
(Cyp4a31l), a gene for fatty acids (FA) oxi-
dation. Thus, IPE increases the expression of
PPAR-a and CYP4a31, which probably leads
to increased FA oxidation, decreased liver TG
levels, and reduced IR.

The synthesis of w-3 PUFAs, particularly w-3,
w-6, DHA, is regulated by fatty acid desaturas-
es (FADS). FADS1 gene mutations can lead to
various inflammatory diseases due to changes
in PUFA levels. N. Khankari et al. [39], in a
multistage analysis using two-sample Mende-
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lian randomization (MR), used large-scale Eu-
ropean summary statistics from genome-wide
association studies to assess changes in lipid
levels or the risk of T2D caused by tissue-spe-
cific predicted gene expression. The results
of two-sample, inverse variance-weighted MR
demonstrated that FADS1-predicted increas-
es in circulating EPA were associated with a
23% reduction in T2D risk. The authors be-
lieve that IPE via increased expression of the
FADS1 gene contributes to a decrease in the
level of TG, which is associated with a signifi-
cant decrease in the risk of T2D.

3.4 Icosapent ethyl and insulin resistance
Q-3 PUFAs may contribute to the reduction of
IR through multiple mechanisms, as the ef-
fectiveness of TG reduction is associated with
improved glucose metabolism. A meta-analy-
sis of 45 RCTs found that w-3 PUFAs improve
lipid profiles, glycemic control and lower TNF-a
and interleukin-6 levels [31]. After one week,
IPE reduced IR, circulating insulin, pre-pran-
dial blood glucose (PPBG), and IGT in db/db
mice. IPE was found to enhance pancreat-
ic B-cell function, lower liver TG levels, and
modify microbiota composition [38]. Accord-
ing to observational studies, w-3 PUFAs have
both beneficial and negative effects on glucose
metabolism and T2D risk [40; 41]. In a me-
ta-analysis of 83 RCTs, T. Brown et al. [42] ex-
amined the effects of w-3 and w-6 PUFA intake
in 121070 individuals at risk of T2D. The study
found that increasing dietary w-3, w-6, or total
PUFAs does not prevent T2D or impact HbA1lc,
PPBG, or insulin levels. However, the results of
the JELIS Study demonstrated the benefits of
EPA ethyl ester in preventing ASCVD [35]. The
reduction in T2D risk linked with IPE may only
be seen in HFD [38]. Although IPE was unre-
lated to T2D primary prevention, REDUCE-IT
observed a significant reduction in ASCVD risk,
suggesting a synergistic interaction between
statins and IPE [41,39]. RCTs have not proven
the benefits of increasing w-3 PUFA intake for
IR patients, possibly due to poor control, a fo-
cus on treatment rather than prevention, and
neglect of genetic polymorphism [43].

3. 5 Icosapent ethyl and type 2 diabetes
mellitus

IPE can contribute to the reduction of IR by
alleviating OS, having anti-inflammatory ef-
fects, reducing the accumulation of FA in the
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KOHLIEHTPALil0 LUMPKY/OYOro iHCyniHy, npe-
npaHaianbHoi raikemii Ta IMTT. IPE Takox nokpa-
WyBaB QYHKLi0 B-KAITUH NiALWNYHKOBOI 321034,
3HMXXYBaB piBeHb TI y neyiHLi Ta 3MiHIOBaB CK1ag
MikpobioTn [38]. Ob6cepBaUiiHi AOCNIAXEHHS No-
Kazanu K NO3UTUBHUN, TaK | HEraTUBHWUIA BNINB
-3 MHXK Ha meTaboniaMm rnoKo3n Ta puU3sMK
LA2T [40,41]. T. Brown e al. [42] npoBenu Me-
TaaHani3 83 PK/] eheKTMBHOCTI CNOXMBaHHA w-3
i w-6 MHXK y 121070 gopocnux i3 6yab-aKknm
pu3nkoM LUO2T. OTpuMaHi pe3ynbtatu ceigyatb,
Lo 36iNbLUeHHS B pauioHi xapuyBaHHSA w-3, w-6
abo 3aranbHux MHXK He3HayHO abo 30BCiM He
cnpusie npodinaktuuyi UA2T, He BnavBae Ha
nokasHukn HbAlc, npenpaHAianbHOI roKO3u
Ta iHcyniHy. OpHak, pe3ynbTtath JELIS Study
NPOAEMOHCTPYBaNU nepesBarn eTuniosoro edi-
py EMNK y npodinaktuui ACC3 [35]. MoxnuBo,
LLO 3HWXeHHs pu3nky LA2T, nos’asaHoro 3 IPE,
crocTepiraetbcsl nnwe B KoHTekcti HFD [38].
He3Baxatoum Ha MOBHY BIiACYTHICTb acouiauii,
nosigomneHy ans IPE B nepBuHHIl npodinakTuui
LA2T, 3HauHe 3HmxeHHsA pusnky ACC3 crioctepi-
ranocb B REDUCE-IT, 0 BKa3ye Ha MNOTEHLINHY
B3a€EMOAi0 (MOXJ/IMBO CUMHEPTFIYHUI edeKT) MiX
ctatuHamm Ta IPE [41,39]. OpgHak,Kkinbka PKA
He 3MOrnM BCTaHOBUTW nepeBarn 36inblUeHHS
CnoXmBaHHA w-3 MHXK y nikyBaHHI MauieHTIB
i3 IP-ctaHamn, WwWo Moxe 6yTM HacnigkoMm psay
UMHHUKIB, 30KpEMa He3a[0BifIbHOMO KOHTPOSItO,
(OKyCyBaHHS Ha NikyBaHHi, @ He Ha npodinak-
TUUI, | YaCTO HEXTYBAHHA FEHETUYHUM MoNiMop-
dizmom nroannHm [43].

3. 5 Iko3aneHT eTun i LykpoBuii aiabert 2
™ny

IPE 3paTHUI cnpuaTtu 3MeHweHHto IP 3aBas-
Kn nonerweHHo nepebiry OC, npoTusananb-
HUM edeKTaM, 3MeHLIeHHS HakonmueHHsa XK
B NeyiHui, Moaynsauii TpaHCKpUNUinHMX pakTo-
piB, ski 6epyTb y4yacTb y MeTaboni3mi ninigie i
OKMCHeHHI XK Ta npurHiyeHHio npoaykuii agn-
noumnTokiHie [11,27,28]. OaHaK cMCTEMaTUYHI
ornaanm Ta MeTaaHaniaum nokasanum, wo w-3
MHXK, abo cnoxuBaHHA xBOopuMM Ha LO2T
MopenpoayKTiB He BNnBatTb Ha 6iomapkepu
roMeocTasy rKOo3M YK iHCYIiHY, BKIOYao4n
HbAlc, piBeHb npe- i mocTnpaHAianbHOi ri-
kemii [17,42,31]. Po36ixxHOCTIi B OTpUMaHuX
pe3y/ibTaTax YaCTKOBO MOXYTb O6YTW MOSCHEHI
HacnigkoMm fo3yBaHHs i cknaay MHXK [38].

A. Pal et al. [15] BcTaHOBMAM, Wwo IPE 3anobirae
rinepiHcyniHeMmii Ta rinepraikemii y muwen ni-
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Hii C57BL/6]. 3okpema, IPE ckacyBaB 3HUXEH-
Ha BMicTy 18-rigpokcuENK (18-HEPE) y 6inii
XMPOBI TKaHWHI Ta nedviHui. BukopucraHHa y
iHBpeaHMX MuLwel i3 oxupiHHaMm RvE1l, meta-
6onity 18-HEPE, ane He 18-HEPE, ckacoByBa-
N0 rinepiHcyniHeMilo Ta rinepriikeMito yepes
G-6inkosuit peuentop ERV1/ChemR23. RvVE1l
HaNeXuTb A0 POAUHU eHAOoreHHUX metaboniTie
MHXK, BigoMMX 9K cnevianisoBaHi NPOPO3YnH-
Hi Mepiatopn (SPM), ski akTMBHO nigTpUMYy-
I0Tb (pi3ionoriyHMi nepebir 3ananbHUX peakuil
[44,19,22]. Bnnne RVE1 Ha rinepiHcyniHeMmito
Ta rineprnikeMito BiAPI3HAETbCA B Pi3HUX TBa-
PVH NpW MOAENtoBaHHI Ta aHanisi reHeTU4YHoro
noniMopdiamMy nOAMHU. AHanNi3 OA4HOHYK/Eo-
TMaHOro noniMop@disMy AoAATKOBO NiATBEPAUB
3Ha4Hi reHeTUYHi Bapiauii B reHax metaboniamy
RVE1/EMK noanHn [45]. Y cyKynHOCTI, Ui AaHi
csiguaTb Npo Te, wo ENK, yacTkoBo Yepes akTu-
Bauito RvE1l peuentopom ERV1/ChemR23, 3a-
nobirae rinepiHcyniHeMii Ta rinepraikemii [15].
Kpim Toro, aktmBauis ERV1/ChemR23 RVE1
NPUrHiYye rnepegady curHanis yepes xemepuH,
aAuMoKiH, Skni 38’a3ye ERV1/ChemR23 [46].

3. 6 Bnaus IPE Ha Mikpo6ioTy KMLIKIBHUKA
PesynbTtatn PK[ i3 3acTocyBaHHAM capAuMHOBOI
Aaietn (100 r capauH, 5 AHIB Ha TMXKA. NPOTArOM
6 Mic., wo 3abe3neuye npnbnmsHo 3 r EMNK Ta
AOrK Ha noby) y xsBopux Ha UA2T ceigyaTtb npo
3HayHe 3HWXKEeHHS cniBBigHOWEHHA Firmicutes
no Bacteroidetes [47]. 8-MuM TUXA. BXWBaH-
HA -3 MHXK gobposonbusamMm 3yMOBMAO MO-
CnigoBHe Ta 3BOPOTHE 36iNblUeHHA Mikpobiomy
KULWKIBHMKA, WO MPOAYKYE KOPOTKOIaHLIHOroBi
KK [48,49]. OgHak cnig 3a3HayunTy, WO KOpOT-
KOYaCHi AIETUYHI BTPYYaHHS HE MOXYTb 3MIHUTH
OOMiHYO4Y iHAMBIAYaNbHY BapiaTUBHICTb MiKpO-
6ioMm kuwkiBHmka. Q-3 MHXK, nmosipHO, no-
cnabnooTb rinepraikemito Ta IP, BNAMBaloThb Ha
Mikpo6ioMy KULWIKiBHMKa Ta MeTabonitu, Wwo 38'a-
3YI0Tb KULWKIBHUK 3 XXMPOBOK TKAHWUHOI, NeYiH-
KOI Ta MiALWTyHKOBOK 3a/103010. TakUM YMHOM,
w-3 MHXK, 3aBasaKku cCnpuATIMBUM 3MiHaM B OCi
“KULIKIBHUK-0OpraHn”, MoXxyTb 6yTW KOPUCHMMU
ANS BiAHOBNEHHS roMeocTasy rnoko3u [40].

3. 7 Iko3aneHT etun i pusuk U4 2 tuny

OAHMM i3 MMOBIpPHMX MexaHi3MiB 6ionoriyHo-
ro obrpyHTyBaHHs 3MeHLWeHHs pu3anky LO2T
npuv BUKOPUCTaHHI IPE Moxe 6yTW 3HUXEHHS
rineprnikemii 3aBasikm edektam RvEL (3axuct
BiA HAAMIpHOI ekcrnpecii Nnpo3ananbHUX I'eHiB).
Edektn IPE MOXYTb MPOSABAATUCH HE3asexXHO
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liver, modulating transcription factors involved
in lipid metabolism and FA oxidation, and sup-
pressing adipocytokine production [11,27,28].
However, systematic reviews and meta-anal-
yses have shown that w-3 PUFAs or seafood
consumption by patients with T2D do not af-
fect biomarkers of glucose or insulin homeo-
stasis, including HbA1lc, PPBG and postprandi-
al glycemia [17,42,31]. The discrepancies in
the results obtained can be partially explained
by the effect of the dosage and composition of
PUFAs [38].

A. Pal et al. [15] found that IPE prevents hy-
perinsulinemia and hyperglycemia in C57BL/6]
mice. In particular, IPE abolished the decrease
in the content of 18-hydroxy EPA (18-HEPE)
in white adipose tissue and the liver. The use
of RvE1, a metabolite of 18-HEPE, but not 18-
HEPE, in obese inbred mice abolished hyper-
insulinemia and hyperglycemia via the G-pro-
tein-coupled receptor ERV1/ChemR23. RVE1
belongs to the family of endogenous PUFA
metabolites known as specialized pro-soluble
mediators, which actively support the phys-
iological course of inflammatory reactions
[44,19,22]. The effect of RvE1l on hyperin-
sulinemia and hyperglycemia differs in dif-
ferent animals when modeling and analyzing
the human genetic polymorphism. Analysis of
single nucleotide polymorphism further con-
firmed significant genetic variations in the
human RvE1/EPA metabolic genes [45]. Tak-
en together, these data suggest that EPA, in
part through activation of RvE1l by the ERV1/
ChemR23 receptor, prevents hyperinsulinemia
and hyperglycemia [15]. In addition, activa-
tion of ERV1/ChemR23 by RvE1 inhibits signal
transduction through the chaperone, adipo-
kine, which binds ERV1/ChemR23 [46].

3.6 Icosapent ethyl: impact on the intes-
tinal microbiota

The results of RCTs with the use of a sardine
diet (100 g of sardines for 5 days a week for
6 months, which provides approximately 3 g
of EPA and DHA per day) in patients with T2D
indicate a significant decrease in the Firmic-
utes/Bacteroidetes ratio [47]. Eight weeks of
w-3 PUFA supplementation in volunteers re-
sulted in a consistent and reversible increase
in the gut microbiome producing short-chain
FA [48,49]. However, it should be noted
that short-term dietary interventions cannot
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change the dominant individual variability of
gut microbiomes. Q-3 PUFAs will likely atten-
uate hyperglycemia and IR and affect the gut
microbiome and metabolites that link the gut
to adipose tissue, the liver, and the pancreas.
Thus, w-3 PUFAs, due to favorable changes in
the gut-organ axis, may be useful for restor-
ing glucose homeostasis [40].

3. 7 IPE and risk of T2D

RVE1 protects against pro-inflammatory gene
upregulation, which may lessen hyperglycemia
and T2D risk. IPE’s effects can occur regard-
less of predicted glucose and/or insulin levels;
integration of IPE into the phospholipid bilay-
er preserves cell membrane fluidity; and GPR
binding improves insulin sensitivity and pro-
tective intestinal microbiome [15,50,38,39].
Increased erythrocyte membrane fluidity in-
creases glucose transport and insulin signal-
ing [51]. FADS1 protein enhances w-PUFA in-
corporation into liver cell membranes in a w-3
PUFA-rich environment [52]. IPE may reduce
T2D risk by increasing erythrocyte membrane
fluidity [39].

Jiang et al. [53] estimated the relative risk
and 95% confidence interval of T2D, ASCVD,
stroke, and death from a-linoleic acid (ALA),
EPA, docosapentaenoic acid (DPA), and DHA
using a random effects model. The analyses of
67 prospective trials, which enrolled 310,955
participants, were performed. A substantial
adverse connection was found between ALA,
EPA, and DHA and T2D risk. Biomarkers of
marine w-3 PUFAs, but not ALA, significant-
ly reduced ASCVD risk and death. Increased
EPA, DPA, or DHA biomarkers reduced ASCVD
risk in a dose-response manner. The data sup-
port the importance of w-3 PUFAs in reducing
the incidence of ASCVD and early death.

4. Summary

There is strong evidence that w-3 PUFAs ef-
fectively prevent T2D. Anti-inflammatory, an-
tioxidant, and anti-apoptotic effects and auto-
immune suppression have been demonstrated
in preclinical studies [36,54,55]. DHA has
neuroprotective properties. However, its use
in ASCVD therapy is restricted. Instead, JELIS
[35] and REDUCE-IT [37] found that long-term
EPA use reduces CV incidents. The STRENGTH
(Long-Term Outcomes Study to Assess Statin
Residual Risk with Epanova in High Cardiovas-
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Bi, MPOrHO30BaHMX 3MiH piBHSA [/1IOKO3N Ta/
abo iHcyniny; iHTerpauii IPE y noaBinHun goc-
doninigHmn wap, wo 3abesnevye 36epexeHHs
BNIACTMBOCTEN MJIMHHOCTI KNIiTUHHOI MeMbpa-
HU; 3B’a3yBaHHSA GPR, w0 cnpuse nokpallaH-
HIO YYT/IMBOCTI A0 iHCY/iHY Ta 3aXWUCTy KWLL-
KoBoro mMikpobiomy [15,50,38,39]. MNigBnweHa
MVHHICTE MeMb6paHW epuTpoLMUTIB MoNerwye
TPaHCMOPT r/IIOKO3X Ta MOKpalye iHCYiHO-
BUM curHanuHr [51]. MoaibHum uymHoM, 6inok
FADS1 nigBuwye iHTerpauito MHXK y KAiTUH-
Hi MeMbpaHn nediHkK B cepenoBuli 6aratomy
w-3 MHXK [52]. BiporiaHo, IPE cnpuse 36inb-
LWEHHIO MMHHOCTI MeMbpaHu epuUTpoLMTIB, LWO
MoXe 3HM3nTK pmsnk UA2T [39].

H. Jiang et al. [53] Bukopucrann Moaens Bunaa-
KOBUX edeKTiB AN OUiHKW BiAHOCHOIO PpU3MKY
i 95% poBipyoro iHTepBany Ans 3'ACyBaHHSA
MOXJIMBOCTEN acouiauii a-niHoNeHoBOI KuCno-
™ (AJIK), EMK, AoKO3aneHTaeHOBOI KMCAOTU
(AnK) i ArK, 3 pusmkom LA2T, ACC3, iHCyNb-
TOM Ta cMepTHicTIo. MpoBeaeHnin aHanis 67 nNpo-
CNEeKTUBHUX A0CiAXKeEHb, aKi oxonunn 310 955
yyacHuKiB. poAeMOHCTPOBAHO, WO 3HAYHWUMN
3BOPOTHWUI 3B’A30K i3 pmsnkoMm LO2T cnoctepi-
rasca Mk kateropiamm AJIK, EMNK Ta AMK. bi-
oMapkepu -3 MHXK MOpCbKOro NoOXoaXXeHHs,
ane He AJIK, 6ynn 3Ha4YHO NOB’A3aHi 3 HMXKYMMU
pusnkamm ACC3 Ta cMepTHOCTI. Kpim Toro, crno-
cTepiraBcs 3B'A30K “Ao03a-peakuis” Mix nigsu-
LeHHAM piBHSA 6iomapkepis EMK, AMNK abo ArK
Ta 3HMXeHHsaM pusmnky ACC3. Ui gaHi nigTBep-
[OKYIOTb pekoMeHzaulii, gKi BiACTONIOTbL posib
w-3 MHXK y nigTpuMui 3aranbHOro HW3bKOro
pu3nKy po3suTky ACC3 i nepeayacHoi cMepTi.

4. MpukiHueBi 3ayBaru

IcHye poctaTHbO fokasis, Wwo w-3 MHXK ge-
MOHCTPYOTb 3Ha4Hi MO3UTUBHI edeKTn B Npo-
dinaktmui UA2T. [JokniHiyHi 3BiTM cBig4aTb
npo Te, WO CrnocTtepexyBaHi edekTn nos’sa3a-
Hi 3 NpoTM3ananbHUMU, AHTUOKCUAAHTHUMM,
@HTMAMOMNTO3HUMKU 3MiHaMW Ta MNPUrHIYEHHAM
ayToimyHiTeTy [36,54,55]. He3Baxatuu Ha
Te, wo ArK npoaemoHcTpyBana Henponpo-
TEKTOPHUIA edeKT, AoKa3nu KOPUCTI OCTaHHbOI
B nikyBaHHi ACC3 obmexeHi. I, HaBnaku, sk
nosigomnanocs B JELIS [35] i REDUCE-IT
[37], TpuBane 3actocyBaHHsa EMNK edekTusHe
y 3MeHweHHi CC-noaini. B ToM xe vac, pesynb-
Tatn STRENGTH (Long-Term Outcomes Study
to Assess Statin Residual Risk with Epanova
in High Cardiovascular Risk Patients with
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Hypertriglyceridemia trial) (ENK+ArK) npotun-
nexHi [56]. MNpoTe pe3ynbTaTv NONyASAUINHOIO
MPOCMNEKTUBHOIO AOCAIAXKEHHS 3a y4yacTio 392
287 ocib nokaszanu, wo BXxuBaHHA w-3 MHXK
nos’sizaHe 3 MeHLWnM pusmkom UO2T [17].

FeHeTnuyHMn noniMopdiaMm nonynauii nogen,
J13, WO BWKOPUCTOBYIOTbCA AN NiKYBaHHS
LAO2T, abo KoMneHcaTopHi MexaHi3Mmn, Wwo Bu-
HUKaTb Yy BiANOBiAb Ha Au3MeTabonism, - ue
dakTopu, AKi MOXYTb BMJIMHYTM Ha pe3y/ibTa-
TH, oTpuMaHi B PK/[, X BiANOBIiAHICTb ekcnepu-
MeHTanbHUM gocnigxeHHam [57,58,40].

Cnig nam’ataTty, WO AeTanbHi onucu cneuu-
divyHMX naTodizionoriyHnx BacTUBOCTEN -3
MHXK 6a3yoTbCa NnepeBaXKHO Ha pe3ynbTaTtax,
OTPUMaHUX in Vvitro, [0303anNeXHUX, roCTpux
edeKkTax, 4acto 3 BMKOPWUCTAHHAM TFeHEeTUYHO
mMoamdikoBaHmnx mogenen [27]. Kpim Toro, cnig
BpaxoByBaTW, WO Migxig A0 BUBYEHHSA edeKTy
oaHoro “dapmakonoriyHoro cybcTpaty” cra€
3acTtapinum. nsa Toro, wob Hacnpasai BM3Ha-
UnTK 3axmcHy gito w-3 NMHXK npu UA2T, oco-
6nmBoCTi iX iHAMBIAYaNnbHOro/KOMGIHOBAHOIO 3
iHWKM J13 BNAKBY, ONpauoBaTh WOAEHHI Npak-
TUYHI pekoMeHaauii onsa nauieHTis i3 UO2T He-
06XigHO NpOBECTWN BeNNKi KOrOpTHI A4OoCNigXeH-
HS i3 AOTPUMAHHAM MpUHLKMNIB MeTabosoMiku
(30KkpeMa, ninigoMiK1) Ta MOHITOPUMHIOM pIiBHIB
Nnpo-/nNpoTu3ananbHUX MOJSIEKYN i Npo-/aHTu-
okcuaaHTHoro 6anaHcy [36,59-611.

Pe3synbtatu AocnifiXXeHb B MOAESIbHUX CUCTEMax
Ha[aloTb MEPEKOHMBI [OKa3uM TOro, WO BiCb
EMK-RVEL Bigirpae supiwanbHy posib Y KOHTPOSI
roMeocTasy iHCYiHY Ta r/1loKo3u, Lo Moxe 6yTu
NPodiNakTUYHOK MilIEHHIO ANns KapaiomeTabo-
NiYHMX 3axBoptoBaHb. OTXke, HeobXigHi NoganbLui
OOCNIMKEHHS LWOAO MOXIMBOCTEN npodinakTu-
KW i nikyBaHHa UO2T, aKki NOBUHHI BpaxoByBaTu
poOJib FreHETUYHNX 3MiH B MeTaboni3mi RVE1 Ta iH-
Wwmnx mMetaboniTis, oTpnmMaHmnx 3 EMK [15].

B AnoHii TpnBae RESPECT-EPA trial, ske Bktouae
06CTeXeHHS i NikyBaHHS NALIEHTIB i3 HU3bKUMU
nokasHmMkamm cniesigHoweHHa EMNK/AK. XBopi
paHAOMI30BaHi B rpyny npuaHayeHHs BUCOKOO-
umnweHoi EMK (1800 mr/aoby) abo KOHTPOSbHI
rpynu [10]. Micna 3aBepleHHs usoro PKA oT-
pUMAEMO A0AATKOBI AOKa3M TOro, 4m edekTmBs-
Hui IPE y 3HmxeHHi CC-nogii ans BTOPWUHHOI
NpodiNakTUKM, @ TaKOX YW € CMiBBiAHOLIEHHS
EMNK/AK npeaukTopom MarbyTHix CC-noain.
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cular Risk Patients with Hypertriglyceridemia
Trial) (EPA+DHA) outcomes are opposite [56].
A population-based research of 392,287 per-
sons found that w-3 PUFA intake reduces the
incidence of T2D [17].

According to experimental research, genetic
variation, T2D medications, and compensa-
tory mechanisms due to dysmetabolism can
affect RCT results [57,58,40,45].

Detailed descriptions of w-3 PUFAs’ patho-
physiological features rely on in vitro dose-de-
pendent acute effects, generally employing
genetically engineered models [27]. Addition-
ally, examining the influence of a single “phar-
macological substrate” is becoming outmod-
ed. Research on the protective effects of w-3
PUFAs in T2D, their interactions with other
drugs, and daily recommendations for patients

Review

require large cohort studies using advanced
metabolomics techniques and analysis, moni-
toring pro-/anti-inflammatory molecules, and
pro-/antioxidant balance [36,59-61].

The EPA-RVE1l axis helps maintain insulin and
glucose levels, possibly preventing ASCVD. Fur-
ther investigations are needed to prevent and
treat T2D, taking genetic variations in RvE1 and
other EPA metabolites into account [15].

The RESPECT-EPA trial ongoing in Japan en-
rolled patients with low EPA/AA ratio, random-
ized to highly purified EPA (1800 mg/day) or
control group [10]. After this trial is complet-
ed, new information will be released, including
whether EPA decreases subsequent CV events
and whether the EPA/AA ratio predicts future
CV events.
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