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659030l BMYs0 sbslinsmgds

3OMdEgIoL  5JBHvYoemds

29000l 3050m0LMd0L (349) 3600b03MO LEBEMMAOL sSsblbgws® ,,0LEMMOMEIsE™
mfm9dmeo dmEgEgd0sh (39MHom®m9bmwo, 390m©obsdozmemo, ByoMm3mem-
b0, 30tmdgds603296M0) oMYl 543l Megolio deroghmo s LyliEo Fbsmggdo.
L53g360gOHM  AMbs3gFgOOL  SBSEODBO  MREGdIL  A35deg3L 2y dsbgzobowmm,
OMamO3 00039dobo3zmMo ImEgero, H™AEOoL Jobgzomsg 030 (34)) 30005MYdS
5 3MMPM9L0MIGOL, MMM ol 53bd00Ls S 39MOMEo MYIMEY0MmGdOL
390930, MLsE 5©P00 5436 BIOMHMIMOIMbBsMEMmO  5dBH035300L  Ladslbm.
9O»-90»0o 36093690m3560 goblibgegqds 98 mE ImawlL (“BgmM®IMm©IMbse®o”
5 “dmM394560360”) FmMol 6ol ol, H™A domdgdsbozmdo 456033999 dmI9bEHdo
3)obbIMOl  ©5350JOOL  3MIMYMILOMGOSL  353096F0L  bgoMIM3MmEAMbscrmo
LEAOGHMLOLYSD HTM30JOS.

3905 BgIMmobodbmeols o hodMsdo Ly MBmM 9GO  FMHM3YdS
dmbs(399900 gv)-0b 3500MBOBOMEMY0sdo SbMJdoLs s MJLoWsEOEO LEMILOL
d9Lobgd. Boa0W0md, 8F0EMH™M 3530000 5MLYOIMOL W030JdoL 39MHMJLOoOEO0L
3539058 (3 sBAol s Forolb F2 0Bm3OHmUGsbol ©mbyg), s6@0omJlosb@gdol
©Mbol 5939009055 s 349-0l Loddodol BOHPHL IMEMOL. 58 3MMEILYdOL geHo>-
900 5dBHomo  dmbsfogrg  sOOL  Wgo3mEoGdYIOHo  FomImIMdol  BgM3gbEo
dogm3ghmdbosbs (MPO), H™Igerbsi 9999d@os ©95dGH0meo  mdlosEoMo
Lobgmdgdol  3oB35oL  3MMEMJ30s  303MmJwmMTzoz0Ls @S mJLoIbEWEmO
®30L900L bbgs Bogdomms Bsmgzgwom, GMmIwgdosg  dmbsforrgmdgh wodogdol
3960mJbos30580, SBMEOL  J39:79630L (NO) 300306  2o@o@BsLs s NO
LObMIBIL 0b30BOMYdST0. LsdgEboghm IMbs39990bg WsYyMbmdom MPO-U mby
93539005 3ol JOmbozmwmo LolEGMmmMMo ©3856MH0LMOd0m 35309639030
5OBYOMOL  dMbs(398900, MMI GHJLAL Tgsdems  B3M0bobyer-osbmliEozmGmo

9d600369c0mds 3Jmbgli 490l olig3bdool godmgargbsdo.
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5356096 Aol JOHmbozmero w3d5MHoLbMdOL  (dm) ©@OML BgIMMoMbodboero
@050 F0FMWMOoL  9bmgdsl,  mdlosgome  LEMLLS @S IOl
99mE0Mgd0lL  MMH009MH35330M08  FsMMBODOMEMY0OO 39J5boBdgdo s
MPO-I, GogmGa 53 30m3gldo dmbsfoeol, Mmoo  dmwmdg 2903390 56
560U, Mo 36003690Mm35605, MoY6 dMBsgzscdo gl MMM0YOH 35300600 dglodErMms
396l 3ol ©9IMEIWoMgIOL  J3MOBIECMOOL  Sbowo  FoMTSI3MEPMA0MMO
908560 qd0l 393609609900 EILdYMYOOL GOM-9MH0 Loxgmdzgeo. TgLodsdobo
50 90056 gdol 3393900  LsdgEbogdm s  3ModB03Mwo  dsdmygbgodol
35¢LsHOOLO® YOOI VOMIGO0S, 939 93gdL -0 9350YMBqdTO
MPO-b 36060mBwo 3609369mdol Tglobgd 53558500 sOBYOYIE 0bBMEOT305L s
3b50M9dL oLO 3OMABMb Mo 3609369 MdOL 3smmmdodome Loggrydzqel.

33930l obsbo

b»gdols s mJLoWsE0MMO  LAEHMILOL  BOMTIMIGMHOL, TG MIGOHMJBOSDIU,
9600369 mdol/MOMEOol 256033935 3dw)-0b 3MMYMHILOMGOIOL 3500MBODBOMEMY05d0,
3MO9s305 bb3s 3000603160 s 99M39MPOOMYMmI50Y doMIsM39Mgdmsb, slig39
3J-0m 5350084mRqgddo oo 3MMYbMB Mo 360dzbgmdol Tgg3olinds.

33930l 50m 356900

1. 3sBdol MPO-I combols dgbfogems 08930w9600/5650d930096M0 2969Bob 4dr)-om
3530963 90d0.

2. MPO-l mbgms d93sb9ds 3dwm-ob Loddodol dobggzoo (II/III/IV g.3.).

3. 3sHBdob MPO-U @mbgoms sb5¢00Bo gdmzsmoma®sgome  35B396000090056
9OMSQ.

4. MPO-b ombgoms sbseroBo 360mEH906-9696039@ 03290 35¢0b)B®ogools s
360900l dOMIM3IMJIMB GOHMS.

5. 300900 Imbs3gdgdol gosbseroBgds 6-12 m30L 3o6353@rmdsT0 53500FYMBMs

103300 MBOL/oBIYNMIO000 3MmLZ0EIODBIEO0L LsFoMmgdol 3Mmbom.
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dmBo35¢do Fglodgrms Asbgl amerol MH9dmEEo®mqgdols 93mMbocmdol sbogro
0390353MmEMQ0M0 0o gdol  393b0gH o slsdMmgds. 33wg30 91939
3953L90L 3do9-00 5350FYmx39ddo MPO-U 36HMmabmbmwo 3609369w@mdol dgbobgd
505150500 5MLYOM I 0bFMOT5305b.

390092900l 39MO0Yo s 305JdEH03IWO MOMmYPOMEGDS
3ol JOhmbozmmo  m305M0obmds  bdoMo s 3o 30MAbmbol  dJmby

9M3oMgmdss.  ©oggadowo  dMmds  oM339M ol F903SbL -0l
36MHMyML0M9d0L  3949b0BagdolL 33193580, 396Mdm©, MPO-U, GmamGE 4w9wol
9900 gdsDg 9OH0-9MmM0 3sLbolidygdgeo AaBoL (MmdLosdEM-dMIbMd0MY
3b0b) 89MIg6EGMwo dmbsfowols Gmeols dglfogersdo. 53 39dsboBagdOL 33¢g35L
93535¢0do BoobEgMglm 36odGH03MEo O0MmGOYEgds 990deqds 3Jmbgl, MHmymM3
3J-0b 353096GH M 3OMPBMBOLS O MGMH30Io BIYG30L dIBOL FozsMmMgdOL,
31939 ©933396L0MGOME  535IYMBMS I3MEBITMBOL b  39ML39dEH 03900l
394960l mzslsbGHoloo.
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vV BAHMEIBEGHMS @5 oy Ig3bogBms  bsdgboghm  sbmEoszool
3Mbx396M9b305%g, MdoEobLOo, LodoGmzgerm, 2015

vV 3 900Lmogol  Lobgmmdol  JoGmeaool  ghmgbomo  39bGHGolL  89-3
L5399 3609M™ 3mbx396M96305%Y, MdoELO, Bods®mzgwm, 2017 §
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(TLC)], 3mol gdmbizm3om®o dmbs3gdqool [Bs®xgqbs 35603F0L OsLEHMEMEMO
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33eg30L dgom©gdo

369906-969(8990329¢m0 Fs¢mbeyHBog05
B90mmo0bodbmmols Fglogsligdeo  2odmygbgdme  odbs Modmgbody

3000 g3035¢MMO:

- Instant Nutritional Assessment (INA) (Seltzer HM), ®mdgeros ©o3wdbgdwgero

0y® 5edmdobols s oIRME0GIOOL SOLBMEOEIM MoMm©Ybmdsby. 30M39e0
939X 3MB0  IM0393©s 3530963JOL  0eddobols dsB39b90wom  >3.5 o/,
@0dRM30GHJOOL  BLBMWOoGMMo dsB39bgdwom <1500 My E90/dd3, dgmey
939X 3MIB0 - 5edMdobo <3.5 /e, W0IBM30EHJIOL SOLBMEOEGHMMO M>MEYbMds
<1500 9% 690/033, 9Lsdg 39X JIBO - 5¢ddobo <3.5 3/, oIBMEO0EIOOL
SOLMEPOEHOHO M5MIbmds > 1500 My ®90/d33.

- CONUT-ob 3emsliogozs@m®o (Controlling Nutritional Status), Hmdrobomgolss
3990Yygb9dm@© 5¢ddobo, oIBME0GHJOOL SOLMOGHIOHO MHOMOIbMds

Loghomm  JmegbBgemeo.  EoLbYGH®OoEoMEo  aMdsMgmdol  JgzoLgds

b9dms 89990 300G M0dom:
62659502990 629H50309 - 5edd0bo (/) 3.5 (0 Jmyws), TLC («x6go/dd?)

>1600 (0 gmams), bLogBomm JoegbiGgdmero (dg/e)- >180 (0 Jmyay).
Abmdrdo  dserbrahtopos - seodwgdobo (/o) - 3.0-349 (2 Jemes),

TLC (x9x6900/38%) - 1200-1599 (1 Jmems), LogOom Jmgl@gmero (dp/) -
140-180 (1 Jogms).
bsdmsemer  dserbaih®opos - seodydobo  (p/oww) - 2.5-299 (4 Jmems),
TLC (99x69000/33%) - 800-1199 ( 2 Jmaws), LogMomm Jmergl@gmero (3y/w) -
100-139 (2 gmems).

ddodg 8s¢cnb1ht0305 - 5¢dmdobo (p/w) < 2.5 (6 Jmws), TLC (mx6goo/0d%)

<800 (3 gma»o), Lsgmom Jmegli@gmmero (8y/w) <100 (3 Jmws).

B®docrmEo bm@EMoEos - 0-1 Jmas, dbmdwydo doebmEHMoEos-2-4 Jmas,
LSFMOM-5-8 Jmams, 3d0dg-9-12 Jwmems.
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- 03830390l dLMmod Mo  Gogbgzo (TLC), GmIgroi god8moygbgdmes
doebm@Mogoom  godmfizgmmo  08M6mo0  ©9B0EOEOL  dgLogolgdWs©,
0m3gdmEs BmOIMwomn TLC = @gozmgodo x @odgmgodo / 100
(XOJQ0/0F).

LSYODM  XAMBO  @OIRMEO0GJIOOL  SOLMEPOEGHMMO  M5MPYbMdOL  dobgz0m
(Grant-ob 3sb0g035305) IYMBo 0dbs 8999 X 3IBIOS©:

berm3s¢rentro - TLC > 1800 «yxM90/33%,

dbndendo - TLC 1200-1800 ) 6geo/003,

bsdegsemer - TLC 800-1199 wyx6r00/8,
8dodg - TLC < 800 w)x6900/30%,

obUBdO«896¢9«cmo 355999 B900L  85bbs bm®s

9dM35OQOMYGIBONWO 333> HIOPIOMES  bAHBEIOGHYwo  FgomEgdol
359mygbgdom. dotmbgbs 3563930l gobg3bol BModzos @S Aol 35996M9gd0
0bdmIgdM©d LGObIOEWwOo 3963l 9MbsE Mo Qo 303960350006
396bMmM 309w gdwo doymdom Lod3bmbols  dgomol godmygbgdom. do®Ebgbs
396330l LEOMEPMM  OSLEAMEWMMHO  OSTYAHOO, Boxz9bs Hobsamwo s
396009360l BGMOd305 0BMIGIM©s MMbIedgM0sbo  godmbsbmegdom. dotrx39bs
3503930l LodMmEMmm  OSLGHMWMMO  ©0sdgdMo s FoMbgbs  Hobsymwo
0bM39dMm©s gMdge g dHg 3565LEHIMbLO MmO doymom.

350m03¢m000 Loog9do
3Jm-0m 3530969080  bgdms  Lbgmeol 3ol 0bgduol edmmazws

Rm®IMoo BMI=(mbs (3g) / Lodswang (3?).
peabol ognop0bH0 - BMI <18.5 33/0?
bex5ds - BMI 185-24.9 3p/3
FoO8fmbosbo - BMI 25-29.9 39/0?

bodbeyby - BMI =30 3a/8?




@38s¢r0 __ bod33(0030L o303 Bgoool  Jeacmalbdgmeero  om3gdm@s

BmGInoo TC-HDL —(TG/5)
00900396080 0bcogdbo: 3wodmgol obwpgdvo Al= TC-HDL / HDL,

©M®B05LM35L 0bgduo (AIP) = log TG/HDL.
2095¢506060b 20706596b0 = 1dgbo x ((140 - sLs30) / (3095EH06060)) x (fmbs/ 72).

QTc=QTN(RR §d).

bobberol  bsgmhoer  5b6s¢robo  olsBO3Mgdm©s  godobotg  3o@™Ig@emeo

390MEOom.

80908029650 3565099980l 356Us bmamol Fgomo

domdodonGmo  33¢93900Lom30L  bgdm®s  Lolbol  395GHM0BMYM9dS
LEGObIOEHMEO FgMEOm. 65¢P0DOL BoBoMgdsdg IM53EHGd0 0bsbgdms -70°C-
9. sdMdobo, LogOomm 3o, LsghHom JmgbBgHmeo, GOm0y o(39MH0I00,
RN bod33M030L Jmergli@gmero, 369530bobo oLsDE3MIOIMOS
3MWMO0dg@GMHMEo  dgmmEom, 350owo dMmdbmdgmmdol C-M95d@G0wwo 30
(8/a)-EGM00©0dgEMMEo 8900Mm©om, d0gm3gMmdlosbs ELISA  dgomoom

(6/0qw), HMIgeroE ©sds3gdoom Jgufiogrrowo 0dbs 10 36od@o3mmo xsbaMmg
306 do.

bAsHobdoze9t0 s65¢robo

BEAOGOLE03Mo  9BooBol FoMdmgds bgdmes  IBM  SPSS statistics  16.0
300myqbgdom. dmbszgdms  Lsdmowm 3603369 mMdgdol  FgsMgds  bgdMS
student’s t-test @5 ANOVA 990000l godmygbgdoom. MPO-Ubs s bbgs 356589@6M90L
MO0l 3690300l ooy gbo®  499Mm0ygbgdms Pearson-ol 0035609@v)mo
3MOG5309 S boBmzsbo MgaMgliool dgommeo.
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33¢930L 99¢0ga9d0

1. 809wm3gmmdlos®s Mol  JOmbozmmo 305M0lmdom 3530963 gddo:
3533060 ol M385MoLMISLMB, gBHOMEMYosL, FMbJzoWGo  Jaslils s
359553500 05b.

330935 Bo@oM@s  JoMoreo  3m3Ms3ool gdm-om 86 35309630 Qo

10 365dBH03mwo© xsbdMMge 30MTo. ©O0sbmbol 39M0x030MGds HBOIdM®

5653696,  WHBMOSGHMOO0MW-0BLEHOMINBGHM  dmbs3909dbg  oyMEbmdom.

Bo®m30L 3003900l HoMdmoygbs  yzgws 35309630 3ol JOmbozmwo

m39smobmdom 1L, III, IV g3mbd30996m0 3¢0sbols (NYHA- I dobggom). 353096@ms

LoOEIM B30 89500 65.8+13 (gamls, Fomysb 55 oym 3530 (64%), 31 - Jogro

(36%). 535000Yymxzms  obsfogds gdm  BMbJgomo  Jwsbolb dobgz0m  0ym

0900090: II g9bjgoméd 3wsbl d09g3mmzbgdmos 28 3s30gbdo (32.5%), III

RMbd306 3eoll - 44 35309630 (51.2%), booewm IV gvbdgomc 3oLl - 14

3530960 (16.3%). Loghom XyMB0EL 2-0l FoByHBs Mol 0dgdorco

59350905 3900530300900 oym 43 dgdmbggzsdo (50%), 0568begdo dod®mosbo

050930 3030 2 50dmBbs 23 353096330 (26.7%), sGH9M0vo 303963 96%Bos 42

353096¢do  (48.8%).

3393500 B 3530960 ©9IMYMOR0ME0,  dOMOMOO  3obozme -

WBMOIGHMOOMEO S 0bLEMWMIYBGHMWwO 331930l dMbs398900  Bm390E0s
3bModo Nel.

300 Nel. go9em0l JOhmbo 3o 13056GoLmdoL dJmbg 353096¢gd0olL dglfisgeroero

©90mMxoNwo  ©s JeobolzMM-sdm®MsGHmmonmo dsB39690wgdols Lsdwognm
3600369 mdgd0

n =86, M+SD, 0535bmbo
Lo sbs30 (Hgero) 65.8+ 13 (24-88)
bdqgbo (Jowr0o/3530) 31/55

2999-0b gbdgom®o 3wsbo (NYHA) II/II/IV 28/44/ 14
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3990l 0d9309M0 99350090 (%) 50%

95d60560 053930 GHodo2 (%) 26.7%

5O GHYM0Mo 303960@Egbbos (%) 48.8%

LVEF (%) 36+9.6 (15-56)

LA (LO) 4.2+0.7 (3.4-6.8)
RA (ub9) 3.6+0.7 (2.8-5.4)
LVDD (19) 5.7+0.7 (3.9-8.0)
RVDD (19) 3.6+0.4 (2.7-4.9)
IVS (19) 1.3+0.2 (0.8-2.3)
PW (u9) 1.12+0.1 (0.7-2.0)
TLC (99x6M9w0/03°%) 1414.5 + 606 (530-2923)
3695&0b0bo (80men/¢») 94+ 31 (51-197)
3M9930b0bob 3eromgblo (dg/fo) 89+44 (32.4-275.1)
5e0d9dobo (/) 39.8 £4,5 (30.9-49.4)
LGB 30Es (/) 69.7+7 (54.4-85.0)
TC (9p/c0w) 171.6+50.3 (56.8-303.0)
HDL-C (3/o) 40.7+12.4 (17.4-88.2)
TG (dp/c0) 114+50,3 (54.7 - 402)
LDL-C (93/coe) 109.9+39.9 (35.9-226.2)
IA 3.8+2.9 (1.5-5.2)
BMI (39/0?) 29.3+8 (20.1-45.7)
hs-CRP (dp/co) 12.6 +15.6 (0.2-50.6)
©903m30GH0 x 10%/¢o 7.3+1.8 (3.0-14.4)
QTc (§9) 0.4+0.06 (0.3-0.63)

OMameOE 3bOOWob BBL, g4dr-0m 353096GHMS XaMBROL A56Y360L TG00l
LodMOEM  (XFMBMO0) FB396909w0 Fgoa9bs 36 + 9.6 %. Lbgmerols dsbol
0bgduol  Fobg30m XAMBOL IBILOSMGOIOLHL LoymMOEEIdMs, GMA LygMHoHM
3035300056 BMI < 18.5 33/3%, ®53 99glodsdgds {imbol qnogodl / 3sbgdbost,
560 ©sgz30dloMEs SOE 9o 35309630, 29 353096¢0L  (33.3%) TsbB39690go
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099L505990Mms Bm®Asl (BMI 185 - 249 39/3?), 24 89dmbggzs oym (28.1%)
FoOdHmb0sbMdOL Bobawgddo  (BMI 25 - 29.9 33/8%) s 33 dgdmbgggsdo (38.6%)
50060365 LodLwydbg (BMI 30 39/3?).

3Bl 09 m39OHmdlosbs  AoblsbzMme 0dbs gdr-om LsghHmm xam3oL
68 3530963V s 10 3659EH0319ws© X6IOMY 3060T0. 50b0odbMeo J39X%3IR0©6
45 oym 3sgo (66.2%) o 23 - dJowo (33.8%). gmbdzom®o Jaslol dobgzom
(I/III/IV g.3.) 35309D63Hms gobsfowmgds ogm dglsdsdobs 19/37/12. Lsdrmsem sbs3o
095009965 64,3 + 13.4 {gb. 390l JOHmbozmeo 335MHoLMdOL &M MO0l
00990900  2969B0  ©0obmliBMgdmo ogm 50% Jgdmbgzgzsdo, mobdbergdo
35J60560 ©05d9BH0 3030 2 500bodbgdms  29.4%, sG@HgMHomwo 303903Hg6Bos -
d90mbggzoms 55.9%. 9 Lo33g3  XyMBdo 3969360l BMJzool Lodwmsm
953969090  oym 35 = 10 % (gbOowo Ne2). 353096@¢ms 53  xaMBoL
Q5LOBOLOVMYPOWOE 1939 LoFOMMS  5©0bOdbML, MMmI  odoEMMo  139gdEHMol
dmboggdoms  FgxoLgdolsol  Fgdmbggzoms  27.9%-80  go8m3wobos  LygHom
Jmeql@gemeols (TC) goob®s bon®mdosb, sdsero od3zMogz0l odm3mm@gobols
(LDL) dmegb@gdmeno d90mbggzoms 51.5%-0o, @oywogg®ogdo (TG) - 8.8%-3o,
bogom Boeswo 10d336M030L Wo3Mm3OHMEHgobols (HDL) dmwgl@g®meo 45.6 %-do
094®m 255bM0o bem®mdmwo 95839690006, 96mgdol o6 3969d0l  (hs-CRP o
903M3030) LSIMSE™  XaMBYOo  35B396909c0  oym  ImIsEgd)ero  (hs-CRP)
5/56 BoJLOMmEYOMES o0 bMMAOL (go3MEOE0) BoMRWGdTO.

gbMowo Ne2. Fogem3gmmdbos®s, Ubgs 3e0603)M-sdmMSEGHMMOMMo
9J™356 oMl 3Mm30wo 8:mbs399900 dwm-om 353096¢gddo

n =68, M+SD, ©0s35Bmbo

Lo sby30 (Hgero) 64,3+ 13.4 (24-86)
Ldqlo (Joero/3530) 23/45

3d-ob B9bjgom@o 3wsbo  (NYHA) IVII/IV 19/37/ 12

3ol 0898099M0 9935090 (%) 50%

3560560 ©0sdgE0 BHodo 2 (%) 29.4%

13



5O GHYM0Mo 303960Egbbos (%) 57.3%

LVEF (%) 35+ 10 (15-56)
LA (LO) 4.4+0.5 (3.4-5.6)
RA (u9) 3.8+0.7 (2.8-5.4)
LVDD (ud) 5.8+0.9 (3.9-8.0)
RVDD (19) 3.8+0.5 (2.9-4.8)
IVS (19) 1.2+0.2 (0.9-2.3)
PW (ud) 1.14+0.2 (0.8-1.9)
TLC (vyx69g00/00%) 1420.7 + 483.1 (538-2848)
MPO (bg/0¢) 9.3+7 (1.4-35.3)
hs-CRP (dp/co) 12.4 +16.9 (0.2-50.6)
3M9930bobo  (8men/) 93.4+ 29.7 (51-190)
3M9930b0bob 3eromgblo (dg/fo) 92.2+45.8 (32.4-270)
senddobo  (/e») 38.8+ 4,8 (30.9-49.4)
LogMmm gows (/) 68.6 +7.5 (54.4-85)
TC (dy/c0w) 165.9+50.9 (56.8-303)
HDL-C (9p/co) 38.9+ 13.2 (17.4-88.2)
TG (9p/o) 112.5+ 46.2 (54.7-402)
LDL-C (3y/co) 104.6 + 39.8 (40.7-226.2)
IA 3.9+3.7 (1.5-5.2)
ATP 0.46+0.23 (0.1-1.61)
BMI (3p/0%) 29.8+9.9 (20.3-41.2)
wqo3mzodo x10%q 7.4+2.0 (3.89-14.4)
QTc (§9) 0.4+0.06 (0.3-0.63)

LVEF-0s63bgbs 3563130b 296009360L 36od30s, LA-8s63bgbs fobsgwmamo, RA-0s6x3965 fobsgwero, LVDD-

0otrzbgbs  3o63MFol  LOdMEMM  EOLEHMWOHO  ©0sdgGHMo, RVDD- dstxggbs 3963730l  Lodmanmm

©OsLAHMEMOHO 039GO0,  IVS-3563mFmodos oy, PW-0s63bgbs 3o03m3Fol v3s6s 39090, MPO-

3090 m3gMHmdlosbs, hs-CRP-350s¢o dacmdbmdgamdol C-M9s5d@omwo gows, TC-Lsghomm Jmwgb@ghmeo,

HDL-C-8s@semo 103336030l o3m3mm@gobol  Jmwgb@ghmngo, TG-GMmoawosgmowo, LDL-C-@sdswo

1093360030L WO3M3IOHMEHI0bOL JmeEaglEghmeo, TA-509HMYgbmdoL 0bqdlo, AIP-3esBTol s0gHMYgbmdol

0bgdLo.




3Jm-0m  353096GHms  MPO-U  Losdmoerm  9sB39bgdgcwo  (M+SD  9.3+7 by/dem)
LEAHOGHOLGHOZMO©  LoOfdmbm@  goblbgoggdmes  (p<0.018) 53539  sbv3OL
365dH03MWs© X6IOMg 3060Hms xamxz3ol MPO-L Lsdmseem 35839690 oligsb
(M+SD 4.2+2 63/3¢w) (0b. 00oogM5ds 1).

0530535 Nel. MPO ombg x960Gmgem 3m3nmamsgosls o 35309639000 gm9emols

JoO®bozmmo 13056H0Lmdocm
MPO
10
9
8
7
6
5 p<0.018
4 -
3
2
1 -
0 - . .
153063 OHME® X3RO ada9-00 3530963900

353096@ms GgLfogerow xamndo MPO s6 300609006H9ds  sLs3msb, s6EHgHo
30396396B0slmsb, 539 LJglmsb s sdM0sbo OsdYEOL SOBYOMOSLIB.

3Jm-0b  X3MBRoL  9BHOMWMAOMOO  FBod@mMol  dobg3z0m  OYMRBST s 5T
J39%253900L (089809960 / 565089d0v)M0) F9MG5D (bMowro Ne3) sBgqbs, G0
d9LHogeromo  3000603MH-sdMOSGHMMOMEo 35839690 gd0 X aMRgel  dmEOL
O3B golRs6  LoOFIMbm@ 96  goblbgzo3006, ™) s Bsgmzom  Sbo3L,
MO390 BEIGHOLEH03IMMS© LIOFIMBbmE Fomowos (p<0.05) 0dgdon®o ggbgBols
3J-0b X3mMRdo O WI03M30GHJOOL  MOMEIbMBSL, MHMIgoi  9M0d)doMHO
93000l X3ndo  Lseombme (p<0.05) MRO™ Joseo sdmBbs.
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3bMowo Ne 3. gdg-00 35309bGH™Ms 9mbs3g0900 gGoMmEmyomMo

B9gBHMMol dobggzom

009do®o n=34 65089009M0 n=34
sbo30 (fgwo) 69.7+9.6 * 58.9+14.5
Udgbo (Joeo/3530) 10/24 13/21
ad9 IW/II/IV gw996d309960 3esbo 9/20/5 10/17/7
35460560 osdgEHo (%) 44.1% 14.7%
3 3H9M0Mo 303960 3H96%0s (%) 64.7% 50%
BMI (33/9?) 28.245.1 30.8+10.9
LVDD (10) 5.8+0.8 59+ 1.1
RVDD (10) 3.7+0.6 3.9+0.4
LA (b9) 4.5:0.5 4.3+0.6
RA (b0) 3.9+0.7 3.8+0.8
IVS (10) 1.15+0.15 1.28+0.3
PW (10) 1.08+0.13 1.25+0.3
LVEF (%) 34.8+8.6 35.1+11.3
MPO (63/9c) 9.1+4.9 9.5+8.6
hs-CRP (9p/coe) 13.3+18.4 11.5+15.5
w903m3oGo x10%/q 7+1.6 7.8+2.4 *

*p<0.05.

3608369c0mg5605, O3 MPO-U ©mbg HmymME 0d900mMo 49690l (M+SD 9.1+4.9
63/d), sb939 9®90d930)H0 49690l ( M+SD 9.5+8.6 bgy/d¢ ) adwy-00 35309639030
L53MbEHOMEM XQRMIb Fgsmgdom ( MtSD 4.2+2 63/dew)  Lo®dmbm oo
(p<0.000 s p< 0.002 FgLsds30Ls), M3 b5B396900 51939 OOYMSTS Ne2-%By.
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053505 Ne2. MPO-l 953969090  Logmb@Gommem  xamals s  3meol
JO@b03mo 13856H0lMdOL 03990w9M0/s035089007M0 JEHOMEMYO0L X3RO0

p<0.000 p<0.002

[
o

B MPO bp/d¢

O KL N W H»H» U1 O N 00 O

Lo3mbEMMmem 3Jm (0890060)  adwy (560508993060)
X330

15330930 XdMBoL  dMbs3gdms BMbJgomco  Jeslol dobggoo (I/II/IV -
19/37/12)  @obboengsd  (gbGoo Ned) sB39bs, M3 xama3gdl dmMol  sbozol,
0568bgd0 ©55350J39O0L  3M5gEGH03MMO®E MobsdMSE dobsfoegdol 3oMmMd9dT0
500608690Mm©s  ©odswo 10933030l W03M3OHMEJOboL  LBEHoGoLEH03Mms©
Lo@HIMbm  (p<0.024) 3argds IV gvbdsom®o 3wsbol xamxdo (M+SD 90.4+34.2

da/) II 3mbdEo®mo 3e0slol xBmsb dgs®gdom (M+SD 126.3+43.3 93/);

gbOowo Ned. 353096 ms  ©gImaMogommo  3sB39bgdegdo s 3J3wobozmm-
@W3dMMIGMOHOEo EbsLOsMYds BMBJ30M0 JEsliols xMBIdol Jobgzom

Logonm g3 I 3.3 IVagg

X3R0 (n=68) | (n=19) (n=37) (n=12)
sby30 (Hgero) 643+ 13.4 64.5+16.5 64.6+13.3 63+7.8
LdqLo (Joero/3530) 23/45 9/10 12/25 2/10
SOGHOOMEO 81.3% 86.7% 87% 60%
3039603)96B0s (%)
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3G939cmds (%) 18.8% 23.5% 17.4% 12,5%
039905/ 565 099305 34/ 34 9/10 19/18 6/6
3560560 ©0sdgE0 (%) | 29.4% 21,1% 32.4% 33.3%
BsgOOM™ 30 (p/aw) | 69.8+7.1 69.4+7.5 69.9+6.7 69.8+7.9
5@d8060 (/) 39.9 + 4,5 40.9+4.8 39,6+3.9 38,6+5,6

TC (3y/co) 172.3+ 50 191.7+50.9 168.9+47.4 149.4+48.3
LDL (3y/o) 109.2 + 39.4 126.3+43.3* 105.3+35.6 90.4+34.2 *
HDL  (3y/ow) 40.6+ 12.7 42.8+14.4 40.9+11.3 35.8+12.9

TG (/W) 115.5+ 49.2 113.2+32.3 116.6+62.1 116.2+32.5
MPO (6g/de) 9.3+7 7.7 +4* 89+64 * 11.8+78 *
hs-CRP (/) 7,6+7,3 13.6+19.1 9.4+12,0 19.3 +24.0
®903mE3o¢o x10%c | 7.4+2.0 7,3+2.04 7.1+1.98 8.46+2.04
36095306060 (80mw@/@w) | 93.4+29.7 90.1+26.8 89.4+22,8 111,2+46,2
TLC (¢3¢ 69c00/30%) 1420.7 + 483.1 | 1363.3+ 611.5 | 1445.2+ 402.7 | 1435.7 +524.3
LVEF (%) 35+ 10 44.9+4,7 33.7+7.7 22.8+5.8

QTc (§9) 0.4+0.06 0.41+0.05 0.41+0.04 0.45+0.08
BMI (33/3%) 29.4+ 8.3 30.3+11.7 29.6+7.0 26.8+4.0

51939 bbgs 3000603996H-wsdMmGsEMOH0o 35B39690¢qd0L “Qostmqligdol” (0)d3o

LEAHOGOLE03MMOE  SMSLIMHIMBM  (33¢00gd900) Loghmm  gmbbg s50bsbodbsgos

MPO mbols b¢o@olLEGozemow Bo®Hdmbm dmds@Hgds 3bJgommo Jarsbol BEOOL

35059 Es@ (3bMoo Ne4), Mo 91939 sLob0s OsMds Ne3-ls s FbOow

Ne5-3o.
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053M335 Ne3. 3530060 auemol 9305Golimdol Loddodgls s MPO-U

35B396909ls ImGols
MPO
p<0.009
Ng.3 .3 IVa.3

OMaMOE  ©00aM535 Ne3-ob BBl II g3.3-0b 353096@ 9030 MPO-U  Lsdwsenrm
35639690900 LsOFIMBM© MBOHM BsEos (p<0.009) 499-0b MG ddodg (I11x3.3 ©o

IV g.3) 8996309960 30sbol ¥ a5390msb 99s69000m. 39MHdmE bEGo@obE03wMo©
LoOHIMBM 2oblb3s390s s60L Il vs III 3.3 o I vs IVg3.3 mcob (gbGogro Ne5).

gbOowo N5, MPO-U (335¢gd50mds  avemol  Jhmbozmmo  w39sGolmdol

x}bJgom® 3esligdl ImMols
Mean Difference 95% CI P-value
HF IVvsIl 4.08 (1.44-6.72) <0.003
HF IIIvsII 2.99 (0.618-5.36) <0.014

33930l 53MmEsbgdDg oyMmbMdOm, MHMYMM gl F0MO0MYOMEO 0y oldoEns s
dgoomEgddo, 6 301 0909y 9993090 0dbs 9935 YBOL  goBmbozo
(LO33OWMBY).  0bFMEOTs300L  FgaMmgzgds  FobbmOE0g©s  LoGgEgrmbem
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300bgzomol  J9g3bgdol TgIRo.  3dTIMZOoMb3s  BoBIM©S  35309DGH05/350
SBwmdgwms 79 %-mb (68 35309630). oxodlotms Logzowmdol 10
9900mbg935. 99956 1 oym Lvyogool Fgdmbggzs, 1 - bLozzowmds Lodbogbmemo
350MMYool  20dm, bmerm  ©bs®Bgbo 8 oym  39MoM3zsL3MmmMo  (33)
1033OEMB.

6 30l 999Md 259mbogwol (33 LO3Z3EOEIMds / Ggdmbgzgzol sMTJmbg xama30)
9d0b9300 353096GH0L 3Mbs(39d00 F9M9d0MTs 5b5e0DBTs (b Ne6) 5B39bs,
MOmd 33 LO33EOWMIOL Xamado ibJ30MMm0 Jwsbol dobgzom 353096¢3)gd0
239650 gdmwado 0yzbgb 99dgybsoms I/III/IV g.3 - 1/2/5. dsmo 9d9g@EHgbmds
(62.5%) gmeol ©93d50m0LMdOL IV gmbdzom®mo 3¢wsbl 8093m3bgdm©s, Yz9ws
o060 35dMMdoMO bdglol. 360d3bgarmgzsbos, M 3 xymndo (LolzwOEMdOL
3900mbg93900) dbmermE 1 Jgdmbgzgggzs ogm I gmbdi0m®o 3esbol 353096@0,
OMIGEboE 909608690Mms gobsba®derogqgdyemro QTc 0b@gMzscro (QTc-0.5 ()0).

300 Neb. o050 300603 MEO F5bIL0SMYOE YO0 J5MEOMZLIMEGO

259mbageol dobggom
Logonm 33 B033OW MBS 3d99mbgzg30L

X3RO n=68 n=8 503Jmbg n=58 P
sbv30 (Hgero) 64.3+13.4 63.5+11 64,2+14,3 p< 0.893
3930 45 8 35
ady I/III/IV 3.3 19/37/12 1/2/5 18/34/6
MPO (bg/0¢) 9.3+7 14.8+10.5 7,9+5.5 p<0,007 *
Hs-CRP (/o) 12.4+16.9 32.7+29.1 9,8+12,8 p<0.001*
wq03m303H0x10% | 7.4+2.0 8.4+1.6 7,3+2,2 p< 0.185
LVEF (%) 35+10 32+15 36,1+9,0 p< 0.488
LVDD (10) 5.8+0.9 6+1.3 5,6+0.79 p <0.313
RVDD (10) 3.8+0.5 4.2+0.4 3,6+0.4 p<0.005 *
LA (bO) 4.4+0.5 4.6+0.8 4.4+0.5 p< 0.582
RA (u9) 3.8+0.7 4.4+0.8 3.7+0.7 p<0.042 *




VS (19) 1.2+0.2 1.4+0.4 1.2+0.2 p< 0.211
PW (19) 1.14+0.2 1.36+0.3 1.10.1 p<0.112
TC (3y/ow) 165.9+50.9 133.5+40.1 177.8+44.8 p<0.012 *
LDL (3y/o) 104.6+39.8 83.3+33.0 112.6+36.2 p< 0.039 *
HDL (8y/coc) 38.9+13.2 28.2+14.7 42.6+12.1 p< 0.004 *
TG (3 ow) 112.5+46.2 110.2+17.9 113.5+36.4 p< 0.801
Al 3.9+3.7 6.5+7.3 3.3+1.2 p< 0.253
AIP 0.45+0.23 0.69+0.39 0.4+0.16 p< 0.088
senddobo (/) 38.8+4.8 33.6+1.7 41.3+3.9 p< 0.000 *
BogHom Gos (p/av) | 68.6+7.5 62.2+4.3 71.8+6.7 p< 0.000 *
TLC (o)x6900/03%) | 1420.7+483.1 | 1134.3+286.9 1403.3+474.6 p< 0.131
BMI  (33/0?) 29.8+9.9 33.2 +20.2 28.845.7 p< 0.619

OmamOE  3bO0wosh  RbL 33 L033oEMdol  xamxdo  LBESEGOLE03IMOE
Lo®HIMbm 6oL 899300900 Loghomm ool (p<0.000), sedmdobols (p<0.000),
LogMm  JmegbBgemeol  (p<0.012), ©sdsero 10d33¢M030L  03M3MHMEHIOOL
(p<0.039) o5 Fsmsero Lod33M030L o3Mm3MmMEHJoEOL (p<0.004) JmerglidgOmeols
390mb3930L  5Mm3JMbg xaMRMIb FgoMmgdom. 98539 X3MIRTo  bBMGdIOL
LEAOGHOLE03MMS©  Lo®dmbme
9600369mgzs605 91939 Mol GIMEYEoMHgdoL  gdmblm3o©

Mby
3063960900, Omam®mogss MPO s hs-CRP
95 MBL.
9539690 9ms  Qoblbgoggds  xama3gdl  ImEobL.  JgLodsdolo  LO3ZOWMBdOL
(090pamdo 6 301 8ob3ogErmdsdo) Fgdmbggzoms XaMBdo adm-000 ©bsMRYD
353096¢ M0 XaMBRMIb  FJMgO00  Bo®oer0s  SbMYds-mJLoIoMEMO  LGMgLol,
MPO-bs o hs-CRP-0ob, 958396000900 @s ULobgbHgs Mol mgédm  39@¢o
3o90bsG o (356X 3965 37)Eob) 33Ewowgdgdo.

50235650, 390l JOHMb03Mwo M385MmOLMdOM 35309639300 Jowowos MPO ©mby,
Omame 3 0390060, 9939 9M0dgdoMo g9bgbol Jgdmbgzn35d0; dOMIGI9MOL
Loddodol

3ol d9Lodsdolo o

©Mmbg  F5GHME@mdL  Bbjzomeo
LEAHOGHOLEBH03MM LIOHIMDbME Tosseros Fgdamdo 6 030l 56353 mdsdo

33 103300 mdol x3Bdo.
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2. MPO, 3sbomgds-mgbosgom®o ULEmglbol dsm39Mgdo gmeol  Jhmbozmwo
305M0LMdom  353096(3)gdd0: 353d0M0 GMbIJzomMo 3wslol Loddodgls s
299m5535¢b.

3J-0b BMbJEoMMo 3sbol sddodgdols s AsTMBOgEoL 3mbEgduEdo MPO-b o

3bm»gds-mgloszomcmo  LEHMILOL Jglfogwowo  sB3969d¢gdol  Low®moLgo

bowobo  sB396gdL  sbgmo 393000l (sbgdslls s BbJzoMMo  Jslol
103d0TGLMO6/QoTMBOZoEMSB) SOBYOMBIL.  3gMHM, WJo3zm30BHJool s hs-CRP-U

353905 293-0b LOd3d0GLMSL SLMEF0MmEYds Fsmo FbmEm@ MPO-bMb gHoMdwoz0

25bLxol (900 FoJBHMOMs©  499MH0sbgd0l)  Tgdmbggzsdo, Moz SbEb0s

Q0536535 Ned-b.

©O053M535 Ne4. 560gdol 85639Mm9d0Ls ©s 3ol Jhmbozmmo  y305MHOLMdL

B6J30mMo Jesliols MM0gMHINEITMIOEYOIIEGDS

p<0.009, Beta=0.199

396930960 3eslio
.\

o
[y
N

3 4 5 6 7
36mgdoL dsM39Mo

22



505L09b, sbmgdol Jgufogerowo 363909006  (gozmE0d0,

dbmwmno MPO
1oddodgbosb

3Jm-0m 35309639080 MPO 30069000693l hs-CRP-msb

(@obo  053Hg0s)

hs-CRP, MPO)

53w9bl MM 30gdgE 353006l  aug-0l

(05.0058M535 N3 o bMoo Ne5). sbgzg 3603369m3zs60s, GMA

(0056505 Ne 5 - 5) o

doLo EMbY 56 3MH9EOMGIL WJ03ME0GHJOOL MO(3L3ML (OsYMSTS N5 - d).

0530505

Ne5.

3bmgdol 356390900l  MMHMOYMHNEITMIOEIOIDS  JUIeOL

JoO@bozmmo 13050H0Lmdom 35309639000

Pearson Correlation r=0.277, p<0.032

80.004

60.001

X 40004 o
0.00
o

R Linear =0.077

T
2000
MPOngml

wBC

14004

10004

800

4.00

Pearson Correlation r=0.230, p<0.066

1000
MPOngm|

3J-0m 35309639080 glfogwrowo domds®m3ghol (MPO) d5h3969d¢0ols 8935190

Lbgo 3961589093056 8085610090500 dmbs Pearson-oll 3m6MH9ws300lb godmygbgdoom.

3MOGE9305 (“oMYymxBomo) bsbsbo 0dbs obgm WsdMMSGHMOOME F5B39690¢gd™Sb,

MMyMOHOEss  do®owo  10d33¢M030L  odm3Mm@gobols
(p<0.002), 5edmdobol Lodwmom dsB396909cro  (p<0.016)

(p<0.042).

HDL  dmeogb@gdmero

s Loghom oW

SBYMOo  3MOIWO305 5O 0gbs Bsbsbo wo3oMGmo IGMMmBowol Lbgs

95b39693qdLs s domdodo® (Agbfogwroen) 50 39Mm9dmsb.
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Bm@mogommo BEsGHMLOL Fglogolgdeo Loghmm XaMRBo symaow 0dbs bsd
J39xan3s [Instant Nutritional Assessment (INA), Seltzer HM]. 353096&ms 36.7 %-
ol (25 35309630) 8900bg935 3569399736935 53 3ELOGOISF00M J5BLEBOIOE
396560HBb9090 69E®0E0o LEHIEHWLOL 35¢)JaMOOL (39MME OIBMEOEJOOL
Loghom Gogbgzo >1500 »x®g0/dd® s s5¢dmdobo >3.5 3/w) s Fgbodsdobo o0
3000g039GMM0m  oboloBM3Ms, MMmAMGOE bm®mIMwmo. 353096@™s goboflowgds

oebmBMo0ol J39xa53gddo dm399w9wos 3bGodo Ne7.

gb®oo Ne7. dogem3ghmdlosbsls  ©mby s LozzEommdol Mogbzo awEol
JO™bo3mmo M385600LMd0m 35309605 F5EbmBMmoEool b3sELLLIS J3gxyMBdo
(INA-U dobggzom)

TLC sendmdobo | n MPO by/d¢» | Lozzo™ds
(9X090/0F) | (/) (M=SD) n

I d39xam3x30 < 1500 >35 30 7.5+4.8 * 1

II dagxamzo | < 1500 <35 8 9.4+3.14* 4

III d3oxameo | > 1500 <35 5 12.6+6.0 2

3bO0oo Ne7-@sb  Bsbl, Mmd 3d-om Igbfiogerowo 353096@900L 63.2% (43
3530963)0) Lbgsslbgs Loddodol FsebmBHMoEo0l XyMBL 369336905, 39Mdm
obB®oE00l X3mxz30©sb 69.8% - 1 J3gxamxl, 18.6% - II J3gxamxL, 11.6% -
III J39xax8L.  53530MHMMES© 60d MPO-U mbols dobggzom

LAHOGHOLEO03YMO LOMIMbM Lbgomds sMLYdMOL I s II Lsbol dsebyE®moigools

50mBb,

X3MBoL Lodmsem 35839690 gdL dmeob ( II vs I p<0.008). Hmame s 3bMoo©sb
(3BMoo Ne7) BBl 58 xamx3do bo3zoMdol Hoibgzo (50%) 439y Fowseos.

35309639000, sendmdobo, dog M50 99¢3)-b53 9050

SOLMEOFHMMO

QOO0
LAHOGHMBO  (OIGM(30EJOOL
50 IbMO0m 2obloBMgzmyeo) (III J3gxan0), MPO-U 3:m6Hgms30s 5¢0dw9d0bmsb

LoOE3
09600BMbqdMos 0dmbmeo
396560Bbgdo0s (p<0.012), 0bgzg M@ LEGOOM XBI0. STSLMD JMOHJES30S
56 63MBMbgds, 39BH0E, PBEYds sbowro 3MmMgarsizos MPO-bs s 03996996 LEo@mbls

24



dmeol (II 439%39530) (p<0.01). mbsizgdoms dmMob 500b0dbgds «3493MM3MOE0wwo
©53M3000909gds (3bMOEo Ne8).

gb®ooN8. MPO-bs @5 byGMogonmwo 3s6s893HMJool  ©EsIM30EIDMEYds
(INA-b dobggom)

Pearson’s r p
I 439x 380 MPO vs TLC -0.465 0.01
III d3gxamx30 MPO vs 5¢0dv9dobo -0.698 0.012

1033OWMdOL  35B396909c0  Fosos bMEMmOEOIo  IROEOGHOL 3060HMdYdT0
(7 8990bg93s 1 Lofiobosedgam) (EbMowo Ne7). 50bsbodbsgos, M®A 53 ghm 9.§.
Bm®dob (89bsBmbgdmeo bm@EMosonwo bEs@Gmbol) dgdmbggizsdo MPO-U mby
25.8 bp/d¢» 8950099b>.

0990030 sbseoBolsmgzol 339350 BsGmewo 3530963900l Loghmm xawmao
956396980l dobg3000  ©oYMmBow  0gbs
4 9439%2993500. mbs39dms AsbsHowgds BgIMmMobodbmwo J39xaagdl dmMol

w0dxmEoGJool  S0LMmEEHMHO

dm39gdmwos 3bGowdo N9.
gbMowo N9. 3bmgds-mgdiosgon®mo  LEMgLols 9mbozgdoms  obsfogngds
@03xMm30GJO0L VLMEOoEGMOO 38396930l J39xaIBIOL dmMol
Bn®ds dbmdmdo Lodwmogom ddodg
>1800 1200-1800 800-1199 <800
N-13 N=31 N-18 N=6
MPO (63/dc) 9.96+7.8 8.7+6 9.1+7.8 8.7+6.5
hs-CRP  (3p/c0e) 12+19.7 11.1:16.9 16.2+185 6.8+3.5
w903m3oGo x10%/¢n 8.8+25* 6.9+15* 6.9+1.9 7£1.95
LVEF (%) 32.5+12.1 35.4+8.715 33.4+8.8 41.8+10.8
BMI (37/0?) 27.7+3.7 29.6+6.7 30.9+12.7 30.2+6.7
5083060 (3/em) 40.4+3.4 40.4+4.2 38.7+4.5 39.1+6.8
LogOHDM 30 (p/w0) 71.616.3 70.4+5.9 67.4+7.9 70.2+10.1
TC (dp/cow) 200.3+57.6 * 185.0+47.1 149.3+39 * 151.8+48
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LDL (8y/ ) 132.6+52.3 117.6+38.1 96.6+29.9 84.3+28.5

HDL (3/ow) 39.0+6.6 42.1+10.6 36.6+12.8 49.4+23.1

TG (By/ow) 158.2+95.2 120.5+34.2 97+20.8 90.3+25.6 "

Al 43+1.8 3.4+0.95 4.7+5.4 2.2+0.7
1033OWMdS 0 3 4 1
*p<0.05

3Jm-0b  459mlogErol (Lo3zwoWMdol) Fgusligdol Jggas dgdmbggzoms  50%
(4 8990b3z935) sx0JuloMEs LsTMSM 0dMbMMHO IBROEOGHOL J39X IR0, LoWss
039660 LEASGHMLOL 2ow95M9Lgds LEBIGHOLE0ZMMS© LoMHIMBbME 353000 IdMOS
LogMOM  JMEgbBHIOHMEOLS s BHM0YOEIO0EOL E™bol  sdzgomgdsls  (TC
p<0.041, TG - p<0.013). ToEso 10d330M030L WO3M3OHMEFHJOO, 093] OMAMO3
5edmdobol o LogMmm zowol mby s1939 3w IO Mds, hs-CRP  Lsdmsenm
95639690900, MPO-U Lsdmsenm 360936900mds  BoG )Mo, 35600 X yIB90L
dm60b LEAHOEGHOLEB03MME LoMHIMBMYds AsbLBZ39ds 56 0dbs bsbsbo.  BGBsrmEo
0396160 LAHIGHMLBOL XAMBRMB Fgs®goom  AbPMJo 0dMbm@o IBOEOEGOL
X3M8do LOMHIMBbM  J39000©JIMPS Y03ME30EJOOL ©MbY. Bgdmmombodbmero
dbmmE  sefigMos  dgbfogeromo  35B39690gd0l  (bm@Gmogome  bESGHMLmLb
39300630 9gmBo /56 sbmgdol 5B39690gd0l). ghmo 3603369wmz560 d9gy0
53 59 3BOOE06 BIBL s®OL F98ga0: 3Jwg-00 TGufogErow 353096@S X aa3do
903535¢00 6 ™30l 56doBY (3910 FodMLs35eo (L03ZWOLMBS) 3530060 YdS 5Ts
099 08 bstrolbbom godmbos@me 08mbmé ©gz030GL.

doMOMOI©O XAMBO 1939 ogmagoe odbs CONUT -ob (Controlling Nutritional

Status) 3e0olOg035300L JobgE30m. 53 JESLOGOZHEF00M Bs3ZWI30 XFIBO I0YM
4 330X0BOQ. 53 faboo ady-om Fglfagerow 3530906 XHIBOWID OG JOMO
3530960 96 dmbgs 8dodg doebmE®moiEool xamndo (9-12 Jmws). 353096¢
1.8% (8 99dmnbgg3s) FgnsLs, MMYMEOE LsdMsEm FoebrEGmoEool djmbg (5-8
Jms). om0 139G gLemds 0ym 35853530. AmdvYd FoebE®oEool Xando dmbgs
d90mbgggoms 45.6%. Lozzowmdol 8 dgdmbgzgzosb 3 ogm dbwgdmdo s 5

990mbgz935 0ym Lsdmsem FoebmE®oEooL XaMB0L. 10330 MdOL GG OO
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0900b3935 90 0gm bmGmoemMo 6E®moMEomeo BEGsEGWLOL Xaido. JoMOMSO
Bm@mogommo s  9Jm3sMEOMYMOBONWo  35M53gBHM9d0,  MMIgois  d1Y39
39B6bom 0465 59 §39%2MBJOOL BoAwgddo, ImEgdos  3bGowdo Ne10.

gb®owo Ne1l0. CONUT - ol dobggom  99650Bmb6gdgmo  byEmogomeo

LGoGmbol s 95¢ebyB®ozools J3gxa 89030 LBESGHOLEH03MMSE oblbIs3gdMwO
9539690 gd0

Comut 0-1 Conut 2-4 Conut >5

n=29 n=31 n=8

SIQTOTAS abydJo LM
3by30 (fgro) 64+13.5 65.2+14.5 64.8+9.3
3930 17 21 7
NYHA IVIIV/IV (g3.3) 9/16/ 4 8/ 18/5 2/3/3
BMI (33/3?) 29.245.4 28.3+6.7 35.3+18.3
MPO (63/0¢») 8.5+6.1 8.8+6.3 13.1+10.1
CRP (3p/co) 11.6£15.9* 9+10.9* 32.3+30.8 *
w903m3oGo x10%¢n 7.6+2.3 6.8+1.6 8.2+1.7
LVEF (%) 35.9+10 34.9+9.9 34.1+£10.9
LA (Lb9) 4.3+0.4 4.4+0.6 4.6+0.6
RA (150) 3.5+0.6 4.1+0.8* 4.1+0.6
LVDD (10) 5.9+0.8 5.7+0.9 5.8+1.15
RVDD (10) 3.6+0.4 3.9+0.5 4+0.6
IVC (10) 1.22+0.14 1.17+0.3 1.2+0.19
PW (10) 1.14+0.14 1.11+0.25 1.2+0.3
TC (dp/c0) 209.9+42.4* 152.4+30.4 * 117.7+40.1*
LDL (3y/co) 137.8+37.1* 92.8+23.4* 74.6+36.9 *
HDL (8y/coe) 45.3+10.3* 40.1+11.8* 25.9+13.9*
TG (dp/0) 139.9+65.2 * 97.8+22.2* 101.4+24.2
sedgdobo (/) 41.3+4* 40.3+3 * 329+1.1*
TLC 1788+388.5 * 1170.2+342 * 995+247.6 *
10330 MdS 0 3 5
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59 X3199139000 560gdol Fo6396M900 Fo@ErmdES, MMI3 Lo®Hdmbm ds@gds bsbsbo
0465 hs-CRP 3dqgdmbggzsdo (III vs I p < 0.015, III vs IT p < 0.005), Lo®{dbme
J3900©90M©s sedmdobol mbg (III vs I p < 0.000, III vs II p < 0.000), oby3y
OO 3 LogM M JneqgbBgdmeool (I vs I p <0.000, IIvs I p<0.000,III vs
II p<0.057), LDL dmgogbEgedemerols (IIvs I p < 0.000, IIT vs I - p <0.000), HDL
Joergb@gdmerols (IIT vs I p <0.001, IIT vs I p <0.013), TG (II vs I p <0.003),
TLC (II'vsI p<0.000, III vs I p < 0.000) Lyg@onm dsb3z96909e0, Js6rx 3965 Fobsgymarols
Bmds  BEOGHOLI0ZNGHO®E  LEOFIMbmE  Fo@GmEmdEs bdmdo  FoebmB®oEool
X3MRBd0 6MHToe M X yBmeb dgsmgdom (p <0.035).

3J-0m 3530963 X3MRIo  Foowos  FobmEmogool 8gdmbggzgoo  (63.2%
Lbgoolibgs 1oddodol  FoebmEBHMmoEool), Mog 1939 39300MTos  353096GHMS  ©d
X31%3d0 (3dm) Lo3zowmdol (d9damdo 6 ™30l obTsgEMdsTo 2odmlsgseo)
09000b39390056. MPO  sbgbl 256339 300609053008  5609ds-mdloogowm@mo
LAH®ILOL s  FoWbMBHGOEOOL GOy FoMIYNHGPMD,  TsLb  LEIYEosE
539300090905 Jobo 35300600 2-0b Loddodglbmsb.
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3. MPO, gawwol  »90m©geotmhgdol  35G390g00  gmeol  JeOmbozwmero
"305600bmdom  35309639080: 3338000 BWbJzoMMO ool LoddodgLs s
299m5535¢056

3Jm-00m LogHo™ xaz3do dgbfogerow 0dbs 9dm3smomlzm3omwo 8mbs3gdgdo s

om0 3539060 560905-JLOOEOMMO LEHGMILOL FoM396 F0gEM3gOHMJLOIBILMSB.

d9Lfogo 3m3MsE0sdo 9dmbzm3omo dmbs3gdgdol gGIMmo ga3sligdolsls
300m30bs 3vmmo  OMAMOE beaMBsmemo  dsB39690gd0, slg3g bmGBosb
2OIBO.

OMAmO3 HB0mm 9306036900 3mL30EI0BIE300ID 6 ™30l Tgdamd dmbs

Q993900900L 459mBs30lL T9z3oLgds.

ULEAHOEGOLE03MYM® LoOHIMbm bbgomds bsbsbo ogbs RVDD (p<0.005) ws RA -ob

(p<0.042) 9gdombggzsdo, MmIgems  95B396909cw0  Lo®fdmbmm  Fo@GHMErmdEs

1033OWMBOL Xaxdo  (3bOOWo Ne 6 0b.Bgdmm, OoYMsTs N26).

0530505 N6, 3ol JOhmbogzmwo M38sMolmdom  353096¢gdd0 Tgdamdo 6
30l 356053mdsdo  239MLsgs b (L033EOEPMDS)  LIOHIMbM  JMMgesEooL
3Jmbg g9dmbzm30mMo s S6mMgdol 356390 gd0

p<0.001

MPO CRP RVDD RA
® 33 bo33oEMds @® J90mbgg30L 5M3Jmby
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B90m50b0dbo dmbs39890056 (EbMOEo Ne6) 459MmI0bsdg 4reols Jotrx396s
©MH900L  ©9GHIWMO  FgRsligdobsmzol  dmbs  35309bGH s OMOMOEO
956396900900l gobsfoegds RVDD 335630 gdHg oyhbmdom (gbGogro Nell),
G@Aol  dobgzomsig  FoMibgbs  3oM3mFol  aobgzbol G0 Qo
LEAOSGHOLE0IMMS© (339905 MOOO
(90m3m303H0  FoGHMmdEs - IV vs I p<0.037, IV vs III  p<0.025, gsb93b0l

W903™303HJO0L  mby Lo®(dmbm
03059309 390 mdEs - IV vs I, IV vs II p<0.002). bbgs 2o6Lbge300s 50b0odbwyem
33963090l MO0l 56 0dbs Bobobo, o8 BgaMmme©bodbmero 89009900 bsomws©
mB39690L, Gmd 6 ™30l 990amd RVDD-0l 3539ds 9353006000005 259mBogogol
(Lo33OEMdSL) RVDD>4.2 439% 3915330 - dmdsGHq0v)emo s60mgdol 3s6396M9d005 o

299¢00b LEAOJEHIOMEO O BIBJ3099M0 IHB0BYIdOM.

gb®omo Nell. bsgMomm xamxob sgmas RVDD 3356¢0mmgdols dobgogzoom

<3.37 3.37-3.64 3.65-4.2 >4.2

MPO (6p/dr) 9.1+4.6 10.5+5.9 9.89+9.14 13.7+7.2
CRP (3y/00) 4.3+4 15.27+23.7 11.65+£17.6 | 21.9+17.3
90303030 x10%/¢w 6.6+1.4* 7.0£1.6 6.6:1.6* 8.7+1.8*
EF (%) 41.8+5.7* 41.36+6.12* 35+6.9 29.4+11.5*
LVDD (10) 5.6+0.6 5.86+0.7 5.6+0.9 6.4+1.1
LA (L0) 4.2+0.4 4.2+0.6 4.49+0.4 4.7+0.7
RA (150) 3.2+0.4 3.38+0.28 4.2+0.35 4.8+0.4
IVC (10) 1.18+0.15 1.15+0.2 1.19+0.2 1.3+0.4
PW (10) 1.05+0.11 1.12+0.15 1.18+0.2 1.2+0.3
1033OEMDS 0 1 2 5

*p<0.05

9608369emgz5605, ™3 RVDD  dobgz0m xa5390L dméol MPO-U  (335¢098500Mds

56 094m LASGHOLEGHO0IMMOE LHOFIMBM, M55 Y39 WILEHIOPIDS 3J«)-000 35309DGHM
LogB™ x¥ama3do MPO-bs s RVDD  8mMol 3:06Hgs3ool s0ombgdmdood (Pearson-
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ol 3695(309), (QOsMSTs Ne7). Ggbodsdobo, gd-0m 353096EHMs Fgxsligdsdo gLy
®M0 356039600 , MPO s RVDD, ©58M930090o go6boegsls bsFoMmqdl.

@©O053M385 Ne7. MPO-Us s 856x3965 356319308 ©OsLEGHM@MOO 039G ®OL
"OH00JMH3MI00YOMEgds.
Pearson Correlation r=0.269, p<0.081

R2 Linear = 0.073
5.00]

450

4.00-

RVDD

3.00-

2.50

T T T T
0o 10.00 20.00 30.00 40.00
MPONngml

33930l 99©9a00bg  oyMbmdom Loghom  xaMndo  5dm3wobos
UBEAOGOLE03MM® LBoMFAMbM 3mOgEs30s MPO - I ombols 353)gdsbs s ds0bgbs
39M3MFL 296009360l BGsJ300L  ©J390009d5L dmGol  (Beta - 0.79, t - 8.295,
p<0.000). 53s5Lsb 360369 Mmz5605, MMI 9ol mbdi0MHo dyMTsMGMdOL 53
3608369cmgzs60 06 98O0 ds6396M0L (EF%) 3530060 353096¢ s d9Lfsgeroq
X399%390 8990™30 6 ™30l 2568530530 258ML835™sb 39300600 96 S©IMBB..
530L 30vbgo35 BOFOMM® Rs0MZoes  BMbsEgdms 5b5EP0BO Fotzbgbs 3963 F0l

39609360l gOsdzool  3396GH0wgdol  dobggzom,  MMIgoi  ImE9dME0s
3b®odo Nel12. 353096 X3n380 390109390 9969360l FGsdios (<26%)
BEOGOLE03M® LEOFIMbME 353000 JOMES oBOHO RVDD  8s6396989wU.
595bmsb, 360d3b9crmgzs605, HMI LozzEowMdoL 3 d9dmbggzs (8 F9dmbzg30sb)
Bsbsb 0465 Fgsgd0om Fgbobraro 4sbg3bol BGsdiool  Fdmbg 35309639030

(EF>42).
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3bMoo Ne12. bsghom x50l sgmgs dombgbs 356 3m3Fol 3969360l gModsool

3356 0oegdols dobgpzom
EF <26 EF 26-35 EF 36-42 EF > 42

Sbs30 58.7+10.7 68.8+11.9 61.7+16.2 69+11
MPO b69/dqw 8+6.4 9.6+6.5 8.2+5.6 11.949.1
CRP 9p/coqr 12.8+14.3 14.1+22.6 7.8+7.3 16.3+21.6
©w903m30GHox10%e | 8+1.8 7.1£2.6 6.9+1.4 7.57+2
RVDD (1) 4.45+0.2* 4.06+0.5 3.4+0.3 3.5+0.4*
LVDD (10) 6.8+0.8 6.1+0.8 5.7+0.7 5+0.7
LA (10) 5.1+0.4 4.5+0.5 4.420.5 4+0.3
RV (150) 4.8+0.7 4.1+0.6 3.6+0.4 3.4+0.6
PW (10) 1.18+0.13 1.11+0.14 1+0.16 1.27+0.3
IVS (10) 1.2+0.14 1.16+0.16 1.16+0.19 1.3+0.4
1033OEMDS 4 1 0 3

*p<0.05

96008369em35605, G Y39 XBdo s 3500 ImE@oL J9bsebmbgdmo gobgzbols
RM5J3ooL 300mdgdd0 MPO-U Ls3Msem XyMRIM0 ©mby 990sb6sBg  9930d
(7.1 By/0¢w). TgLodsdols, h39bm3z0L  LoobEghglbm ogm dmbsggdms  sbserobo
d9LHogeromo domds®mzg@ol MPO-b 3356@0¢gdol dobgwozom symaow xomado
(EdMoo Ne13), MHmdgwos 9639690, @3 MPO  ©mbols 353Hqos  3930063d0s
1033O0MOILMSD,  39Mdm©  Lo3zwOoEMdol  dgBo T90mbzg3d  WIBROJLOMS
MPO >7.1 bg/dew (89000065) omsero 856396900l xamado (III s IV 3356@0wo).
9@owmdol 9Mmo d9dmbgg3s d9gmMg 3356300l xaM530©6 Fglodems 35380630
4mgxz0oym 2obsba®dwoggdmer QTc 0b@gezswmsb (MPO-5.3 by/den, QTc-0.5 (;0).
Sbmgdol bgs dom39Mo hs-CRP  MPO-U 3356¢0@gd0ol d0bg300 ds¢))ermds,
993650 3695305 36 04bs bsbsbo. slig3g 9@ MdS W903MmE0EYIOL LodsM
9dmbs399900, MHMmIgeoi LoMfdmbmo domowo oym III 3356@0wdo I 3356@0@msb
990569300 (p<0.023).
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gb®oo Ne13. gmeol Jhmbozmo M38smolmdom 35309605 ©JIMYMIBOMEO,
3bmgdols 956396 gd0Ls S gJm3sMmomlizm3ormo dmbszgdgdols gobsfogmgds MPO

3396(howgdol xa)89dd0
LogMonm I II 11 I\Y%
X000 | 330%owo | 33sbdowo | 33sbdoero | 33sbHowo

n=68 n=17 n=18 n=16 n=17
MPO bg/d¢» 9.3+7 <4.3 >4.3-7.1 >7.1-12.875 | >12.875
5bs30 (fgero) 64.3+13.4 | 64=11 65.1+15.6 63.4+14.8 | 65+12.9
Ldgbo(Jsero/3530) 23/45 7/10 6/12 6/10 4/13
ado IV/III/IV @3.3. 19/37/12 | 2/12/3 9/8/1 5/ 6/5 3/11/3
200 (%) 50% 17.6 26.5 294 26.5
95dM0sb0 ©osdgBHo | 25.3% 35% 25% 25% 15%
(%)
SOGHIOH0YO 49.4% 30.8% 33.3% 15.4% 20.5%
303960396%0s (%)
hs-CRP 9p/¢» 12.4+16.9 | 4.4+3.5 14.8+15.1 13+16.6 18.6+25.6
w9g03m3030x10%/¢ | 7.4+2.0 6.5+1.5 7.4+2.1 8.6£2.1* 7.3+2.1
LVEF (%) 35+10 33.3+7.4 36.9+10.1 33.1+11.1 36.2+11.1
LVDD (b0) 5.8+0.9 6.1+1 5.5+0.9 6.2+0.8 5.7+0.8
RVDD (0) 3.8+0.5 3.6+0.2 3.6+0.4 3.8+0.6 3.8+0.5
LA (LO) 4.4+0.5 4.1+0.5 4.3+0.4 4.6+0.6 4.4+0.6
RA (b3) 3.8+0.7 3.4+0.7 3.7+0.7 4.1+1 3.8+0.5
IVS (10) 1.2+0.2 1.2+0.2 1.2+0.2 1.2+0.1 1.3+0.4
PW (10) 1.14+0.2 | 1.1:0.2 1.2+0.2 1.1+0.1 1.2+0.3
103300EMdS 8 0 1 4 3
*p<0.05
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9mbs39005 990™ao s650Bo MB3969dL, MM xaMBgd0  A36Y3b0L BEMsJz00Ls
@ ULbgs  gdmlgm3om®o  dmbs3gdgdol  dobgzom o6 goblbgoggdm©bgb
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General description of the study

Relevance of the problem

The "historical" models for explaining the clinical syndrome of heart failure (HF)
(cardiorenal, hemodynamic, neurohormonal, biomechanical), have strengths and
weaknesses. Scientific data allows us to consider HF as a biomechanical model,
according to which it (HF) developes and progresses as a result of heart function and
cardiac remodeling in response to neurohormonal activation. One of the major
difference between these two models ("neurohormonal” and "biomechanical ") is that
biomechanical at some point implies the progression of the disease independently
from the patient's neurohormonal status. Except for the above mentioned, more data is
available that shows the role of inflammation and oxidative stress in pathophysiology
of HF. For example, there is a strong association between increased lipid
peroxidation (plasma and urine F2 isoprostane levels), decreased antioxidant levels
and increased severity of HF. One of the active participant of these processes is a
leukocyte-derived enzyme Myeloperoxidase (MPO), that can produce a cascade of
reactive oxidative species, including hypochlorous acid and other reactive oxidant
species, which may ultimately lead to lipid peroxidation, direct scavenging of nitric
oxide, and nitric oxide synthase inhibition. According to scientific data, the level of
MPO is increased in patients with chronic systolic heart failure and the test may have a
screening-diagnostic significance in detection of cardiac dysfunction.

At the same time, relation of inflammation, oxidative stress and the pathophysiological
mechanisms of cardiac remodeling in chronic heart failure and the role of MPO, as the
participant in this processes, is not fully understood. It is important, because in the
future this correlation may become a scientific basis of new pharmacological direction
for treatment of cardiac remodeling. Consequently, research in terms of scientific and

practical application are highly valuable, as it expends the current information about
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prognostic importance of the MPO in patients with CHF and confirmes the

pathophysiological basis of its predictive significance.

Goals of the study

Investigate the importance and role of myeloperoxidase, an inflammatory and oxidative
stress biomarker, in the pathophysiology of CHF progression, find correlation with
other clinical and echocardiographic biomarkers, as well as the assessment of its

prognostic value in CHF patients.

Objectives of the study

1. Study plasma MPO levels in ischemic / non- ischemic CHF patients.
Assess MPO levels depending on CHF severity (II / III / IV functional class).

Analyze the plasma MPO levels associations with echocardiographic data.

s~ WS

Analyze MPO levels with biomarkers of protein-energy malnutrition and
inflammation.
5. Obtain and analyze data in terms of patients mortality and/or repeated

hospitalisation over a period 6-12 months.

Scientific novelty of the study

The planned research will contribute to study correlation of inflammation, oxidative
stress and cardiac remodeling pathophysiological mechanisms in CHF. In the future this
correlation may become scientific basis of new pharmacological direction for cardiac
remodeling treatment. The researche will also fill the current information gap on the

MPO predictive importance in patients with CHF.
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Theoretical and practical significance of the study

Chronic heart failure is a frequent and prognostically poor condition. The planned work
will contribute to the study the mechanisms of CHF progression, specipically the role of
MPO as the enzymatic participant one of the responsible pathways (oxidative-sensitive
pathway) that causes cardiac remodeling. Research of these mechanisms may have an
interesting practical value in the future, in developing the prognosis of CHF patients and
expanding the basis of therapeutic intervention and creating new perspectives for

treatment of decompensated patients.

Approbation of the study
The approbation took place at the David Tvildiani Medical University on May 6, 2019.

The basic theses of the study were reported at:

v' 11* International Medical Postgraduate Conference. Prague. Hradec Kralove.
2014.

v" Students and Young Scientists Scientific Association Conference, Tbilisi, Georgia.
2015.

v' 34 Scientific Conference - “The role of innovations and modern technologies in

the development of medical practice". National Center of Surgery. 2017.

On the research topic of the dissertation 3 scientific articles were published, reflecting
all the mean results of the study. The dissertation corresponds with the requirements of

the statement about awarding academic degree.

The structure and volume of the dissertation

The dissertation consists of following 8 parts: introduction, literature review, materials
and methods, study results, discussion, conclusion, practical recommendations,
bibliography (list of references). The study contain 94 printed pages, illustrated with
7 diagrams and 13 tables. Dissertation has 1 appendix. List of references contains

156 articles.
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Study design
The study included eighty-six patients from Georgian population with CHF. Inclusion

criteria were all patients with different stages of CHF by New York Heart Association

(NYHA) II, III, IV  functional class. Patients who experienced myocardial infarction or
other concomitant acute diseases, renal failure (creatinine >250 pmol/L) in the past 3

months, were excluded from our analysis. The clinical diagnosis of HF was based on
history, laboratory and instrumental data.

After a 6 month follow up, to investigate research primary outcome, the data about
patients was collected by telephone using a special questionnaire, which was focused
on the patient’s state, tolerance of physical activity, treatment and in case of mortality
the member of family gave information about the patient’s state before the event, and
the cause and place of mortality. Follow up was possible in 79% of cases (68 patient).
The obtained results were divided depending on CHF functional class, aetiology
(ischemic / non-ischemic), MPO quartiles, as well as protein-energy malnutrition rates
[Instant Nutritional Assessment (INA); CONUT classification; The total lymphocyte
count (TLC)], echocardiographic data [quartiles of right ventricular diastolic diameter

(RVDD) and left ventricular ejection faction (LVEF)].

Ethical consent

The study protocol was approved by DTMU ethics committee. All patients involved in

the research signed a written form of informed consent.
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Methods of the study

Protein-energy malnutrition

For assessment of above mentioned several classificators have been used:

Instant Nutritional Assessment (INA) (Seltzer HM), which was based on the leves

of albumin and total lymphocyte count. The first subgroup included patients with
albumin> 3.5 g/dl, total lymphocyte count <1500 cells / mm?3, second subgroup -
albumin <3.5 g / dl, total lymphocyte count <1500 cells / mm3, third subgroup -
albumin <3.5 g/dl, total lymphocyte count > 1500 cells / mm3.

Classification by CONUT (Controlling Nutritional Status), For which the albumin,

the total lymphocyte count and total cholesterol level were used. The evaluation of
dysnutritional state was made by the following criteria:

Normal nutrition - Albumin (g/dl) >3.5 (0 point), TLC (cell/mm?) >1600 (0

point), total cholesterol (mg/dl) - >180 (0 point)
Mild malnutrition - Albumin (g/dl) - 3.0-3.49 (2 point), TLC (cell/mm?3) - 1200-

1599 (1 point), total cholesterol (mg/dl) - 140-180 (1 point)
Moderate malnutrition - Albumin (g/dl) -2.5-2.99 (4 point), TLC (cell/mm?) -

800-1199 ( 2 point), total cholesterol (mg/dl) - 100-139 (2 point)
Severe malnutrition - Albumin (g/dl) < 2.5 (6 point), TLC (cell/mm3) <800 (3

point), total cholesterol (mg/dl) <100 (3 point)

Normal nutrition - 0-1 point, Mild malnutrition - 2-4 point, Moderate - 5-8

point, Severe - 9-12  point

Total lymphocyte count (TLC), Which was used to assess the immune deficiency

caused by malnutrition. It was calculated by formula TLC = Leukocyte X
Lymphocyte / 100 (cell/mm?).
According to the total lymphocyte count total group was separated into the

following subgroups (Grant’ s classification) :
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Normal - TLC > 1800 cell/mm3
Mild - TLC 1200-1800 cell/mm?
Moderate - TLC 800-1199 cell/mm3
Severe - TLC <800 cell/mm?3

Determination of instrumental parameters

Echocardiographic studies were performed using standard methods. The left
ventricular ejection fraction and cardiac chamber sizes were measured using the
Simpson method in standard parasternal and apical views. Left ventricular end-
diastolic diameter, right atrium and left ventricular ejection fraction were measured
by apical four chamber view, right ventricular end-diastolic diameter and left atrium

by parasternal long axis view.

Calculated values
In CHF patients the body mass index was calculated using the formula BMI=weight (kg)

/ hight (m?).

Underweight - BMI <18.5 kg/m?
Normal - BMI 18.5-24.9 kg/m 2
Overweight - BMI 25-29.9 kg/m 2
Obesity - BMI =30 kg/m 2

Low density lipoprotein cholesterol/ was calculated by formula TC-HDL —(TG/5)

Atherogenic index. By A.M.Climov IA= TC-HDL / HDL, by M.Dobiasova (AIP) = log

TG/HDL.
Creatinine clearance - gender X ((140 — age) / (Creatinin)) x (weight/ 72).

QTc= QT/V(RR sec).

A complete blood count were measured by flow cytometry.
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Method for determining biochemical parameters

For the biochemical studies the blood samples were collected, centrifuged and frozen at -
70°C until being analyzed. Albumin, total protein, total cholesterol, triglycerides, high
density cholesterol and creatinine were measured by colorimetric method. High sensitive
C-reactive protein (mg /1) was measured by turbidimetric immunoassay. Myeloperoxidae

was measured by ELISA method (ng / ml), which was also studied in ten healthy persons.

Statistical analysis

Statistical analysis were performed using IBM SPSS Statistics 16.0. Mean values of data
were compared by using independent t-test and one-way anova. Pearson’s correlation
(bivariate) and linear regression were used to assess correlation between MPO

concentration and other parameters.

Study results

1. Myeloperoxide in chronic heart failure patients: Correlation with heart

failure, aetiology, functional class and disease outcome

The study was performed in eighty-six patients with CHF of Georgian population and ten
healthy persons. The clinical diagnosis of HF was based on history, laboratory and
instrumental data. Inclusion criteria were all patients with different stages of CHF by
New York Heart Association (NYHA) II, ITI, IV functional class.

Mean age of patients including in study was 65.8+13 vyears, from which 55 patients
were male (64%), 31 patients were female (36%). Distribution by CHF New York Heart
Association Class (NYHA) were 28 patients from II functional class (32.5%), 44 patients

from IIT functional class (51.2%), 14 patients from IV functional class (16.3%). Ischemic
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heart disease (IHD) was diagnosed in 43 cases

(26.7%), arterial hypertension (AH) in 42 cases (48.8%) of patients.

(50 %), diabetes mellitus in 23 cases

Demographic, basic clinical-laboratory and instrumental data of patients involved in the

study is given in Table Ne1.

Table Nel. Mean values of demographic and clinical-laboratory indicators studied

in CHF patients

variable n =386, M+SD, Range

Mean age (year) 65.8+ 13 (24-88)
gender (female/male) 31/55

CHF functional class (NYHA) II/III/IV 28/44/ 14

Ischemic heart disease (%) 50%

Diabetes mellitus (%) 26.7%

Arterial hypertension (%) 48.8%

LVEF (%) 36 £9.6 (15-56)

LA (cm) 4.2+0.7 (3.4-6.8)
RA (cm) 3.6+0.7 (2.8-5.4)
LVDD (cm) 5.7+0.7 (3.9-8.0)
RVDD (cm) 3.6+0.4 (2.7-4.9)
IVS (cm) 1.3+0.2 (0.8-2.3)
PW (cm) 1.12+0.1 (0.7-2.0)
TLC (cell/mm?) 1414.5 + 606 (530-2923)
Creatinine (mmol/L) 94+ 31 (51-197)
Creatinine clearance (ml/min) 89+44 (32.4-275.1)
Albumin (g/1) 39.8 £45 (30.9-49.4)
Total protein (g/1) 69.7 +7 (54.4-85.0)
TC (mg/dl) 171.6+50.3 (56.8-303.0)
HDL-C (mg/dl) 40.7+12.4 (17.4-88.2)
TG (mg/dL) 114+50,3 (54.7 — 402)
LDL-C (mg/dl) 109.9+39.9 (35.9-226.2)
Al 3.8+2.9 (1.5-5.2)
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BMI (kg/m?) 29.3+ 8 (20.1-45.7)
hs-CRP (mg/dl) 12.6 £15.6 (0.2-50.6)
Leukocyte x 10°/1 7.3£1.8 (3.0-14.4)
QTc (sec) 0.4+0.06 (0.3-0.63)

As shown in the table, the mean (group) value of ejection fraction in CHF patients was
36 + 9.6%. According to the body mass index, it is important that the BMI < 18.5 kg /
m?, that belonges to the weight loss / Cachexia, was not found in any patient, 29 patients
(33.3%) were in normal range by BMI (BMI 18.5 - 24.9 kg / m?), 24 cases were
overweight (28.1%) (BMI 25 - 29.9 kg / m2) and 33 cases (38.6%) were obesed (BMI
>30 kg / m?).

Plasma myeloperoxidase level was measured in 68 patients from total group of CHF and
10 healthy pearsons. In this subgroup 45 cases were male (66.2%) and 23 cases female
(33.8%). Distribution by CHF New York Heart Association Class were 19/37/12
(I/III/IV  respectively). Mean age of patients including in the study was 64.3+13.4
years. IHD were diagnosed in 50 % of cases, diabetes mellitus in 29.4% cases, arterial
hypertension in 55.9% cases. The mean value of ejection fraction in CHF patients was
35 + 10 % (table N22).

It is also important to note that in this group of patients the estimation of the lipid
profile shows, that the data of total cholesterol (TC) is deviated from the normal range
in 27.9% of cases, low density lipoprotein cholesterol (LDL) — in 51.5% of cases,
triglycerides (TG) — in 8.8% of cases and high density lipoprotein (HDL) cholesterol was
in 45.6% of cases deviated from the normal value. The mean value of inflammatory
markers (hs-CRP and leukocytes) was elevated (hs-CRP) and / or was in high border of

normal range (leukocyte).
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Table Ne2. Myeloperoxidae, other clinical-laboratory and echocardiographic data in

CHEF patients
variable n =68, M+SD, Range
Mean age (year) 64,3+ 13.4 (24-86)
gender (female/male) 23/45
CHF functional class (NYHA) II/III/IV 19/37/ 12
Ischemic heart disease (% ) 50%
Diabetes mellitus (%) 29.4%
Arterial hypertension (%) 57.3%
LVEF (%) 35+10 (15-56)
LA (cm) 4.4+0.5 (3.4-5.6)
RA (cm) 3.8+0.7 (2.8-5.4)
LVDD (cm) 5.8+0.9 (3.9-8.0)
RVDD (cm) 3.8+0.5 (2.9-4.8)
IVS (cm) 1.2+0.2 (0.9-2.3)
PW (cm) 1.14+0.2 (0.8-1.9)
TLC (cell/mm?) 1420.7 + 483.1  (538-2848)
MPO (ng/ml) 9.3+7 (1.4-35.3)
hs-CRP (mg/dl) 12.4 £16.9 (0.2-50.6)
Creatinine (mmol/l) 93.4+ 29.7 (51-190)
Creatinine clearance (ml/min) 92.2+45.8 (32.4-270)
Albumin (g/1) 38.8+ 4,8 (30.9-49.4)
Total protein (g/1) 68.6+75 (54.4-85)
TC (mg/dl) 165.9+ 50.9 (56.8-303)
HDL-C (mg/dl) 38.9+13.2 (17.4-88.2)
TG (mg/dl) 112.5+ 46.2 (54.7-402)
LDL-C (mg/dl) 104.6 + 39.8 (40.7-226.2)
Al 39 + 3.7 (1.5-5.2)
AIP 0.46+0.23 (0.1-1.61)
BMI (kg/m?) 29.8+9.9 (20.3-41.2)
Leukocyte x10%1 7.4+2.0 (3.89-14.4)
QTc (sec) 0.4+0.06 (0.3-0.63)
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We found that MPO levels in the patients with CHF (mean value 9.3+7 ng/ml) are

different from the control group of the same age (mean value 4.2+2 ng/ml). (Figure Ne1)

Figure Ne1. MPO level in control group and patients with CHF
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In studied patients group MPO does not correlate with aetiology of chronic heart
failure, it is not associated with gender, age, arterial hypertension and the presence of
diabetes mellitus.

Dividing the group of CHF based on aetiology and comparison of these subgroups
(ischemic/non-ischemic) (table Ne 3) show that studied clinical-laboratory data
between groups do not differ from each other significantly except the age, that is
statistically higher (p<0.05 ) in ischemic CHF group and level of leukocytes that is

significantly (p<0.05) higher in non-ischemic group.

Table Ne 3. The data of CHF patients depending on aetiology

Ischemic n=34 Non-ischemic
age (year) 69.7£9.6 * 58.9+14.5
gender (female/male) 10/24 13/21
CHF functional class (NYHA) II/III/IV 9/20/5 10/17/7
Diabetes mellitus (%) 44.1% 14.7%
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Arterial hypertension (%) 64.7% 50%
BMI (Kg/m?) 28.245.1 30.8+10.9
LVDD (cm) 5.8+0.8 59+ 1.1
RVDD (cm) 3.7+0.6 3.9+0.4
LA (cm) 45+0.5 4.3+0.6
RA (cm) 3.9+0.7 3.8+0.8
IVS (cm) 1.15+0.15 1.28+0.3
PW (cm) 1.08+0.13 1.25+0.3
LVEF (%) 34.8+8.6 35.1+11.3
MPO (ng/ml) 9.1+4.9 9.5+8.6
hs-CRP (mg/dl) 13.3+18.4 11.5£15.5
Leukocyte x10%1 7+1.6 7.8£2.4 *
*p<0.05.

It is important that MPO level in CHF patients of ischemic aetiology (M + SD 9.1 + 4.9
ng / ml), as well as in non-ischemic aetiology (M + SD 9.5 + 8.6 ng / ml) is higher than
in control group (M + SD 4.2 + 2 ng / ml) (p<<0.000 and p< 0.002), which is also shown

on Figure Ne 2.

Figure Ne2. Level of MPO in control group and CHF group of ischemic/non-

ischemic aetiology
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Reviewing the study group depending of HF functional class (I / III / IV - 19/37/12)
showed that among groups in the condition of equal distribution of age and
comorbidities, statistically were decreased the level of low density lipoprotein (p<0.024)
in IV functional class (M + SD 90.4 + 34.2 mg / dl) compared to II functional class (M +
SD 126.3 + 43.3 mg/ dl).

Table Ne4. Demographic data of patients and clinical-laboratory characteristics

according to HF functional class

Total group IT functional | IIT functional | IV functional

(n=68) class (n=19) class (n=37) class (n=12)
age (year) 643+ 13.4 64.5+16.5 64.6+13.3 63+7.8
gender (female/male) 23/45 9/10 12/25 2/10
Arterial hypertension (%) | 81.3% 86.7% 87% 60%
Smoking (%) 18.8% 23.5% 17.4% 12,5%
Ischemic/ non ischemic 34/ 34 9/10 19/18 6/6
Diabetes mellitus (%) 29.4% 21,1% 32.4% 33.3%
Total protein (g/1) 69.8+7.1 69.4+7.5 69.9+6.7 69.8+7.9
Ambumin (g/1) 399 +45 40.9+4.8 39,6+3.9 38,6+5,6
TC (mg/dl) 172.3+ 50 191.7+50.9 168.9+47.4 149.4+48.3
LDL (mg/dl) 109.2 +39.4 126.3+43.3 * 105.3+35.6 90.4+34.2*
HDL (mg/dl) 40.6+ 12.7 42.8+14.4 40.9+11.3 35.8+£12.9
TG (mg/dl) 115.5+ 49.2 113.2+32.3 116.6+62.1 116.2+32.5
MPO (ng/ml) 9.3+7 77 +4* 89+64* 11.8+7.8*
hs-CRP (mg/1) 7,6+7,3 13.6 +19.1 9.4+120 19.3 £24.0
Leukocyte x10° /1 7.4+2.0 7,3+2.04 7.1+1.98 8.46+2.04
Creatinine (mmol/1) 93.4+ 29.7 90.1+26.8 89.4+22,8 111,2+46,2
TLC (cell/mm?3) 1420.7 + 483.1 | 1363.3 + 611.5 | 1445.2+ 402.7 | 1435.7 +524.3
LVEF (%) 35+10 44.9+4)7 33.7+7.7 22.8+5.8
QTec (sec) 0.4+0.06 0.41+0.05 0.41+0.04 0.45+0.08
BMI (kg/m?) 29.4+ 8.3 30.3+11.7 29.6+7.0 26.8+4.0
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In addition to the "deterioration" of other clinical-laboratory indicators (although
statistically nonsignificant changes), the significantly was increased the level of MPO in

line of HF functional class (table Ne 4), which is also shown on figure N3 and table Ne 5.

Figure Ne 3. Correlation of HF severity and level of MPO

MPO

p<0.009

IT functional class III functional class IV functional class

As it shown on figure Ne3 the mean value of MPO is statistically low (p<0.009) in
patients of II functional class compared to more sever HF functional class (III and IV
functional class), namely there is statistically significant difference between II vs III

and II vs IV functional classes (table Ne5).

Table Ne5. Variation of MPO between the CHF functional classes

Mean Difference 95% CI P-value
HF IVvsIl 4.08 (1.44-6.72) <0.003
HF IIIvsII 2.99 (0.618-5.36) <0.014

Based on research tasks, that was shown in materials and methods, after 6 month follow
up we investigated our research primary outcome (mortality). The data about patients

were collected by telephone follow up, using a special questionnaire. Collection of follow
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up information was possible in 79% of cases ( 68 patient ), from which 10 patients died:
8 cases were cardiovascular mortality, 1 case were suicide and 1 death from cancer.

After 6 month follow up depending on disease outcome (cardiovascular mortality/no
event) comparison of patients data (table Ne 6) showed that patients in cardiovascular
mortality group according to the functional class were distributed as follows II / III / IV
- 1/2/5. Most of them (62.5%) belonged to IV functional class, all of them were male. It
is important that in this group (cardiovasvular mortality) there were only 1 case from II

functional class with prolonged QTc interval (QTc-0.5 sec).

Table Ne6. Baseline clinical characteristics depending on cardiovascular event

Value Total group CV mortality No event P

n=68 n=8 n=58
age (year) 64.3+13.4 63.5+11 64,2+14,3 p< 0.893
male 45 8 35
CHF II/II/IV 19/37/12 1/2/5 18/34/6
MPO (ng/ml) 9.3+7 14.8+10.5 7,9+5.5 p<0,007 *
Hs-CRP (mg/dl) 12.4+16.9 32.7+29.1 9,8+12,8 p<0.001*
Leukocyte x 101 7.4+2.0 8.4+1.6 7,3+2,2 p< 0.185
LVEF (%) 35+10 32+15 36,1+9,0 p< 0.488
LVDD (cm) 5.8+0.9 6+1.3 5,6+0.79 p <0.313
RVDD (cm) 3.8+0.5 4.2+0.4 3,6+0.4 p<0.005 *
LA (cm) 4.4+0.5 4.6+0.8 4.4+0.5 p< 0.582
RA (cm) 3.8+0.7 4.4+0.8 3.7+0.7 p<0.042 *
IVS (cm) 1.2+0.2 1.4+0.4 1.2+0.2 p< 0.211
PW  (cm) 1.14+0.2 1.36+0.3 1.1+0.1 p< 0.112
TC  (mg/dl) 165.9+50.9 133.5+40.1 177.8+44.8 p<0.012*
LDL (mg/dl) 104.6+39.8 83.3+33.0 112.6+36.2 p< 0.039 *
HDL (mg/dl) 38.9+13.2 28.2+14.7 42.6+12.1 p< 0.004 *
TG (mg/dl) 112.5+46.2 110.2+17.9 113.5+36.4 p< 0.801
Al 3.9+3.7 6.5+7.3 3.3+1.2 p< 0.253
AIP 0.45+0.23 0.69+0.39 0.4+0.16 p< 0.088
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Albumin (g/1) 38.8+4.8 33.6+1.7 41.3+3.9 p< 0.000 *
Total protein (g/1) 68.6+7.5 62.2+4.3 71.8+6.7 p< 0.000 *
TLC (cell/mm3) 1420.7+483.1 1134.3+286.9 1403.3+474.6 p< 0.131
BMI (kg/m?) 298+ 9.9 33.2 +20.2 28.8+5.7 p< 0.619

As it shown in the table in cardiovascular mortality group the levels of total protein
(p<0.000), albumin (p<0.000), total cholesterol (p<0.012), low density lipoprotein
(p<0.039) and high density lipoprotein (p<0.004) cholesterol were statistically decreased
compared to no-event group. In the same group the inflammatory markers, such as
MPO and hs-CRP, are statistically increased. The presence of statistically differences
depending on echocardiographic data of cardiac remodeling between the groups is also
important. Accordingly, in the cardiovascular mortality group (in the next 6 months),
compared to other patients group, the level of inflammation-oxidative stress markers,
such as MPO and hs-CRP, is high and is more pronounced the changes of the heart
(right heart).

Thus, the level of MPO is high in ischemic, as well as in non-ischemic HF patients; Its
level increases in line of the functional class severity and is statistically higher in

cardiovascular mortality group in the next 6 months.

62



2. MPO, markers of inflammation-oxidative stress in chronic heart failure patients:
correlation with severity of functional class and outcome

Detailed analysis of MPO and inflammatory-oxidative stress markers in the context of
functional class severity and disease outcome shows the existence of such relation
(with inflammation and functional class severity/outcome). Specifically, relation of
increased level of leukocytes and hs-CRP with HF severity exists only in relation with

MPO (unification in one factor), which is shown on figure Ne 4.

Figure Ne4. Correlation of inflammatory biomarkers and CHF functional classes
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In addition, from studied inflammatory biomarkers (leukocyte, hs-CRP, MPO) only
MPO reveals an independent correlation with HF severity (see figure Ne 3 and table
Ne5). It is also important that in CHF patients MPO correlates with hs-CRP (figure Ne5 -

A) and its level does not correlate with the number of leukocytes (figure Ne5-B).
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Figure N¢5. Correlation of inflammatory biomarkers in CHF patients
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The assessment of the biomarker (MPO) with other parameters in patients with CHF
has been evaluated by using Pearson correlation. Correlation (negative) was found with
laboratory datas such as high density lipoprotein cholesterol (p<0.002), albumin
(p<0.016) and total protein (p<0.042). Such correlation was not found with other
indicators of lipid panel and biochemical (studied) markers.

For assessment of nutritional status, a total group has been divided into three subgroups
[Instant Nutritional Assessment (INA), Seltzer HM]. 36.7% of cases (25 patients)
belonged to preserved nutritional status group (namely the total lymphocyte count
>1500 cells / mm? and albumin >3.5 g /1) and thus was defined as the normal. The

distribution of patients in the malnutrition subgroups is given in table N 7.
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Table Ne7. The level of myeloperoxidase and number of mortality cases in different

subgroups of malnutrition

TLC (cell/mm?3) Albumin (g/1) n | MPO ng/ml | mortality
(M+SD) n
I subgroup | < 1500 >35 30 |7.5+4.8 * 1
IT subgroup |< 1500 <35 8 9.4+3.14* 4
III subgroup | > 1500 <35 5 12.6+6.0 2

Table Ne 7 shows that 63.2% from studied CHF patients (43 patients) belong to the
malnutrition group of various severity, namely 69.8% from I subgroup, 18.6% - II
subgroup, 11.6% - III subgroup. At the same time it was found that according to the
mean MPO level there is statistically significant difference between the I and II
malnutrition subgroups (II vs I p<0.008). As shown in table (Table Ne 7), the number of
mortality in this group is the highest (50%).

In patients where the level of albumin is lower, but immune status is more or less
preserved (defined by the total lymphocyte count) (III subgroup), MPO correlates with
albumin (p<0.012), as well as in the total group. There is no correlation, moreover, new
correlation between MPO and immune status is found (II subgroup) (p<0.01). There is a

negative correlation between the data. (Table Ne 8)

Table Ne8. Correlatin of MPO and nutritional parameter (by INA)

Pearson’s r P value
IT subgroup MPO vs TLC -0.465 0.01
IIT subgroup MPO vs Albumin -0.698 0.012

The mortality rate is high in the condition of nutritional deficiency (7 cases against 1)
(table N7). It should be noted that in this normal one case (with preserved nutritional

status), the MPO level was 25.8 ng /ml.
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For further analysis the group of patients involved in the study was divided into

4 subgroups according to the total lymphocyte count. Distribution of data among the

above mensioned subgroups is given in table Ne 9.

Table N9. Distribution of

subgroups of total lymphocyte count

inflammatory-oxidative stress markers among the

Normal Mild Moderate Sever
1800 1200-1800 800-1199 800

N=13 N=31 N=18 IN=6
MPO (ng/ml) 9.96+7.8 8.7+6 9.1+7.8 8.7+6.5
hs-CRP  (mg/dl) 12+£19.7 11.1+16.9 16.2+18.5 6.8+3.5
Leukocyte x10%1 8.8+2.5* 6.9+1.5* 6.9+1.9 7+1.95
LVEF (%) 32.5+12.1 35.4+8.715 33.4+8.8 41.8+10.8
BMI (kg/m?) 27.7+3.7 29.6:6.7 30.9+12.7 30.2+6.7
Albumin (g/1) 40.4+3.4 40.4+4.2 38.7+4.5 39.1+6.8
Total protein (g/l) 71.6+6.3 70.4+5.9 67.4+7.9 70.2+10.1
TC (mg/dl) 200.3+57.6 * 185.0+47.1 149.3+39 * 151.8+48
LDL (mg/dl) 132.6+52.3 117.6+38.1 96.6+29.9 84.3+28.5
HDL (mg/dl) 39.0£6.6 42.1+10.6 36.6+12.8 49.4+23.1
TG (mg/dl) 158.2+95.2 * 120.5+34.2 97+20.8 * 90.3+25.6 *
AT 4.3+1.8 3.4+0.95 4.7+5.4 2.2+0.7
Mortality 0 3 4 1
*p<0.05

After assessment of CHF outcome (death), 50% (4) of cases were found in moderate
immune deficiency subgroup, where the deterioration of the immune status was
statistically correlated with decreased level of total cholesterol and triglycerides
(TC p<0.041, TG - p<0.013). High density lipoprotein, as well as albumin and total
protein levels were decreased, the mean values of hs-CRP and MPO were elevated, but
the difference between the groups was not found. Compared to a normal immune status

group, the level of leukocytes decreased in mild immune deficiency group. The above
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mensioned is just a description of the studied data (in relation with nutritional status and
/ or inflammatory indicators). One important outcome from the table N9 is the
following: In studied CHF patients in some degree the poor outcome (mortality) is
associated with the immune deficiency for the next six months.

The main group was also divided by the CONUT classification (Controlling Nutritional
Status). By this classification studied group was divided into 4 subgroups. None of the
patients got into the subgroup of severe malnutrition (9-12 points). 11.8% of patients
(8 cases) were assessed as moderate malnourished (5-8 points). Most of them were male.
In mild malnutrition subgroup was 45.6% of cases. From 8 cases of mortality , 3 were
from mild and 5 were from moderate malnutrition subgroup. None of the mortality
cases were in normal nutritional status group. Basic nutritional and echocardiographic
parameters, which were also discussed within these subgroups, are given in table N10.
Table Nel0. Statistically different indicators in the subgroups of preserved nutrition

status and malnutrition by CONUT

Comut 0-1 n=29 | Conut2-4 n=31 | Conut =5 n=8

normal Mild Moderate
age (year) 64+13.5 65.2+14.5 64.8+9.3
male 17 21 7
NYHA II/III/IV 9/16/ 4 8/ 18/5 2/3/3
BMI (kg/m?) 29.2+5.4 28.3+6.7 35.3+18.3
MPO (ng/ml) 8.5+6.1 8.8+6.3 13.1+10.1
Hs-CRP (mg/dl) 11.6£15.9* 9+10.9* 32.3+30.8
Leukocyte x10%1 7.6+2.3 6.8+1.6 8.2+1.7
LVEF (%) 35.9+10 34.9+9.9 34.1+£10.9
LA (cm) 4.3+0.4 4.4+0.6 4.6+0.6
RA (cm) 3.5£0.6* 41+0.8 * 4.1+0.6
LVDD (cm) 5.9+0.8 5.7+0.9 5.8£1.15
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RVDD (cm) 3.6+0.4 3.9+0.5 4+0.6

IVC (cm) 1.22+0.14 1.17+0.3 1.2+0.19
PW (cm) 1.14+0.14 1.11+0.25 1.2+0.3

TC (mg/dl) 209.9+42.4* 152.4+30.4 * 117.7+40.1*
LDL (mg/dl) 137.8+37.1* 92.8+23.4* 74.6+36.9
HDL (mg/dl) 45.3+10.3 * 40.1+11.8* 25.9+13.9*
TG (mg/dl) 139.9+65.2 * 97.8+22.2* 101.4+24.2
Albumin (g/1) 41.3+4* 40.3+3* 32.9+1.1*
TLC (cell/mm3) 1788+388.5 * 1170.2+342 * 995+247.6 *
Mortality 0 3 5

In these subgroups the inflammatory markers were elevated, but significance was
observed in case of hs-CRP (III vs I p <0.015, III vs II p < 0.005), the level of albumin
was significantly decreased (III vs I p <0.000, III vs IT p < 0.000) , as well as the level
of total cholesterol (Il vs I p < 0.000, III vs I p < 0.000, III vs II p < 0.057), LDL
cholesterol (II vs I p <0.000, III vs I - p <0.000), HDL cholesterol (III vs I p <0.001, III vs
IT p <0.013), TG (II vs I p <0.003), TLC (Il vs I p <0.000, III vs I p < 0.000), the size of
right atria significantly increased in mild malnutrition group compared to the normal
group (p <0.035).

In the group of patients with CHF the cases of malnutrition is high (63.2% malnutrition
of various severity), that is also associated with the cases of mortality (in the next 6
months) in this group of patients. MPO correlates with some markers of inflammation-

oxidative stress and malnutrition, and independently correlates with HF severity.

68



3. MPO, markers of cardiac remodeling in chronic heart failure patients:
correlation with severity of functional class and outcome

Echocardiographic data and their correlation with myeloperoxidase, the marker of
inflammation-oxidative stress was studied in total group of CHF patients. The detailed
assessment of echocardiographic data in studied population showed their normal
characteristics as well as the deviation from the normal values.

As mentioned above, after 6 months from hospitalization the disease outcomes were
assessed.

A statistically significant difference was found in the case of RVDD (p <0.005) and RA
(p <0.042), that was significantly increased in the CV mortality group. (table Ne 6,
figure N 6).

Figure Ne6. Echocardiographic data and inflammatory markers, that are in correlation

with the CHF outcome (mortality) for the next 6 month
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Based on above mentioned data after detailed assessment of the right chambers of the

heart, the patients general characteristics were distributed in RVDD quartiles (table Ne
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11), where the data of left ventricular ejection fraction and the level of leukocytes were
varying significantly (leukocytes were increased - IV vs I p<0.037, IV vs III p<0.025,
ejection fraction was decreased - IV vs I, IV vs II p<0.002). Other differences have not
been observed between these quartiles, but the above mentioned results clearly indicate
that increased RVDD after 6 months is related to the outcome (mortality) in subgroup
of RVDD>4.2 cm with increased inflammatory markers and cardiac structural and

functional disorders.

Table Nell. Division of total group depending on RVDD quartiles

<3.37 3.37-3.64 3.65-4.2 >4.2
MPO (ng/ml) 9.1+4.6 10.545.9 9.89+9.14 13.7+7.2
CRP (mg/dl) 4.3+4 15.27+23.7 11.65+17.6 21.9+17.3
leukocyte x10%1 6.6+1.4* 7.0£1.6 6.6:1.6* 8.7+1.8*
EF (%) 41.845.7* 41.36+6.12* 35+6.9 29.4+115*
LVDD (cm) 5.6+0.6 5.86+0.7 5.6+0.9 6.4+1.1
LA (cm) 4.2+0.4 4.2+0.6 4.49+0.4 4.7+0.7
RA (cm) 3.2+0.4 3.38+0.28 4.2+0.35 4.8+0.4
IVC (cm) 1.18+0.15 1.15+0.2 1.19+0.2 1.3+0.4
PW (cm) 1.05+0.11 1.12+0.15 1.18+0.2 1.2+0.3
mortality 0 1 2 5

*p<0.05

It is important that the MPO variation between the groups of RVDD was not
significant, which is also confirmed by the absence of correlation between MPO and
RVDD in the total group of patients (Pearson’s Correction), (figure Ne 7). Consequently,
for assessment of CHF patients these two marker, MPO and RVDD, needs to be

reviewed independently.
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Figure N¢7. Correlation of MPO and Right ventricular diastolic diameter
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Based on the results in total group was identified significant correlation between
increased MPO level and decreased left ventricular ejection fraction (Beta -0.79, t-
8.295, p<0.000). It is also important that this important integral marker (EF%) of the
functional capasity of the heart in studied patients was not in relation with the outcome
of disease for the next 6 months. In spite of this it was necessary to analyze of data
according to the quartiles of left ventricular ejection fraction, that is given in table Ne 12.
In patients group redused ejection fraction (<26%) was significantly correlated with
increased RVDD. In addition, it is important that 3 cases of mortality (from 8 cases) have

been observed in patients with preserved ejection fraction (EF > 42).

Table Ne12. Division of total group depending on quartiles of left ventricular ejection

fraction
EF <26 EF 26-35 EF 36-42 EF > 42
Age (year) 58.7+10.7 68.8+11.9 61.7+16.2 69+11
MPO ng/ml 8+6.4 9.6+6.5 8.2+5.6 11.949.1
CRP mg/dl 12.8+14.3 14.1+22.6 7.8+7.3 16.3+21.6
leukocytex10%1 | 8+1.8 7.1£2.6 6.9+1.4 7.57+2
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RVDD (cm) 4.45+0.2* 4.06+0.5 3.4+0.3 3.5+0.4*
LVDD (cm) 6.8+0.8 6.1+0.8 5.7+0.7 5+0.7
LA (cm) 5.1+0.4 4.5+0.5 4.4+0.5 4+0.3
RV (cm) 4.8+0.7 4.1+0.6 3.6+0.4 3.4+0.6
PW (cm) 1.18+0.13 1.11+0.14 1+0.16 1.27+0.3
IVS (cm) 1.2+0.14 1.16+0.16 1.16+0.19 1.3+0.4
Mortality 4 1 0 3
*p<0.05

It is important that the mean MPO level in all groups is higher than the median
(7.1 ng / ml). Consequently, It was important for us to analyse the data among MPO
quartile groups (table Ne 13), which shows that the increased MPO level correlates with
mortality, particularly there is a more cases of mortality in groups with MPO >7.1 ng/
ml (median) (group of III and IV quartiles).

One case of mortality in second quartile might be related to the prolonged QTc
interval (MPO-5.3 ng / ml, QTc-0.5 sec). The other marker of inflammation hs-CRP
increased in line of MPO quartiles, but correlation was not found. The mean value of

leukocytes was also increased, which was significantly higher in III quartile compared to

I quartile (p<0.023).

Table Nel13. Distribution of demographic, inflammatory markers and
echocardiographic data among the groups of MPO quartiles in CHF patients
Total I quartile | I quartile | III quartile | IV quartile
group n=17 n=18 n=16 n=17
MPO ng/ml 9.3+7 <4.3 >4.3-7.1 >7.1-12.875 | >12.875
Age (year) 64.3+13.4 | 64+11 65.1+15.6 | 63.4+14.8 65+12.9
gender(female/male) 23/45 7/10 6/12 6/10 4/13
CHF II/III/IV 19/37/12 2/12/3 9/8/1 5/ 6/5 3/11/3
IHD (%) 50% 17.6 26.5 29.4 26.5
Diabetes mellitus (%) 25.3% 35% 25% 25% 15%
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Arterial hypertension (%) | 49.4% 30.8% 33.3% 15.4% 20.5%
hs-CRP mg/1 12.4+169 | 4.4+3.5 14.8+15.1 | 13+16.6 18.6+25.6
Leukocyte x10%1 7.4+2.0 6.5+1.5 7.4+2.1 8.6x2.1* 7.3+2.1
LVEF (%) 35+10 33.3+7.4 | 36.9+10.1 | 33.1+11.1 36.2+11.1
LVDD (cm) 5.8+0.9 6.1+1 5.5+0.9 6.2+0.8 5.7+0.8
RVDD (cm) 3.8+0.5 3.6+0.2 3.6+0.4 3.8+0.6 3.8+0.5
LA (cm) 4.4+0.5 4.1+0.5 4.3+0.4 4.6+0.6 4.4+0.6
RA (cm) 3.8+0.7 3.4+0.7 3.7+0.7 4.1+1 3.8+0.5
IVS (cm) 1.2+0.2 1.2+0.2 1.2+0.2 1.2+0.1 1.3+0.4
PW (cm) 1.14+0.2 1.1+0.2 1.2+0.2 1.1+0.1 1.2+0.3
Mortality 8 0 1 4 3

*p<0.05

Further analysis of data showed that groups were not different from each other by
ejection fraction and other echocardiographic data,
value was deviated from the normal range. It is important that in low MPO quartile
group (MPO < 4.3 ng/ml), the mortality cases were not found after 6 month follow up,
even though there were the patients with severe functional class (88% of cases - III, IV

functional class). This fact indicates the importance of determining the marker (MPO)

for assessing the severity of CHF patients.
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Review the study results

According to our study, the MPO level was statistically different from the control group,
its level was correlated with the severity of CHF, which means that the more severe the
CHEF, the higher the level of MPO can be expected. These data basically agree with other
researchers. According to our data, the high level of MPO is related the outcome of CHF
(mortality) after 6 months follow up. This data agrees with the studies of Tang et al,
which showed the prognostic role of MPO in ambulatory patients (follow up 33+16
month). According to our data, elevation of MPO correlates with the reduction of the
left ventricular ejection fraction, while the latter is not related to the outcome, such a
relationship has been observed with data of RVDD and RA. This data partly agrees with
the data of other researchers where the correlation of MPO with more restrictive
diastolic dysfunction and right ventricular systolic dysfunction, may provide prognostic
value in predicting long term clinical outcome in the opinion of the authors. In that
study, left ventricular ejection fraction and LV end-diastolic dimension (LVEDD) were
not different between MPO tertiles. Our data partially agrees with this data, particularly
with an MPO higher than 7.1 ng/ml which was associated with mortality after 6-month
follow-up. No difference between MPO and LV diastolic function was found in our
sttudy. It might be taken into consideration that in our study cohort there were both
patients with reduced and preserved ejection fraction while in the study by Tang et al,
there were patients with reduced ejection fraction.

In our study RVDD were independently correlated to mortality. The same data were
found by other researchers, where RVDD >42mm had a significant association with
increased risk of sudden cardiac death.V.Melenovsky et al. showed that RV dysfunction
was the strongest predictor of death in HFpEF with RV dilatation, PH severity,
comorbidities and disorders in left heart structure and function. Generally, elevation of
MPO, as a marker, is associated to HF severity, that means the more severe the class of
HF, the higher level of MPO is expected. The distribution of patients depending on

elevated MPO level shows that the marker doesn’t determine degree of HF functional
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class. Patients with different severity may be distributed in any of the MPO
quartile groups, that shows the additional value of MPO for the assessment of
severity and outcome of patients.

Current research shows a direct correlation of MPO to the high risk of mortality. Our
study also shares this opinion, where MPO significantly are elevated in mortality group
p<0,007 , as the level of hs-CRP  p< 0.001. Certain level of MPO (>7.1 ng/ml) in
studied patients represents the point for identification of patients with worse outcome
(mortality). Other researchers published the same results, where both markers
independently predicted clinical events, but between them a correlation was not
found. The reason for this may be that a different source is responsible for these two
markers. MPO is derived from leukocytes and is related to a leukocyte-mediated
inflammatory process. Hs-CRP originates from the liver. It is produced as an acute-
phase reactant reflecting a global inflammatory response. Correlation of MPO and hs-
CRP with outcome of disease, correlation of leukocyte-mediated inflammation (the
source of MPO) with disease severity, may describe a different way of disease
progression.

Division of the total group by EF quartiles shows, that there is a high MPO level in all
quartiles (more than MPO median 7.1 ng/ml). It is important that more cases of
mortality are found in high MPO, low EF and increased RVDD groups. It is also
important that mortality cases are found in the group with preserved ejection fraction
(EF>42) and taken together these data demonstrate the prognostic importance of MPO
in these patients. Additionally, the prognostic value of MPO is the identification of
patients, where the RVDD is not increased by afterload and represents RV
structural/functional disorders caused independently of other mechanisms which is the
cause of overload. Based on our findings MPO level >7.1 ng/ml and increased RVDD
have independent importance in HF patients for prognosing the outcome.

Anker et al demonstrated that left ventricular systolic function was similar in HF

patients who were either cachectic or noncachectic. M.Valentova et al further
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revealed that cardiac cachexia was associated with right ventricular dysfunction,
resulting in consequent intestinal congestion, rather than left ventricular
dysfunction. In our study we found significant difference of right heart size
among nutritional groups by CONUT.

The relationship between nutritional status, particularly malnutrition, and prognosis
of patients with cardiovascular disease has garnered increasing research interest.
It is important to appreciate that, even though cachexia traditionally relates to
weight loss, there is no clear-cut separation between malnutrition and cachexia in
CHF patients, especially since inflammation, oxidative stress or other conditions may
lead to both in CHF patients. Furthermore, even among CHF patients who fall into
an overweight or obese category by their body mass index, evidence of
malnutrition, such as hypoalbuminemia, may still be present. Hence, a cross-
sectional body size measure may be misleading. The same data were found in our study,
where despite elevation of BMI in 60% of moderate-severe malnourished patients the
level of albumin were decreased, as well as other biochemical markers of malnutrition.
In the study of A.Cabassi et al. a reduced level of albumin and prealbumin in
the advanced HF patients suggested a poorer nutritional status. Oreopoulos et al.
showed a higher mortality among patients with low BMI and weight loss in CHF
patients that might be due to low protein and energy intake, malnutrition and cardiac
cachexia. Our data showed a significance of hypoalbuminemia in disease outcome,
thourgh its negative correlation with the level of MPO.
The level of total cholesterol and other lipids were examined as an indicator of
the patient’s energetic reserves. Depending on our results from a lipid
profile, myeloperoxidase correlates with a decreased level of high density lipoprotein
cholesterol, that also agrees with other research and the biochemical basis of this
"relationship" may confirm the role of MPO in oxidative modification of HDL in vivo.
Undernutrition induces immunological changes, such as a drop in total

lymphocyte count, which increases the frequency and severity of infection. Total
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lymphocyte count has been suggested as a useful indicator of the nutritional status and
outcomes as the level of BMI. According to our data, total group correlation of MPO
with total lymphocyte count has not been found, although in the condition of low
albumin, a decreased number of lymphocytes are significantly associated with an
increased MPO level.

With regard to undernutrition, all parameters of lipids were decreased. Also, there
were an active protein loose. In the moderate group of malnutrition (CONUT) there were
more cases of mortality. Markers of inflammation were elevated, but significance were
found only for CRP.

Depending on our data, after 6 month follow up, mortality cases were found in
mild and moderate subgroup scored by CONUT. Clinical characteristics of these
groups shows the presence of CHF patients with all levels of severity by NYHA,
including, patients with low ejection fraction, increased size of right atrium, low
albumin, total protein, Total Cholesterol, HDL-Cholesterol , LDL-Cholesterol,
Triglyceride levels and increased level of hs-CRP. These data shows the importance of
these parameters in CHF patients and also shows, that the poor clinical outcome in
patients with established CHF may not be addressed only targeting traditional CV
risk factors. Malnutrition and inflammation are also predictors of increased
mortality in CHF patients, which needs additional (personalized) management of these
patients as well as further research for the elaboration of new treatment strategies.

Approximately 60% of hospitalized patients were diagnosed with a different (mild to
severe) degree of malnutrition based on INA (63.2%), by CONUT (57.4%). In this group

of patients (malnutrition) there was a high rate of mortality (by INA, 1vs7 cases) or
mortality were found only in the malnutrition group (defined by CONUT), which was

accompanied by statistically significant worsening of data of inflammatory markers
(MPO, hs-CRP) and right heart echocardiographic markers (RVDD, RA).

Thus, basised on personal and literary data, biomarkers may reflect different
pathophysiological processes; Even thought there is such relation between these

pathophysiological processes, biomarkers (especially inflammatory biomarkers) may
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have different biological and analytical characteristics, and thus assessment of complex
condition, such is CHF, its progression, outcome, needs complex assessment. This (the
necessity of such a condition) confirms the results of our research: combined assessment
of nutritional status, inflammatory markers and data of cardiac remodeling; Naturally
the question is what the importance of biomarkers (their determination) in this complex
approach.

Among the researchers who study biomarkers, particularly inflammatory biomarkers,
there is issues addressed to the modern medical science, if it is possible to use these
tests at patient's bed, that we also agree. Despite the relatively small sample size of our
and other researches (in terms of outcome), the significant benefit of such studies is the
existence of biomarkers commercial compilations and their availability (at the same
time, the existing limit values may vary from ours because of useing the various
collections), that allow additional useing of biomarkers to assess risk of disease
progress and identification of moderate, transition and / or high risk in some clinical
situations of CHF patients, despite existing limitations. It is also important that the
"absence" of biomarkers elevation (MPO in our case) may be considered as an
assumption of clinical stability of the patient with equal importance or to exclude the
opinion about potential clinical worsening. This opinion also supports our data; In CHF
patients to predict the outcome study of MPO (for the next 6 months) showed, that

there was no cases of mortality in the group of low MPO quartile group.
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Conclusions

» The level myeloperoxidase is high in chronic heart failure patients blood; its
elevation does not depend on aetiology of chronic heart failure and it is not
associated with gender, age, arterial hypertension and the presence of diabetes
mellitus in this group of patients.

» Increased level of myeloperoxidase is associated with the severity of chronic heart
failure functional class and is significantly higher in the group of worse outcome
over the next 6 months.

» In chronic heart failuire patients, a group of a poor outcome in the following 6
months can be evaluated as malnourished in protein-energy point of view, which is
associated with inflammation-oxidative stress and decreased immune status.

» Increased levels of myeloperoxidase in chronic heart failure patients significantly
correlates with reduced left ventricular ejection fraction, however, the latter is not
associated to the patient’s mortality during the next 6 months.

» In chronic heart failure patients from the echocardiographic data of cardiac
functional and structural characteristics, the right ventricular diastolic diameter and
right atrium is an indicator of the poor outcome.

» Correlation between the elevation of myeloperoxidase level and the diastolic
diameter of the right ventricle has not been established. According to our data, for
the assessment of severity in terms of outcome, these markers require independent
consideration.

» In hospitalized chronic heart failure patients of Georgian population the frequency of
malnutrition is high (60%). In this population the frequency of poor outcome
(mortality rate during the next 6 months) is high or has been found in the
malnutrition group of chronic heart failure patients, that is accompanied by the
statistically significant deterioration of systemic inflammation and ultrasound

markers of the right heart.
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Practical recommendation

1.

The study demonstrated the need for constant monitoring of the nutritional status
assessment in the Georgian population of chronic heart failure patients (both in
hospitalized and outpatient).

Study has shown that for such monitoring cost effective calculators are available
(eg.CONUT), of which routine use will improve the management of chronic heart
failure protocols. Together with other studies, the results of our research indicate
that use of nutritional indexes (INA, especially CONUT) is better than use of
individual markers (albumin, total cholesterol, total lymphocyte count and body
mass index), which are routinely measured, only require the calculation and
interpretation of the existing data.

Association of malnutrition with the right heart volume overload (more often than
the left ventricular systolic dysfunction) needs (requires) for additional
echocardiographical control in chronic heart failure malnourished patients.
According to our research, this group is associated with the risk of worse outcome;
This is also important for controlling of chronic heart failure patients, because
these hemodynamic changes are followed by neurohormonal responses involving
gastrointestinal, hepatic functions, anorexia, negative energy balance, system
inflammation / catabolism, which reduces muscle mass and physical activity in these
patients.

The modern physician needs to know the above as well as for his own professional
growth; We mean the medical scientific researches, when scientists are trying to
"import" an alternative approaches in the management of chronic heart failure
through the physical rehabilitation in chronic heart failure and reduction of

catabolic conditions.
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