03569 %93560830¢00lL LEbgEMdOL MBdOEEOLOL Lsbgedfogm
6039MLoGIHOL 3903060l oz @IGHo
Lo MIGHMOM 3OMYMTs: 3¢00603IM0 S BHMIBLESEFOMMO
990030bs

356565 Mk mdgems8zoao

303963m3m3oLEgobgdoolss s MTHER g96900l
300dmMHE30HIol HMEro 3mgogolEGM®o bs3zgMEbgdoL
LobEMMAoL 3s0mygbgHdo

390003060l MIEGHMMOL 53509300 badolbols
3ml53M390ws© Homdmagbowo oligh@siool

53HMMIBIOEO

Lod93bogOM bgerddwzsbgero:
3603, X9bs6™ JMHobGgLsdzowo
0565bgEddegsbgwo:

SboLEIDEG 3OMR. 9gby sLsbody

0000bo, bogdoMmzgEm
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dgbsgsemo

0930b 5gGHoEmds

830@md> 35390 fy30eologol obogorpe -
60 3OMOTos 00 §399590do3 30, Lo FMBIEMIOL Too-
o 3583969090 500b60dbgds (Maya N et al. 2012) 35306,
LG LOJoOMNZ9MT0 MBS MBOL Logsbysdme d9dao-
4909900 5B39690 ol 3mbbg »dz0mmds 4obls3Mmeg-
00 B39O E0bM s bLemEosErIME 3608369wMdSL 0dgbL.

300 3oLEGHWIOO B533903bYIOOL LobE®mMAol (L) bagw-
000 {foo Joeol gbm3Mm0bmemo g9bgHol Mboymamdsdo
5-15% 3950096L (Dumont et al. 2015, Maharjan et al. 2018).

3300 mUBBMBdOL BB 300U gobliobm™ 309w gdEs© M-
bEomdol Joefg3s 56 5HOL 1s3doMolo, Q9sdHY39EH0s 50
OLbIEMdOL 96560 MB9dS, 35059 J0Ebs s 3M3-
bws@dMdsEM™ds. Joegddo dLL-00 MELYEMdOL M30069-
0o d9hy3930ob LobdoMyg 25-73% gotgegddo gMHygmdL
(Carp 2015,Qin 2013).

d0vb95350 Po@MGdME0 IM35MmObmzsbo 33¢939-
dobs 3LL-b 9BHOM3500M96gD0 WYY drEMIEY 5O >HOL
©SBMLEGHJOM0. dEM 3gHOMPsdEY 3BL-U 3s00mqb9%-
90 8005HM9dbgb 3039Mm0bLYIE0bgdosl s 3039MbEOM-
3969905L, ®mdzs dmerm Fergddo Ashbs FmLsbBM9Ydgd0
0dob Jglobgd, Mmd 3LL-b 3500mqbgBTo Jgloerms 360d369-
M350 Ol SLOWYEIdEIL 3039M3MImEobEHI0bgdos (33(3)
5 599bs, 333 990dgds 0yml dobbowyamo, Hmym®3



3LL-0b 9M-gMHDO HWOYSTMZb0O Fsbslinsmgdgwro
(Carp 2015,Qin et al 2013, Maharjan et al 2018).

3bMdowos, MM 3mdmiEolEgobo s 0blwerobo sbgbgb
MO00JOMNY3w9bsl @30dendo (Chiang et al 2009).

303963m3mEolgobgdos Homdmaygbl 960d369wm3z6
HoB3-BoJBHMOL FMOZHEIO O5935JOOLS S O GdOL
3963000069000, B FMOOLOS POMIdMBYOOL gobgomomg-
B0b 5EdIMBS EIPOLS S Bagmxzols Lobberols Jodmd3930L
Lob39odo, Mlsz 99099 3Mm3g390s MOLYIEIMBOL sMOBS-
Lm®390 4odmbsgscro (Esraa et al 2016).

MM 50 geols sbdoebg Bo@oMs 3393900 333-
ob LobdoMol sYbol Jobbom Joangddo 3bl-oom (Meng et
al 2016, Merviel et al 2017, Maharjan et al 2018). w93 do-
0900 5M5YMHMRZ5MMZ560 899900 56 0denggzs bodwms-
@705l @ BMBEPIL 333-0L I60893690Mds 3LL-b 3o00M9-
B9Bdo s glodsdobo 0HBWMYds 3IMEoLEJobols -
39690 9dbg oyMHEbMd0m 3530963 gd0L d9bgxd9bEd0
5009 093039bs300L T9EHobs, M3 F000mMYdL 53 J0ToM-
019000 398aMd0 LOMEIRElMZs60 33093900l Bo@SMY-
d0b 530 9OXMBSDY.

50396005 333-U 3038060 MTHEFR (dgmow@gdts-
30OMBMA HITIHIDs) 3960b 33M3397 d@HE0D-
056. 96D0do MTHFR-U 59&03000L ©059390m900Lsls 06O039-
35 3m3m30LEHJ0bOL A5MEodIbOL TgESdMEMHO 3B s do-
Lo 999339 ™ds LOLbEPOL 3eEsBTsdo 0BMHPYds.

99b396089bEGH Mo dmbsgdgdoom 333 Tgodwgds 0yml
BoOomwo mmEo@gdol dmdfoxgdol, m3mesools 3Gmsg-
19930, MBNWMBIL MXMYEIOOL 3OMEORIMS30LS @S
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©0x9IM9630530580 s LBEBHIOMOMAIBgBOL dMMmi39Ldo. By-
950b0dbmeo dmbsggdgdo 80560369896 Tglodwrm 3m69-
w5305 MTHFR-0b 0g5030@Ls o 3LL-U dmGob (Jain et
al 2012).

©539b0os MTHFR C677T 3mdmBogm@«®o dw@sao-
ol 3603369 mds MOLEMOOL 45639)MMHIOIODO B 3MYY-
B0l (M) 3500myqb9BTo 3LL-U dJmbg 3530963080. M3
@0 BIMGHM5T0 56 5HOL F0J39MI0 YIMHOMIDs MMWYO
39890mbogm@ol (MTHFR C677T-CT /MTHFR A1298C-AC)
8603369 md5Bg 3530963 g0d0 3LL-0, GMBgLsE Tgloderms
3Jmbgl obgmogg 3wobozm®mo 960336 mds, Grmyme3
MTHEFR C677T 303mbogym@ 3m@ozosl.

MTHFR g96900L 30m0dm®mg0bdo bolosmgds 3mdvwy-
WH(30M0 45blb3s3909d0m (Jain et al 2012, Karadeniz 2010).
59096500 MTHEFR 996900l 8993530900l godm3zgbsls Sbl-ol
dgmbg 353096¢90d0 333-L gbgBol sbLBOZMOL dobbom
Logo@mnggermdo dg@s 3603369wm3zs600.

0dob om35eolfobgdom, H™I LL-U 3smmygbgbdo 3o-
39603m3m30LEg0bgdool Mol ©sgbol dJobbom Bodo-
6900 3393990 d3009M0EbMZ60s, domgdmewo d9w9-
3900 30 5659MHMY35MmM3560, 535BMB 53 33093900l »IGMS3-
@9bMB5d0 56 sOOL 2odm33w g0 333-0L godmadfjz930 49-
By®o3mmo 80Bgbgdo, Jobsbdgfimbowo Mbs Bsomgs-
@b 59 J0ToOMME9d0m 330939000 goa™Mdgegds 2969¢0-
39960 R59dBHMMJBOLS S 3M3MWSF0YMHO M530U90w9IMJdJdOL
39m35eobfjobgdom.
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0ol ddmbg 35309639330 3LL-0m, BrMYMEE SBMZMEsE0MMO
MBogmBMmdom, 91939 MOLYIECOMIOL IB3MRJd0D 30396 -
3m0m30LEGY0bgdos Mol bdomo 0blwerobgbolidgb@mdols
396939 3LL-b 8gmbg 35309639056 Fgscgd0m. 3LL-I ddm-
By Joargddo MTHFR 96900l 8m@o309000056 my-Lmsb
Sbmaocgdl MTHFR C677T 3m0mboam@s s Govyeo 39¢)9-
Ombogm@s (MTHFR C677T-CT/ MTHFR A1298C-AC).
MTHFR A1298C-U 9960l 3m3mBoam@«y®o gm™ds sbmao-
90L 3LL-LMSD Joargddo, HMIgE MG 96 50960d6gds0 MmY©
5 3w0bYds0 BMZMs30MMo IgbLEBHOSEOMWO (303-
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9563960905 s 15339MEHYJOOL FMORMEIMYOWE Tobobioo-
09090, MTHFR 9969008 30¢008m6H30babs s mMlvy-
@Md0L 459mboz5el mGOU.
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30530900 8603369 m3560 Mo 3LL-b 3500my969BT0;
+ 300395 Joegddo 3LL-0m s MAE-0m LaGfIMbmE
o050 LobdoMmom odmzeobs MTHFR C677T 9@s-
30900l 3m3MmBoyMEHOHO Bm®Is oo MTHFR C677T /
MTHFR A1298C-l Gomwo 39390mBogdm@s 3BL-b ddmby
00 590056 G9s6M900m, MHMIGEM(3 MY 56 509boT-
6905m, G153 30990000090 3BB-0JMbg Joegddo Mmy-ob 35-
0™969Hd0 50060 ES30900L, 2obLo3MMOId0m
0090 393 9OHMBodMmEOL HMEBY.

+ 3UL-L 8dmby JoegdTo MmyE-b FoM9dg LoGfdMbm dows-
o LobdoMoom odmgzagbogro MTHFR A1298C-U 3960l
3B5300L 3m3MmBogM@GHOH0 BmEMTs 3BL-U IJmbg 08 Jo-
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WH(30M0 1b5YMBMd0m 80PN GIL 50bodb)eo 34)-
Aoaool (MTHFR A1298C-CC) dglodarm Hognby sbmgey-
5300l 3500MYgbgHTo 3LL-9Jmby Joergddo.

3DIH0F2IC0 POBGIOLN79OS

+ Jogddo 3bl-0m EYIBOO JMMIWs3E0Id0 3039HIM-
dmEob@gobgdosts s 3LL-U Bbgs domdodore, 3mGmdm-
B s 1533903EbYg00L FMmOFBMEMY0mE® Fobslioscmgd-
w936 809mm0mgdL 3LL-I 3I3gJu e B3MIOBsCMDS-
do bgs 990m©gdmsb ghmo 3039M3mamiol@gobydo-
ol 3m69gdzool 3603369crmdsBg L339 Ebggdol Bmbdio-
ol 03xMdILYdILS S MZMES30MM0 BMBJzool S®-
396500;

+ 303903m3m30b3gobgdool s MTHFR ¢9bgdol 3memo-
dmOHBoBIoL oo LobJoMg s SbME0S3E0JdO Joergddo
3LB-0» 5 MY-00 FoMOoMIPL 3LL-0ob IgbgxdgbEdo
303963mIm30LEHY0bgdool 3nMgJ300L 9930 dXMdSBY
930MMIE0I0 35830l golsrdx MmdIGdLS;

* 303903m3m30L3g0obgdos gabbowmmo »bs 065l 3LL-U
5boe 30MmJodo® Jo6396M5 s 3mBmiEolEgobols Embols
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dgmbg Joegdol godm3zzwrg3zol Bmlbsdo.
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9mbm©  Bo0o0s  Ly3MBBHOME™  xamzol  dglodsdols
9563969009006 F906M90007;

. 35309639080 3LL-00 s 0bLYYEobOHYBOLEIbGH™d0m 30-
39603m3m3olEgobgdos Loddmbmo bdoMos oblvyerob-
9B0LEI6GH™O0L o093y 3LL-U 8Jmbg Jowgdmsb Ggs-
49000 s SbME0MIOL 0BLobMHIBOLEHIBEHMOILM;

. 3bL-b 8jmbg Joewgddo 0blEobGOgHOLEHIBEGHMd0m Ldo-U,
3005-06qgdLols, 03BMM95JE0Eo 0blyeobols bodsys-
e 95639690900 Lo®fdmbmo Fowswros 0blwmwobemg-
BobBIbGHM™OOL ao619dg 3LL-b dJmbg Joergdmsb dgsmy-
30 9 IPIJBIOMIP  JMMHJ0MHGOL  3mImizolEgobol
95839690090 sb;

. 303963mm30L39069305 Lo®fdmbmeo HdoMos 3LL-I dJm-
69 Jowgddo my-00 3LL-b Jmbg 03 Joergdmsb Tgseg-
d0m, MMIYJ M3 56 50960869ds0 MY ;

. 303963mm30L3g0bgdos sLmEocmgdls MTHFR C677T ¢9-
Bol 3m@s3ool 3mIMBoymEHMOH GmEmIsbosb s MTHFR
C677T/MTHFR A1298C-l Gower 39@g0Hmbogm@olosb
353096¢9dd0 3LL-0m;

. Joegddo 3bl-0m s MY-00 LEOFIMBbME Foswo Lob-
domom godmgzeobos MTHFR C677T 2960l 999@o309000
3m3mbBodm@mo gm®ds ©s MTHFR C677T/MTHFR
A1298C 60770 393 9O mBoym@s LL-U dJmbg 08 Jowgd-
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7. MTHFR A1298C-U 2960l 3m3mbBogm@to gmds sbem-
3o6M9dL  3LL-LEb Joegddo, MMIGEMSE 96 50gbodbg-
050 MW 5 3c0bEYdIM SbMZMWSE0MEO T9bLlEGMYs-
BOYIO 3030 S S6MZMWs30MH0 WbogmBMds.



m0AIO3HIH0L dodeaboemzs

9600™36M06100 IMM393930 Joerol Mboymamdol gho-
96m0 M360d369mzgsbglo dobgbos (Dumont et al 2015,
Maharjan et al 2018). sy9gbowos, O™ 3merogolb@memo
15339603bg900L LobEM™Ao (3LL) sGOL sG> FbMEMmE Mboygm-
BMBOL, 90539 MOLMEIMOOL M30mb69dGs© d9Fy39@0L
960-gbmo  36093bgwm3zsbo  MoL3-goJBHmMo (Qin et al
2013, Carp 2015).

3LL-U 3500m969BT0 FM05BMg0bBI6 30396M0bLvyobgdo-
5L o 30396M56MMYg69305L, 19935 dMM Hergddo 2oRbs
mlsBMYdgd0 0dol Jglobgd, G JLL-U Ssmmygbgbdo dg-
LodErmy 860d36garmgsb Bl SLBvEgdEIl 3039M3mm-
3obBgobgdos (Qin et al 2013, Carp 2015, Maharjan et al
2018).

36™d0wos, ®MI 3mdmiolEgobo s 0blwyrobo sbqbyb

MO00JOMYR3w9bsl ¥30dwdo (30LGHPM0Mbob B-LoborgEs-
bob (CBS) 06303060930l aBom. 9909mdM0350 9l 3w0b-
©9%5 303963mIm0LEgobgdoom, HmIguos 0fj393L 3md396-
Lo@mOHMe  30396H0bLarobgdost, Gmdgwog msgol dbGmO3
30050905 0bLE0bMIBOLEHIBEHMIOL  AsTM. YM3z9w03Y
5056 dgodgds ssmmzoml MTHFR 56 CBS 96%0dgdol of-
GH03MBs, Mbog M6 bEgal 3mImEobEIobol Mbol ds@gds
Lolberol 3wsbdsdo (Altug Sen et al 2011, Maharjan et al

2018).
3039M3mAmEoldgobgdos (33g) MOLWMWMdOL s
350090b9, 3500 ML 3019033¢5b330IM 39M0Mm©I0 MO-
L)EMIOL 6535MGdOL gob30mMaMgdsL bgwls Mfymdl 0d-
3obGoEool  IM©39300m  9b™IgBHMomdol  Lobberds-
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039030 Lobbolb Bszool Fgz9Mbgdol asdm (Carp 2015,
Esraa et al 2016). m®OLwymdol 3306 3509dbg 30-
05ME 05  0LYMNO  RQIOMMWGIGOO0,  OMYPMOOEBSS:  JIUGO-
3OO0 ©osdgEo (GD), 36993¢sd3bos  (PE), bssMgzo
d0md0s6MHMds  (PTL), 3wo3gb@dol bose®gzo sgws (AP),
Bogmgzol Besdo BsdmMBgbs (IUGR) (Steegers-Theunissen
et al 2004).

M 50fiergryerols dobdobyg Bo@oMs 33e93900 33G3-
ol LobdoMol sIHOL dobbom Joangddo 3LL-om (Bar-On

et al 2000, Meng et al 2016, Merviel et al 2017). a56qs
530bs Iglfogarowo ogm 30396H3mIm3oLEgobgdool 353060
3LL-0l oligom FobslosMYOWIPIMIB, OHMYMOESS 0bLYEOb-
9BoLAHIbGHMBS, 96EOMYJ69d0L FMTsBHJoIEo ©EMby s
Lodumdbg (Bar-On et al 2000, Meng et al 2016, Merviel et al
2017). 09935 8009039900 5M59O™MA35MM3960 G993gd0 56
0deg3s 1539 gdsl EsBMLEBHPIL  3039M3MmIMEoLEY0bY-
dool 3609369 mds 3LL-I 3smmygbg®do (Meng et al 2016,
Maharjan et al 2018).

©539b00os 333-U 3ogdomo MTHFR gq9b0l 256339
3A53090m6. MTHFR 9mbsfiogmgmdsl 0gdl 3mdmiol-
GH9obols 390mbobs gotsddbsdo 3mBsJBHMMYdoL doMo-
©@mgbobols (30@s30bo B6), (30563mdsewsdobols (30Esd0bo
B12) @5 bogdl@®mad g3menomdols 95939L (gmeno@ol) dmbsfo-
WgMdom. 35000 EIBROEOAHOL JgIPI© 0MOM3935 3MmIMEOL-
G9obols goModdbols dg@sdmenMo qbs s dobo 899(339-
©@MddS bLolbErol 3 sHTsdo 0BMHPYOS.

MTHFR ©93030@0 ©5 Gmames dgogao 333 ofi393L
3BmEGHOL mJloEol BMOToMYdoL T9d30609d5L, MgodEHowmwo
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59620500L 3MMHIGOOL IMToBHdL S 3OMBMYOSO FOGHM-
306900L  359Mmm630LYBGISL.  Joerol Mg3MHMYd30mEo
26J309%0,  obLOIMMMPP0  BMEO3MWMY)bgHBO o
9690 do¢0b dMHAbMd0sMGs Bgdmombodbmwo 3gwo-
90900l dodso (Jain et al 2012). MTHFR 9960l 3mero-
dmOHx0bBIgd0 593009096 MTHFR 96%0odol od@ogmdsl 30-
70%-o (Chango et al 2000, Weisberg et al 1998).

0dob 25m35¢0oLobgdom, ™I 3LL-U 3smmyqbg®do 30-
39603m3m30LEgobgdool Mol osgbol Jobbom Bods-
6900 33093990 d300gM0EbMZ60s, domgdmewo dgw9-
3990 30 5659600350 M3560, F0B6IGHmbows »bs Bsoom-
35¢mls 53 J0F5M0Ygd0m 33¢0g3900L oa™Mdgeqds 3969-
G030 BodBHMEdol 250Mm33¢I300 S 3M3MSE0IO0
053090M90930L 45035¢0olHobgd0.

33¢930b 909030 bs 30006980

330930L BoGoMgdsBg domgdwyeos d3b ,,0H9360m©wYd30v)-
o 39003060 396¢®0 boggdlo“-li goo3zmMo 3mdolool
056bdmds (mgdo N 4, 04.06.2020).
3393580 dmbsforg 439ws 3060 oym Fobsliffat 0bgme-
doM9dE00, 39698500 33eg30L SOLO S Jobsbo s do-
0900 04m §9OH0@Md0mO 0bxm®mIomgdmwwo mMsbbImds

3393590 dmbsfoegmdsby.
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https://pubmed.ncbi.nlm.nih.gov/?term=Jain%20M%5BAuthor%5D

331330 B35 Lalflagee Mbogg®lodgéo agmdgeob
L5393609M0 Bmbeol gMsbEol Bstawmgddo (GF-21-01):

»30390303m30L3g0bgdool Mo MbBoymamdol o
MOLLYYEMIOL 6535MPIOOL 3500MYgbgBTo 35309639000
300 3oLEHWOO L33903bYgdOL Lob®Omdom .

33¢m930b dsbsams s dgormagéo

33w930Lm30L 39Oy 89dmbggzs-3mbEHMmMmoOb
33930L 36:m39JGvwo @obsobo. Power 0.8, o- 0.05, P

value <0.05.

5331930 3M39amd30s

33093530 Bs®m30L 300GIM0v9900 : HMEHIOHsTol
30bLgLmLol 3M0EIM0YTgdOL Fglodsdols Wowgbowo
3LL-U ©0sabMBo; sbs30 <35 90,22 fgwro gbsebgsb.

3393530 5MBMMZ0L 3M0EIM03900: 3530963700
RMHOLYOOO X 06330l EOLRMB300m, 3039M3MMEsgE0-
698000, 05boyMmowo sMgbsecmo 3039M3wsboom,
56MMYg6353MHMOM30MJgo Lodbogbggdom, 3998060l
LobMOHmIom, 565369BTFo JoOrGaomwo Bs6g300 M93MHM-
©J30M MGOYR6MmgdbY, 33¢935d0 Bs®35g 3HTMb-
0965300056 ©5/56 3035806900l 3m33egdliols Jowgdosb
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6 03919 6530900 25bE0 3gMHOMPO, SB30 > 36 oo, <2
Do 9bsebgsb.

153342080 X3IBO 9gop0bs 3393330 Bs30L 3H0G)-
603900l dobgzom dgMBgmends 18-35 farol 95 353096~
&9 3LL-oom.

b330mBOOMErn X380 gopebs 15333 XB6
d9L50530L0 LodMoeM 530l 84-3o X BIOMYEDs Jognds

3OEbEIMBSOMOOM, MY 3/(3030m, 30396-
36MM969300L 30006039960 FodMm3wobgdgdol s dLL-U
X b0 565969B0L goc9dy.

15330930 (23.5+ 3.5) s LOZMBEHOMMEM X ABoL Joerg-
d0b BodNoM 51530 (24.5+ 2.2) LGOEGHOLEHOZMMO® oG-
B 56 4oblb3530090M©s 9HMT6gmolYsb (p>0.05).

93600030010 3MbJ300l 15309dwMgdgd0L do-
593000 b33WI0 XBIBO SOYM 2 X37IBOQ: 3LL R©-00
(n-58), 3LL M@-b 5M9dg (MbsgmxzMdOM s FMEbLsEIM-
05MBOM) — (n-37) Q5 o5bse0HYdMEo 0gm 4odMmYmuoeo
X3%3900L Jobg300 3mdmiEolEgobol dsB3969dw9d0 s
MTHEFR g96900b dw@&ogogoo (MTHFR C677T-CT,MTHFR
C677T-TT, MTHFR A1298C-AC, MTHFR A1298C-CC).
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3393500 BoGrongem yg9ws 35:3096L Rom@ods 3gemlim-
BoerMo o mxsbmemo 565969Bol, d9blEMmwsEoMmo 303-
ol Jgx3sligds s Md0gdGHMMO 3wobolzm®o, obl@Mmadgb-
G0 QO WHOMOSGHMMOMO 350393,

1533930 X3MIBOL dgmBg30LsL SLB-U OsRBMBO gdysey-
dms 2003 (gl GmEGHgM©sdol 3mblgllBg dowgdwyen
©0536MBEGH03MNG  300GgM0mdgdl (The Rotterdam ESHRE
ASRM-Sponsored PCOS Concesus. Workshop 2003).

LJo-b FLogOLYOds® PodMYgbgdmwo ogm x9bs(330L
Abmgwom mmyebobsgool 2004 fiewol gosbggol d9w9-
390 593303900 LOYOMSTMMHOLM JSLOGOISGOS.

bbgmeol 3bodmgebo Jumzowol asbsfoergdols msgzoly-
00M90980L Ygbol Jobbom bgdms Hgwols s mg-
dmb 256 399mHgM0EMmdsms (b3-30) MebsgsmEMdol 0bwgd-
Lol 45BLsbEgM..

306LMEGH0DIoL F9z35L90s bgdMEs BJOOTD s Joe39-
ol 3MmE0R0E0MJMwo 30MLYEHO0BIoL JgnsLgdol d35wom
(mFG). 5369l 99535L905 bgdmMs 3 353 gamMool Jobgwozom
(Bbd99do, LsdoseEm s 3dodg), LEBHMOJOOL - PMIPMO > B9~
o0  (350olggMo, Hoomgwo 6 dmdo FobooliggMo).
©06090Mm©s 30396M303096B9(300L (530 5356@HMDB0O) sOLY-
OMdo.

99bLEGHOME0MEo 3030l 39-2-3 gL yzgws dmbsfo-
gl Bom@ods 930609 dgbxol Ml meMasbmgdols -
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AGOLMbMAMBOME0  250Mm33g3s 33990 -VOLUSON
E10 (General Electric s USA).

300m30LEHYoboL 4obLsbE3MS Lobberols Ms@Edo bgdm-
@5 obMemo LobEgdol sbowrobsGmOoom (Humalyzer
Primus semi-automated Bychemistry analyzer, German) 13gd-
G®MIgBHOMwo  FgomEOol  odmyqbgdom, M9z9MHgblwyero
doh396909d0 4,4-10,8 pmol/l (Queenan 2010).

MTHEFR C677T s A1298C 300086 xz30bdqd0ol oy-
b5 bgdms 296mEH0306Mgd0L Bo@sMGd0m 3M0dgesHvy-
WO X9F3MM0 M95d300l dgomol godmygbgdom. gDNA
0DME0OHOMOo 0gm 3393580 IMbsfowrg mommgmwo 3o-
3096@0L doeosbo Lobberosh, Lolbeol ©bd-ol dmdbs-
©900L - 13gGHOL Bs3MgdOL AsdMmYgbgdom (Jena Bioscience),
3(om3mgdwol doge dmfmEgdmwo 3OHMEGHM3MEol dobgo-

3000.

33093580 Bsr35009 439ws 353096AL 3mGmMbmo go-
dm33wg3s RomBodms I9bLEGHOYE0Eo (3030l dg-2-3
@O ©05bMmBOL EsBMBEJOOL BoBbom. 2sboLEBEOZMS
39000920 3mMImbydol ombg Lolberols dMs@do: FSH, LH,
AMH, E2, T, FT, SHBG, HOMA-IR. 3393530 56Bstrongol
360GYMH0dgdol oboygbs: PRL, TSH, FT4, anti-TPO,
anti-TG, 170HP, DHEA-S, 306@&0%m@o 039bmx3960396¢3)v)-
o dgommoom (ELISA, Beckman Coulter, USA) .

33930L Yy39es dmbsfoergdo begdms 0blveobemgbols-
A96G™dol F9xs190s HOMA-IR-ob 858396989 bg oytco-

BMmdom.
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Usdobhoz2960 sbsemobo

9mbs399900 335305 LAHSGOLEGH03ZMMO sbsEIOBOL
36MaM5d900l SPSS 24.0 (Statistical Package for Social Sciences,
version 24) s PAST v. 4. 40 359myqgbgdoom. 0dds ratio-ls 3oq-
3530030l 0gm odmygqbrdEo myOLE03MMO MYYM-
ool 3900m@o0. Jmbsigdms sLOEHgMo godmygbgdyeo oym:
395G M0 FH9bw9bE0ol Lsbmdo (Lodmsem sGOMIYEHO-
370), 3500509wmd0L BsbMmIo (LEHOBIOEHWIO JoIHMY),
LobdoMHYMS 3OMEI6GHMWO Fobsfowgds, 3OMUEDMWSE0S,
39bsfoegdols bm®mdser®mdOL GgLodmfdngdersm 3Medmym-
6m3-bLIoObM30L BHILEO. X3MBJOOL FgEIMIOOLIMZOL godm-
496900 0gm: X2 (35393MmO00 (330500 900Lm30L), 306-
L@BOL 3MOY 30O 56seP0BO IMbs39990L FmEOL 3mEg-
WH30M0 39300601 oLy gbs. l3zbomo LEBSEGHOLEO-
300056 0gm 259mygbgdmwo ghmxsd@BHmemosbo oldgdlomwo
5b5¢0bo (one way ANOVA). mO0 059M9300090900 X9~
530L G9LoMYOES© godmYqbgdmeo ogm dsb-mo@bol GgL-
&0. L30MTsboL MOS0 565 ODO JodMmYgbgd o
0Y4m MO0 M5MEOIbMIM030 (3350L 3533060l FqLogzslind-
5. 8mbs399900 d99mfids Lobmmdol 0.05 mbyby (p<
0,05 ogm 30bbgmeo LEsGOLE03MS Lo®fdbm). MomEY-
BmdM030 (330900 FoMBMm©agboos + LEbsMEHWMWo yo-
©HMYO0m, bergrm 35GJRMOOME0 (3350 - 30M(396(3)9-
dom.
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998980 s wolzebos

d9bombgly sbo30L Lodwsem 539698 qd0 353096¢3)9dd0
3LL-om (13.8+3.5 {garo) s LygMbGHOMM™ xamndo (12.4+
4.2 H9w0) LEASGHOLE0ZMNMS© LsMHIMBME 56 goblbzogwyg-
dmbab gmHm»3s6gmolgsb (p>0.05). ubL-b ddmbyg 353096¢39dL
d9bLEAHO30ME0 3030l EIMM393900 50960 dbgdM©Im
d9dobggz50m 84,2%-do (80 353096¢30).

1533930 XJMIBOL 3530963O0L DYoo sbslosmgds

396bomos 4399mm 0blvyobOHgboliBgb@mdol LEs@v)-
Lol dobgz00:.

1533093 X3MIBLS O LEIMBBHOMW™ KaMzdo ABOLLB-
@365 3mdmEol@goboll mby. 3mdmiEolEgobol Lodsswm

9583969090 (33-11.04 pmpl/l) Bo®FIMbME 509353 gdMOs
d9L505d0L  oB39690gel  Logmb@Hmmenm xamxdo (33-7.75
pmpl/l, p<0.05). Abgogbo Fggagdo doowql Suleiman-ds
(2018) o ULbgs 03BHMM9dds moz0L  33¢wg39ddo (Wu et
al2016, Maharjan et al 2018, Diwaker et al 2018). o33
Dmaogho 3393580  3mdmi0LGHgobols  F9B39690wqdL
dmOol  Ubgomds 396 0bsbs 35309639030  3Ll-00d s
LogmbEM™menm xawdo (Palomba et al 2010).

B396L dog sl939 499650 BYdMo oym 333-0L Lobdoty

153393 O LEIMBEHMMWM X MR9dT0. 3LB-U AJmby Joergd-
do 333-0b bLobdoty (50,5%, n-48) LEOHIMbMmE Toswo ogm

Lo3MBEHOMEM ¥ 3MRBoL Joergdmsb dgscgdom (4,8%, n-4,

p<0,001). Bggbo 33930l Imbs3gd9dL gdmbgzgzs Ubgs 33wg-
3900L dmbs3gdgdo (Maleedhu et al 2014, Maharjan et al
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2018, Suleiman et al 2018, Diwaker et al 2018), mwdgs
D-309OHMT> 953GHMMT> 1530 33093580 396 Bobs bbgomds
30-0m30LGYobols 3sB3969d¢gdl dmGol 3LL-U dJmbg o
Lo3MBEHMMEM Xa30L Joergdl Imdol (Palomba, 2010).
3LL-0b dJmbg 35309639900 Mmy-o (n-39, Hhey 67,2%) o
M3©-b 356M9dg (n-9, Hhey 27.3%) 3335 99m3mwobs Lotf)-

3B Fo05¢0 LobJoMHom L3MBBHOMEWM X aMRMSb Tgs-

6qoom (n-4, Hhey 4.8%, p<0.05). dbpsgbo d9gaq00 dowy-

OME0s  059©gbody 33093500 MA-m9b  JoTogdsdo
(Carp 2015, Esraa et al 2016).

3bM0o 1. bmEos3os 303gMH3mdmaolidgobgdosts ©s

69360mEJ30we 33903 gdL el U333 Xamndo

95%

353096 | Pirson | UOfdgBmmdols

9d0b chi- 0b@ge35emo s »
6936mEnIeonwo 30b6Jeos | Gsmegb | square 3305 —

D5

(n-95)
3UL-U Ajmbg 3s53096(%gd0 39
303g030mpobgobdoom @ | (41%) | 16645 | 2520 | 16184 | 6386 | <0001
MR-
3L BJmby  3s0gbhgdo 9
3039638ma0l 068000 (95%) | 16645 0062 | 0397 | 0157 | <001
Q5 @b 336939

B39bL dolsersbg 333-bo s MY3MMEMI30IE FoTmbsgz-
@90L Mol 565¢0BOL Boo®mgdolol 5dmBbs, Gmd 3o-
3096390380 3LL-om 333 LoOIMbME SLMEOMIOL GrMyme3
0M30-056, 51939 96M3s30G MbsyMBMBSLMb (p< 0.001)
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(350.1). ®:336mMJ309wo godmbogergdol dobgpz0m gos-
Boarobgdmo Abpoglo 9mbszgdgdo oG Ms@GMsdo 56
9dm03m390s.

39965¢00Bgdo 0gm 3e00603960, 3mImEolEgobol s
3mOImbmero  95B39690gd0, Ls339MEbYgd0L  dmOFBMEM-
3060 obslosMYdEgdo 3bl-ob dJmby 3530963Hgdd0 0bLvy-
wobMgBoLEHIBEH™IOL LGsEHMLOL dobgzom. 33;3-0b dJmby
35309639080 3LL-om s 0bLYYEobOYBOLEBHIBGHMd0M o-
3995 s 3dodg badolbol 5369 (79%) s 30OHLyEH0BIoL
(89,5%) Lobdotyg LoeHombmeo 56 AsBLL33WIdM©s 0BLYY-
@ob®gHobBHIbEGHMdOL go69g8dg 3LL-U 8mbg Joawgdols xavw-
3oL 3mbs3999d0Lyeb 33;3-00 (GgLsd. 71% s 81%,P>0.05).
3530 5396¢MbBo 500b608bs FBMEMmE© bl obMHYHBOLE)b-
G™d0L dJmbg 35:3096@9dd0 3LL-00 (28,9%). WoEIOSGHME-
4o 56 56Ol 96O EIMTSBHM3570gd0l 458Mm3egbol
LobdoMyg 333-b dJmbg 353096¢70d0 3Ll-00d 0bLlEobey-
BobBH96EH™Md0m s 0bLEObOHIBOLEHIEE™MBOL 4o69dy.

3b0dol sdMIobmEs obsfoargdol Lobdotmg (Hgwro-
09dml 45639IMfgM0wMmdol BsMmds >0,8) 0oblvwobg-
BobEBHIBEHMOOL IJmbg Joergddo 3LL-om s 333-0m, M-
3MmO3 8mIs@gOMwo, 1939 bm®mIscrm@o Ldo-U Jgdmbgg-
39030 (91%,n-35) Lo®fjdbmeo bdoMo ogm 0blvwobmhgbol-
A96A™MBOL gotgdg LL-U FJmbyg 353096306 FgsMmgdom
(19%,n-6,p<0.001). 0@gcsGHwMsdo sOLYOME 330939030
31939 96 56Ol AsBboErMo 3bodols QsbsHoegdols dmbsi3g-
9900 3LL-U ddmbg 353096(3g0d0 3333-000 0BLObEMYGBOL-
A96¢™d00 s 0bLWObOHHBOLOLEIBEMBOL ocmqdY.
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B39bo 33w930L dmbs3gdgdom  0blvyeobMHgboli@gbdm-
0oL 9gmbg 3LL-U dJmbg 57 353096@L (60%) s 0bLwEOb-
9BoLAHIbGHMIOL gocgdg 3LL-U Jmbg 38 3530963L (40%)
509b60dbgdms  dgblEBHMWEOMWo (30300l IMM393900
M3065BHYB© Me0yMmdgbmeMgols (61,6%) s sbm3zMms3z0vy)-
0 39bLEGHMYSE0MO (03¢0l boboom (20,6%).

3LL-U 3gmbg 35309637080  0bLYIEObOHYHBOLEHIBGHMdOM
5 dob 496909 Bo@oMs 999qa0 d5B39690gdol dgsmyg-
00 sbserobo: sbszo, Ldo, obbvobo, 3mds-o0bgduo,
LOgODM S MO30LBOE0 BHILEAMLAEHIOMbBO, 13Ty, den/x303,
503, 1533903bggd0L FMEMEEMdY, SBM, 3mdmiEolEgobo. LEs-
AoLAHO03MO0 b5E0Dom Yodmze0bs, MHMI FgsMgdIo
X3MNBJO0 9OHTobgmoLAsh LoMfdmbm 6 oblbgszqdm-
s 0539690900l MAgBHgLMdsTo. Lo@fdmbem Lbgomds go-
dmgobs 3mdmEol@gobol (9glsd. 12.74+ 2.792 s 9.21+
2.336pmol/1,p<0.001), bLdo-b (AgLod. 24,18+3,935 oo 21,4+1,67,
p<0.05), 335-0609duols (F9glsd. 3,369+0,816 s 1,21+0,499,
p<0,001) s 0bL¥YEobols (Fglsd. 14,4+2,06 s 4,4+1,67 MU/
ml, p<0.001) 3583969090l dmGol. Abas3bo F9gaqd0 doo-
@b Ubgs 93¢m®m9dds3 (Maharjan et al 2018, Chang et al
2019).

333-bs 5 0bBlYEobOIBOLEIEEH™BdIL TmMol 3538060l
5MLYOMBOL 25565¢0HYOOLOL FoFM30bEs LoGIMbm Slm-
305305 333-Ld s bl ObOHYHBOLEHIBEHMBIL FmEOL 3o-
309639080 3LL-o» (P<0,001) (3b6.2). dbasgbo dmbsigdgdo
do0©gdwo oym Msdgbody 33arg3sdo (Rekha et al 2013,
Maharjan et al 2018, Esmaeilzadeh et al 2017). owdgso
Yuming Meng s 965533930l doge  Bo@oMmgdvewo
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99@o-9bseobom (2016) 396 ©oY0b©s 3938060  3LL-U
9dmbyg 35-309639080 333-Ls s LoALMJbol boGobbls o
0bL0b-Mm7BoLEBHIBEHMOL Fmob.

gbMoo 2. sbm3osEos 303963mamzoliBgobgdosts s 0blvywob-
67BobGHIBEHMDL Fmeols 3s3096¢3gd80 3L-om

353096¢%gdob [30Glembols | Lsfjdmbrmdols
©5m©96mds |chi-square 0b®gH33m0 0dds

(n-95) 95% Ratio
Jagws | bows
303963mBmgoligobobgdos | 37 (62,7%) 21,102 | 0,015 | 0,222 | 0,059 | <0,001

353096®9d3d0 3LL-00 0bLYYEObOYBOLEIBEBHMdOm s 0b-
bEomgbBobEBHIBEGMBOL o698y, Lod3EBHMAGOOL Moligol bsdg-
Aob 0565x8sMEOMds (Odds ratio) d9x8sLs WMYOLEHO3IMOO
936gbool bygdzgEBY. 3330l BgEIPI 3>3M3wobEo,
63 Jowgddo 3bL-om s 0bLobOHyBoLEI6GHMOd0m 0b-
bEobMm)HoLEBHIBEHMBOL go6gdg LL-L IJmby Joegdmsb dg-
569000 dMTs39d9e0 0gm: 3mdmEolEgobol, 0bbvyeobols
9539690900, 3mds-069dbo, 9836 ©s 13390 EbYgdL Bo-
d90m ImEgemds (3b6.3). wo@EgMe@MMmsdo s®lgdero
dmbo390900 9dmbggzs B39bo 330930l BMbogdgdlL  (Lin
2013, Meng 2016).
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3bMowo 3. wmmaolBozn®o MgaMalooo Jgwgagdo 33MsEIdOL-

g0l
1200

3sBgz069d | dgHo Lsbo. ol /b P Exp | ExpB | ExpB
9do (B) g®do 06y B Jagms | goos

@gds bo
AMH 0.050 0.150 0.109 1 0.741 1.051 | 0.783 1.409
IRI 1.344 0.430 9.770 1 0.002 3.834 | 1.651 8.904
HOMA-
IR 5.604 1.931 8.422 1 0.004 2715 | 6.167 11.956
Ov/vol -0.396 0.176 5.085 1 0.024 0.673 | 0.477 0.949
AFC 0.138 0.079 3.043 1 0.041 1.148 | 0.983 1.341
LH 0.143 0.154 0.853 1 0.356 1.153 | 0.852 1.561
TT 0.157 2.985 0.003 1 0.958 1.170 | 0.003 4.062
FT 0.342 0.477 0.514 1 0.473 1.408 | 0.553 3.588
170HP 1.615 0.924 3.057 1 0.080 5.029 | 0.822 3.756
SHBG -0.005 0.032 0029 |1 | 085 | 0995 | 0935 | 1.058
FAI -0021 | 0.145 0.020 1| 0.886 0.980 | 0.738 | 1.301
Homo- -0545 | 0.718 9.535 1 | 0.001 2.834 | 4966 | 2089
cysteine
Constant | 16.14 6.261 6.653 1| 0.010 0.000

35309639080 3LL-00 3MIM0LEHJobOL  BoB39b9dgBILS
5 3mMHIMbMe s 15339M3HYgO0L FMORMEIMYOMGH Tobo-

LOsmMYIGIL TGOl 3MOGEs30900L FglHogerolols asdmg-
@oby, O™ 35309639030 3LB-000 3MIM3OLEHJObME Loer-
§0mbm© sgdoMI© 3MMHYE0Mmgdl Fbmerme Ldo (R-0.37,
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P<0.05), 3m0ds-0bgdbo (R-0.695, P<0.001), osz0Lwyxnseo
AbAHMLEGgOMmbo (R-0.373, P<0.001), LogHooem Gab@mb@gem-
6o (R-0.552, P<0.001), 533 (R-0.552, P<0.001) cos by339603bgg-
0oL dmiEmemds (R-0.647, P<0.001). bbgs 3wobozmé o
306HIMbmew Imbs(399900006 3mBm0LEHgobol 5B39690wqd0
LOOHIMDMP 5O JMOYoMgOL. Abgogbo F99Rgd0 AsdM3-
@wobs Modybody 33eg35d0 (Guzelmeric et al 2007, Lin et
al 2013), ®wd3s Bmyogmo 3393530 396 SEILEHVIMIL
3LB-0l 53 Fobsllomgdgdl dmEol Bbgzsmds 0bbvyrobmy-
BobEIbEGHMdOL 358396900l dobggom (Moti et al 2015,
Meng et al 2016, Al-Gareeb et al 2016).

35309639080 3LL-000 3MmIM30LEHJobol  BsB3967dgBdLS
©5 3mMIMbMe s B3390 EbYdOL FMOFBMEMYOME dobo-
LOSMYIGIL TGOl 3MMGEs30g00L FglHogerolsls asdmg-
@wobs, O™ 353096¢70d0 3Ll-000 3MIMEOLEJObME Lo~
$9mbm© ©sIOOMI© JMOHI0MmgdL dbmermeo Ldo (R-0.37,
P<0.05), 3mds-0bgdbo (R-0.695, P<0.001), omsgolwxzsero
ALAHMLEGgOmbo (R-0.373, P<0.001), LogHom Gab@mb@ghm-
6o (R-0.552, P<0.001), 533 (R-0.552, P<0.001) cos b5339603bg9-
oL dmiEmemds (R-0.647, P<0.001). bbgs 3wrobozm® o
30MIMbmew Imbs(399900096 3mBm0LEHgobol J5B39690wqd0
LSOHINMDMP 9O JMOHYOMHGOL. Abaogbo F9IRJo0 ASTIMZ-
@wobs M399bodg 33eg3sd0 (Guzelmeric et al 2007, Lin et
al 2013), ®wd3s Bmyogmo 3393530 396 SILEHNMIL
3LL-0l 53 Fobsllomgdgdl Mol Bbgsmds 0blwerobmy-
BobBgbGHMdOL dsb39b9dol dobggzom (Moti et al 2015,
Meng et al 2016, Al-Gareeb et al 2016).
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B39b0 330g30L Mbo39390000 3mBm30LEHJ0boL Lydmsem
9563969990 0bLYEobOHYHBolEgbEHMdOL dJmby 353096390~
o 3LL-00 s MY-00m (11.5+2.24 umol/l) LEGHEOLEOIWMS©
LoOHIMbME FoLowo ogm s Lo®fdmbmeo bdoco (78,9%)
M3©-b 296909 3LL-ob dJmbg 3530963 oMb FgsGmgdom
(7.55+2.45umol/l, 21,1% p<0.001). wo@gco@mEmsdo sGLYd-
o 3393900 gdmbgaggzs B3gbl dmbsgdgol (Chang et al
2019, Feng et al 2021).

333-0b LObToMOL go3BsEOBYOOLSL MY3BIMYI30IE0
399mbs3egd0l dobgzom 3530963gddo L-om 0blvyob-
9BoLEHI6EHMIOL LESGHMLOL dobgz00 2odmzw0bs, HM™J
3333-bs 5 ma-b dgmby 353096@9dd0 3Ll-00 0bLvyEobMy-
DobEBHIBEHMds 500b0dbgdmMms 78,9%-30, G5z LsMHIMbmeo
MBOM HJoMOo 0gm 30067 35309639dd0 3LL-000 MmYE-U yo-
909 (54,3%, p<0.001). AbyogLo Fmbs3gdgdo o@gMsEwds-
4o 56 Im0303905.

3530969030 3LL-00 s LOMBGHMME™ XamRdo dosbs-
wobs MTHFR 296900l 3993530900l Lobdo®mggdo bobgg-
dol dobggzom (3b®.4). Szafarowska-lb dog® Bo@o®gdwyen
3393500 (2016) o6 sG0OL gobbogrmewo MTHEFR 996900l
439w 393s300L bobdomy.
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gb®oo 4. MTHFR 296990l 3mgmodm®aobdo gsergddo uL-00

MTHEFR 300363003900 353096900 | Logmb@dmemm | P val-
3Ll-on XJIBO ue
n-95 n-84
MTHEFR C677T-TT 11 1
(B3mBmBopmE@o 3vdsgos) (11.6 %) (1.2%) <0.05
MTHFR C677T-TT 19 5
(3939HDopmEmM®o 8w9E3E0s) (20 %) (5.9%) <0.05
MTHFR A1298C-CC 11 1
(B3mBmboam@@o 3wdsgos) (11.6 %) (1.2%) <0.05
MTHFR A1298c-AC 15 9
(3939HDoamEM©o 8EO3E0s) (15.8 %) 10.7 % >0.05
MTHFRC677T-CT/MTHFR 19 2
A1298C-AC (20 %) (2.4 %) <0.05

(G0 39B9EDogmd)

B39BL 33093500 91939 o960 BYdMwo oy MTHEFR g9-
6ol 3MBo30900L Lobdomg Lsbggdols dobgzom 3335-L

dJmbg 35309639030 3LB-00m (n-48) s Lo3MBGHOMEM YAy~

20l 00 doewgddo, GMIGEms3 50960d69dm©sm 333 (n-4).
Jowgddo 3bb-om s 333-00 MTHFR C677T 3mdmbogm@«y-
60 39BEs3ool s MTHFR C677T/ MTHFR A1298C Goymwo
390960mbogm@ol Lobdotg (45.8%) LsGHIMbm dswswo
0ym Lo3mbGHOMmm ¥a1x30L Joegdmsb dgsmgdoo (0%,
p<0,05). 5bg39 LsOHIMbMmE Tomowo sdmbbs MTHFR
A1298C 3m3mBoymGHMemo 39@Essool bLobdodg (8.3%) do-
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@gddo 3LB-0m Bs3MbGHMMEM ¥ aMBME Fgsmgdom (0%,
p<0,05). LEobEGHIMIM 505MBbES 5139 oL BodEHO, BMI Lo-
3MBAHOMWM X aR0l Joggddo 333-00 (n-4, 100%) sG396M0
d9000b3935d0 56 259m3wwobos MTHFR 996930L 3e00bo3vwy-
6o 3609369 ™3560 3Eo30s. Abgogbo Imbo39dgdo wodg-
GoGM0590 56 d03tm3900.

333-b dJmbg 35309639080 3LL-000 MTHFR g96930L 949~
GH530900L  Lobggdol dobgwzom MY3MHMOMJ3oIwo Bb-
Jgool Lb3sslbgs oMmM393900L A5965¢0BYdOLOL AsdMg-
wobs MTHFR C677T 3m0mBogm@ol s Moo 39¢)9-
Obom@ol MTHFR C677T/MTHFR A1298C Lot{dmbmeo
dswoeo  bobdomg 3LL-U xamndo ®maw-oo (n-20,51,3%)
M- 256939 3LL-U dJmbg 353096306 (n-2, 22%, P<
0,05) s Logmb@GHMME™ ¥aMxnmsb dgwsmgdoom (n-0, 0%,
P<0,001). 35309633080 3LL-000 MA-b gMgdg LozmbEGHEM-
WM X3MNBNb 995609000 50bodbmeo dwEsE0gdol Lob-
doMg sbg3g Lo®(dmbmo dswswo sdmPbos (P<0,001).
MTHFR A1298C 3m0mboam@®o 99@o3os 353096¢3)90d0
3LB-00 M- 296989 (n-2, 22%) Lo®fdMbme bdoco se-
dmPbs 3LL-U Jmbyg 353096¢J0Mb Mmy©-0m (n-2, 5.13%,
p<0.05) @5 LogmbE®mMmEm ¥aMz30L Joegdmsb dgstmgdom
(n-0, 0%, p<0.001). Abgs3L0 FMbs(3999d0 56 IMO3M390s CO-

A9MsGMOSdo.
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gb®ogo 5. MTHER 9680l 9530900l Lsbggdols asbsfoemgds qos
L0300 353096¢3gd80 SLL-on

95%
TR 35gogbogd | Pison | BsOFBD6mmBOL | g, P
03bb-o» | chi-square 31)80Gegbdo ratio
3m0dmahgobIgdo
(n-95) 930005 | Byos
MTHFR C677T-TT 11
(38mBoamA 6o (11.6%) 5.501 0.41 0.877 | 0.189 | <005
82509)
MTHFR C677T-TT 21
(39996mBoymGHNGO (22.1%) 2.465 0239 | 1179 | 0531 | >005
375309)
MTHFR A1298C-CC 11
(308mogm@neo (11.6%) 5.6 0.04 258 | 018 | <005
85309)
MTHFR A1298¢c-AC 18
(39 9HmBoy@BTGO (18.9%) 0.367 0.606 | 258 125 >0.05
825509)
MTHFRC677T- 18
CI/MTHFR AI298C-AC| (18904 8.322 0.069 | 0661 | 0214 | <0005
(Gommwo
39396mboymEs)

31939 30965¢0BgdMmo oym MTHFR 296900l Lobggdol
396500905 s SbME0530gd0 3530963900 LL-m. MM
3b©0wo 5-sb BBl MTHFR 296930L 3993530900L bbgoqs-
bbgs Lobggdosb MTHFR C677T-TT (3mdmbogm@weo dvwy-
A5309), MTHFR A1298C-CC (30m3mBoam@n®o 99@s:309)
©> MTHFR C677T-CT/MTHFR A1298C-AC (Gowaro 39¢9-
OB0dME) LOOFIMBME SLME0MIPL 3mwoEolGMOo bs3-
396359900l LObEOMIMSE (p<0.05). WOEGHIMIEGHMTo sOlsg-
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O 3340939900 96 5oL LEOHYYEGBILMZbIE FobboIEo
MTHEFR 996900L 3m@s30900L Lobdo®mg s sbmEosios 3LL-

056 (Wu J.B et al 2016). Szafarowska-d (2016) 396 bobs
393-0060 MTHFR 296900l 99@53090bs o 3LL-U dmeob.
0935 oo 33939d8do gobbogrmos dbmermeo MTHFR
C677T  @9bol  3m@S30900L  SbME0s30900L  sbsgrobo
3m8m3olbEgo-bol  85B39690¢gdls s SLL-LEsD, Bom 56
530 399m3-3amgmewo MTHFR A1298C gqbols 999330900
5 Moo 3gBghmboym@s (MTHFR C677T-CT/MTHFR
1298C-AC) (Choi et al 2009, Karadeniz et al 2010, Qi et al
2015).

39965 0bBs 3LL-U 8Jmbg 35309BFHJOOL gobofiorgds 3m-
dmoLGHgobgdool dshz9b9degdol, MTHFR 99bgdol 9v@s-
30990 Lobggdols LobdoGmol dobgz0m Mx36HMEYYJ30vwo
B3bJgool bbgosalibgs @osM®39g39d0m. s0lsbodbsgos, Gd
MTHFR A1298C 3m3mBogm@«to dm@s3ool Lobdomg Lom-
§0mbm 56 29blb3930IOMPs 3530963HdT0 LL-00 MYE-»
5 M-U 356939 Joegddo 3039M3mdmiol@gobgdoom (P>
0,05), 35353 LyOFIMbME HIoMO 0ym b53MBEHOMEM K Aw3-
056 Ggsmgdom (P<0,05). duysglo dmbs3gdgdo wo@gds-
G590 56 80303905 (3H6.6)

353096390380 3Ll-0n 259Mm3w0bEs SME0SE0JO0 MmYE-bs
5 MTHFR C677T-TT 30m0mBogam@n® dm@ssost, MTHFR
C677T-CT 393 90mboam@H«e dvEssost, MTHFR C677T-
CT/MTHFR A1298C-AC 60v9e 393900Bogm@sel demol
(P<0,05) @5 56 259m3e0bs MTHFR A1298C-CC 3m3mbo-
330 3Bs3ool s MTHFR A1298C-AC 39@ghmbogm-
G0 39EBHS300L SbM 30530900 My-bmsb (P>0,05) (3b®.7).
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3HMoEo 6. 3UL-I IJmby 353096¢3)gdoL 3sbsFoemgds 3mdmeolitgo-
69800L 35B39690emqd0l, MTHER 396980l dv)ogogdol lisbggdols

bobdoMols dobgzom Gg3Gmeydgommo gmbdgools lbgsesiibgs

©3M0390000

HPROOEIzonwo
358mlisgsero

353096900
3Ub s M-
o (n-58)

35g0gbihgdo
3L s map-b
33698 (n-33)

bsgmbtoe
@ X3IB0
(0-84)

3mBmgoligobo
(pmol/l)

>10.8

<108

>10.8

<108

>10.8

<108

MTHEFR C677T-TT

BeBevoada®o
Bydo00)

13.8%

3%

0%

0%

<005

<005

<005

MTHEFR C677T-TT

(Gogbertopndgbo
Boe00)

12
20.7%

6.9%

9.1%

6.1%

0%

10
11.9%

<0.001

<0.05

<0.001

MTHFR A1298C-CC

(BoBedogediGo
B600)

5.2%

3.5%

6.1%

6.1%

0%

2.4%

<005

<005

>0.05

MTHEFR A1298c-AC

(Goabeatopngbo
B600)

8.6%

5.2%

3%

273%

2.4%

19.1%

>0.05

>0.05

>0.05

MTHFRC677T-
CT/MTHER A1298C-
AC (Goreo
3BoHnboynds)

14
24.1%

3.5%

3%

0%

2.4%

<0.001

<0.05

<0.001

Botto-U dog®™ (2000) Bo@smgdoyen 33e0g3s5d0 Bobligbgdos,
0 OO 3939OMDodMEL dgboderms 3Jmbogl 3933060

0M3-056, 853658 56 5MOL IILEMYOMO FgLsdsdolo

dmbs3gdg00.
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3bMoo 7. 35309639080 3Lli-0o MTHFR 296980l dm@sgogdols
bsbygdols gsbsfoamads s SLmEosgogdo maw-liomsb

95%

35306 | Pirson | BsOfdgbemmdol odds P
&gdo | chi- U 063gH35@o0|  ratio
MTHEFR 30m¢00dm6300d0 =
OO0 3 3bl-oo | square Jaos| Bgcos
(n-58)
MTHEFR C677T-TT 8
(308mBogmE G0 dmdsgos) | (13.8%)| 5433 | 1.157 | 11.906| 3.712| <0.05
MTHEFR C677T-TT
(3909MH0boy MGG 16 5.509 1.146 | 5453 25 | >0.05
3905305) (27.6%)
MTHFR A1298C-CC 5
(3mdmbogmB®o dndsgos) | (8.6%) | 0.235 | 0.416 | 4.268| 1.333| >0.05
MTHFR A1298c-AC
(3909H0boy MGG 8 2.475 0.216 | 1.194| 0.508 | >0.05
32%5305) (13.8%)
MTHFRC677T-CT/MTHFR
A1298C-AC 16 18.622 | 2.679 | 19.899| 7.302| < 0.001
(Gorgewo 39696mbognds) | (27.6%)

353096390380 3LL-00 Mmy-b AoMgdy MTHEFR 896990 Lo-
b99%0L 29650 gdol s MY3OHMPMJ30ME 2odmbogsemsh
om0 SLM(305(30900L 495650 BYOOLLL Lo™HIMB™ SbimiEos-
305 503mhbs Fbmemeo MTHFR A1298C-CC (3mdmbogym-
A6 39BHOE05Lmb) (p<0.05) (3b.8). Abs3Lo dMbs3gdgdo
doowgl Feng (2021) s Xiong-ds (2020) 0565533H™M9dmsb

95 Bo@M9dM 33¢0939000.
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3bMoo 8. 35309637080 3uls-0r M-I 9561999 MTHER 396900l

bsbggdols gsbsfogrgds s slimEosEogdo Mg3emondaorem
350mUs535cma 6

Pirson 95%
chi- L@§8mbemmdols
MTHFR 3oxgoodetgobso 35g0gbdob ¥ o T
Gsmcogbmds | Square 06%Hgswo ratio
(@-37) dsoes | oo
MTHFR C677T-TT
(308mBopmAT®o BrHsE0s) 3 (8.1%) 0.45 0301 | 4433 | 1156 | >0.05
MTHFR C677T-TT
(39096mBog@ETIHo 5 (13.5%) 0.605 0237 | 1817 | 0.665 | >0.05
375309)
MTHFR A1298C-CC
(3mBmbog@AmOo dm@5305) 6 (16.2%) 5.552 1172 | 11886 | 3.733 | <005
MTHFR A1298¢c-AC
(3999Hebogedmo 10 (27%) 1.149 0682 | 3646 | 1578 | >005
825509)
MTHFR C677T-CT/ MTHFR
A1298C-AC (Govayemo 2 (5.4%) 2.051 0.078 | 1564 | 0349 | >005
39396Hmboymds)

3LL-0l s My-b IJmbg 58 Jowosb 39-U s©gbodbgdM-
@5 333. 3500 M730MEMIF0MO 25TMbOZWgdOL dssbswro-
Bg00LsL 33;3-0L 3MMYJ300Ls O 3MYYMO30IMW0 FmIbs-
©9%0L Bo@o6mgdol 99809 800gd90s 99dga0 dmbs3gdg-
d0: 0bGHPLoMGmO 95EIBsGHIMMO FgMZ9WYMHIMBOD S
WHOMOSGHMOH0Mo dmbs3gdgool (s FmEoL  3mImEol-
&9obols 3sh39690¢gd0L) 3mbEHMMEom Jgdmbggzsms 35,9%
©ILOMES (3MEbWOEIMOIPMDOM KI6AOMIWO SHoEITM-
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00@0m, MOLYIMDdS 3OMYMHILOMYOL F9dmbggzms 20,5%,
369365300050 dmIDsYdSL 039O 12,8%, mELviEm-
05 99fys d90mbgggzoms 18%-80, 56 osmOLww©s 7 3o-
309630 (18%). ™m3mws3ool 3900035396@GHMBMMHo LEGH0dv)-
w0900l BoBHoMgds LoFoMm aobs dgdmbggzsms 46%-do.
absgLo 8Mbs39d900 WOEBHIMSGHMEMSA0 56 JM03M390s.

M3©-b go69dg 3LL-ob ddmbg 37 Joerosb 9-U sgbodbg-
0ms 333. 35000 M930MMEYYJ30I0 45TMbOZ3EGOOL gosbo-
@oHgooLOl 333-0L 3MOYJ300Ls O 3MYYMSFOIOWYO
dmIbogdol 9999y Jogdmwos d9dgao dmbs3gdgdo:
06@gbbommo  BGHIbsGHIwMMo  TgmzsygmEgmdom o
WHBMMOGHMO00  dMbs3gdgdol (ds0 Im®ol 3mdmiol-
A90obob 35B39693cgd0l) 3mbEHMMEom d9dmbgggzoms 44,4%
LOMES (3MEbEOEIMOIPMBOM KIBIMMIWO SHoEITM-
d0Wom, MOLYIEMdS 3OMYMIBOMYIL Fgdmbggzms 22,2%,
3619365300560 IndbsIdsl 0GIMGOL 22,2%, MmEOLwEm-
05 96 OYs d9dmbggzoms 11,1%. m3zmEs300l 9900 35096-
AMBNO0 LEHO0TMWOMGOOL BoEIMGOS LsFoMM obs yz9ws
353096@™9b. ALzl IMbs39dgd0  WOFBIMSEGHNMMSTo 56
dm03m390s.
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Introduction

Infertility is individual problem for particular couples even
in countries with high birth rates (Maya et al. 2012) while in
Georgia, amid alarmingly low birth rate, infertility is gaining
special medical and social significance.

Share of polycystic ovary syndrome (PCOS) in female
infertility of endocrine genesis makes up 5-15% (Dumont et
al. 2015, Maharjan et al. 2018).

Achieving pregnancy is not enough to perform the function
of childbirth. It is very important to maintain this pregnancy,
bring it to term and give live birth. The rate of pregnancy loss
in PCOS women varies between 25-73% (Carp 2015, Qin
2013).

Despite the numerous studies, etiopathogenesis of PCOS is
not yet fully specified. Hyperinsulinemia and hyperandrogene-
mia were considered in the pathogenesis of polycystic ovary
syndrome, but in recent years, some authors have been consid-
ered that spontaneous abortions in patients with polycystic
ovary syndrome are associated with hyperhomocysteinemia
(HHcy), therefore, HHcy may be considered as one of the
newly identified characteristics of PCOS (Carp 2015, Qin et
al 2013, Maharjan et al 2018).

Homocysteine and insulin are known to induce each other
in the liver (Chiang et al 2009).

Hyperhomocysteinemia is an important risk factor for de-
velopment of many diseases and complications, including the

possibility of developing thrombosis in the blood circulation
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system of mother and fetus, which results in unfavorable preg-
nancy outcome (Esraa et al 2016).

Over the last decade studies were conducted to determine
the rate of hyperhomocysteinemia in women with PCOS
(Meng et al 2016, Merviel et al 2017, Maharjan et al 2018).
However, obtained diverse results do not allow specifying the
role of hyperhomocysteinemia in the pathogenesis of PCOS
and therefore, addition of any recommendation in patient’s
management based on homocysteine levels is limited, which
indicates the need for further comprehensive research in this
direction.

Association of HHcy with certain mutations of the MTHFR
gene has been established. When the activity of MTHFR en-
zyme decreases, the metabolic pathway of homocysteine con-
version is disrupted and its level in the blood plasma increases.

According to experimental data, HHcy may be involved in
oocyte maturation, ovulation, proliferation and differentiation
of granulosa cells, and steroidogenesis. These data suggest pos-
sible correlation between MTHFR deficiency and PCOS (Jain
et al 2012).

Significance of the MTHFR C677T homozygous mutation
in the pathogenesis of recurrent pregnancy loss (RPL) in pa-
tients with PCOS has been established. However, significance
of the compound heterozygous mutation (MTHFR C677T-CT/
MTHFR A1298C-AC) in patients with PCOS, which may have
the same clinical significance as the MTHFR C677T homozy-

gous mutation, has not been found in the literature.
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MTHEFR gene polymorphism is characterized by population
differences (Jain et al 2012, Karadeniz 2010). Thus, detec-
tion of MTHFR gene mutations in patients with PCOS in order
to determine the genesis of HHcy in Georgia is very important.

Taking into account that the studies conducted to determi-
ne the role of hyperhomocysteinemia in the pathogenesis of
PCOS are few, and the results obtained are heterogenous, and
most of these studies do not investigate the genetic causes of
HHcy, it should be considered appropriate to continue re-
search in this direction, taking into account genetic factors and

population pecularities.

Hypothesis of the study

Hyperhomocysteinemia and MTHFR gene polymorphisms
are associated with PCOS. In PCOS patients with insulin resis-
tance with both anovulatory infertility and pregnancy loss,
hyperhomocysteinemia is more common than in PCOS pa-
tients without insulin resistance. Among MTHFR gene muta-
tions, MTHFR C677T homozygous and compound heterozy-
gous mutations (MTHFR C677T-CT/MTHFR A1298C-AC) are
associated with RPL in women with PCOS. Homozygous form
of the MTHFR A1298C gene is associated with PCOS in wo-

men without RPL and with anovulatory menstrual cycles.
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Aim of the study

Determination of the role of hyperhomocysteinemia and
MTHFR gene polymorphism in the pathogenesis of PCOS,
detection of associations between homocysteine levels and
other biochemical and hormonal markers of PCOS and mor-
phological characteristics of ovaries, polymorphism of MTHFR

genes and pregnancy outcome in women with PCOS.

Objectives of the study

» Assessment of homocysteine levels and determination of
the rate of hyperhomocysteinemia in women with PCOS;

» Detection of correlations between homocysteine levels and
biochemical, hormonal markers and ovarian morpholo-
gical characteristics in women with PCOS;

» Comparative analysis of the rate of hyperhomocysteinemia
in PCOS patients with and without insulin resistance;

» Comparative analysis of the rate of HHcy in PCOS women
with and without RPL and association of HHcy with re-
productive outcome;

» Determination of the rate of different mutations of
MTHFR C677T and MTHFR A1298C genes and their
associations with PCOS;

» Comparative analysis of the rate of different MTHFR gene

mutations among PCOS women with and without RPL.
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Scientific novelty of the study

For the first time in the population of Georgia, significant-
ly higher rate of hyperhomocysteinemia in women with
PCOS compared to the control group was determined,
which is associated with MTHFR C677T and MTHFR
A1298C gene polymorphism;

For the first time, positive correlation between homocys-
teine levels and insulin resistance in women with PCOS
and association between hyperhomocysteinemia and insu-
lin resistance were identified in the Georgian population;
For the first time hyperhomocysteinemia and MTHFR
gene polymorphism and their associations with PCOS was
established, which indicates their important role in the
pathogenesis of PCOS;

For the first time, significantly higher rate of MTHFR
C677T homozygous and MTHFR C677T/MTHFR A1298C
compound heterozygous mutations were found in women
with PCOS and RPL compared to women with PCOS
without RPL, which indicates the role of these mutations,
especially the compound heterozygous mutation, in the
pathogenesis of RPL in women with PCOS;

Significantly higher rate of homozygous MTHFR A1298C
gene mutation in PCOS women without RPL compared to
PCOS women with RPL, and established association of
MTHFR A1298C-CC homozygous mutation with PCOS in

women with anovulatory infertility suggests possible role
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of this mutation (MTHFR A1298C-CC) in the pathogene-

sis of anovulation in women with PCOS.

Practical importance

Established correlations between hyperhomocysteinemia
and other biochemical, hormonal and ovarian morpholo-
gical characteristics of PCOS in women with PCOS, along
with other methods, indicate the importance of correction
of hyperhomocysteinemia in the complex treatment of
PCOS in improving ovarian function and restoring ovula-
tion;

High rate and associations of hyperhomocysteinemia and
MTHFR gene polymorphism in women with PCOS and
RPL suggest the need to correct hyperhomocysteinemia in
the management of PCOS to improve reproductive out-
come;

Hyperhomocysteinemia should be considered as a new
biochemical marker of PCOS, and determination of ho-
mocysteine level should be included in the list of exami-

nations of women with PCOS.
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Provisions issued for the defense of the thesis

Average levels of homocysteine and frequency of hypeho-
mocysteinemia in patients with PCOS are significantly
higher compared to the relevant values in the control
group;
In patients with PCOS and insulin resistance, hyperhomo-
cysteinemia is significantly more common than in PCOS
women without insulin resistance and is associated with
insulin resistance;
In women with PCOS with insulin resistance, the average
values of BMI, HOMA-IR and insulin are significantly
higher compared to PCOS women without insulin resis-
tance and positively correlate with homocysteine level;
Hyperhomocysteinemia is significantly common in PCOS
women with RPL compared to PCOS women without
RPL;
Hyperhomocysteinemia in PCOS patients is associated
with homozygous MTHFR C677T and compound hetero-
zygous (MTHFR C677T/MTHFR A1298C) mutations;
Homozygous form of MTHFR C677T mutation, com-
pound heterozygous form of MTHFR C677T/MTHFR
A1298C were detected at a significantly higher rate in wo-
men with PCOS and RPL compared to PCOS women
without RPL;Homozygous form of the MTHFR A1298C
gene mutation is associated with PCOS in women without
RPL with ano-vulatory menstrual cycle and anovulatory
infertility.
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Literature review

Endocrine disorders are one of the leading causes of infer-
tility in women (Dumont et al 2015, Maharjan et al 2018). It is
determined that polycystic ovary syndrome is one of the most
important risk factors not only for infertility but also for spon-
taneous abortion of pregnancy (Qin et al 2013, Carp 2015).

Hyperinsulinemia and hyperandrogenemia were considered
in the pathogenesis of polycystic ovary syndrome, however, in
recent years opinions have emerged that hyperhomocystei-
nemia may play important role in the pathogenesis of PCOS
(Qin et al 2013, Carp 2015, Maharjan et al 2018).

Homocysteine and insulin are known to induce each other
in the liver through inhibition of cystathionine B-synthetase
(CBS). This results in hyperhomocysteinemia, which leads to
compensatory hyperinsulinemia, which in turn develops due
to insulin resistance. All of these can disrupt the activity of
MTHFR (methylenetetrahydrofolate reductase) or CBS enzy-
mes, which is followed by increase in plasma homocysteine
levels (Altug Sen et al 2011, Maharjan et al 2018).

In the early terms of pregnancy, including preimplantation
period, hyperhomocysteinemia contributes to the development
of pregnancy loss with implantation failure due to disruption
of the blood flow in the endometrial vessels (Carp 2015,
Esraa et al 2016). In the late terms of pregnancy HHcy de-
velops complications such as: gestational diabetes (GD),

preeclampsia (PE), preterm labor (PTL), preterm placental ab-
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ruption (AP), intrauterine growth restriction (IUGR)
(Steegers-Theunissen et al 2004).

Over the last decade studies were conducted to determine
the rate of hyperhomocysteinemia in women with PCOS (Bar-
On et al 2000, Meng et al 2016, Merviel et al 2017). In addi-
tion, it was studied the association of hyperhomocysteinemia
with such characteristics of PCOS as insulin resistance, in-
creased androgen levels and obesity (Bar-On et al 2000, Meng
et al 2016, Merviel et al 2017). However, obtained diverse re-
sults do not allow specifying the role of hyperhomocysteine-
mia in the pathogenesis of PCOS (Meng et al 2016, Maharjan
et al 2018).

Association of HHcy with certain mutations of MTHFR ge-
ne has been established. MTHEFR is involved in the conversion
of homocysteine to methionine with the cofactors pyridoxine
(vitamin B6), cyanocobalamin (vitamin B12) and the substrate
folic acid (folate). As a result of their deficiency, metabolic
pathway of homocysteine conversion is disrupted and its level
in the blood plasma increases.

MTHEFR deficiency, and as a result HHcy, leads to reduced
nitric oxide formation, increased reactive oxygen forms and
release of pro-inflammatory cytokines. Female reproductive
functions, especially folliculogenesis and oogenesis, are very
sensitive to the above mentioned changes (Jain et al 2012).
MTHFR gene polymorphisms reduce MTHFR enzyme activity
by 30-70% (Chango et al 2000, Weisberg et al 1998).

Taking into account the fact that the studies conducted to

determine the role of hyperhomocysteinemia in the pathogen-
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esis of PCOS are few, and the results obtained are heteroge-
nous, it should be considered appropriate to continue research
in this direction by investigating genetic factors and taking in-

to account population characteristics.

Ethics issues of the study
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Universe" Ltd. (Protocol N4, 04.06.2020).

All individuals included in the study were informed in
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written informed consent was obtained for participation in the

study.
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Materials and metods

Prospective case-control study design was selected for the
study. Power 0.8, a- 0.05, P value<0.05

The study population

Inclusion criteria: diagnosis of PCOS according to the
Rotterdam Consensus criteria; Age <35 years, =2 years since
menarche.

Exclusion criteria: patients with thyroid dysfunction, hy-
perprolactinemia, congenital adrenal hyperplasia, androgen-
producing tumors, Cushing's syndrome, history of surgical in-
tervention on reproductive organs, less than 6 months of hor-
mone therapy and/or vitamin complex intake before inclusion
in the study, age > 36 years, < 2 years since menarche.

Study group consisted of 95 patients with PCOS aged 18-35,
selected according to the inclusion criteria.

Control group consisted of 84 healthy women of average
age corresponding to the study group with live births, regular
menstrual cycle, without clinical manifestations of hyper-
androgenemia and family history of PCOS.

Average age of women of the study group (23.5+3.5) and
control group (24.5+2.2) did not statistically differ from each
other (p>0.05).

According to the characteristics of the reproductive fun-
ction, the study group was divided into 2 groups: PCOS with
RPL (n-58), PCOS without RPL (with infertility and live birth)
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- (n-37). Homocysteine levels and MTHFR gene mutations
(MTHFR C677T-CT, MTHFR C677T-TT, MTHFR A1298C-
AC, MTHFR A1298C-CC) were analyzed according to separate

groups.

Methodology

All patients included in the study underwent personal and
family anamnesis, menstrual cycle assessment and objective
clinical, instrumental and laboratory examination.

During selection of the study group, diagnosis of PCOS was
based on the diagnostic criteria adopted in the Rotterdam
Consensus in 2003 (The Rotterdam ESHRE ASRM-
Sponsored PCOS Concesus. Workshop 2003).

Assessment of BMI was based on the international classi-
fication approved after 2004 revision by the World Health

Organization.

In order to determine the features of body fat distribution,
the index of the ratio of waist and hip circumferences (in cm)
was determined.

Hirsutism was assessed using modified Ferriman-Gallwey
score (mFG). Acne was assessed according to 3 categories
(mild, medium and severe), stretch marks (white and colored-
pink, red or dark burgundy). Presence of hyperpigmentation

(acanthosis nigricans) was determined.
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On the 2%-3* days of menstrual cycle, all participants
underwent gynecological ultrasound examination using the
VOLUSON E10 (General Electrics USA) device.

Homocysteine in blood serum was measured with closed
system analyzer (Humalyzer Primus semi-automated Byche-
mistry analyzer, German) using the spectrometric method, re-
ference values 4,4-10,8 pmol/l (Queenan 2010).

MTHFR C677T and A1298C polymorphisms were deter-
mined by genotyping using the polymerase chain reaction
method. gDNA was isolated from whole blood of each patient
recruited in the study, using Blood DNA Preparation - Column
Kit (Jena Bioscience), according to the protocol provided by

manufacturer.

In order to clarify the diagnosis before inclusion in the
study, all patients underwent hormonal examination on the
27d-3 days of menstrual cycle. The levels of following hormo-
nes in the blood serum were determined: FSH, LH, AMH, E2,
T, FT, SHBG, HOMA-IR. To determine exclusion criteria:
PRL, TSH, FT4, anti-TPO, anti-TG,170HP, DHEA-S, cortisol
by immunoenzymatic method (ELISA, Beckman Coulter,
USA).

In all participants of the study insulin resistance was as-
sessed based on the HOMA-IR.
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Statistical analysis

Data were processed using statistical analysis programs SPSS
24.0 (Statistical Package for Social Sciences, version 24) and
PAST v. 4. 40. Logistic regression method was used to calculate
0dds ratio. The following were used to describe the data:
measure of central tendency (arithmetic mean), measure of
variability (standard deviation), percentage distribution of
frequencies, crosstabulation, Kolmogorov-Smirnov test for
normality of distribution. For group comparison we used: X?
(for categorical variables), Pearson correlation coefficient to
determine correlation between data. One-way analysis of
variance was used from the inferential statistics (one way
ANOVA). Mann-Whitney test was used to compare two
independent groups. Spearman's correlation was used to assess
the relationship between two quantitative variables. Data were
tested at the 0.05 level of confidence (p<0.05 was considered
statistically significant). Quantitative variables are presented as
means = standard deviations, and categorical variables as

percentages.
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Results and Discussion

Average age of menarche in patients with PCOS (13.8+3.5
years) and in the control group (12.4+4.2 years) statistically did
not significantly differ from each other (p>0.05). 84.2% of pa-
tients (80 patients) with PCOS had menstrual cycle disorders.

General characteristics of patients in the study group are

discussed below according to insulin resistance status.

Homocysteine levels in the study and control groups were
determined. The mean level of homocysteine (Hcy-11.04
pmpl/l) in the study group was significantly higher than the
corresponding level in the control group (Hcy-7.75 pmpl/l,
p<0.05). Similar results have been obtained by Suleiman
(2018) and other authors in their studies (Wu et al 2016,
Maharjan et al 2018, Diwaker et al 2018). However, some
studies have found no difference between homocysteine levels
in patients with PCOS and control group (Palomba et al
2010).

We also analyzed the frequency of HHcy in the study and
control groups. The frequency of HHcy in women with PCOS
(50.5%, n-48) was significantly higher compared to women in
the control group (4.8%, n-4, p<0.001). Data from our study
are consistent with data from other studies (Maharjan et al
2018, Suleiman et al 2018, Diwaker et al 2018), however,
some authors found no difference in their stydies in
homocysteine levels between women with PCOS and control
group (Palomba, 2010).
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In PCOS patients with and without RPL HHcy (resp.
67.2%, 27.3%) was detected with significantly higher frequen-
cy compared to the control group (4.8%,) (p<0.05). Similar
results have been obtained in several studies with respect to
RPL (Carp 2015, Esraa et al 2016).

Based on our analysis HHcy was found to be significantly
associated with both RPL and anovulatory infertility in PCOS
patients (p<0.001) (Tab.1). Similar data analyzed according to

reproductive outcomes are not available in the literature.

Table 1. Association between hyperhomocysteinemia and
reproductive outcomes in PCOS patients

95% Confidence
Fertility Numberof |  Pirson interval Odds P
patients chi-square T upper ratio
(n-95) er
PCOS patients with hyper- 39
homocysteinemia and RPL|  (419) 16.645 2520 | 16184 | 6.386 | <0.001
PCOS patients with hy- 9
perhomocysteinemia (9.5 %) 16.645 0.062 | 0397 | 0.157 | <0.001
without RPL

In patients with PCOS homocysteine level, clinical charac-
teristics, levels of hormones and morphological characteristics
of ovaries, were analyzed according to the status of insulin
resistance. The rate of moderate and severe acne (79%) and
hirsutism (89.5%) in PCOS patients with HHcy and insulin re-
sistance did not differ significantly from the data of the PCOS
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women with HHcy without insulin resistance (71% and 81%
respectively, P>0.05). Acanthosis nigricans was ob-served only
in PCOS patients with insulin resistance (28,9%). In the litera-
ture, the incidence of dermatopathies in PCOS patients with
HHcy with and without insulin resistance has not been com-

pared.

The rate of abdominal fat distribution (waist-to-hip ratio >
0.8) in insulin resistant women with PCOS and HHcy in both
elevated and normal BMI cases (91%, n-35) was significantly
more common than in PCOS women without insulin resis-
tance (19%, n-6, p<0.001). Data on fat distribution in PCOS pa-
tients with HHcy with and without insulin resistance have also

not been reviewed in the literature.

According to the data of our study, 57 PCOS patients with
insulin resistance (60%) and 38 PCOS patients without insulin
resistance (40%) had menstrual cycle disorders mainly in the
form of oligomenorrhea (61.6%) and anovulatory menstrual
cycles (20,6%).

In PCOS patients with and without insulin resistance, a
comparative analysis of the following parameters was per-
formed: age, BMI, insulin, HOMA-IR, total and free testoste-
rone, SHBG, LH/FSH, AMH, ovarian volume, AFC, homo-
cysteine. Statistical analysis revealed that the compared groups
did not significantly differ from each other in most of the indi-
cators. Significant difference was found in homocysteine (resp.
12.74+2.792 and 9.21+2.336 umol/l, p<0.001), BMI (resp.
24.18+3.935 and 21.4+1.67, p<0.05), Homa-IR (resp. 3,369+
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0,816 and 1,21+0,499, p<0,001) and insulin (resp. 14,4+2,06 and
4,4+1,67 MU/ml, p<0,001) data. Other authors also obtained
similar results (Maharjan et al 2018, Chang et al 2019).

Analysis of the association between HHcy and insulin resis-
tance revealed a strong association between HHcy and insulin
resistance in PCOS patients (P<0,001) (Tab. 2). Similar data
were obtained in several studies (Rekha et al 2013, Maharjan
et al 2018, Esmaeilzadeh et al 2017). However, a meta-
analysis by Yuming Meng et. al (2016) found no association
between HHcy and degree of obesity and insulin resistance in
PCOS patients.

Table 2. Association between hyperhomocysteinemia and insulin re-
sistance in patients with PCOS

353096(%gdob [3oMlmbol|  bsGfidnbmmdols
65m09bmds [chi-square|  oB®9MH3gsmo Odds

P
(n-95) 95% Ratio
Jeows | bgws
303963mBmaolBgobobgdos | 37 (62,7%) 21,102 | 0,015 | 0222 | 0,059 | <0,001

In patients with PCOS with and without insulin resistance,
the odds ratio for symptoms was estimated based on logistic
regression. As a result it was found that women with PCOS
and insulin resistance compared to women with PCOS without

insulin resistance had increased: average volume of ovaries,
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AFC, HOMA-IR, insulin and homocysteine levels (Tab. 3). The

data available in the literature are consistent with the data of

our study (Lin 2013, Meng 2016).

Table 3. Results by logistic regression for variables

Variables | Beta St.dev. | Wildes P Exp | ExpB | ExpB
(B) index B lower | Up-
per
AMH 0.050 0.150 0.109 0.741 1.051| 0.783 | 1.409
IRI 1.344 0.430 9.770 0.002 | 3.834| 1.651 | 8.904
HOMA-
IR 5.604 | 1.931 8.422 0.004 | 2.715| 6.167 11.956
Ov/vol -03% | 0.176 5.085 0.024 | 0.673 | 0.477 | 0.949
AFC 0.138 0.079 3.043 0.041 | 1.148| 0.983 | 1.341
LH 0.143 0.154 0.853 0.356 | 1.153 | 0.852 | 1.561
TT 0.157 2.985 0.003 0.958 | 1.170 | 0.003 | 4.062
FT 0.342 0.477 0.514 0.473 | 1.408 | 0.553 | 3.588
170HP 1.615 0.924 3.057 0.080 | 5.029| 0.822 | 3.756
SHBG -0.005 | 0.032 0.029 0.865 | 0.995| 0.935 | 1.058
FAI -0.021 | 0.145 0.020 0.886 0.980 | 0.738 | 1.301
Homo- -0545 | 0.718 9.535 0.001 2.834| 4966 | 2089
cysteine
Constant | 16.14 6.261 6.653 0.010 0.000

When assessing correlations between homocysteine levels

and hormonal and ovarian morphological characteristics in
PCOS patients, it was revealed that only BMI (R-0.37, P<0.05),
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HOMA-IR (R-0.695, P<0.001), free testosterone (R-0.373,
P<0.001), total testosterone (R-0.552, P<0.001), AMH (R-0.552,
P<0.001) and ovarian volume (R-0.647, P<0.001) positively
correlate with homocysteine level in PCOS patients. Homocys-
teine levels do not correlate significantly with other clinical
and hormonal data. Several studies have shown similar results
(Guzelmeric et al 2007, Lin et al 2013). However, some
studies failed to confirm a difference between these
characteristics of PCOS in terms of insulin resistance (Moti et
al 2015, Meng et al 2016, Al-Gareeb et al 2016).

According to our study, mean level of homocysteine in
PCOS patients with insulin resistance and RPL (11.5+2.24
umol/l) was significantly higher and significantly more fre-
quent (78.9%) compared with PCOS patients without RPL
(7.55+2.45umol/1,21,1%p<0.001). The data available in the lit-
erature are consistent with the data of our study (Chang et al
2019, Feng et al 2021).

Based on the analysis of the rate of HHcy according to re-
productive outcomes in patients with PCOS according to the
status of insulin resistance, it was found that insulin resistance
in PCOS patients with HHcy and RPL was observed in 78.9%,
which was significantly more frequent than in PCOS patients
without RPL (54,3%, p<0.001). Similar data are not available in
the literature.

In patients with PCOS and in the control group, the rates of
MTHFR gene mutations were analyzed by types (Tab.4). The
study by Szafarowska (2016) did not address the frequency of
all MTHFR gene mutations in PCOS patients.
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Table 4. MTHFR gene polymorphism in women with PCOS

MTHEFR polymorphisms PCOS patients Control P value
n-95 n-84

MTHEFR C677T-TT 11 1

(Homozygous mutation) (11.6 %) (1.2%) <0.05

MTHFR C677T-TT 19 5

(Heterozygous mutation) (20 %) (5.9 %) <0.05

MTHFR A1298C-CC 11 1

(Homozygous mutation) (11.6 %) (1.2 %) <0.05

MTHFR A1298C-AC 15 9

(Heterozygous mutation) (15.8 %) 10.7 % > 0.05

MTHFRC677T-CT/MTHFR 19 2

A1298C-AC (compound (20 %) (2.4%) <0.05

heterozygous mutation)

In our study, the frequency of MTHFR gene mutations was
analyzed by mutation types in PCOS patients with HHcy (n-
48) and women with HHcy in control group (n-4). In women
with PCOS and HHcy, the frequency of MTHFR C677T homo-
zygous mutation and MTHFR C677T/MTHFRA1298C com-
pound heterozygous mutation (n-22, 45.8%) was significantly
higher compared to the women in control group (n-0, 0%,
p<0,05). The frequency of MTHFR A1298C homozygous muta-
tion was also significantly higher (n-4, 8.3%) in women with
PCOS compared to the women in control group (n-0, 0%,

p<0,05). The fact that clinically significant mutation of
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MTHFR genes was not detected in women with HHcy of the
control group (n-4, 0%) in any case was also interesting.

Similar data cannot be found in the literature.

Analyzing various disorders of reproductive function accor-
ding to the types of MTHFR gene mutations in PCOS patients
with HHcy, MTHFR C677T homozygous and MTHFR C677T/
MTHFR A1298C compound heterozygous mutations were
found to have significantly higher frequency in the PCOS
group with RPL (51,3%) compared to women with PCOS
without RPL and in the control group (22%, P<0.05, 0%,
P<0.001, respectively). Compared to the control group, the
frequency of these mutations in PCOS patients without RPL
was also significantly higher (P<0,001). MTHFR A1298C
homozygous mutation in PCOS patients without RPL (22%)
was significantly more frequent compared to PCOS patients
with RPL (5.13%, p<0.05) and women in the control group
(0%, p<0.001). Similar data cannot be found in the literature.

Distribution and associations of MTHFR gene mutations in
patients with PCOS were also analyzed. As can be seen from
Table 5, among different types of MTHFR gene mutations,
MTHFR C677T-TT (homozygous mutation), MTHFR A1298C-
AC (homozygous mutation) and MTHFR C677T-CT/MTHFR
A1298C-AC (compound heterozygous mutation) is significant-
ly associated with polycystic ovary syndrome (p<0.05). The
frequency of all MTHFR gene mutations and their association
with PCOS have not been comprehensively addressed in
literature (Wu et al 2016). Szafarowska (2016) found no

asso-ciation between MTHFR gene mutations and PCOS. It is
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note-worthy that in the literature is not evaluated the
compound heterozygous mutation (MTHFR C677T-
CT/MTHFR A1298C-AC) (Choi et al 2009, Karadeniz et al
2010, Qi et al 2015).

Table 5. Distribution and associations of MTHFR gene mutations in
patients with PCOS

95% Confidence
- i interval

MTHFR polymorphisms PCOS pa- Pirson L=k Odds P

tients chi-square | jower upper ratio

(n-95)
MTHFR C677T-TT 11
(Homozygous mutation) (11.6%) 5.501 0.41 0.877 0.189 | <005
MTHFR C677T-TT 21
(Heterozygous  muta- (22.1%) 2.465 0.239 1.179 0.531 >0.05
tion)
MTHFR A1298C-CC 11
(Homozygous mutation) (11.6%) 5.6 0.04 2.58 0.186 <0.05
MTHFR A1298c-AC 18
(Heterozygous  muta- (18.9%) 0.367 0.606 2.58 125 >0.05
tion)
MTHFRC677T- 18
CT/MTHFR A1298C-AC | (1899 8.322 0.069 | 0661 | 0214 | <005
(compound heterozygous
mutation)

Distribution of patients with PCOS and frequency of hyper-
homocysteinemia and types of mutations of MTHFR genes ac-
cording to the various disorders of reproductive function were
analyzed (Tab.6). It should be noted, that MTHFR A1298C
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homozygous mutation was not significantly different among
PCOS patients with and without RPL (P>0.05), but was signifi-

cantly more frequent compared to the control group (P<0,05).

Similar data cannot be found in the literature (Tab.6).

Table 6. Distribution of patients with PCOS and various disorders of

reproductive function according to the frequency of homocysteinemia,

types of mutations of MTHFR genes

Reproductive out- PCOS with PCOS with- Control (n- P* P P
come RPL (n-58) out RPL (n- 84)
33)
Homocysteine level| >108( <108| >108| <108| >108| <10.8
(pmol/1)
MTHEFR C677T-TT 8 0 1 0 0 0
(Homozygous 13.8%)| 0% 3% 0% 0% 0% | <0.05 (0.05 | <0.05
mutation)
MTHEFR C677T-TT 12 4 3 2 0 10
(Heterozygous 20.7%| 6.9%| 9.1% | 6.1%| 0% [119% | <0.001K0.05 [<0.001
mutation)
MTHFR A1298C- 3 2 2 2 0 2
CC  (Homozygous| 5300| 3.5%| 6.19% | 6.1%| 0% | 24%| <005k005 | >
mutation) 0.05
MTHFR A1298C- 5 3 1 9 2 16
AC (Heterozygous| ggoo| 52%| 3% | 27.3%| 24% |191%| >005[>005 >
mutation) 0.05
MTHFRC677T-
C-AC ound
(comp 241%| 35%| 3% | 0% | 0% | 24%| <0001|<005| <

heterozygous mu-

. 0.001
tation)
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When analyzing the distribution of MTHFR gene mutation

types and their associations with RPL in patients with PCOS,
significant associations between RPL and MTHFR C677T-TT
(homozygous mutation) and MTHFR C677T-CT/MTHFR
A1298C-AC (compound heterozygous mutation) were revealed
(P<0,05) and no associations of MTHFR A1298C-CC (homozy-
gous mutation) and MTHFR A1298C-AC (heterozygous muta-
tion) with RPL were detected (P>0,05) (Tab. 7). Botto (2000)

mentioned in his study that compound heterozygous mutation

may be associated with RPL, but no relevant data have been

confirmed.

Table 7. Distribution of MTHFR gene mutations in PCOS patients and
associations with RPL

95% Confidence
- i interval

MTHER polymorphism PCOS pa: Pirson Odds P

tients chi-square T er upper ratio

(n-58)
MTHEFR C677T-TT 8
(Homozygous mutation) (13.8 %) 5.433 1.157 | 11906 | 3.712 | <005
MTHEFR C677T-TT 16
(Heterozygous  muta- (27.6 %) 5.509 1.146 5.453 25 >0.05
tion)
MTHFR A1298C-CC 5
(Homozygous mutation) (8.6%) 0.235 0.416 4.268 1.333 >0.05
MTHFR A1298c-AC 8
(Heterozygous  muta- (13.8%) 2.475 0.216 1.194 0.508 >0.05
tion)
MTHFRC677T- 16
| (276%) 18622 2679 | 19899 | 7302 | <0001
(compound heterozygous
mutation)
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Analysis of the distribution of MTHFR gene types and their

associations with anovulation in PCOS patients without RPL,
showed significant association only with MTHFR A1298C-CC
(homozygous mutation) (p<0.05) (Table 8). Similar data were
obtained by Feng (2021) and Xiong (2020) in studies conduc-

ted with co-authors.

Table 8. Distribution of MTHFR gene types and associations with
anovulation in PCOS patients without RPL

Pirson 95% Confidence
MTHFR polymorphism NI{mber of | chi-square interval Odds P
patients (n- lower | upper ratio
37)
MTHFR C677T-TT
(Homozygous mutation) 3 (8.1%) 0.45 0301 | 4433 | 1.156 | >005
MTHFR C677T-TT
(Heterozygous ~ muta- | 5 (13.5%) 0.605 0237 | 1817 | 0665 | >0.05
tion)
MTHFR A1298C-CC
(Homozygous mutation) 6 (16.2%) 5.552 1.172 11.886 3.733 <0.05
MTHFR A1298c-AC
(Heterozygous  muta- 10 (27%) 1.149 0.682 3.646 1578 >0.05
tion)
MTHFRC677T-
CT/MTHFR A1298C-AC | 3 (5.49) 2.051 0078 | 1564 | 0349 | >005
(compound heterozygous
mutation)
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From the 58 women with PCOS and RPL, 39 had HHcy.
Analyzing their reproductive outcomes after correction of
HHcy, preconceptional preparation the following data were
obtained: after intensive care during pregnancy (taking into
account managing of HHcy), 35.9% of cases ended in live birth
with a healthy newborn, pregnancy progresses in 20.5% of
cases, 12.8% underwent preconceptional preparation, pregnan-
cy loss occured in 18% of cases, pregnancy was not achieved in
18%. Medication stimulation of ovulation was necessary in

46%. Similar data cannot be found in the literature.

Of the 37 women with PCOS without RPL, 9 had HHcy.
Analyzing their reproductive outcomes after HHcy correction
and preconceptional preparation, the following data were
obtained: after intensive care during pregnancy (taking into
account managing of HHcy), 44.4% of cases ended in live birth
with a healthy newborn, pregnancy progresses in 22.2% of
cases, 22.2% undergo preconceptional preparation, pregnancy
was not achieved in 11.1%. Medication stimulation of ovula-
tion was necessary in all patients. Similar data cannot be found

in the literature.
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Conclusions

1. Average level of homocysteine in patients with PCOS is
significantly higher compared to the corresponding value in
the control group;

2. In patients with PCOS, hyperhomocysteinemia occurs at a
significantly higher frequency compared to control women
and is associated with PCOS, suggesting that hyperhomo-
cysteinemia may be considered as one of the features of
PCOS;

3. Significantly higher frequency of hyperhomocysteinemia in
patients with PCOS and insulin resistance compared to
women with PCOS without insulin resistance, and asso-
ciation revealed between hyperhomocysteinemia and insu-
lin resistance, indicates a relationship between them;

4. In women with PCOS with insulin resistance, hyperhomo-
cysteinemia positively correlates with BMI, HOMA-IR, and
insulin values;

5. Hyperhomocysteinemia is significantly more common in
PCOS women with RPL compared with PCOS women
without RPL, suggesting a role of hyperhomocysteinemia in
the pathogenesis of RPL in PCOS women;

6. In patients with PCOS, hyperhomocysteinemia is associated
with homozygous form of MTHFR C677T and MTHFR
C677T/MTHFR A1298C compound heterozygous mutation,
which shows importance of MTHFR gene polymorphisms
in the pathogenesis of PCOS;
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7.In women with PCOS and RPL, homozygous and hetero-
zygous forms of MTHFR C677T mutations and compound
heterozygous mutation MTHFR C677T/ MTHFR A1298C
were detected at a significantly higher frequency compared
to women with PCOS who did not have RPL, which indi-
cates clinical importance of mentioned mutations, especial-
ly compound heterozygous mutation, in the pathogenesis of
RPL in patients with PCOS;

8. Homozygous form of the MTHFR A1298C gene is associat-
ed with PCOS in women who do not have RPL and have
anovulatory menstrual cycles and anovulatory infertility;

9. Hyperhomocysteinemia and the MTHFR gene polymor-
phisms are associated with PCOS and play an important
role in the pathogenesis of PCOS;

10. Correction of HHcy prior to conception, as well as during

pregnancy, will be helpful to prevent pregnancy loss, pre-
term deliveries and increase chances of favorable out-

comes of pregnancy.
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Practical recommendations

+ Hyperhomocysteinemia should be considered as a new bio-
chemical marker of PCOS, and determination of homocys-
teine level is recommended to be included in the list of exa-
minations in PCOS women;

+ In order to improve ovarian function and restore ovulatory
function before the next pregnancy, prevent pregnancy loss
and improve pregnancy outcome, it is recommended to de-
termine homocysteine levels in women with PCOS and, if
necessary, correct hyperhomocysteinemia;

+ Preconceptional preparation in PCOS patients with hyper-
homocysteinemia is recommended to start at least 3 months
before intended pregnancy with folate, other B vitamins
and antiaggregants, which should be continued during
pregnancy. Anticoagulants should be added to the treat-
ment scheme after ovulation of planned pregnancy and
mentioned treatment should be continued throughout the
pregnancy with intensive antenatal care and control of la-
boratory data. This approach ensures carrying of the preg-

nancy to term, live birth and healthy newborn.
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