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330 138 (51%) 9Juxzmeoszow®mo BLob®mdol ddmby 35309639080, 13 (2.3%) -ob (obsswdwgy.
(p<0.05, OR 43.4, 95% CI 23.842 to 79.099). 3060l 0mgqd0l LoblEg/oswobo 121 3s3096&d0 (39%),
8 (1.4%) 3mbEHMM@msb dgosmgdom (p<0.05, OR 56.1, 95% CI 26.836 to 117.4). 53 93565369
d9000b3939030 500603690Mm©5 350l 2oOGHBOWO A5sEBOWO BHEM630900. doe0sb MTs (obos
153960 8923b3005 41 (13%) L3393 s 21 (3.7%) LEIMBEGHOMEWM X AMBOL 353096 0. (p<0.05, OR 1.29,
95% CI 2.671 to 7.99553). 53 90 35(gmdsls LogmbEMmMEm xamndo dgBfowow sbers dsmswo
90m30s. gmMgl AbG03Z, 30O Bozsbo 3Jmbws 49 (16%) Lo33wg3 s 31 (5.5%) LogzmbEmHMEw™
0bogob (p<0.05, OR 3.8, 95% CI 2.363 to 6.127).

399080bsMg 30606 0mgdol OsE0BOL FMEYEW™MdNED, 033wsbGH0MIdMEw 0dbs b
dbmEmE 0bEGHMoRLMWIOMEo  M3ogdo (121 35309630, 39%) 96 MIowgdo s IoxgLbwyerols
9GO BHMOGo0 (5 353096¢0 — 2%). LSIMBGHOHMW™ XaBdo M0  gsdmygbgdme odbs 8
d900bgz935d0 (3G Fows M3930069ds BHE3050), bmwm Gg@Mad@EmMgdo dbmerme 1 890mbggzsdo
(p<0.05, OR 56.1, 95% CI 26.836 to 117.422) s (p<0.05, OR 10.6, 95% CI 1.233 to 91.214), 99Lsd530Lo.
fobs 30M9dEH™05 BsBHM©S 9 J0MHOMIO s 1 Lo3mbGHMmMEM Xmaol 353096¢)L (OR 19.3795%
CI 2.442 to 153.762). gl 3mbs390900 (3999005 99-4 3HOHOLS s 39-3 05O 5T5BY.



gb®owo 4. $H9db03Mmo LoOmMNMWYdo 9JuBRMW0s30MHo LobEMMAoL dJmby s XS6EIMME

3530953 90d0.
LoGoryey Cases Controls
P OR (95% CI)
N=270 (%) | N=553 (%)
30(iOc 350 138 (51) 13 (2.3) <0.05 | 43.4 (23.842 to0 79.099)
gobols 009900l
bobegliy/@ose0bo 121 (39) 8 (1.4) <0.05 |56.1(26.836 to 117.4)
@35 §obs Lszabo 41 (13) 21 (3.7) <0.05 | 1.29 (2.671 to 7.99553)
30fjOe obs bszsbo 49 (16) 31 (5.5) <0.05 | 3.8 (2.363 to0 6.127)
<0.00
0633587 do 6350 CTR | 11 (39) 8 (1.4) 56.1 (26.836 to 117.422)
5
CTR Q5 3o83beols
PR 5(2) 1(0.2) <0.05 | 10.6(1.233 to 91.214)
fiobs 3o@MgdBHmdos 9 (3) 1(0.2) <0.05 | 19.37 (2.442 to 153.762)

053535 3. 39gb03mcmo LoMMMWggdo gJuBMMOos30MO LobEM™Iol dJmbg s K6IGMYE

3530953 90d0.
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0MHMol BsbmoL Fgbs®mBMbgds 3960 dmbgdbs 9Jlgmeos3oMo Lob®mmdol djmbyg 9 (3%)
35309630, d0boligdMol sM3Ms sxodloMEs 6 (2%) 33096EHT0. Lo3mbGHOMEM X yMB0WIO
dbmem 1 353096330 Imbs 3o83Lwobs s 3oboligdMol 3o6My3s. 53 35309bEL 65969Bd0 3Jmbros
390539600 BHMogds (p<0.05, OR 19.37, 2.442 to 153.762) s (p<0.05, OR 13.8, 95% CI 1.53 to 106.63),
d9L50590Ls. 58 353096@ 6 BsMY35 IVBOIENS 5GBHJ00M O S0QJATS 0M-0 0IZWIBE 300
13WgMBY  BoJusEgoom. MBS  50OboTbML, GMI  3bEMs3zg 35309631 Ls33Wg30 K YMBOWIH
50b0dbgdm©s dgmmby boobbols gogobEBIMO  35@9M5dBS, o3 3MmTd0bs30sd0 9JuBMEOs30ME
LOBbEOMIMB, HoMmMoqbL Y39 sy O LOMMYGL 35BMJEOL JoMMyosdo.

35 Lob®M™MIoL IJmbg 353096¢T0 VOIS M3YMSE0S 98353000 (3%) TgsMmgdom 1
(0.2%) G530 35@9M9dBHLB gJuBME0530900L go6gdg, MHMamOE Bgdmm 0ym S©0bodbweo
(p<0.05, OR 10.6, 95% CI 2.442 to 153.762). 993565 3583L0l gobgzs @osgodioMs gombsodo
5m©YbMdoL 353096@T0 MmM039 XaBd0, 35BLH3539d5 LBEIGOLEH0IMNMOE LoMFIMBM 56 ogm. ygzgws
d990bg935d0 oM 033esbEH0M©s Ly 3MLTdo s OTsEHYO0MO JoMrmEMmROMEo B30l boFoMHMYds
56 ©IYPM.

gbMowo 5. 2ommMwgdgdo  9Jbgmmosgo®o  bLob®mdol dJmby s  xsbIMmgE

353096390do.

Cases Controls
PRIOTOTY TGt N=553 P value | OR (95% CI)

N=270 (%)

(%)

360l Bsbaols ©s35M3 9 (3) 1(0.2) |<0.005 | 19.37 (2.442 to 153.762)
80bolsgdeol @swg@s 6 (3) 1(0.2) <0.005 | 13.8 (1.53 to 106.63)
093965 358bIEol EsMV3935 6 (2) 5(0.8) | >0.05 |2.5(0.767 to 8.386)
585305  omeo-ols  39gMmMSO
0033530007 9 (3) 1(0.2) |<0.05 |19.37(2.442 to 153.762)




03535 4. oMM g0gd0  9JuBMWOos309M0  BobM™Iol dJmby s X IBIGMg
353096&9dd0.
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938 E0os30YMHo Lob®mdo s LolBHYIMHo LolbEdsGM3M3960 535¢09BYBO - 33930l 50
BofoeBo Poghomm 236 93500930 s 250 XsbIOmMgwo 35309630, Lamowm sbszom 76 (+6.1)
D9geo. 35000 ©gdMYMg3099w0 Fobslinsmgdegdo dmEgdwreros sbGown 2-do.

gbMoo 6. 3530963900l ©gIMAMIROMO Fobsl0smMYOEGdO, MHMIGdMbs3 FgLfagwrow
0965 9JbBME0530M0 LOBEO®MIOL LolEYIME LOoLbbEAsMP3M3s6 VI5350JOJOM 3530060.

X3IBO X500 35053530 Joewo

XFS 236 108 (46 %) 128 (54 %)
XFS dbmermo 205 ( 87%) 91 (44 %) 114 (56 %)
XFG 31 (15 %) 17 (55 %) 14 (45 %)

3Mb@MMmEo 150 76 (30 %) 174 (70 %)




B3960 330930l F9gRo© 96 godmgzmgbogrs 36093690 m3zs60 SLM305305 9JuBMEEs30ME
LobEOMALS s IOEGHIO0M  30390GHIBDOL  Fmeol, 0mdzs B30 90BM3sBobgm  3MmOYEsE0s
LOBbEMMALS S 2ol 0390VIM H5350GdL FMOL. 9JLTRME 030N LOBEMOMIOL SGLYDdMDS 80%-
00 BMHoEs 30-0l Mol3L (p=0.02, OR 1.8; 95% CI: 1.141 to 2.763). sU939 TS0 0Y™
dom3smEomdol  0bgsdd@olb  Mobzo  (p=0.05, OR 1.8; 95% CI: 099 to 3.604) o
39M9OMHM3z0L3MEsMmeo  dmgzegbgdol Molgo (p=0.01, OR=3; 95% CI: 1.254 to 7.37). xsddo
LobbEPdoMmM3M3560  3oMMEMYO0gdOL  A9630MMGOOL GOLZO 50  XaRT0 0gm  FoMEToYIOMEO
(p=0.0002 OR=3; 95% CI: 1.454 to 3.327) (3bGogwo 3).

3b®oo 7. 9JuBMm053099M0 LEBEMMAOL SbM30530s LOLEHIIMNG LOoLbEIASMHZMZIb 535©YIOIIMNE

Cases Controls P value OR (95% CI)
N=236 N=250
30Q© 62 (26%) 41 (16%) 0.02 1.8 (1.141 to 2.763)
30 5 do 27 (11%) 16 (6%) 0.05 1.9 (0.99 to 3.604)
0blye@o/God 19 (8%) 7 (3%) 0.01 3 (1.254 t0 7.37)
X530 81(34) 48(19) 0.0002 2.2 (1.454 t0 3.327)




03535 5. 9JbimmEos3oMo  LobM™MIoL  SbmEosgos  LobGHIIMG  LobberdsM3zmzsb

Q05535009090 3b

35
30
25
20
15

” i,

IHD Stroke/TIA Total

€]

B Cases M Controls

9JuxmWos3oMo LobE®mdol 3b6gB03s - 3369303MG 33w935d0 BsBrovycwo oym 139
353096@0 Lsdmoem sls3om 73.7 (+ 6.4) Hgwro, 73 35309630 (56%) ogm oo, bmerm 59 353096¢)0
(44%) 0ym 85053530. 114 (86%) 353096GL Jmbs dbmem 9Juzmeos3ow®o Lob®Mmdo, baerm 14%-
do 9933b305 9JuBRME0SE30MMO s 3MTs. LOZMBEHMMEM™ Xm0 Fgoa0bs 199-05 353096300,
OHIgms3 o 3Jmbom gdugmeos30Mmo Lob®MIol ®s0dg 3wobozn®o 60dsbo. 130 (65%)
353096@0 0gm doewo s 69 (35%) 35309bG0 0gm 85853530. ©YIMYMSBOO FobsliosmYOWdO
dm399eos 3bMo 4-do.

3b®oo 8. 396930390 3313580 RGO 3530963)JO0L ©YBMYMB0w0 obolosMYINYdO

X590 05053530 Joeo
XFS 132 59 (44 %) 73 (56 %)
XFS dbmermo 114 (86%) 49 (43 %) 65 (57 %)
XFG 18 (14 %) 10 (55 %) 8 (45 %)
36 Ommmo 199 69 (35 %) 130 (65 %)




LOXLI-ob bsdo 35005630 0dbs Jo®mzge 0603009030 0009b@0x303060989o: 152165241,
rs4886776 (R141L) s 158042039 (G153D). 30639¢00 560l 0bEGHOMbMwo, bnwm @sbs®hgbo mMo sGol
93DMbMM0 3560563930, OHMIWgdog 99%-000 0©I6GHMMbO 005D y39wsBy FoMMm® 3bMmdoo
rs1048661 o 153825942 300dm®OHB0bIgdoLy. 39-5 gbGowdo dm(399Ios om0 5EgEgdols @
39503039%0b sLm(305:300 9JLBMW 030G LOBPOMIMB.

rs2165241 A sgwolb  bobdoMg 960d369wm3bo  goblbgs3gdm©s  doMomso s
Lo3MmbGHMMEM xR BoL 3530903 gdd0 (p=0.0001) s 0l H535©YOOL gb3005MdOL MHOLIL BOHLOs
00mgdob 4-x9g6 (OR=3.8; 95% CI 2.6339 to 5.5802). ols 055350090ms 83%-3o 33b309dMs. Js000
70% oym 3mdmbogym@o, 53 o MoL3L 6-x9g6 bGOos (p=0.0001; OR= 5.7; 95% CI:
1.9518 to 16.5321). 39BHgmmboymEgddo Gol3o 0BOEIdms 4.5-x96m (p=0.0001; OR= 4.5; 95% CI:
2.8199 to 7.2454). Loob@GHgMgbms, Gmd xbIOGMgwo 0bo300900L momddol 60%-3o dga3b3ws
1rs2165241-1 35050 Hol3ol 5¢geo s domo dgbsdgo ogm 3mdmboymEo.

rs4886776-0b G s@gwo 300093 NBOM g  MOLIMD  SbmEoMEs. 0do  F9agbzs
55350090 wms 90%-do. G 5gwmsb SLMEOMEIdMES 5-X9JO 2sHBOHEOWO 53500900l MHobZo
(p=0.0001, OR=5.2; 95% CI 3.2732 to 8.2217). Lsob@gtgbms, Hmd 3930 BodmGM0 ©s399330M9ds
36 BOEOL ©99350J00L 4963050900l MOLZIL, bemerm 3mINboymEHMMo - BOHEOL GoLZL 10-xgM®
(p=0.0001; OR=9.2; 95% CI 5.4476 to 15.7981). G 5q0ge0x s6IOMJo 5053056900l Iglsdgdo, bmeom

3500 b5bHg3500 2obers0 3MmIMBoym@o.

53 999b90s r58042039-0L G 5¢9els, ol 9JuBME0530MHO LOBEOMIOL A563005M9gdOL MOLIL
DM 5-x96 (p=0.0001; OR=4.9; 95% CI 2.6378 to 9.3135). 53 990mbgz935d03 39BHIOMB0YMEHIJO0 56
0y3696 25BMowo ®olizol J39d, bmwm 3mdmbogm@EHmeo ©sdgdzz0Mgdol dgdmbggzsdo Molzo
0DMHYIMS 6-x 9. G 5¢90 33b30YOMES X 9BIOMN Yo 060300900l 80%-F0 s om0 JglsdgEO
0y 30m3dmboym@o.



gbMoo 9. LOXL1 9960l s¢rgangdobs s 296m@GH03gd0b sbmoozos 9dbgmeoszo® Lob®mdmsb.

Controls % | XFS %
NP 9
S (n=199) (n=132) Pvalue | OR (95% CI)
rs2165341
Allele A 58.5 82.6 3.8 (2.6339 to 5.5802)
0.0001
G 415 17.4 0.0001 | 0.2(0.1387-0.3576)
Genotype | AA 32.2 68.2 0.0001 [ 5.7 (1.9518 to 16.5321)
GA 52.7 28.8 0.0001 | 4.5(2.8199 to 7.2454)
GG 15.1 3 0.0001 | 0.2(0.0313 to 0.2781)
Total 64/105/30 90/38/4
(AA/GA/GG) | (AA/GA/GG)
rs4886776
Allele G 64.8 90.5 0.0001 | 5.2(3.2732 to 8.2217)
A 35.2 9.5 0.0001 | 0.2(0.1216 to 0.3055)
Genotype | GG 32.7 81.8 0.0001 [ 9.2(5.4476 to 15.7981)
GA 64.3 17.4 0.19 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 [ 0.1(0.0165-1.1782)
65/128/6 108/28/1
Total
(GG/GA/AA) | (GG/GA/AA)
rs8042039
Allele G 80.9 95.4 0.0001 | 4.9 (2.6378 to 9.3135)
19.1 45 0.0001 | 0.2 (0.0286 to 2.0209)
Genotype | GG 64.8 91.7 0.0001 [ 5.9(3.0168 to 11.8102)
AG 32.2 7.5 0.16 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.2 (0.0233 to 1.6544)
129/64/6 121/10/1
Total
(GG/GA/AA) (GG/GA/AA)




0536535 6. LOXL1 gdui3m05:309960 Lob®mdols dmbg s xsbdhmgar 35309639080

10

9 +—o—+ —@— 152165341 Allele A

8 H— = rs2165341 Genotype AA
7 ¥ +- Genotype GA

6 t - rs1048661 Allele G

5 ' L t —@— rs1048661 Genotype GG
4 O + —@— Genotype GA

3 p— —@— 58042039 Allele G

2 ' @ + —@— 58042039 Genotype GG
1 @ t —@— Genotype AG

0

0 5 10 15 20 25 30 35 40

B396 51939 dm3zsb0bgm 6 Lb3s gboli 0IBEHOBOEOMYDdS, Hrmym®moss CACNAILA 154926244,
POMP 1rs7329408, TMEM136 rs11827818, AGPAT1 rs3130283, RBMS3 1512490863 s SEMAGA
rs10072088.

50 39699006, dbmme SEMA6A, POMP ©s CACNAIA 503mBbs 9dugmeoszom®
LobEOMIMB 393006 d0. SEMAGA-L G 5¢9wo, H™IGoi Boawymomgdl odgms@rdsdo, 6O
50dmPBbs  ©55350GOLMb 39300600 JoMIIE  3M3MES(30580, 539 LMoL sMdmBbps A
sengeno. dobo LobdoMg 360d3bgermgbs 9o oym xsbIOmgE 060300YdMb  FgsMgdom
(p=0.001). ol 553500l 630MgdOL MOLZL BOHOs 80%-0m. Ol 9350 Ms 81%-Jo
39936305, 35006 65% ogm 3mdmbogm@o. 39GHgOmboymEHMEo ©s399330Mgd0L dgdmbggzsdo
60ob3o 0BMHIdMEs 2-x96 (p=0.001; OR = 1.8; 95% CI: 1.2676 to 2.6973), bmwwm 3mdmBoymEweo
050993300060900LsL - 4-x96 (p=0.001; OR= 4.0; 95% CI: 1.1531 to 13.9903). Loob@geaglms, MHmd A

590 39336309 X 96IMMgo 3530963H00L 70%-30 s 3500 bobgzsM0 0ym 3mdmbogm@o.

POMP-0b 8s0s¢mo Hob3zol dJmbg A semgero 993b300 009350090 ms dbmerme 16%-do. ob
Q5935009008 Mol3L  BOEos  60%-om  (p=0.005; OR= 1.6; 95% CI: 0.9931 to 2.5634).

393 90MB0aMmGH9030 QDM MHOLZO 56 500b0dbs, bmwm 3mIMBodmEHgddo MHob3o OBOIIMO



70%-00. %6309 353096@9dd0 A sergwo dgasbzs 10%-do s dsmo dbmemo 0.5% oym
3mImbBoym@o.

o3 999bgds CACNAIA-L, G oswgwo 5©0dmBbs Fopswo Mol3ol  To@oM9gdgwo. ol
QbErmgdom 20%-do 99a3bzs MmamMi xsbdMmgw, s193g 9935YI  5@F056gd0
dbmEmE 30mIMBodMEGHOHO ©99083300MYds 50dMBBES LamobZM. HOLI0 OBOIdMEs 3-x9M (p=0.05;
OR=3.15; 95% CI: 0.9275 to 10.6658). 99009900 {o0dmagbowos 89-6 sbMHowdo.

Figure 7. POMP, SEMAG6A and CACNAIA 9Jugmeos30m6mo bLob®mdol dJdmby s xsbdmomge

35309639000
10

9 +—e—+ —@— SEMAGA Allele A
8 o+ —@— Genotype GA
= Genotype AA
6 1 POMP Allele A
e —@— Genotype AG
4 o —@— Genotype AA
T —@— CACNA1A Allele G
24 —@— Genotype AG
t ®

—@— Genotype GG

0 5 10 15 20 25 30



gbGoo 10. POMP, SEMA6A s CACNAIA 996900L scngamgdols o 396m@03900L slmEosgos

9968 0530M BLOBEOMIMNI6.

Controls % | XFS %
0
SNP (0=199) (n=132) Pvalue | OR (95% CI)
SEMAGA-
rs10072088
Allele A 70.4 81.4 0.001 1.8 (1.2676 to 2.6973)
29.7 18.6 0.001 0.5 (0.3299 to 0.8166)
Genotype GA 423 32.5 0.002 1.9 (1.2246 to 3.0316)
AA 49.2 65.2 0.004 4.0 (1.1531 to 13.9903)
GG 8.5 2.3 0.004 0.2 (0.0715 to 0.8672)
Total 98/84/17 86/3/43
(AA/GA/GG) | (AA/GA/GG)
POMP-
rs7329408
Allele A 9.8 14.8 0.04 1.6 (0.9931 to 2.5634)
90.2 85.2 0.05 0.6 (0.3901 to 1.0069)
Genotype AG 18.6 28 0.7 1.5 (0.0937 to 24.3786)
AA 0.5 0.8 0.05 1.7 (1.0217 to 2.8713)
GG 80.9 71.2 0.05 0.6 (0.3483 to 0.9788)
161/37/1 94/37/1
Total
(GG/AG/AA) (GG/AG/AA)
CACNAI1A-
rs4926244
Allele G 21.21 18.34 0.4 1.2 (0.8122 to 1.7690)
A 78.8 81.7 0.4 0.8 (0.5653 to 1.2313)
Genotype AG 42.3 32.5 0.7 1.08 (0.6801 to 1.7043)
GG 8.5 2.3 0.05 3.15 (0.9275 to 10.6658)
AA 49.2 65.2 0.05 0.3 (0.0938 to 1.0782)
40/84/8 65/130/4
Total
(AG/AA/GG) | (AG/AA/GG)




©365MBgbo Lodo ggbol TMEMI136 1s11827818, AGPAT1 rs3130283, RBMS3 rs12490863
33w930LsL, 5039 3930060 9JLBM0530)H LOBEOMIME Bsbsbo 96 0dbs. woEgMoEHWEsdo
dm399990  o@oo MoLZoL sgargdo T9agbgzs OHmaMOE XobIOmgw, 939 9935 YOVIE
35309639030 ©5bEMmgd00 10-15%-90 5 Fomm9b ©s5350JOOL 2o630mMgdOL FTE GO ML
56 50dMBb>.



gbMoeo 11. RBMS3, TMEM136 and AGPAT1 296900l 5¢gegdolbs s 396m@03900L obmEosgos

9968 0530M BLOBEOMIMNI6.

Controls %

XFS %

0
SNP (n=199) (n=132) Pvalue | OR (95% CI)
RBMS3-
rs12490863
Allele A 9 10.7 0.5 1.2 (0.6797 to 1.9400)
91 89.3 0.5 0.8 (0.5155 to 1.4712)
Genotype GA 17.1 19.8 0.5 1.2 (0.6956 to 2.1274)
AA 0.5 0.8 0.8 1.5 (0.6797 to 1.9400)
GG 82.4 79.4 0.8 0.7 (0.4701 to 1.4376)
Total 34/164/61 104/26/1
(GA/GG/AA) | (GA/GG/AA)
TMEM136-
rs11827818
Allele G 15.58 15.38 0.9 1.01 (0.6587 to 1.5637)
A 84.4 84.6 0.9 0.9 (0.6395 to 1.5182)
Genotype GA 27.1 27.7 0.7 1.004 (0.6175 to 1.6327)
GG 2 1.5 0.7 1.3 (0.2370 to 7.2730)
AA 70.9 70.8 0.8 0.7 (0.6125 to 1.6193)
Total 54/141/4 36/92/2
(GA/GG/AA) | (GA/GG/AA)
AGPATI1-
rs3130283
Allele A 6.3 8.3 0.3 1.3 (0.7478 to 2.4600)
C 93.7 91.7 0.3 0.7 (0.4065 to 1.3372)
Genotype CA 12.6 16.7 0.3 1.3 (0.7352 to 2.5456)
CC 87.4 83.3 0.3 0.7 (0.3928 to 1.360)
AA 0 0
Total 54/141/4 36/92/2
(CA/CC/AA) | (CA/CC/AA)




3990099 9393Dg 3odm33w g 0dbs HBgdmomblighgdmwmo g9bgdols 3938060 9JuBMEosE0E
3W53085Lm9b. Sm30s305 63Bsbo 0465 9890 296900l 3ME0IMOHROHIYGOM6: LOXL1, SEMA6A

©s POMP.

LOXL1 rs2165241-0b A sergarol LobdoMg 960d36gemgbs  Fomogro ogm  xsbdmogar
060030009030 9JLRMEO0s30IMH0 {enswy3mdol Igmbg 353096(3gdb FgsMgdom (p=0.0002) s ob
0553500900l 29630056900l GoL3ZL 4-%x9M BMos (OR=4.5; 95% CI 1.7464 to 12.0506). ols dga3b300s
55350090 83%-do s domo 70% 503mBbs 3mAmbBogm@GHo 5.5-x96M gobMowo MHoligom
(p=0.0002; OR= 55; 95% CI: 1.8747t016.0444). 3949OHmBomGHMOO 5999330000905
99bBME0s30M0 A5 3mIol MHOLIL DO 4.5-x96M (p=0.0001; OR= 4.5; 95% CI: 2.8199 to 7.2454).

rs4886776-0 G segeo  50dmBbs oo MoLZOL  oBeMmgdgwro. ol dga3zbzs
Q059350090 md 84%-30. ob 3-x 96O BOHOS JJLBME0530wYMHO 53Ol 2ob30MaMgdOL MHOLIL
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Relevance of the Problem

Exfoliation Syndrome (XFS) is an age-related disorder affecting millions of people worldwide. The
exact prevalence of this condition in Georgia is not known but ophthalmologists and especially anterior
segment surgeons agree that it is extremely common among cataract patients. XFS is a major cause of most

of the technical issues leading to most severe complications encountered during phacoemulsification.

Exfoliation syndrome is characterised by the production and progressive deposition of abnormal
fibrillary extracellular material in ocular tissues. The exact aetiology and pathogenesis of XFS is not known.
The same is true for exfoliation glaucoma (XFG), which develops only in third of XFS patients. XFG is
characterized by more aggressive clinical course, more resistance to conservative treatment and early need
of surgical intervention as compared to other glaucoma types and is associated with significantly increased

risk of blindness.

Nowadays, XFS is already considered as systemic disorder, however it’s clinical relevance is still
almost exclusively studied with regard to the eye. The literature about the association of XFS with
cerebrovascular and cardiovascular diseases is controversial. According to the study of Gokce et al. XFS is
characterised by a tendency of increased thickness of carotid intima and increased renal artery resistance.
Based on the meta-analysis results of the existing literature, it was concluded that XFS is also associated
with elevated risk of vascular diseases, such as aortic aneurisms, coronary heart diseases and

cerebrovascular diseases.

As mentioned earlier, the mechanisms of disease development are not known to date, though many
studies point to genetic factors. Of special interest is the fact that not all XFS patients develop glaucoma,
meaning that the underlying factors may be different. Given that Georgians have their own unique genetic

ancestry, it is important to evaluate the relevance of the scientific data to our population.



The Aim of the Study

The aim of this work was to study the burden of XFS in cataract surgery, to identify the

epidemiology and genetic markers of XFS and XFG among Georgian patients, as well as to define the

association of the syndrome with systemic vascular conditions.

The Objectives of the Study
1. To study the prevalence of XFS in Georgian patients undergoing cataract surgery.
2. To study the prevalence of XFG in Georgian patients undergoing cataract surgery.
3. To identify systemic vascular conditions associated with XFS.
4. To study the association of polymorphisms of LOXL1, CACNA1A, POMP, SEMA6A, TMEM136,
RBMS3 and AGPAT1 with XFS in patients undergoing cataract surgery.
5. To study the association of polymorphisms of LOXL1, CACNA1A, POMP, SEMA6A, TMEM136,

RBMS3 and AGPAT1 with XFG in patients undergoing cataract surgery.

Scientific Novelty of the Study

This is the first attempt to characterize XFS in Georgian patients undergoing cataract surgery. We

evaluate its burden on phacoemulsification and its outcomes. We also evaluate these patients for their risks

of vascular comorbidities in order to compare with very inconsistent literature on this topic. Most

importantly, for the first time in Georgia, we characterize the genetics of XFS for better understanding

mechanisms of its development.



Practical Value of the Study

Given the high prevalence of XFS in Georgia, cataract surgeons often have to deal with serious
issues during phacoemulsification. Often times XFS is overlooked by general ophthalmologists and many
patients seek for surgery later in the course of disease. The letter factor is also the cause of under-treatment
of many glaucoma patients, later referral to specialized eye care centres often results in worse outcomes.
The presence of XFS is not considered as reliable reason for faster approval of surgery by Georgian health
care and insurance systems, again leading to belated interventions. This study is an important first step

forward in improving our results in cataract surgery and glaucoma care.

Approbation of the work

The dissertation thesis was approbated at Chichua Medical Center Mzera on July 29 2020. The

results were presented at:

1. 13th International Postrgraduate Conference, Hradec Kralove, Czech Republic, Nov 24-25, 2016
2. 36" Congress of ESCRS. 22-26 September, 2018 Vienna Austria - Presented Poster
3. GOS and SOE second Joint Meeting 10-12 June, 2016 Tbilisi, Georgia - Oral Presentation

4. GOS and SOE third Joint Meeting 30" June — 1+ July, 2018, Tbilisi, Georgia - Oral Presentation

Three published abstracts and 3 papers fully describe the results of the work. This is in accordance with

the University requirments for PhD academic degree.

We acknowledge The Shota Rustaveli National Science Foundation for support under grant project PhD

2016_39.

Dissertation Structure

The work is written in English and consists of 8 parts: Introduction, Literature Review, Materials
and Methods, Results, Discussion, Conclusions, Practical Recommendations and References. It contains 93

pages, is illustrated with 10 Figures and 15 Tables. The list of literature consists of 136 sources.



Study Design

We performed a case-control study. The duration of the study was 4 years. We included patients
undergoing cataract surgery by the author. One group of patients comprised XFS cases with a subgroup of

XFG cases. The control group included individuals with no signs of XFS.

Ethical Approval

The ethical approval of this study was obtained from David Tvildiani Medical University Ethics
Committee. All study procedures were adherent to principles stated in Declaration of Helsinki on

Biomedical Research Involving Human Subjects.

Materials and Methods

Study Population and Design

Eight hundred sixty-three self-reported Georgian subjects referred for cataract surgery were
recruited between 2015 and 2019 at an ophthalmology tertiary care center “Chichua Medical Center
Mzera” LLC. After signing informed consent patients underwent detailed ophthalmic examination,
including autorefraction, keratometry, visual acuity check, tonometry, slit lamp examination, A-scan or
biometry for IOL calculations, Humphrey 24-2 perimetry, optic nerve head (ONH) and retinal evaluation.
Subjects with XFS exhibited deposits of exfoliation material on pupillary margin or lens capsule upon slit
lamp examination. Subjects with glaucoma had characteristic changes of ONH, including increased vertical
cup-to-disc ratio, retinal nerve fiber layer thinning, neuroretinal rim notching or hemorrhages. Patients
over age 60 with evident XFS were included into the case group which was further subdivided into XFS
only and XFG subgroups. The control group comprised patients over age 60 with no evidence of
exfoliations and glaucoma upon clinical examination. Patients having uveitis and either primary open angle

or neovascular glaucoma were excluded from the study.

All patients underwent standard blood tests and health evaluation by the general practitioner (GP)



before surgery including Complete Blood Counts (CBC), blood glucose levels, infectious diseases, including
hepatitis B and C, HIV and RPR. Electrocardiography (ECG) was also performed if needed as determined
by the GP. Non-ocular comorbidities like diabetes, hypertension, ischemic heart disease, myocardial

infarction (MI) and stroke were noted.

Cataract Surgery

All patients were scheduled for standard phacoemulsification with IOL implantation. The surgeries
were performed by two surgeons of our center (only in cases where genetic study was done). The standard
procedure involved the formation of two side-ports and a 2.75 mm main incision, a continuous curvilinear
capsulorhexis, phacoemulsification with Infiniti phacomachine (Alcon, USA) with Ozil handpiece,
bimanual removal of cortical material, IOL implantation and wound closure with hydration. In cases of
very small pupils, iris retractors were used to improve visualization. In cases of capsular instability capsular
tension ring (CTR) was implanted to support the lens, capsular hooks were also used when extreme
subluxation was observed. In cases of extensive zonular insufficiency, the eye was left aphakic and
subsequent IOL implantation with scleral fixation was scheduled. In cases of vitreous herniation, thorough

anterior vitrectomy was performed before wound closure.

Genetic Study

All subjects underwent blood sampling preoperatively. We collected 5 ml of peripheral blood and
refrigerated in EDTA-coated tubes before use. All samples were sent for genetic studies to the genetic
laboratory of Singapore Eye Research Institute. DNA extraction was performed using a DNA extraction kit

according to manufacturer’s protocol.

Principal-component (PC) analysis was performed to assess the degree of genetic stratification and
population substructure for all samples. PC scores were calculated form a set of unlinked markers. Genetic
outliers were excluded from the study. The PC plots were generated using the R statistical software

package.

Genome-Wide Association Study (GWAS) was performed using Illumina OmniExpress



Microarray. The process involved DNA typing chips containing a microscopic array of tiny beads covered
with single-stranded DNA fragments, synthesized to correspond to different SNPs of human genome. The
beads were incubated with previously denatured and fragmented DNA from test subjects. After binding of
complementary DNA strands, the beads were incubated with labeled nucleotide mixtures and DNA
polymerase to elongate synthetic DNA strands. The labeled nucleotides fluoresced with different colors on
the beads making them glow differently. The chips were scanned with high-resolution laser making it
possible to identify which alleles were present and whether the person was heterozygous or homozygous

for the particular SNP. More than 680 000 SNPs were analyzed for association to XFS.

Statistical analysis

Association between SNPs and XFS was tested using logistic regression analysis. SNPs surpassing P
< 5 x 10-8 in the GWAS discovery stage were considered associated with XFS. Statistical analysis of our
case—control association study was performed using a x2 test (Pearson correction). Relative risk association
was estimated by calculating odds ratios (OR) along with 95 % confidence intervals (Cls). p < 0.05 was

considered statistically significant. R statistical software version 2.9.0 was used for analysis.



Results

XFS Burden in Cataract Surgery

Eight hundred and sixty-three patients with mean age of 74(+3.7) years undergoing cataract
surgery by the author during year 2019 were included into the epidemiological study. Three hundred and
seventy—one (57%) were female and 492 (43%) were male. Two hundred and seventy patients were
diagnosed with XFS, 117 (46.8%) of them were male and 153 (53.2%) were female. Forty individuals had
XFG, 22 (55%) were male and 18 (45%) were female. Five hundred and fifty-three patients had no evidence

of XFS. Two hundred and ninety-eight (54%) of them were female and 255 (46%) were male (Table 3).

Table 3. Demographic characteristics of patients undergoing cataract surgery at Chichua Medical

Center Mzera performed by the author.

Groups Male Female

Total 863 492 (57 %) 371 (43 %)

XFS 310 (36%) 139 (44.8 %) 171 (55.2 %)
XFS only 270 (87%) 117 (43 %) 153 (57 %)
XFG 40 (13%) 22 (55 %) 18 (45 %)
Controls 553 (64%) 255 (46 %) 298 (54 %)

Table 4 and Figure 2 show the total number of patients in general, having technical issues during
phacoemulsification. The most common difficulties were inadequate mydriasis, encountered in 17% of all
patients, zonular laxity/dialysis in almost 15%% of cases and either hyper-deep or shallow anterior
chamber, complicating cataract surgery in 8 to 9% of cases, respectively. Additional surgical manipulations,
like CTR and capsular hook use, were necessary in around 15% of all patients. Anterior vitrectomy was

performed in 10 patients.



Table 4. Total number of patients having technical difficulties during phacoemulsification.

Difficulty Number of Patients % Patients
Small Pupil 151 17
Zonular Laxity/Dialysis 129 14.9
Hyper-deep Anterior Chamber 62 7.2
Shallow Anterior Chamber 80 9.3

CTR 121 14.9

CTR with Capsular Hooks 6 0.7
Anterior Vitrectomy 10 1.2

Figure 2. Percentage of all patients having technical difficulties during phacoemulsification.
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Table 5 and Figure 3 illustrate overall intraoperative complication rate in phacoemulsification.

Fortunately, only 1.2% of all patients had unfavorable outcomes needing additional surgery. Capsular bag



and vitreous loss, as well as posterior capsular rupture were encountered in around 1% of all patients.
Follow-up and evaluation of clinical outcomes was beyond the scope of this work. We only evaluated the

technical part of phacoemulsification.

Table 5. Total number of patients having intraoperative complications during phacoemulsification.

Complications Number of Patients % Patients
Capsular Bag Loss 10 1.2
Vitreous Loss 7 0.8
Posterior Capsular Tear 11 1.3

Aphakia with Secondary Scleral
10 1.2
fixation

Figure 3. Percentage of all patients having intraoperative complications during

phacoemulsification.
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The following intraoperative technical difficulties were observed in patients with XFS in contrast

to normal controls. Small pupil was seen in 138 (51%) XFS vs 13 (2.3%) normal patients (p<0.05, OR 43.4,



95% CI 23.842 to 79.099). Zonular laxity/dialysis of varying degrees was encountered in 121 patients (39%)
in contrast to 8 (1.4%) normal individuals (p<0.05, OR 56.1, 95% CI 26.836 to 117.4). This was mostly
attributable to previous ocular trauma. Hyper-deep anterior chamber made surgery technically difficult in
41 (13%) XFS patients as opposed to 21 (3.7%) patients without exfoliation material seen in the anterior
chamber structures (p<0.05, OR 1.29, 95% CI 2.671 to 7.99553). In the letter patients, high myopia was the
reason of excessive chamber depth. On the other hand, 49 XFS (16%) patients had shallow anterior

chambers in contrast to 31 (5.5%) of normal individuals (p<0.05, OR 3.8, 95% CI 2.363 to 6.127).

Depending on the extent of zonular dialysis, either capsular tension rings (CTRs) alone (121
patients, 39%) or CTRs together with capsular hooks (5 patients — 2%) were used to stabilize the XFS lenses
during surgery. In normal individuals CTRs were implanted in 8 cases, additional capsular hooks were
needed in 1 patient (p<0.05, OR 56.1, 95% CI 26.836 to 117.422) and (p<0.05, OR 10.6, 95% CI 1.233 to
91.214), respectively. Anterior vitrectomy was performed in 9 vs 1 case (OR 19.3795% CI 2.442 to 153.762).

The data are presented in Table 6 and Figure 4.

Table 6. Technical difficulties observed during phacoemulsification in XFS vs normal patients.

Cases Controls
Difficulty/Complication N=553 P value | OR (95% CI)

N=270 (%)

(%)

Small Pupil 138 (51) 13(2.3) | <0.05 | 43.4(23.842t0 79.099)
Zonular Laxity/Dialysis 121 (39) 8(1.4) <0.05 |56.1(26.8361t0 117.4)
Hyper-deep Anterior Chamber 41 (13) 21 (3.7) <0.05 1.29 (2.671 to 7.99553)
Shallow Anterior Chamber 49 (16) 31(5.5) |<0.05 |3.8(2.3631t06.127)
CTR 121 (39) 8 (1.4) <0.005 | 56.1 (26.836 to 117.422)
CTR with Capsular Hooks 5(2) 1(0.2) <0.05 | 10.6 (1.233 t0 91.214)
Anterior vitrectomy 9(3) 1(0.2) <0.05 19.37 (2.442 to 153.762)




Figure 4. Technical difficulties observed during phacoemulsification in XFS vs normal patients.
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Capsular bag was lost in 9 (3%) XFS patients, vitreous loss was also observed in 6 (2%) XFS cases.
This is in contrast to one case of traumatic cataract without XFS where both capsular and vitreous loss was
observed (p<0.05, OR 19.37, 2.442 to 153.762) and (p<0.05, OR 13.8, 95% CI 1.53 to 106.63), respectively.
The letter patient was left aphakic and underwent subsequent IOL implantation with scleral fixation. It
should be said that all 9 XFS cases had brown subluxated cataracts which is the hardest technical situation

in cataract surgery.

Nine XFS patients (3%) vs 1 (0.2%) normal individual ended up aphakic, necessitating secondary
IOL implantation with scleral fixation (p<0.05, OR 10.6, 95% CI 2.442 to 153.762). Posterior capsular tears
were observed comparably in both cases and controls in 6 and 5 patients, respectively. There was no
statistically significant difference in both groups. IOLs in all of them were placed into the sulcus, therefore

none of those patients needed any additional surgeries. (Figure 5 and Table 7).



Table 7. Intraoperative complications observed during phacoemulsification in XFS vs normal patients

Cases Controls
. 0

Complication NO553 P value | OR (95% CI)

N=270 (%)

(%)

Capsular Bag Loss 9(3) 1(0.2) <0.005 | 19.37 (2.442 to 153.762)
Vitreous Loss 6 (3) 1(0.2) <0.005 | 13.8 (1.53 to 106.63)
Posterior Capsular Tear 6(2) 5(0.8) >0.05 2.5 (0.767 to 8.386)
Aphakia with Secondary Scleral

9(3) 1(0.2) <0.05 19.37 (2.442 to 153.762)
fixation

Figure 5. Intraoperative complications observed during phacoemulsification in XFS vs normal patients
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XFS and Systemic Vascular Diseases

Two hundred and thirty-six patients with XFS were studied for systemic vascular associations of
XFS (Table 8). One hundred and eight (46%) of them were male and 128 (54%) were female. Mean age
was 76 (+6.1) years. Two hundred and five patients (87%) had XFS only and 31 (13%) patients were
diagnosed with XFG. The control group comprised 250 patients without evidence of exfoliation material
upon clinical examination. Seventy-six (30%) patients were male and 174 (70%) were female. Mean age

was 70 (+5.1).

Table 8. Demographic characteristics of XFS patients and controls studied for systemic vascular associations

Groups Total Male Female

XFS 236 108 (46 %) 128 (54 %)
XFS only 205 ( 87%) 91 (44 %) 114 (56 %)
XFG 31 (15 %) 17 (55 %) 14 (45 %)

Controls 150 76 (30 %) 174 (70 %)

We did not observe any significant association of XFS with arterial hypertension, though we did
see clear correlation with its vascular complications. XFS patients were more prone to develop Ischemic
Heart Disease (IHD). Sixty-two XFS patients were diagnosed with IHD vs 41 individuals in control group.
The presence of XFS conferred about 80% increased risk of IHD (p=0.02, OR 1.8; 95% CI: 1.141 to 2.763).
The risk of MI was also significantly elevated in patients with XFS with p=0.05, OR 1.8; 95% CI: 0.99 to
3.604. Significant association of XFS was also observed with Cerebrovascular Disease (CVD) including the
history of both strokes and transient ischemic attacks (p=0.01, OR=3; 95% CI: 1.254 to 7.37). When looking
at vascular events in general, we found doubled risk in our XFS patients (p=0.0002 OR=3; 95% CI: 1.454 to
3.327) (Table 9 and Figure 6).



Table 9. Vascular comorbidities in cases and controls

Cases Controls
P value OR (95% CI)
N=236 N=250
IHD 62 (26%) 41 (16%) | 0.02 1.8 (1.141 to0 2.763)
IHD with MI 27 (11%) 16 (6%) | 0.05 1.9 (0.99 to 3.604)
Stroke/TIA 19 (8%) 7 (3%) 0.01 3 (1.254 to0 7.37)
Total 81 (34%) 48 (19%) | 0.0002 2.2 (1.454 to0 3.327)

Figure 6. Vascular comorbidities in cases vs controls
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Genetics of Exfoliation Syndrome

One hundred and thirty-two patients with XFS were included in the genetic study (Table 10).
Seventy-three patients (56%) were female and 59 patients (44%) were male. Mean age was 73.7 (+ 6.4)
years. One hundred and fourteen patients (86%) were diagnosed with XFS only, 18 patients (14%) had
XFG. The control group comprised 199 patients without any clinical evidence of XFS or XFG. One hundred

and thirty control patients (65%) were female and 69 patients (35%) were male. Mean age was 70.8 (+ 7.3)

years.
Table 10. Demographic characteristics of XFS patients and controls involved in the genetic study
Total Male Female
XFS 132 59 (44 %) 73 (56 %)
XFS only 114 (86%) 49 (43 %) 65 (57 %)
XFG 18 (14 %) 10 (55 %) 8 (45 %)
Controls 199 69 (35 %) 130 (65 %)

We identified tree LOXL1 variants in Georgians: rs2165241, rs4886776 (R141L) and rs8042039
(G153D). The former is an intronic, whereas the letter three are exonic variants. The letter two correlate
with widely reported rs1048661 and rs3825942, respectively, showing 99% identity. The results are shown
in Table 11.

The frequencies of widely reported high-risk allele A of rs2165241 were significantly different
when comparing cases and controls and associated with XFS (p=0.0001) and they did increase disease
susceptibility to approximately 4-fold (OR=3.8; 95% CI 2.6339 to 5.5802). It was present in 83% of affected
individuals, almost 70% of them were homozygous, carrying 6-fold increased risk of disease development

(p=0.0001; OR=5.7; 95% CI: 1.9518 to 16.5321). Heterozygotes had 4.5-fold increased risk (p=0.0001; OR=



4.5;95% CI: 2.8199 to 7.2454) compared to normal individuals. Interestingly, high-risk allele of rs2165241

was observed in almost 60% of healthy individuals. About a third of them were homozygous.

For rs4886776 SNP observed even higher risks associated with G allele, which was present in 90%
of affected individuals. It conferred 5-times increased risk of XFS compared to normal controls (p=0.0001,
OR=5.2; 95% CI 3.2732 to 8.2217). Interestingly, we did not find statistically significant differences with
heterozygotes, whereas in homozygotes, the risk was increased up to 10-fold (p=0.0001; OR=9.2; 95% CI
5.4476 to 15.7981). The G allele was present in two thirds of healthy individuals and half of them were

homozygotes.

The same is true for the G allele of rs8042039. It conferred up to 5 times increased risk of XFS as
compared to healthy subjects (p=0.0001; OR=4.9; 95% CI 2.6378 to 9.3135). GA carriers did not show any
increased susceptibility, whereas GG carriers did, with p=0.0001; OR=5.9; 95% CI 3.0168 to 11.8102. The
G allele was present in 80% of normal controls, two thirds of them carried GG genotype (Figure 7 and

Table 11)

Figure 7. LOXL1 in XFS vs healthy subjects.
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Table 11. Allele and Genotype Frequencies of three LOXL1 variants in XFS and healthy subjects

Controls % | XFS %
0
SNP (n=199) (n=132) Pvalue | OR (95% CI)
rs2165341
Allele A 58.5 82.6 3.8 (2.6339 to 5.5802)
0.0001
G 415 17.4 0.0001 | 0.2 (0.1387-0.3576)
Genotype | AA 32.2 68.2 0.0001 | 5.7 (1.9518 to 16.5321)
GA 52.7 28.8 0.0001 | 4.5(2.8199 to 7.2454)
GG 15.1 3 0.0001 | 0.2(0.0313 to 0.2781)
Total 64/105/30 90/38/4
(AA/GA/GG) | (AA/GA/GG)
rs4886776
Allele G 64.8 90.5 0.0001 | 5.2(3.2732 to 8.2217)
A 35.2 95 0.0001 | 0.2(0.1216 to 0.3055)
Genotype | GG 32.7 81.8 0.0001 [ 9.2 (5.4476 to 15.7981)
GA 64.3 17.4 0.19 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.1(0.0165-1.1782)
65/128/6 108/28/1
Total
(GG/GA/AA) | (GG/GA/AA)
rs8042039
Allele G 80.9 95.4 0.0001 | 4.9 (2.6378 to 9.3135)
19.1 45 0.0001 | 0.2 (0.0286 to 2.0209)
Genotype | GG 64.8 91.7 0.0001 | 5.9(3.0168 to 11.8102)
AG 32.2 7.5 0.16 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.2 (0.0233 to 1.6544)
129/64/6 121/10/1
Total
(GG/GA/AA) (GG/GA/AA)




We also identified six genes previously reported in association to XFS: CACNAIA rs4926244,
POMP 1rs7329408, TMEM136 rs11827818, AGPAT1 rs3130283, RBMS3 rs12490863 and SEMAG6A

rs10072088. The results are shown in Table 3.

Among six genes studied, SEMA6A, POMP and CACNA1A were found to be associated with XFS
in our population. Previously reported allele G of SEMAGA did not confer any risk in our patients, by
contrary, allele A was associated with the syndrome. A allele frequencies of SEMA6A were significantly
different when comparing cases and controls and associated with XFS (p=0.001). It did increase disease
susceptibility by 80%. It was present in 81% of affected individuals, 65% of them were homozygous.
Heterozygotes had almost 2-fold increased risk (p=0.001; OR= 1.8; 95% CI: 1.2676 to 2.6973), whereas,
homozygotes had the risk of disease development up to 4 times higher (p=0.001; OR= 4.0; 95% CI:
1.1531 to 13.9903) than normal individuals. Interestingly, allele A was found in up to 70% of normal

individuals and half of them were homozygous.

High-risk allele A of POMP was found only in 16% of XFS cases. The likelihood of disease
development rose up to 60% in affected individuals (p=0.005; OR= 1.6; 95% CI: 0.9931 to 2.5634).
Heterozygotes did not show any increased risk of disease development (p=0.7; OR= 1.5; 95% CI:
0.0937 to 24.3786) and homozygotes had up to 70% (p=0.06; OR= 1.7; 95% CI: 1.0217 to 2.8713) higher
risk when compared to individuals who were not carrying a high-risk allele. Normal individuals carried

allele A in 10% of cases and only 0.5% of them were homozygous.

We identified allele G of CACNA1A as high-risk. It was present in about 20% of both affected and
normal individuals and only the homozygotes carried an increased risk of disease development up to 3

times (p=0.05; OR= 3.15; 95% CI: 0.9275 to 10.6658) (Table 12 and Figure 8).



Table 12. Allele and Genotype Frequencies of POMP, SEMA6A and CACNA1A variants in XFS and healthy

subjects
Controls % | XFS %
0
SNP (0=199) (n=132) Pvalue | OR (95% CI)
SEMAGA-
rs10072088
Allele A 70.4 81.4 0.001 1.8 (1.2676 to 2.6973)
29.7 18.6 0.001 0.5 (0.3299 to 0.8166)
Genotype GA 42.3 32.5 0.002 1.9 (1.2246 to 3.0316)
AA 49.2 65.2 0.004 4.0 (1.1531 to 13.9903)
GG 8.5 2.3 0.004 0.2 (0.0715 to 0.8672)
Total 98/84/17 86/3/43
(AA/GA/GG) | (AA/GA/GG)
POMP-
rs7329408
Allele A 9.8 14.8 0.04 1.6 (0.9931 to 2.5634)
90.2 85.2 0.05 0.6 (0.3901 to 1.0069)
Genotype AG 18.6 28 0.7 1.5 (0.0937 to 24.3786)
AA 0.5 0.8 0.05 1.7 (1.0217 to 2.8713)
GG 80.9 71.2 0.05 0.6 (0.3483 to 0.9788)
161/37/1 94/37/1
Total
(GG/AG/AA) (GG/AG/AA)
CACNAI1A-
rs4926244
Allele G 21.21 18.34 0.4 1.2 (0.8122 to 1.7690)
A 78.8 81.7 0.4 0.8 (0.5653 to 1.2313)
Genotype AG 42.3 32.5 0.7 1.08 (0.6801 to 1.7043)
GG 8.5 2.3 0.05 3.15 (0.9275 to 10.6658)
AA 49.2 65.2 0.05 0.3 (0.0938 to 1.0782)
40/84/8 65/130/4
Total
(AG/AA/GG) | (AG/AA/GG)




Figure 8. POMP, SEMA6A and CACNA1A in XFS vs healthy subjects
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For the other three genes tested (TMEM136 rs11827818, AGPAT1 rs3130283, RBMS3 rs12490863)
we did not observe any statistically significant differences in allele frequencies. Previously reported high-
risk alleles were present both in controls and affected individuals in 10-15% of cases respectively and they

did not confer any risk of disease development. The results are shown in Table 13.



Table 13. Allele and Genotype Frequencies of RBMS3, TMEM136 and AGPAT1 variants in XFS and

healthy subjects
Controls % | XFS %
0
SNP (n=199) (n=132) Pvalue | OR (95% CI)
RBMS3-
rs12490863
Allele A 9 10.7 0.5 1.2 (0.6797 to 1.9400)
91 89.3 0.5 0.8 (0.5155 to 1.4712)
Genotype GA 17.1 19.8 0.5 1.2 (0.6956 to 2.1274)
AA 0.5 0.8 0.8 1.5 (0.6797 to 1.9400)
GG 82.4 79.4 0.8 0.7 (0.4701 to 1.4376)
Total 34/164/61 104/26/1
(GA/GG/AA) | (GA/GG/AA)
TMEM136-
rs11827818
Allele G 15.58 15.38 0.9 1.01 (0.6587 to 1.5637)
A 84.4 84.6 0.9 0.9 (0.6395 to 1.5182)
Genotype GA 27.1 27.7 0.7 1.004 (0.6175 to 1.6327)
GG 2 1.5 0.7 1.3 (0.2370 to 7.2730)
AA 70.9 70.8 0.8 0.7 (0.6125 to 1.6193)
Total 54/141/4 36/92/2
(GA/GG/AA) | (GA/GG/AA)
AGPATI-
rs3130283
Allele A 6.3 8.3 0.3 1.3 (0.7478 to 2.4600)
C 93.7 91.7 0.3 0.7 (0.4065 to 1.3372)
Genotype CA 12.6 16.7 0.3 1.3 (0.7352 to 2.5456)
CC 87.4 83.3 0.3 0.7 (0.3928 to 1.360)
AA 0 0
Total 54/141/4 36/92/2
(CA/CC/AA) | (CA/CC/AA)




We then tested our results in a subgroup of exfoliation glaucoma cases. The frequencies of high-
risk allele A of LOXL1 rs2165241 were significantly different when comparing cases and controls and
associated with XFG (p=0.0002) and it did increase disease susceptibility to more than 4-fold (OR=4.5; 95%
CI 1.7464 to 12.0506). It was present in 83% of affected individuals, almost 70% of them were homozygous
and had 5.5-fold increased risk of XFS (p=0.0002; OR= 5.5; 95% CI: 1.8747 to 16.0444). Heterozygosity
conferred 4.5-fold increased risk (p=0.0001; OR= 4.5; 95% CI: 2.8199 to 7.2454) compared to normal

individuals.

For rs4886776 SNP G allele was the high-risk one. It was present in 84% of affected individuals. It
conferred 3-times increased risk of XFG compared to normal controls (p=0.0001, OR=2.9; 95% CI
1.1815 to 7.0891). As with XFS we did not find statistically significant differences with heterozygotes,
whereas in homozygotes, the risk of XFG was increased up to 6 times (p=0.003; OR=5.7; 95% CI

1.9934 to 16.7152).

As for rs8042039, G allele was present in all of the affected individuals and all of them were

homozygous. Figure 9 and Table 14 show the data.

Figure 9. LOXL1 SNPs in XFG vs healthy subjects
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Table 14. Allele and Genotype Frequencies of LOXL1 SNPs in XFG vs healthy subjects

Controls %
O (11— 0
SNP (0=199) XFG % (n=18) | Pvalue | OR (95% CI)
LOXL1
152165341
Allele A 58.5 83.3 4.5 (1.7464 to 12.0506)
0.0002
G 415 16.7 0.0002 | 0.2 (0.0830 to 0.5726)
Genotype AA 32.2 72.2 0.0002 | 5.5(1.8747 to 16.044)
GA 52.7 22.2 0.0002 | 4.5(2.8199 to 7.2454)
GG 15.1 5.6 0.0002 | 0.2 (0.0623 to 0.5334)
Total | 64/105/30 13/4/1
(AA/GA/GQG) (AA/GA/GQG)
LOXL1
rs4886776
Allele G 64.8 84.2 0.001 2.9 (1.1815 to 7.0891)
A 35.2 15.8 0.001 0.3 (0.1216 to 0.3055)
Genotype GG 32.7 73.7 0.003 5.7 (1.9934 to 16.7152)
GA 64.3 21 0.5 1.8 (0.4846 to 3.2232)
AA 3 5.3 0.0001 | 0.1(0.0185-1.1778)
Total 65/128/6 14/28/1
(GG/GA/AA) (GG/GA/AA)

Among other six genes studied, only SEMA6A and POMP were associated with XFG in our
population. Allele frequencies of SEMA6A were significantly different when comparing cases and controls
and associated with XFG (p=0.04). High-risk allele A increased disease susceptibility more than 3 times
(p=0.04; OR= 3.4; 95% CI: 1.2676 to 2.6973). It was present in 86% of our patients, 65% of them were
homozygous. Heterozygotes had twice increased risk (p=0.002; OR= 1.9; 95% CI: 1.2246 to 3.0316),

whereas, homozygotes had the risk of disease development up to 4 times higher (p=0.002; OR= 3.6; 95%

CI: 1.1474 to 11.3402) compared to controls.




High-risk allele A of POMP was found in 22% of XFG cases. The likelihood of disease development
rose up to 3 times in affected individuals (p=0.02; OR= 2.7; 95% CI: 0.9931 to 2.5634). Heterozygotes
showed 3-fold increased XFG risk (p=0.05; OR=2.7; 95% CI: 0.0937 to 24.3786) and homozygotes had up
to 11 times (p=0.05; OR=11.6; 95% CI: 0.6972 to 194.5768) higher risk when compared to individuals who

were not carrying a high-risk allele (Table 15 and Figure 10).

Table 15. Allele and Genotype Frequencies of SEMAG6A and POMP genes in XFG and healthy

subjects
SEMAGA-
rs10072088
Allele A 70.4 86 0.04 3.4 (1.1663 to 9.7455)
29.7 14 0.04 0.2(0.1026 to 0.8574)
Genotype AA | 492 65.2 0.002 3.6 (1.1474 to 11.3402)
GA [423 32.5 0.002 1.9 (1.2246 to 3.0316)
GG 8.5 2.3 0.004 | 0.2 (0.0715 to 0.8672)
GG 8.5 2.3 0.004 | 0.2 (0.0715 to 0.8672)
Total 98/84/17 14/3/1
(AA/GA/GG) (AA/GA/GG)
POMP-
rs7329408
Allele A 9.8 22 0.02 2.7 (0.9931 to 2.5634)
90.2 78 0.02 0.4 (0.3901 to 1.0069)
Genotype AA |05 5.6 0.03 11.6 (0.6972 to 194.5768)
GA 18.6 33.4 0.05 2.7 (0.0937 to 24.3786)
GG 80.9 61 0.05 0.4 (0.3483 to 0.9788)
Total (1(6}g/3c7;§ JAA) 11-06-01




Figure 10. SEMAG6A and POMP genes in XFG vs healthy subjects
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For other genes studied we did not observe any statistically significant differencies between normal
individuals and unaffected subjects. We also tested the data of XFG patients against XFS individuals but
we did not find any gene to increase disease susceptibility. Though the XFG group was quite small and

therefore could not reflect the whole picture.



Discussion

Our study is the first attempt in Georgia characterizing the burden of XFS on cataract surgery. As
we could clearly see, one fifth of all our cataract patients had small pupils and varying degrees of zonular
laxity, one tenth of them had either deep or shallow anterior chambers, making surgery difficult. Of course,
these conditions frequently coexist, further complicating the surgeon’s task to safely and effectively

perform the procedure.

There are studies characterizing these issues and complications among XFS patients. Scientists
report a significant risk of zonular dialysis (OR 6.89), intraoperative miosis (OR 2.15), and lens luxation
(OR, 9.49) in patients with XFS'®. Our study showed even higher risks of these issues. According to
Aravind XFS study, these patients are more likely to have a nuclear opalescence grade of more than 4 (P=
0.001), and to have a pupil size of less than 6 mm (P< 0.001) when compared with controls. The same
authors report no statistically significant risk of intraoperative complication rates - 2.9% and 1.9% in the

XFS and control groups, respectively (P= 0.29)!°, which is also consistent with our results.

There are also studies comparing the rates of posterior capsular tears during phacoemulsification
in these two groups. Different studies report up to 6 times increased risks in XFS groups'®. We did not
find any significant association of posterior capsular tears with XFS. In our case the rates did not differ
between two groups. The same authors improved outcomes in cases of early IOL implantations before

removal of last quadrant of the nucleus, therefore protecting the posterior capsule!®.

Vitreous loss, one of the most severe complications of cataract surgery is reported in around 4% of

surgical patients and this complication is related to XFS in most of them!'%, also very similar to our findings.

Considering that more than a third of our cataract patients have so many special considerations
intra- as well as postoperatively, it can be said that XFS definitely is a huge burden for anterior segment
surgeons in our country. This fact indicates that surgeon experience is of utmost importance when dealing

with XFS cases.

The detection of XFM in several visceral organs, such as lungs, gall bladder, liver, kidney, skin,

meninges, heart and blood vessels, has led to hypothesis that XFS can be associated with increased risk of



different systemic comorbidities, most importantly vascular ones. Some clinical studies have suggested
these associations too, but others have not found any correlations. For example, according to the
investigation of Citiric et al., the prevalence of coronary artery disease is significantly higher in patients
with XFS than in normal individuals®. French at al. showed that the risk of IHD was 70% higher and the
risk of MI was almost doubled in XFS patients compared to controls®. These results are very consistent
with our findings. On the other hand, Tarkkanen et al. also evaluated IHD in glaucoma patients with or
without XFS, finding no significant association’!. No link between XFS and XFG to IHD has been found by
the study from Emiroglu et al.,”?. It should be noted though, that the age group evaluated by this study was

significantly younger than ours, hence the results.

Many studies have also reported the association of XFS with cerebral ischemia. Yuksel et al. showed
doubled prevalence of white matter ischemic areas in patients with XFS as well as XFG74. Akarsu reported
significant reduction of transcranial Doppler parameters in XFS patients!®, while Rittland showed that
XFG patients had significantly higher risk of acute cerebrovascular events as compared to normal
controls!®. These findings are very consistent with ours, reporting tripled risk of stroke/TTA in XFS

patients.

The exact underlying pathogenic mechanisms of vascular comorbidities in XFS patients are not
known, though several pathways have been suggested. XFM accumulation around endothelial cells may
disrupt their normal basement membranes and lead to impairment of their function. On the other hand,
these deposits, together with increased concentration of a very powerful vasoconstrictor, endothelin-1,
may lead to decreased elasticity of vascular walls and therefore, increased resistance!®. Increased
homocysteine levels, associated with XFS may also play the role in degradation of elastic structures of the
vascular walls'””. Moreover, oxidative stress markers have also shown to be increased in the aqueous
humor, as well as in the serum of XFS patients. The imbalance of MMPs and their tissue inhibitors have
been revealed by several investigators®. All these mechanisms may be associated with vascular

comorbidities of XFS and most importantly, may lead to acute vascular events.

In contrast to other clinical studies, we did not observe an association between XFS and arterial
hypertension but we did see the correlation with IHD and acute cardiovascular and cerebrovascular events.

We did not have the opportunity to thoroughly investigate our cataract patients for other quantitative



biochemical risk factors of these events. Therefore, our investigation was only epidemiological, suggesting,

that XFS patients need closer attention and monitoring by general practitioners.

The hallmark of XFS is the accumulation of pathological fibrillo-granular material in different
structures of the anterior segment of the eye. XFM is produced by many types of cells, such as ciliary
epithelial cells, epithelial cells of the lens, trabecular and corneal endothelial cells and all cell types of the
iris'%. Interestingly, it is also produced by extraocular cells, such as fibrocytes, vascular cells, and muscle
cells and is deposited in various organs like liver, brain, heart, lungs and skin?, hence the association of XFS
with systemic disorders, like transient ischemic attacks, stroke, myocardial infarction?, atrial fibrillation,

inguinal hernias and pelvic organ prolapse!®.

The fibrils are composed of highly glycosylated proteoglycan/glycoprotein complex which is very
resistant to enzymatic cleavage!%®. Its amorphous protein core includes basement membrane components,
like laminin and fibronectin, elastic fibers, such as fibrillin-1 and elastin. It also contains enzymatically
active components, such as metalloproteinases, the extracellular chaperone clusterin'’?, and the cross-
linking enzyme LOXL1!%. The letter is the key enzyme of elastogenesis and elastic fiber homeostasis. It is
an extracellular copper-dependent amine oxidase that catalyses the first step in the formation of crosslinks

in collagens and elastins. A highly conserved amino acid sequence at the C-terminus end possesses amine

oxidase activity, whereas the N-terminusis poorly conserved and may have additional roles in
developmental regulation, senescence, tumor suppression, cell growth control, and chemotaxis to each
member of the family!!. In early stages of the disease, increased synthesis of elastic fiber components
coincides with upregulation of LOXL1, which participates in the abnormal cross-linking and misfolding of
the newly synthesized extracellular matrix. This ultimately leads to the aggregation and accumulation of
exfoliation deposits. Interestingly, in advanced stages of the disease, LOXL1 expression is downregulated,

possibly by compensatory mechanisms, as the protein accumulates in the extracellular space!®.

It has been suggested that in XFS LOXL1 itself is misfolded and dysfunctional. Its N-terminus
domain exists in a highly disordered state and a substantial amount of it is found to be processed for
degradation by autophagy''?. As shown in multiple studies, LOXL1 gene has several variants which are

associated with XFS*113114 The proteins coded by these defective genes have multiple disorder probability
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domains'? which supposedly result in misfolding of the enzyme with alteration of its function and

resistance to cleavage.

In general, misfolded, denatured and damaged proteins are degraded by proteasomes and
autophagy systems of the cells. If the synthesized protein is defective, the first response is the upregulation
of chaperones in attempt to fold the proteins properly!’. If this mechanism fails, the protein is dislocated
to the cytosol, where it undergoes ubiquitination, marking it for degradation by the proteasome. When
the proteasome is dysfunctional, the damaged proteins are shuttled out of the cell. This mechanism appears
to be protective in short-term, while in long-term, the result is a build-up of dysfunctional materials''. If
the damaged proteins escape these two lines of defense, they become encapsulated into autophagosomes,

eventually to be degraded by lysosomes!'2.

It can be suggested that the combination of a defective synthesis of the LOXL1 protein resulting
from LOXLI1 gene variants and the inability to degrade LOXL1 containing protein aggregates produces
XFM. Studies have demonstrated that XFS cells fail to properly transport lysosomes and autophagosomes
to the perinuclear area, where autophagic clearance takes place!'?. Also, it has been shown that the
clearance process is very slow in XFS'7. The fact that LOXL1 is directed to lysosomes, suggests that previous
defense lines are defective. This could mean that chaperones fail to refold it and some studies have found
clusterin, the mediator of chaperones to be upregulated in XFS!°. Also, supposedly, proteasomes fail to

degrade LOXL1 and here the role of POMP mutation, found in XFS patients, comes into play!!é.

POMP gene encodes proteasome maturation protein, a short-lived maturation factor required for
proteasome biogenesis. It recruits newly synthesized subunits of the enzyme and targets them to
endoplasmic reticulum for final assembly and maturation'”. POMP-mediated mechanisms allow for
efficient organization of the assembly process of this complex protein. Genetic defect in POMP protein
supposedly, causes alteration of its function and loss of efficiency in proteolytic processes leading to XFM
accumulation. Aung et al recently reported that immunoblot analysis showed significant reduction of
POMP protein in the iris and ciliary body specimens, obtained from XFS eyes in comparison to control

eyes!?0



As discussed previously, next step in removing damaged proteins from the cells is autophagy,
involving the formation of an isolation membrane around the protein which further forms the double
membraned autophagosome, which then fuses with endosomes and lysosomes'?!. The fusion process is
mediated by P/Q voltage-dependent calcium channels. These channels consist of several subunits, one of
them being a conducting pore forming subunit a1, encoded by CACNA1A gene®. The studies, including
ours, have shown that mutation of this gene is related to XFS susceptibility. The reason for that
theoretically could be a decrease in fusion ability and thus in autophagic capacity, leading to XFM

accumulation.

Experimental and clinical studies have demonstrated that aberrations in normal proteolytic
processes in the cells contribute to the pathogenesis of several neurodegenerative disorders, which are
associated with pathologic aggregation of proteinaceous materials and are collectively called

aggregopathies. These include Alzheimer's disease'??, Parkinson's disease’”® and Huntington's

disease!?%. These age-related aggregopathies show various degrees of genetic linkage to nonsynonymous
single nucleotide polymorphisms, which result in a single amino acid substitution in a coded protein. This
does not seem to largely affect protein function but may increase misfolding rates for the polypeptide

chains during synthesis''2.

Previous electron microscopy studies on human XFS eyes showed the presence of high calcium
concentration in direct association with aggregating XFS fibrils!?%. It has been demonstrated that calcium
plays a role in maturation of a precursor fibrillin and in stabilization of fibrillin molecules and
microfibrils'®. It has also been shown that fibrillin is significantly more susceptible to proteolytic
degradation in the absence of calcium'?. Thus, it can be hypothesized that altered function of a calcium
channel could lead to alterations of calcium concentrations that may facilitate the formation and

stabilization of XFS aggregates.

In a recent study, the immunofluorescence microscopy analysis showed positive CACNAIA
immunoreactivity in the different structures of the human eye. These included ciliary body, iris, anterior
lens epithelium, optic nerve glia and vascular endothelial cells. In the retina, strong diffuse CACNA1A
staining was seen in the photoreceptor inner segments (IS), inner nuclear layer (INL) and outer nuclear

layer (ONL) and nerve fiber layer (NFL)%. On the other hand, the eyes affected by XFS showed only focal
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and patchy immunostaining of the IS, ONL, INL and NFL®%. Interestingly, co-localization of CACNAIA
and LOXL1 was observed only in the epithelium of the ciliary processes. The XFM in XFS eyes showed
LOXL1 positive staining with negligible CACNA1A immunoreactivity®. These findings suggest that these

proteins could contribute to disease development in different ways in different sites.

Nowadays, elevated IOP is considered only as a risk factor, not an etiologic one for glaucoma
development, as normal tension glaucoma represents about 50% of glaucoma diagnoses'?’. It is well known
that optic nerve atrophy still goes on despite lowering IOP'?. These observations suggest that other reasons

of neurodegeneration should be looked for.

In healthy neurons, Ca*-dependent processes influence different cellular functions, like
generation and transmission of electrical signals, membrane trafficking, exocytosis and intracellular
respiration. Calcium also activates a cascade of events that result in gene expression and that are essential

for dendritic development, neuronal survival, and synaptic plasticity.

Calcium theory of neurodegenerative diseases has recently gained popularity. Defective intra- and
extracellular calcium homeostasis, besides defects in autophagy, was observed in neurodegenerative
disorders, like Alzheimer's disease'?’, Parkinson's disease!® and Huntington's disease!®. Several
neurodegenerative diseases have also been linked to mutations of CACNAIA. These include
spinocerebellar ataxia type 6, episodic ataxia type 2, and familial hemiplegic migraine with aura and
transient hemiplegia'32. An important mechanism of axonal loss neurodegenerative disorders is increased
influx of extracellular Ca?, which triggers degradation of cytoskeleton through activation of intracellular
enzymes, namely caspases. As mentioned previously, immunohistochemical studies have demonstrated
CACNAIA staining in retinal cells, including nerve fiber layer. Theoretically, defective calcium
homeostasis, associated with defects in this gene could be one of the factors, associated with

neurodegeneration in glaucoma too.

Very interesting findings have recently been published by Shiga er al®. Using GWAS they
identified new susceptibility loci for Primary Open Angle Glaucoma. Interestingly, seven loci, including
LOXL1 were exclusively present in Japanese POAG patients as compared to other multiethnic groups.

They excluded XFS from their cases, but found a significant association of LOXL1 rs1048661 with POAG



susceptibility. The authors suggested that defects of elastin, a major component of extracellular matrix of
the lamina cribrosa, could contribute to its structural deformity. It is well known that RGC axons are most
vulnerable as they pass through the lamina cribrosa plates unmyelinated'3*. Therefore, their structural

integrity could be compromised, leading to the development of glaucoma.

Our study showed significant susceptibility to XFS and XFG in patients carrying rs2165341,
rs4886776 and rs8042039 variants of LOXL1. We also found increased risk of disease development in
individuals, carrying CACNA1A rs4926244, POMP rs7329408 and SEMAG6A rs10072088 genes. The rest of
examined genes did not show any statistical significance when compared with normal controls. The

possible ways these defective genes could contribute to XFS are described above.

The limitations of our study included very small group of XFG patients. Another limitation was
the lack of long-term follow-up of XFS patients. This means that we do not know if any of these patients
would develop XFG with time, therefore comparing a subgroup of XFG patients with XFS only individuals

might not give correct results.

Conclusions

1. The prevalence of XFS is high and affects more than a third of Georgian patients undergoing
cataract surgery.

2. XFG is encountered in 4.6% of Georgian patients undergoing cataract surgery.

3. Technical difficulties (small pupil, zonular laxity/dialysis) and complications (capsular bag loss,
vitreous loss, aphakia with the need of IOL fixation) are encountered significantly more frequently
during phacoemulsification in patients with XFS, necessitating advanced surgical skills. These
issues are mainly seen in patients with higher grade cataracts.

4. Our study confirmed the results of other studies, showing the association of XFS with systemic
vascular diseases: comorbidity is significantly more prevalent in cataract patients with XFS.

5. Increased risk of XFS is seen in carriers of LOXL1, CACNA1A, POMP, SEMAG6A, SNPs, whereas



TMEM136, RBMS3 and AGPAT1 SNPs are not associated with increased risk of this condition.
6. Increased risk of XFG is seen in carriers of LOXL1, POMP, SEMAG6A SNPs, whereas CACNAI1A,

TMEM136, RBMS3 and AGPAT1 SNPs are not associated with increased risk of this condition.

Practical Recommendations

1. Given the high prevalence of XFS in Georgian patients, it is very important general
ophthalmologists and cataract surgeons to determine adequate timing of phacoemulsification and
recommend earlier interventions for safer surgery and better outcomes.

2. Due to the fact that delayed cataract surgery in XFS patients may potentially lead to severe
complications, the health care and insurance systems should consider XFS as a relevant factor in
determining the timing of intervention.

3. Cataract surgeons dealing with XFS patients are required to have advanced surgical skill in order
to safely and effectively perform the procedures.

4. The epidemiology of XFS in our country indicates the need deeper learning of this topic in our
residency and CME programs.

5. Given the complex genetic mechanisms of XFS and XFG development, which are not exactly
determined to date, frequent IOP monitoring and optic nerve head evaluations should be
performed by general ophthalmologists in order to prevent irreversible blindness in these patients.

6. The association of XFS with systemic vascular diseases found in our study, shows the need of early
referral to general practitioners for closer monitoring.

7. Our research demonstrates the need of further studies in the field of XFS and systemic vascular

diseases and the role of ophthalmologists in disease prevention and treatment.
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