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Included
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Records identified through
database searching
(n=280)

Additional records identified
through other sources
(n=3)

Records after duplicates removed
(n=180)

A 4

Records screened

(n=180)

Full-text articles assessed for

A 4

Records excluded due to:
Non-human participants, psychiatric
disorders other than OCD, or not
examining the HTR2A gene
(n=139)

\ 4

eligibility
(n=41)

Studies included in
qualitative synthesis and

Full-text articles excluded due to:
Insufficient information for
quantitative analysis, no control group
or no diagnostic criteria for OCD used
(n=22)

assessed using Q-Genie Tool
(n=19)

Studies included in
meta-analysis
(n=18)

9B¢

A4

Record excluded due to
poor quality rating
(n=1)
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%
A. B
OCD Group Control Group
Study or Subgroup Risk Allele (A or T) Risk Allele (A or T) Odds Ratio
Reference Event Total (n/N)  Event total (n/N) Weight (%)  [95% ClI]
Corregiari et al. 2012 77/120 26/60  ——— 294% 2.34[1.24,4.41)]
Denys et al. 2006 129/308 100/232 i 6.22% 0.95[0.67, 1.34] ° [10.05<p=1.00
Dickel et al. 2007 33/55 [ 3.70% 1.50[0.87, 2.57 0'00 0‘05
Enoch et al. 2001 102/202 113/276 - 5.87% 1.47[1.02,2.12 oo < psU.
Frisch et al. 2000 - Ashkenazi 43/78 101/224 —— 3.90% 1.50[0.89, 2.51 - ® Studies
Frisch et al. 2000 - non-Ashkenazi 32/68 68/120 booe 3.20% 0.68[0.37,1.24 8 2 E O Filled Studies
Gomes et al. 2018 196/406 224/410 HH 7.50% 0.78 [0.59, 1.02 =
Hemmings 2006 82/216 114/292 i 5.94% 0.96 [0.67, 1.37 s .
Jung et al. 2006 112/206 160/318 i 6.10% 1.18[0.83, 1.67 0 oy
Liu etal. 2011 47/76 —— 451% 1.62[1.02, 2.57 T © | . °
Liu etal. 2013 135/254 200/448 i 6.85% 1.41[1.03,1.92 g 3 g s .
Mas et al. 2014 31/67 . 4.31% 0.86[0.53, 1.39 = . LS
Meira-Lima et al. 2004 71/156 192/400 —— 5.78% 0.90[0.62, 1.31 e ® o
Nicolini et al. 1996 53/134 34/108 ] 3.75% 1.42[0.84,2.43 o © ¢
Saiz et al. 2008 91/198 378/840 i 6.82% 1.04[0.76, 1.42 § -1 ° 0 e
Sina et al. 2018 274/584 229/480 L 3 8.17% 0.97[0.76, 1.23 o .
Tot et al. 2003 54/116 81/166 . 4.37% 0.91[0.57, 1.47 S
Walitza et al. 2002 54/110 180/446 . 5.08% 1.43[0.94,2.17 . e
Walitza et al. 2012 68/160 69/212 —— 4.99% 1.53[1.00, 2.34 N o 1 °
v o
Summary of All Studies (Q = 34.28, df = 18, p = 0.01; I* = 47.5%) > 100.00% 1.14[1.01, 1.29] : I [ ‘
DerSimonian and Laird Approach : 0.5 0 0.5 1
Log Odds Ratio
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@8<5282@")(?(%18?L)/">%M)."%8LE102@ 7<()4'%>)(82>' 2% GNKSI#Y6&"'%2) (0%-<<'<'%M-(%>'=)/">%-(%")." 2%. " %;%82%E&Y%-<<'<"0
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%
OCD Group Control Group
Study or Subgroup Risk Allele (A or T) Risk Allele (A or T) Odds Ratio
Reference Event Total (n/N)  Event total (n/N) Weight (%) [95% CI]
Corregiari et al. 2012 107/118 54/56 e 44.59% 0.36 [0.08, 1.68]
Meira-Lima et al. 2004 25/158 22/402 Do 55.41% 3.25[1.77, 5.95]
Summary of All Studies (Q = 35.54, df = 19, p = 0.01; I* = 45.0%) 100.00% 1.22[0.14, 10.37]

DerSimonian and Laird Approach

| i |
0.05 1 10

dds Rati
Odds Ratio %

I"#$968682'(.%=>8.%7'=)1UB??(%2-.)8% @ABCDYE)."%. "%FG."%="21'/.)>'%18/H)?'/1'%

). 124->(%2'=82." 2% @=IJ#KLCY%HS82%."%)/4'(.)M-.)8/%8H%." %-((81)- 18/%8HY%8N('(()4'
180=7>()4'%7)(82?'2% @AP$CY%EF$%. BEILEY @2(L;:JGC%=8>5082=")(0#%&"%2)(Q%
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I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

OCD Group Control Group
Study or Subgroup Risk Allele (A or T) Risk Allele (AorT) Odds Ratio
Reference Event Total (n/N) Event total (n/N) Weight (%) [95% CI]
Female Subgroup .
Dickel et al. 2007 - F 16/26 --- ey 4.47% 1.60[0.73, 3.53]
Enoch et al. 2001 - F 55/96 64/154 —— 8.40% 1.89[1.13, 3.16]
Frisch et al. 2000 - F 45/84 100/192 —n— 8.44% 1.06 [0.64, 1.77]
Gomes et al. 2018 - F 107/208 137/254 . 12.39% 0.90 [0.63, 1.31]
Hemmings 2006 - F 47/106 87/220 - 9.48% 1.22[0.76, 1.95]
Liuetal. 2013 -F 56/104 79/210 oy 9.30% 1.93[1.20, 3.11)
Nicolini et al. 1996 - F 29/76 13/40 —— 4.32% 1.28 [0.57, 2.87]
Saiz et al. 2008 - F 48/106 186/408 i 10.51% 0.99 [0.64, 1.52]
Sinaetal. 2018 - F 186/406 113/232 HiH 13.92% 0.89[0.64, 1.23]
Tot et al. 2003 - F 30/76 37/82 —e 6.32% 0.79[0.42, 1.49]
Walitza et al. 2002 - F 28/52 92/230 —— 6.74% 1.75[0.95, 3.21]
Walitza et al. 2012 - F 27164 27/82 I 5.71% 1.49[0.76, 2.93]
Summary of Female Subgroup (Q = 17.24, df = 11, p = 0.10; 2= 36.2%) 3 100% 1.20 [1.00, 1.45]
Male Subgroup
Dickel et al. 2007 - M 17/29 - e 4.18% 1.42[0.68, 2.97]
Enoch et al. 2001 - M 47/106 49/122 —— 8.17% 1.19[0.70, 2.01]
Frisch et al. 2000 - M 30/72 69/152 —a— 7.07% 0.86 [0.49, 1.51]
Gomes et al. 2018 - M 89/198 87/156 . 12.66% 0.65[0.42, 0.99]
Hemmings 2006 - M 35/110 27172 i 5.86% 0.78[0.42, 1.45]
Liuetal. 2013-M 79/150 121/238 - 13.47% 1.08 [0.71, 1.62]
Nicolini et al. 1996 - M 24/58 21/68 [ — 4.24% 1.58[0.76, 3.29]
Saiz et al. 2008 - M 43/92 192/432 - 11.10% 1.10[0.70, 1.72]
Sinaetal. 2018 -M 88/178 116/248 i 15.14% 1.11[0.76, 1.64]
Tot et al. 2003 - M 24/40 46/84 b 3.90% 1.24 [0.58, 2.66]
Walitza et al. 2002 - M 26/58 89/216 —-— 6.66% 1.16 [0.65, 2.08]
Walitza et al. 2012 - M 41/96 42/130 beow 7.55% 1.60[0.92, 2.77]
Summary of Male Subgroup (Q =11.12, df = 11, p = 0.43; 2= 1.1%) » 100% 1.06 [0.91, 1.23]
DerSimonian and Laird Approach
Frrrri
037 1 272
Odds Ratio %
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I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

OCD Group Control Group
Study or Subgroup Risk Allele (A or T) Risk Allele (A or T) Odds Ratio
Reference Event Total (n/N) Event total (n/N) Weight (%) [95% Cl]
Early Onset Subgroup :
Denys et al. 2006 - E 52/120 100/232 —— 14.55%  1.01[0.65, 1.57]
Dickel et al. 2007 - E 33/55 e 11.29%  1.50[0.87, 2.57]
Liuetal. 2013 -E 44/68 200/448 L —— 11.54% 2.27 [1.34, 3.87]
Mas et al. 2014 - E 31/67 et 13.21%  0.86 [0.53, 1.39]
Sinaetal. 2018 - E 81/160 229/480 - 18.55%  1.12[0.79, 1.61]
Walitza et al. 2002 - E 54/110 180/446 — 15.50% 1.21[0.79, 1.85]
Walitza et al. 2012 - E 68/160 69/212 - 15.36% 1.53[1.00, 2.34]
Summary of Early Onset Subgroup (Q =9.75, df =6, p = 0.14; 1= 38.4%) - 100% 1.27 [1.02, 1.58]
Late Onset Subgroup '
Liuetal. 2013 - L 91/186 200/448 - 44.86%  1.19[0.84, 1.67]
Sina etal. 2018 - L 178/410 229/480 Hl 55.14%  0.84[0.65, 1.10]
Summary of Late Onset Subgroup (Q =2.44, df =1, p =0.12; I?= 59.1%) 0 100% 0.98 [0.70, 1.37]
DerSimonian and Laird Approach |—|—m—[—|
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Q
DerSimonian and Laird »&pproach

OCD Group Control Group

Study or Subgroup Risk Allele (A or T) Risk Allele (A orT) Odds Ratio
Reference Event Total (n/N)  Event total (n/N) Weight (%) [95% CI]
Corregiari et al. 2012 771120 26/60 [ —— 2.78% 2.34[1.24,4.41
Denys et al. 2006 129/308 100/232 i 5.93% 0.95[0.67, 1.34
Dickel et al. 2007 33/55 - —— 3.50% 1.50[0.87, 2.57
Enoch et al. 1998 62/124 119/288 - 4.77% 1.42[0.93, 2.17
Enoch et al. 2001 102/202 113/276 - 5.60% 1.47[1.02,2.12
Frisch et al. 2000 - Ashkenazi 43/78 101/224 ——t 3.70% 1.50[0.89, 2.51
Frisch et al. 2000 - non-Ashkenazi 32/68 68/120 »—-—:—~ 3.03% 0.68[0.37,1.24
Gomes et al. 2018 196/406 224/410 R 3 7.17% 0.78 [0.59, 1.02
Hemmings 2006 82/216 114/292 i 5.66% 0.96[0.67, 1.37
Jung et al. 2006 112/206 160/318 - 5.82% 1.18[0.83, 1.67
Liu etal. 2011 47176 e 4.28% 1.62[1.02,2.57
Liu etal. 2013 135/254 200/448 i 6.54% 1.41[1.03,1.92
Mas et al. 2014 31/67 - ——— 4.09% 0.86[0.53, 1.39
Meira-Lima et al. 2004 71/156 192/400 - 5.51% 0.90[0.62, 1.31
Nicolini et al. 1996 53/134 34/108 H—i 3.55% 1.42[0.84,2.43
Saiz et al. 2008 91/198 378/840 - 6.51% 1.04[0.76, 1.42
Sina et al. 2018 274/584 229/480 il 7.83% 0.97[0.76, 1.23
Tot et al. 2003 54/116 81/166 —— 4.15% 0.91[0.57, 1.47
Walitza et al. 2002 54/110 180/446 —— 4.83% 1.43[0.94,2.17
Walitza et al. 2012 68/160 69/212 —— 4.75% 1.53[1.00, 2.34
Summary of All Studies (Q = 35.54, df =19, p = 0.01; 2= 46.5%) . 100.00% 1.15[1.02, 1.30]
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1-.'1"8<-C)/'%(5(.'C%1-/>)>-."%?'I'(%)/%SE((()AL8C=7<()4'%>)(82>'2%)/%." %
L")/ (%=8=7<-.)8/#%(51")-.25%T"(#%9H 6B %83
" =(Job>8)#82?209I#9JOVbh#=(51"2'(#KIOFIH#J:J
P)7BY%sE#BY6k"-/? BY#BY6K"-/? BYRBYKIQ:#%I ((81)/%B @HTKI%7?'/'% *9G:H+bl%
=8<5C82=")(C(%N)."%8E(((MBC=7<()4'%>)(82>"2%-/>%'@ @)1-15%8@%('2.2-<)/'%
2-.C'L#%_H#Y\"-17"-)%_)-8.8/2%3/)4#%, >#%\1)#%aBIBYITK
" =(Job>8)#82?209J#:QVQbh#) ((HEBDEK JO:#IH#ZOU
-( BY%\#B%!-?'28<(B%,#B%+-(((BBWBBSIS>2)?7' X BY%6#B%,82'2B%I#B%!<-/-B%,#&#B%
P-@7'1.'B%I#B%P-X-28B%P#B%KJIIGH%T8<'%8@%-+I$SK%-/>%8T08% '/ (%)/%'-2<5
8E('(04' *18C=7<()4'%>)(82>'2]%T'(7<.(%@28C%.2-/(C)(()8/%>)('R7)<)E2)7C%(.7>5#9
+/'(BY%C2-)/%C"-4#%6BYCAGO #9%"..=(Job>8)#82 72188 EPEE#IK IKH
-(BY%\#B%!<-/-B%,#&H#BUWBAP8' (BY%_#B%+-((tB%!#BY%P-@7'/.'B%I#B%,82'/8B%D#B%,-2.)/'X
D#B%,)<WB%,#B%P-X-28B%P#B%KJ9:#%L8CC8/%?'/".) 1%E-1W?287/>%)/%-/82'A)-%
I>%8E('((14'%18C=7<()4'%>)(82>"2]@E28Y62'(7<.(%@28C%-/%- ((SAJ>IRE%
_#961(51")-. 2#% T (#%GIBE&AG" .. =(]bb>8)#827b9J#9J9Vbh#h=(51")2' (#¥%JIKHOK#IOU
2= *P)C-B% #BY%\"-4)..BUT#+#B%,)?7).-B%j#B% "W'/-?-B%D#B%,)?7'<B%D#L#B%e-<<->-
1((81)-.)8/%-/-<5()(%8@%."%1- *BBL"S <.2-/(@'2-(%FLS,&%MBY%('28.8/)/%
2/(=82."2%P8.8%M%-/>%('28.8/)/%KI%2'1'=.82%FUF&KIM%?''%=8<5C82=")(C(%
N)."%8E((()4*18C=7<()4'%>)(82>'2#%+'(B%C2-)/%C - 4#/QB% U
" =(Jbb>8)#82?b9I#9IGVDIMETIFK I #I IGKHA
)?7).-B%j#B%L82>") 28BY%d#BIGH+H#BRBI 7' < BY%DHL#BYbe-<<IS9BY{BYK)8/%
(.7>5%E".N"/%7'/".)19%C8/8-C)/'2?)1%=8<5C82=")(C(%-/>%SL$%2'(=8/('%.8%
1<8C)=2-C)/'%.2"-.C'/ #%I2R#%6'728=()R7)-.2H9MOBYKH:
" =(Jbb>8)#82?b9J#IUQIMKBIGKI9III:JIIJ: %
6)18<)/)B%f#B%L 27 XBY%L#BBoheBEAS28X 18BYcHBY%] /I BB GHBIBY) ((E'1W'2B%
#B%>'%<-%;7'.'B%_#T#B%\)>'/E'2?7B%$#B%IQQVH%STSKBYSTS:%-/>%Uf&KI%2'1"

% 9



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

?''(%=8<5C82=")(C(%)/%8E ('(AUSC=7<()4'%>)(82>'2#%,8<#%!(51")-.25269B%GV9
U%
I<-/-B%,#8#B%&822'(B%&#B%T8>2r? 7RBASHERAtcHtBY% #B%,82' /8 BYBHBIBRQ 7
L-(.28*,82/)'<'(B%_#B%,-(B%\#B%P-X-28B%P#B%KJI9Q#%+'/"'.)1%4-2)-E)<).5%)/%." %
('28.8/)/'2?2)1%(5(.'C%-/>%-?'%8 @ %8/('.%)/%-/82'A)-%/'248(-%->%8E('(()4'
18C=7<()4'%>)(82>'2#%!(51")-.25%T' (#% KRB G
"..=(]bb>8%2?b9J#9J9Vbh#=(51"2'(#KIIHABK#I9Q
12)4).'2-B%|#1#B%$)(.' @-/8B%T#B%y' @'2B%f#I#B%;' 228B%|#B%!7<4)2'/.)B%I|#B%+)7?/8B%
SL$C]%-%>-.-E-('%18<<'1.)/?%?''(B%C) T61(%-/>%>272(% @ 82EBBETKM %
>)(82>'2#%$-.-E-(%KJIQUBYE-4IVQ#%"..=(Job>Q)#822E90BE4 IV
\-)XB%!#1#B%13-282.)<<-B%,#!1#B%I|2-/?8B%L#B%,82-<'(BY%C#B Y8+ BOR- B¢
C-228/>8B%\#B%;<82'XB%+#B%\8.8C-582B%D#B%!-2">'(B%C#B%I|<4-2'XBY%L#B%\-/°
L-22'/8B%D#B%C8CE)/B%"#B%|<4-2 BBTBBYR/S 8 XBY%_#,#B%c87(8/8B%,#B%
C8E'(B%_#B%6-21)(BIBHRYCSE'(BY%_#BY%KJIIH#%I((81)-.)8/%(.7>5%E'.N"/%
8E('(()4' *18C=7<()4'%>)(82>'2%-/>%('28.8/'2?)1%1-/>)>-.'%"?"'(#%!28?#%6'728
1(51"8="-2C-18<8?5%¢)8<#%!(51")-.25%: KBI4IU
"..=(]bb>8)#82?b AW h#=/=E=#KJJ #IK#IIU
\)/-B%,#B%I"C->)-/)B%I#B%I(->YBW\#EBL_#BY%KIIH#%I((81)-.)8/%8@%('28.8/)/%2'1'=.82%K -
".=<8.5="(%N)."%8E('((A'8C=7<()4'%>)(82>'2%-/>%).(%.2"-.C'|.%2'(=8/("%)/%
12-1)-1%=-.)'.(1%1%?'[".)1%-/>%="-2C-18?"/".) 1%(. 7>5#%6'728=(34%$) (#%
&2'- #%9GBY%EAQQ#%"..=(bb>8)#82?b9 J#K IEONER&Y
\)/8=8<)B%e#,#B%D2>C-/B%P#B%C72.8/B%L#P#B%D-(.'2B%!#B%T-h'/>2-CB%T#B%Cc-<>N)
I''2C-/B%j#B%L8(.'B%_#B%\"-"YBBM-//-B%+#P#B%T8(/E'2?B%$HT#B%I2/8<>B%
I#$#HBY%K IIQ#%\'28.8/)/ B R ' %4-2)-1.(%-/>%2'?)8/-<%E2-)/%48<7C'%>) @ @'2'/1'(%
M%=5)-.2)1%SL$#%C2-)/%"C-?)/?% Yo 4#%
"..=(Job>8)#82?b9J#9J1J b (9DLA I IQRNY%
\X7C)<-(B%,#B%KJIQIH#%DA=<-)/)/?%8>>(%2-.)8(#%_#Y%L-/#%|1->#%L")<>%I|>8<'(1#%!(51")
%  KKaQ%

% 9:H



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

&8.B%x#B%D2>-<BIKAIBBYS %s-X)1)B%j#B%, .)/BY% SHBWUIIINWSB<5SCREY,
8@%."%UT&KI%2'1'=.82%7?'/'%)/%&72W)("%=-.)'/.(%N)."%SE('(()4'%18C=7<()4'%
>)(82>'2#%D72#%6'728=(51"8="-2C-18<#%IKBY%\::V#%

" =(Jbb>8)#82?b9J#9J9OVOHMKEIKMHJIUKHb

&8.BY%x#B%D2>-<BY%)HBBHBIT 2W'/BY#B%s-X)1)BY%I#B%C7. 72-WBRbe #BYK JIKE#%U
&9IKLY%?'/'%=8<5C82=")(C%)/%&72W)("%=-.)'/.(%N)."HEELLH4)4' %
>)(82>'2#%D72#%6'728=(51"8="-2@618<#%

" =(Jbb>8)#82?b9J#9J9VOHMKEIKMHIUKI %

&8.BY%x#B%D2>-<B%,#D#B%s-X) 1) BUHBBOAIBILYBBI6K I #% &9 IAGH YY1 %
=8<5C82=")(C(YB@IFEKI%2'1'=.82%7"'%6)/%&72W)("%=-.)'/.(%N)."%8E('(()4"
18C=7<()4'%>)(82>"2#%D72#%!(51")-. 2506088 KGQ
" =(Jbb>8)#82?b9J#9IOVOHMKIE J:MIIIVA/ %

e)'1".E-7'2B%g#BY%KIOIHYLE/>71.) e<5(' (%)% TY%N)."%. "%C' .- @82%!-1W-?'#%_#%

\.-. #96\8 @ .N#IBAMBH#%"..=(Job>8)#82?09JH#OHV: bh(#AJ: V) J:
g-<).X-BY%\#BY%C84pBY%S$H#\#BY% T8C-/8(B%,#B%T'//'2B%&H#BY%f'<>BY%P#B%\)C8/(B%,#B%g'N
<')(1™"-W'2B%L#B%T'C(1"C)>.B%f#BY%g-2/\W'BY%|#B%+2v/EX<BY% DEEBUEI K #
f&TKI%=28C8.'2%=8<5C82=")(aB%+bI%F2(@9M%-/>%-%/'-2E5%18=5%/7CE'2%

4-2)-.)81%("8N'>%-((81)-.)8/%N)."%8/(".%-/>%('4'2) .5%)/%'-2<5%8/(". HSE((()4"
18C=7<()4'%>)(82>"24#%_#9%6'72-<%&2-/(CHABIDBYUI
" =(Jbb>8)#82?b9J#9JJ b(JVIRIVQE%

g-<).X-B%\¥BY%g'N'. X'2B%L#B%g-2/\W'B%|#B %+ 2e< DB #BYeH2 E'2B%+#B%+22?B%&#B%
f2="2.X *$-"<C-//B%CH#BY\1"7<XB%D#BY%T'C(1"C)>.BY%#B%f E'E2-/>B%_#B%f)//'5B%
KJJK#9E&KI%=28C8.'2%6=8<5C82="}aIAH+bI%)/%1")<>2'/%-/>%->8<'(1'/.(%
N)."068E(‘(()4*18C=7<()4'%>)(82>'2(#%,8<#%!(51")-.25% BY9IUG
" =(Jbb>B#827b9I#9J:Hb(h#C=#GI499JU

g-/?B%k#B%i)-8BY%k#BY%g-/?B%$#BY%_)-1?BY%\#BYKIIVHYI((81)-.)8/%I/-<5()(%8@%\'28.8/)/
T'1'=.82%+/'%!8<5C82=")(C%-/>%SE(((UBC=7<()4'%$)(82>'2#%_#%\"-/?"-)%
_)-8.8/2%3)4#%, HU)HYKVBUN BB/

% 9:Q



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

k-)BY%-+#B%L-==)B%L#B%-+SH#BYK(EE #B%\"-4)..BYT#B%,)?7'<B%D#B%T)1".'2B%,#BY%K]
'2(8/-<)(">%C">)1)/'%)/%=(51")-.25"-2C-18?"/") 1(%8@%-/.)>'=2"((-.%2'(=8/('%
)I%SE((()4*18C=7<()4'%>)(82>'2#%D72#%6'728=(51"8="98E- 1HDER8="-/%
L8<<'?'%8@%6'728=(51"8="-2C-18<8?5B%DRRIYEILEL(.'2>-C%6'." 2<-/>(#%
k-)BY%-+#B%L-==)BY%L#BY%j#B%!")<<)=(B%;j#B%+8/1-<4'(BY%e#BY%kK-)BY%L#BY%\"-4)..B% T#B%
T)1".'2B%,#B%KJ9 #%!"-2C-18?'/") 1(%8@%I/.)>'=2"((-/.%2'(=8/("%)/%BE(‘(()4
18C=T7<()4'%-1>%2'<-.">%>)(82>'2(#% D7 2#%6'728=(51"8=":2EYAGRABIHK
L8/22'((%8@%!(51")-.2)1%+/".) 1(BYgL!+#%L-/->-#%KABBAHT%
" =(lbb>8)#82?7b9IH#9JIVbh#'728/'7 28#K JOUHIQ#JIO]
k-)BY%-+#B%!-7<(B%$#BYK-)BYL#BY%+8/1-<4'(B%e#BY%g)??BY%j# BBeH| AHEBYK APHBNH T) 1".'2
+')1(%8@%@-1.82%-F<B>%S8E((()4*18C=7<()4'%>)(82>'2%(5C=.8C%
>)C'/()8/(%-/>%@-C)<5%")(.825%8 @ YWBECK A ()4'%-1>%2'<-.">%>)(82>'2(#%
C)8<#%!(51")-.25B% 9(.%I//7-<%\1)'.) @) 1%L8/4'.)8/%->%," ) ?%8@%."%\81)'.5%8 @
€)8<87?)1<%!(51")-.25B%\SC!%K IOV %I.<-/.-BY%+1%3/).">%h.-. (#%
k-)B%B6K-)BYL#BY%+8/1-<4'(B%e#BY%g)??B%j#B%] //'>5B% _#P#B%T)1".'2B%,#1#B%KJIG
-1-<5()(%8@%\6!(%-128((%2'C8.'%2'27<-.825%2'?)8/(%8@%9IG%1-/>)>-.'%2"/'(%)/%
8E('(()4' *L8C=7<()4'%>)(82>'24#%C)8<HYRERYVQ."%I//7-<%6\1)'.) @) 1%
L8/4'.)8/%-1>%,".)I?%8@% HB1)'.5%8@%C)8<87?)1-<%!(51")-.25B%\Sc!%KIIGY6'N%
S82WB%65%3/).">%\.- %
k-)BY%-+#BY%k-)BY%L#L#BY%+8/1-<4'(BY%e#BY%C2-/><BY%D#_#B%q)??B%j#B%j//'>5B% _#HP#B%
KJO:#%!"-2C-18?'/") 1(%8 @Y%SE(tQ8C=7<()4'%>)(82>'2%1-/>)>-.'% /' (%-/>%
1.)>'=2'((-/.%2' (=8/('#%6'728=(51"8="-2C-18<825B%UK/>%I//7-<%,".)/?%8@%." %
1C'2)1-/%L8<<'?'%8@%6'728=(51"8="-2C-18<8?5B%IL6!%KJ9:%8<<5N88>B%:;P%
3/).">%)\.-. (#986
k"-1?B%P#BY%P)TBRE6P) B%&H#BY%KIIGH% (SHAIBEHR@S/-<%?'I'(Y-I>%B8E ()4
18C=7<()4'%>)(82>"29%8b8) @ @'2'/.%8/('. %-2'#%L")/'(Yo_#%!(51"Ya 25%: #

% 9G.



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

#3968 ()*(+, (&-$./'#%/'0(1,2&3%144#%1/,(1,%/(3&' 1% & 415(5#, 6 164#%
48&,83(#33/51#%&6(RYH#008 & #Y%EBB&3I31TL:$;.312& (

30:$%/: 3@, (/%"&' 3(#5'33($'&4,#,50(B(S/3%$H %

%

%

"#$%8%K

+,-.1012345 BBC'%-2'%-.%)/12'-(>%2) (W% @ 82%>'4'<BON?HBE=7<()4'%
(5C=.8C(%FSL\M%)/%."%="2)/-.-<%="2)8>B%N)."%>)(.2'(()/?%)/.27()4'%."87?".(%8@."/%
'C'22)/2%."- %-2'% @817 (>%8/%=-2'1.)/2%-/>%." %)/ @H {(PAXEBY>-.' B%/8%(.7>) (%

"_4'06'A-C)/'>%."%?'[".)1%>"."2C)/-1.(%7/>'2<5)/2%="2)/-2<-.">BL\%)/%C8." 2(#%g'%

6789% H>WH$E% BY%-2'%-((81)-.">%N)."%1<)/)1-<%<'4'<(%8@%=")/-.-<%SL\#%%
<=>147%1%.8.-<BEEHSC'/%N'2'%'/28<<">%6)/%."%(. 7>5%> 7 2)1 B2 YYBRYC' (.'2%
8@%=2'?/-/15B%N)."%VK%NSC'/%2".72/)/?%@82%-%("18/>Y4M) 2HES /842 Ba3H%%

&Y% F&&PI T8 @TBIYo:4>%+9G: HI%S B/ @N'2'%7'/8.5=">%7()/?%=8<5C'2-("%
1"-)/%2'-1.)8/%N) 2%62) 1.)8/%@2-2C'/.%<'/?."%=8<5C82=")(C#%&'1"/) 1-<YBaN} 24>

I"4#$% 9/8.5=)/2%<">%.8%7/2'<)-E<'%2'(7<.(B%18/('R7'.<5B%8/<5% &R (V8@ 28C%U
2'/8.5=)/2%-2'%2'=82.">#%8&"%!'2) - -<%SE({BC=7<()4'%\1-<'%F!SL\MI%6N-(%
18C=<"">%-.%"-1"%4) (3967 (>%.8%1-.'282)X'%N8C'/%)/.8%<8NY%F/Y :M%82%")?"%F/Y :GMY
SL\%(5C=.8C%?287=(%E-(">%8E8 WAL T8 @ @#%P)/-2%C)A'>%C8>'<(%N'2'%-==<)">%.8%
)A'()?-.%."% @ @'1.(%8 @IBLPIT%?'/8.5='BUC-."2/-<%(.-. 7(%F=2"2/-I15%A(#%
=8(.=-2.7CMB%-/>%.")2%)/. BABJ="2)/-.32'<-.">%SL\%('4'2).5B%N")<'%18/.28<<)/?%@82%

- ?'B%>)-2/8()(%-/>%=-2).5#

% 9G¢



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

#<?2A1B&" 2'%N-(%/8%-((81)-.)8/%E' . NHEEP 1 T%-<<'<'%FB2%\hR%82%?'/8.5='%
@2'R7'/1)'(%N)."%")?"%!SL\%('4'2).5%(182'(%)/%=2'2/-115%82%=8(.=-2.7C%F-<<%=|J#JUM4
g" /%18/()>'2)/?%>)@@'2'/.%C8>'<(%8@%7?'".)1%)/"'2) MFYE).b2'1'(()4'MBY%
18/'%N'2'%()?/) @) 1-/.%F-<<%=|J#JUM#%P)/'-2%C)A">%C8>'<(%18/@)2C">%/8%' @ @'1.%8@
F) FKMYU#JGB%=Y J#JHONIBMYBIIFYB%=Y J#Q:M%82%."") 298 - KVIY OB}

=Y IHKVM%8/%=2">)1.)/2%! SL\%(182' (#%$)-?/8() (% ) JR@RI 1 586!SL\%(182'(%

F} FKMY G9#9UB%=%~%J#JJJIJOMBY%(71"%."- FER.)204BNSU=3%") 2" 2% (182" (#%
&"2'%N-(%/8%' @ @'1.%8@%-?'%82%=-2).5%F=Y J#9G%-/>% 9 J#H B%2'(='1.)4'<5SM#
813-A2?7B1B&")(%)(%."%@)2(.%2'=82.">%7?'/".)1%-((81)-.)8/%(. BSUNBYs B
('28.8/'2?)1%2)(W%?'/'(%18/@'2%(7(1'=.)E)<).5%@82%." %>'4'<8=C'/.%-/>%N82('/)/?%8 @%:
)I%NBC'/%>72)/2%." %="2)/-.-<%="2)8>#%q'% @87/>%/8%'4)>"/ H8& P F/58l6 (Yo
-((81)-.">%N)."%%7/)R7'%="2)/-.22'<-.">%(5C=.8 C(B%E7.%2'=<) 1-.)8BRWG-GC=<'(%)(%

N-22-/.">B%N)I"#5% %8<5C82=")(C(%2'C-)/)/?%.8%E %%.'># (

% oGl



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

)*+(,-$%./0'$1 .

SE((()4' *18C=7<()4'%>)(82>"2%FSL$M%)(%-%1"28/)1%=(51")-.2)1%)<</'((%."-.%-@«
-1%'(.)C-.">%9:2%8 @6'% ?<8E-<%=8=7<F)BI80'.%-<#BUWKIIG0%P#%;#%,;8/.'/'<<'%'.%-<#B%
KJJIV0%;j'((<'2%'.%-<#B%KJIJU0%\-((8/%' %> 9@ Q) -V>%N)."%-/%)/12'-(">%™-<."%
E72>'/%-1>%C82.-<).5%2)(@%0'. %-<#B % KIBEMHOC8(.%=28C)/'/.%@'-.72'(%-((81)-.>%
N)."%.")(%>)(82>'2%-2'%."%=2'(YA'Y52@&) .%."87?".(B%)C-?'(%82%727?'(B%-/>b82%
2'=").)A'%E"-4)872(%82%2).7-<(%."-.%-2'%="2@82C">%-(%-..'C=.(%.8%-<<'4)-."%-/A)".5%
FIC'2)1-/1%!(51")-.2)1%I((81)-.)8/BY%KIBA& " %>)(-EH%-((81)-.>%N)."%SL$%) (%
18C=87/>">%E5%)/12'-(">%2-.'(%8@%18C82E)>).5%N)."%8."2%C88>%-/>%-@@'1.)4'%>)(8
Fl-<<-1.)%'.%-<#BRMTEHN-5">%.2'-.C'/.%("W)/?B%N)."%2'=82.(%(727'(.)/?%-1%71.2"-.">%
)<<I'((%>72-.)8/%8@%-==28 AYBS'<HWb'<<{S((8%'.%-<#BWKIIQM

&"%1722'/. % @YU %="-2C-18<8?)1-<%.2'-.C'/ 2HBBS%-2'%."%('<'1.)4'%
('28.8/)/%2'7=.-W'%)/")E).82(%F\\TH @A%%' . %-<#B Yo KIBN('%C'>)1-.)8/(%-1.%8/%." %
('28.8/'2?)1%(5(.'C%.8%C8>7<-.'"%/'728.2-/(C)(()8/%-/>%)/12'-('%('28.8/)/%-4-)<-E)<).5%-.%
%<'4'<%8@%."%(5/-=(#%g"/%<'@.%7/.2"-.">%@82%C82'%."-/ Y%K}y 2#BS)E4)>7-<(
'1>%.8%'A="2)'11'%-%=882"2%2"(=8/("%.8%. FIZLY5((8B%C78<)B%f8<<-/>'2B%£%
I<.-C72-B%KJIRON-22-/.)?%."%/">%@82%7?2'-.'2%=2'4"].)8/%-/>%=28C=.%)>"/.)@)1-.)8/%@
)[>)4)>7-<(%-. %P W#

1<."877"%."2'%"-4'%E"/%18/()>'2-E<'%>) @ @) 17<.)'(%)/%)>'|.) @5)/?% @-1.82(%."-.%
18/.2)E7.'%.8%."%'.)8<8?75%8@%SL$B%(7E(.-/.)-<%'4)>'/1'%=8)/.(%.9NEEA YA T# L %
;-C)<5%-/>%.N)/%(.7>)'(%"-4'%("8N/%."-.%SL$%) (% @-C)<)-<%H>2%E2p-Hs=%WB%

KJJIVO0%6'(.->.%'.%-<#B%KIJJ0%&-5BSRBHHIUIEN) @) 1%/ (%"-4'%E"1%18/()(.].<5%

% 9G:



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

)>'.)@)>%@28C%1-/>)>-."%2"'Y%-/>% IMPEYe-==28-1"F%-..)/-%E€%\.)/'2BY%K IONI
&8%>-."B%?"/(%@28C%."%('28.8/'2?)1%(5(. QOMAKHE672'-. %>'-<%8@%-..'].)8/%
F\)/8=8<)%'.%-<#BMBRGI"NI"%) (%)/%=-BI6* VYD @)1-15%8 @Y\ T(%8/%.2"-.)/2%SL$%
F\88C28B%I<.C-/B%T-h-?8=-<B%E€%SAWLERHK J I, 28C%. " (%(.7>)'(B%.N8%=2)C-25%
1-/>)>-(%"-4'%'C'22'>]%."%(8<7.'%1-22)' 2% @-C)<5%\ %C'C ETBBGRPEYsDb." %
('28.8/)/%2'1'=.82%KI%?"/1945% M4

&6 789% 9B/'%) (U@ 87/>%8/%1"28C8(8C %9 FEREHD>N6'/ 18>'(%."%
('28.81)/%.2-/(=82."2%=28.")/% FEIVI) <(%'.%-<#B Y20 QI8IY%) (%-%C8/8-C)/'%
2-1(=82.'2%=28.")/%."-.%=<-5(%-%12).)1-<%628<'%)/%."%2'?27<-.)8/%8@%('28.8/'2?)1%
1'728.2-1(C)(()8/%E5%C'>)-.)/2%('28.8M=.-W'% @28C%." % (5/-=.) 1%1<'@.%E-1W%)/.8%." %
=2(5/-=.) 1%/ 728/%&-8L"/?%€%k"87B%IQQQ0%;#%L#%K"8 7%9%6-<#B%IQQHM

&' 28.8/)/%.2-/(=82."2%<)/W'>%=8<5C82=") 1942Z88756% 2 (G QUUBHM
N")1"%'A)(.(%N).")/%." %=28C8. 8V @68/'%8@%." % C8(.%N)>'<5%/(.7>)">%4-2)-/.(%
-128((%=(51"8=-."8<8?)' (H%&I&BIP I T%)(%-YEE %=-)3X2.)8/b>'<".)8/%
=8<5C82=")(C%."-.%18/.-)/(UICDE-("%=-)2%.-/>'C%2'='-. (% SBYeH'<'C'/. (Ff)<(%'. %
-<H#BYOBBVIN)(%18C=2)(>Y8BWUFWI6-<<'<'%N)."%9G%2'='-. (%82 W LB HPM
OV%62'="-. Bh-(=)%'. %-<HBYHEBNI>) @ @'2'/1'%)/%<'/2."%E" N"/%. " %6\%6-/>%P%-<<'<'%-@@'1
o' A=2'(()8/%8 @Y%\ BYEN" 2'E5%. " 9%60\Y%-<<'<'%"-(%2'>71'>%. 2-HURYQMB) 1)/ 15%-/>%
2'(7<.(%)/%>'12'-(">%\DT&%=28.")/%"'A=2"(()8/%-/>%<8N'2%('28.8/)/FE2(120\I84<#B%
9QQVIRAL.Y%. " %<'4'<%8@%." %(5/-=('B%. " %\%b-<<'<'UNB7<>%2'(7<.%)/%(<8N'2%62'151<)/?%
('28.8/)/%>7'%.8%<'((%'@ @)1)'.%.2-/(=82."2%@7/1.)8/B%1-7()/?%-/%84'2-<<%2'>71.)8/%)/%

1)217<-.)12%<'48@H6('28.8/)/%-.%.-27?" %o (S FEJY86:%-<#B%IQQV0%_-()/(W-B%PSN25B%EY:

% 9G(



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

C72C")('2B%KIHIBB/2%/'728)C-?)/2%)/4'(.)?-.)8/(B%." %' @ @'1. (SBR@YEU8/%
\DT&Y%'A=2'(()8/%N).")/%." %" 7 C-I%E2-)/%"-4'%5)'<>'>%)/18/()(.].%@)/>)/?(B%N)."%(8C'%
18/@)2T2%-/%-((81)-.)8/%E".N"/%\%-<<'<'%1-22)'2(%-/>%2'>71'>%\DT&%2'<-.)4'%.8%P%-<<
"8C8X57?8."(FF')/X%'. %-<#BY%K III0%]-<E).X'2%" Y%-<#BY KIJED%! ALEHBIOK IT 0%
T)C8<>B%\C8<W-B%\1"7C-//B%".%-BIBYsKAS N2 (% @)/>)/?%/8%1"-/?'%)/%\DTE&Y%
'A=2'(()8/%-1182>)/?%.8% R8B! TI/8.5="%(.-.7(%!-2('5%".%-<#BY%KIIVO%\")8'%'.%-<#B%
KJJ: N6

A %N-(%<-."2%>)(184'2'>%."- %-%/'-2E5%4-2)-.) SI4%2 (RARHD<<'<'%68@% U
f&&PITY%2'(7<.(%)/%-B()/'YoFP: M%.8%27-/)/'SARRL"-/?'%811722)/7%-.%."%()A."%
171<'8.)>'%N).")/%. "% @)2(.%8@%."%.N8%'A.2-%2'='- (BY HEISZCIIIHR) <-2%
2-/(12)=.)8/-<%-1.)4).5%.8%."%\%-<<'<'BY%2'(7<.)| ?VE)PEXTT64%-/>%=28.")/%
Fc2-><'5B%$8>'<X8/B%\-/>"7B%E%!")<)E'2.B%KIIU0%{7%" . %-<#B%KIIVBY%KIIU0Y%G'/><-/
KIIVI6E"2' @82'BY%(.7>) (%."-. % @-)<">YEBNEASHOR)B/-<%=8<5C82=")(C%-/>%."%.2)
-<<'<)1%/-.72' %8BI %2'R7)2'%1-7.)8/9%)/%).(%)/.'2=2".-.)8/%-1>%C-5%=-2.<5%'A=<-)/%
06>)(12'=-/1)'(%-128((%6(. 75Y(#

&R HS% B WU@87/>%8/%1"28C8(8C HRIBC>%'/18>'(%."%('28.8/)/%
KI%PER: y M%2'1'-I8%-8628.")/%187=<">%2'1'=.82%.5="%."-.%)(%2'(=8/()E<'% @82%." %
2'27<-.)8/%8@%-%/7CE'2%8@%1'<<7<-2%() ?[FIHSIBBAL = {¥6-25-BY%EY!-/) IW'2B%
KJJ M%68E<5B%. "8+ 2'1'=.82(%C">)-.'%('28.8/'22F>71'>%'Al).-.)8/%)/%C-/5%
182.)1-<%=52-C)>-<%1'<<(B%N)."%'@ @'1.(%8/%?LJ/BE7.52)£%-1)>%F+IcIM%
I'T281(YF+#%_#%,-2"WB YR 29IRCE2'B%. ") 2%-1.)4-.)8/%1-/%<'->%.8%>8N/(.2'-C%

C8>7<-.)8/%8@%\DT&%>)(. 2)EJ-J&%%6-<#BY%IDQ M

% 9Gl



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

&"%.N8%()/?<'%/71<'8.)>'%=8<5C82=")(C(%F\BH W 84 %"-4'%E" /%
2'="- '><5%)/4'(.)?-.">%)/%SL$%-2'U3F: HI%F2(V:99M%-/>%&9IKLY%F2(V:9:MBYN")1"%-2'%)/9
[-2<5BBC=<"."%<)/W-?'0%>)('R7)<) ERS2B%'. %o K EBBO% TH%,#%6\C)."%'. %-HIBYKIO:M
9G:HI1%)(%<81-.">%7=(.2'-C%SEBBS"2BYN"2'- (%&IIKL %) (%-%()<'/.%=8<5C82=")(C%
@87/>%)/%."%@)2(.%'A8/%8 BT 2UTINGL'. Yo-<HBIRURE@W/L.)8/-<%18/(R7'/1'%S@%
(%4-2)-1 .(%)(%7/1<'-2B%N)."%18/@<)1.)/?%2'=82.(%(727?'(.)/?%."-.%." %I %-<<'<'%C-5%E"
-((81)-.">%N)."%)/12'-('>%82%>'12'-(">%=28C8.'2%-1.)4).5B%."2'E5%) &7 94)/?%U
=28."/%=28>71.)BI9B(8/(B%S${\87 X-B%I22-/XBIMENEY, -W8@ @BUKJIIG0% T#%,#%\C)."%".%
-<H#BYKIDNB2'%2'(-21"%)(%/">'>%.8%>"."2C)/'%."%C'1"-/)(C(%@28C%N")1"%." (%
=8<5C82=")(C(%C-5%)/@<V#% W>%t& y- 2'1'=.82%=28.")/% ALPB/B%-/>%." %
2'(7<.)17%' @ @'1.%8/%('28.8/'2?)1%/'728.2-/(CK () 8/#%

1(%=28C)()/?%-(%ES."%8@%." (%('28.8/'22)1%1-/>)>-.'%72''(%-2'%)/%."%18/.'A.%8 @Y
SL$BY%(. 7> (%-(((()/?%. " #&EP' T%-/>%#9G: HI%=8<5C82=")(C(%)/%SL$%(-C=<'(%
"_4'%@87/>%<-27?'<5%C)A">IERIF=GLY%' . Yo-<H#BUMIM. %61"-<<'/?'(%N)."%
2'=<)1-.)8/B%('4'2-<%E)<5.)1%)/4'(.)?-.)8/(%"-4'%>'C8/(.2-.">%."-.%." (%
=8<5C82=")(C(%N)6789% :H>%'#$% B/ (%-2'%-((81)-.>%N)."%SHE+2v/E<.%'. %
-<#BY%KJIHO%&-5<82B % KlS B@H IRAHBBER. %U< <'< %S @REB ! TYN-(% @87/>%.8%
18/@'2%72'-.'29%2) (W% @82%SL$BY%-(%N'<<%-(YQ B/ M RE29868@ %< %8 @ %&9IKLM%
@28CHEY #Y%M.'2'(.)I7<5B%." %-((81)-.)ATHB@ ;). "% SLS%-=="-2(%.8%E'%(='1) @)1%.8%
@'C-<'(B-..)I-%" Y%o-<#BYKBBEM)."%-/8." 2% & /-<5()(%@)/>)/?%-%.2'/>)/?%-((81)-.)8/%

8@%."%\%-<<'XRGBBITHOF . 2'-.">Y%-(WEI<'<) IMI%N). "% SL$%)/% B QYL Ho-<#B%

% 9G!



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

KIOQURAO&-W'/%.87".""2B%." ('%)/4'(.)?-.)8/(%(727'(.%."-.%." (%1-/>)>-."%('28.8/'22)1%
2/'(%C-5%18/@'2%722'-.'2%2) (W%.8%N8CH/s 061 B/ 24% %

1C-< (%'A="2) 11'%-%(<)?".<5%") 2" 2%<) @".) C'%=2"8@HB{%18C=-2">%.8%
C-<'(9F&822'(%" Y%-<HBBKNNWD. "% C-h82).5%8@%8/('.%1-((%811722)/2%)/%<-.'%->8<'(1'/1
[>%'-2<5%->7<."FBEBL)8%'. Y6-<H#BUHBBINE <SBYSL$%68/('.%)/%@'C-<'(%18CC8/<5%
18)/1)>'(%N)."%2'=28>71.)4'%5'"-2(B%N)."%="-W%)/1)>'/1'%2-.'(%811722)/2%)/%@'C-<'(%-?">
8%KQUEFR(P4'2%'.%-<#BYKJIIJUOY%e'<>"7) (%' WHBUKIVKM96="2)8>%=8((%
02)@)1-/.%2)(W%@82%N8C'/%.8%>'4'<8=%=(51"|BY L= RIRSL $#Y%6">">B%
N8C'/%-2'%-==28A)C-.'<5%9#U%.8%K%.) CBIBEBVAIR) 1'% SL$%>72)/7%
=2'2/-/115%-/>%=8(.=-2.7CB%-(%18C=-2'>%.8%." % ?~2}%V @' C-<'%=8=7<-.)8/%
FT7((<<%' S4B%KEIM 2."2C82'BY%NSC'/%N). "2/ 2%SL$%-2'%C82'%<)W'<5%.8%
' A="2)'/1'%(5C=.8C%'A-1'2E-.)8/%>72)I2%." %="2)/-.-<YHEBI2>5%".%-<#B%KII0%
+72<)'<C)%'.%-<#BY%KJIIG0%P-E->%'.%-<#BYHGAIBHHEPHEOUE e 7<)/\WIB6-<#BYKIIVI
SE((()4' *18C=7<()4'%(5C=.8C(%FSL\M%-2'%-<(8%C82'%18CC8/<5%'/>82('>%)/%." %
=8(.=-2.7C%="2)8>%E5%N8C'/%N)."%>'=2"(()8/B%-<8/2%N)."% ) SERETERMEYA) << 2B%
f8A"-BY%Q)(/'2B%E€%+8(('..BY%HIOUM

SE((()4'%)/.27()8/(%-/>%>8TE.(%2'2-25)/2%. " %E-E5%-/>%1-2'?) J|fA92:9%)4).
2'<-.)4'<5%18CC8/%)/%=-2'1.(%N)."%-/>%N)."87.%=(51")- BIERYCEIN{. X%'.%-<#B%
KJJVO%IER8N).XBY%\1"N-2.XB%E%,882'B%KJJ:0%:;-)2E28." 2% €% gBBHEELpK 35
>72)/2%."%'-2<5%=8(.=-2.7 CYR:2BNY%'. %-<#BHKIERBA) (<5%699-068 @%C8."2(%
@8<<8N'>%=28(="1.)4'<5%84'2%."%=8(.=-2.7C%="2)8>%'/>82(">%SL\Y%6-. %K %N "W (%-/>%\/

C8/."(%=8(.=-2.7CB%N")1"%N-(%")?""2%."-/%."-. %8 @%-/A) . BRDETBB)2%" . %o-<H#B%

% 9G



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

KJ9:M%g")<'%).%)(%<-2?'<5%->4-/.-?'87(%@82%C8."2(%.8%-../>%.8%."%(-@'.5%-/>%=28
8@%.")2%1")<>B%7/N-/.">%."872".(%8@%"-2C%F")."2%-11)>"/.-<%82%)/."/.)8/-<M%1-/%1-7
(TE(~1.)-<%>)(.2'((%-1>%C-5%=2">)(=8('%N8C'/%.8%>'4'<8<PH(BABC (BYo)# #%
=" 2)/-.-<%SLIBE2-CBN).XBY%\1"N-2. XB%E%,882'BY%K.JJ: %24 LE2MBE>5B % K%M
&"%2)(W%@-1(E2A(Yo'>%N). "%. "%>'4'<8=C'].%8@ % SL\%)/%:"%%2)2)8>%
-2'06/8 M<<%\W/SNEB%h." 2 UHBC '%'4)>' /1'% 727 (. )I? U-.%C-."2/-<%-2'%-/>%>'<)4'25%
C'."8> B 1)@)1-BB7/?'296-.'2/-<%?'%-/>%<)4'25%E5%2"-/%('1.)8/ B%-2'%
-((81)-.">%N)."VA.2'-(">%SL\ Ff87 (‘%' %-<#BYKFRA/NRCS2'B¥%2'(11'%8 @Y%/A) 5%
8294=2'(()4' %)(82>'2080."%="2)/-.-<%="2)B>HHHE W) (W% @-1.82% @82%."%>'4'%B=C'/.%8@
='2)/-.-<%BL\ FIE2-C8N).XBI%\1"N-2.XB%,882'B%".%-<#B%KJJ:0%j-5-%"'.%-<#BY%KIIU0%D#
)<<'2%" %o-<H#BYKIB:M2'(TBAD) (%) C="2-.)4'%."-.%2) (W% @-1.82(%@82%."%>'4'<8=C'/.%82
'A-1'2E-.)8/%8@ W="2%SL$%)/%C82(%>72)/2%. " %="2)/-.-<%="2)8>%-2'%6)>'.) @) ">%)/%
82>'2%.8%727)>'%=2'4'/.- )4'%(.2-.'?)(%82%.2'-.C'/.%@82%."8('%."- %-2%6 C8(.%-.%2) (WH%
&8%>-.'BY/8%(.7>)'(%"-4'%<88W'>%-.%."%?"/".)1%>".'2C)/-/.(%T/>'2<5}/?%="2)/-.-<
2'<- ">%SL\%)/%C8. P68 %=72=8( VB@PK . %(.7>5%N-(%.8%'A-C)/'%N"."295."%U
f&&PITY%-/>%#9G:HI%=8<5C82=")1%4-2)-/ §TERE/@>%"#$% %28.8/'2?)1%?''(B%
2'(='1.)4'<5B%N'2'%-((81)-.">%N)."%."%=2"("/1'%82%-E(/1'%8@%1<)/)1-<%SL\%)/%N8C'/%
>72)/2%=2'2/-115%82%N) " Y - 2%=8(.=2.7CH%"I%.") (%=2'<)C)/-25%)/4'(.)?-.)8/B%S872%
8EN'1.)4'(%N'2'%=2)/1)=-<<5%.8%' A=<82'%.") (84 78&55962'<-.)8/(")=%-/>%
>''2C)/'%N"."2%67"/8.5="%82%-<<'<'%%(.-. 7(%6N-(%-((81)-.>%N)*@HAD~ %(5C=.8C(%
7/>'2%('4'2-<%1<-(() PEIBI6CS>'<(BYHT>)/2%->>).)4'B%>8C)/-.%-1>%2'1'(()4'%C8>'(%

8@%)/"'2).-/1'#%;72."2C82'BY%N'%N'2'%)/.'2'(.>%)/%>"."2C)/)[2%N".""2%." 2'%N'2'%

% oGl



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

=8<5C82=")(C(%=2">)1.">%SL4R)5%(182'(%- (2B("%="2)/- -<%="2Y8>#
)*2(34%$5./#(
GHK#9%!-2.)1)=94.(
1-2.)1)=-/.(%N'2'%C-)/<5%18C=2)(">%8@%-/%87.=-.)'/.%(-C=<"%&@Wp2%C"/.
NB8C'/%=2'(1.)/?%N)."%>)4'2('%C88>%(5C=.8C(%-.%."%g8C /{(%f'-<."%L8/1'2/(%L<)/) 1%
FgfLLM%.9%\.#%_8('="{(%f 4-2'%f-C)<.8/%FiM#%T'127).C'/.%-<(8%811722'>%4)-%
@<5'2%->4'2.)('C'1.(%)/%."%f-C)<.8/%-2'-B%)/1<7>)/2%C)>N) @'25%-/>%="5()1)-/%1<)/)1(BY
N'<<9%-(%8/<)/'%F)# #%j)h)h)M#9612)82%.8%(. 7>5%'/28<<C'/.BY%=-2.)1)=-/.(%N'2'%(12"/>%@
=2'(/1'%8@%-/5%=]52)1%>)(82>'20828%B?)1%18/>).)8/#%g8C'/%N'2'%'<)?)E<'%.8%
=-2.)1)=-."%)/%."%8E("24-.)8/-<%(.7>5%) @%."'5%N'2'%=2"?/-/.B%-E84'%9IH%5'-2(%8@%-?"
=28@)1)"/.%)/%D/?<)("#%:!8.'].)-<%=-2.)1)=-1.(%N'2'%'A1<7>'>%) @%."5%"->%'A="2) /1'>%-%'
2-7C-%8298)16%)/%. " %<-(S4HBA="2)/-.-<%18C=<)1-B82'%)/%=882%="5()1-<%
"< " BY%82%"->%-%=(51")-.2)1%>)-2/8() (P4BL.3BH/A) .5 %)(82>'T2%-%>'=2"(()4'%
>)(82>'29%g8C'/%)." HA)'.5%82%>'=2'(()4'%>)(82>"2(%N'2'%'<) ?)E<'%.8UER ] () %.
Y (%1<)/)1-<%(-C=<'%)(%C82'%<)W'<5%.8%HE82 LIHREI>T72)/2%. " %="2W6
='2)83960)(/'2 Yb-<#BYIGHDRIMA()(%-/>%)>'.) @)1-.)8/%8@%18C82E)>).) (%N'2'%
18C=<".">%E5%-/%'A="2)/1'>%)\_ff%=(51")-.2)(.%-/>%18/@)2C'>%N)."%."%18C=8()."%
)1.21-)81-<%>)-2/8(.)1%)/."24)'N%@82%N8C'/FDOSMIE, -2.)/)B%g)..1"/B%\8-2'(B%
T)'>'2B%€%\.)/"2B%K BQNP68/%12).'2)-% @ 28Q9BIBLE%-/>%\.-() 1-<%, -/ 7-<%8@%
1.-<%S$)(82>'2BY%@>).)8/%F$\, * e *&TMBIC'2)1-/%!(51")-.2)1%I((81)-.)8/BY6K KA

$7'%.8%."%I-.72'%8@%.")(%1<)/) 1-<%(-C=<'B%.2'-.C'/.%(.-.7(%N-(%/8.%=-2.%8@%."% Al<

% 9G(



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

12).'2)-#%&")(%(. 7>5%N-(%-==284">%E5%."%f-C)<.8/%"/. 22 S4B T)EBL2>%
F128h'1.%%9HM%-/>%-<<%=-2.)1)=-/.(%=284)>">%N2).."/%)/@82@>%18/('/ #
GHK#KY%\.7>5%$'()?/%-/>%L<)/) 1-86\1-<'(
1-2.)1)=-/.(%N'2'%-(W'>%.8%18C=<"."%.N8Ys(-7>%4)().(%84'2%."%1872('%8@%." %
='2)/-.-<%="'2)8>]%."% @)2(.%4) (% %' GBVRFB %K™ 9R)C'(.'’2%8@%=2'?/-/115%-/>%-%
@8<<8N%4)().%.88W%=<-1'%)/%.""%@)2(.%5"-2%=8(.=-2.7C#%$72)/?%." % @)2(.%4)().B%b-
7/1>2N'. %4')=7/1.72'%@82%."%=72=8((%8@%18<<"1.)/ 2%E<88>%(="1)C'/%.8%E %7 (>%(
2'18.5=)12%-1-<5() (H88%-(('(%%1"-2-1.'2)(.)1(%-/>%('4'2).5%8 @%SL\B%."%!"2)/-.-<%
SE((()4' *L8C=7<()4'%\1-<'%F!SL\MPB2>B%T)">'2B%f-<<B%\8-2'(B%E€%\. W2Be6KIIOM
s-<' *c28N/%SE('(()4*L8C=7<()4'%\1-<'%ESL\M%+88>C-/%'".%-<#BYHHRQERN2.%
R7'(.)8//-)2'(%N'2'%7(">%-/>%18C=<".">%-.% E84%8 ) #%0
&"%ISL\%C'-(72'(%."%18/.'/.B%('4'2).5B%-/>%8/('.%8@%)/.27()4'%."87?" .(%-/>%
2'=").)4'%E"-4)872(%."-.%C8."2(%C-5%'A="2R828>%'". %-<#B#KIIIMBEC=.8C(%
S((((>%-2'%T7/)R7'%.8%."%="2)/-.-<%="2)8>%-/>%-2'%=2)C-2)<5% @817 (">%8/%." %/ NE82/{(
"< "%h-/>%N'<<E")/2#%\5C=.8C(%8/%. " WL IAM<TIAL'(()4'%C-."2/-<%E"-4)872(%
F'#24#%)CC8>'2-.'%62'(-21")/2%-E87.%=2'2/-/15B%2'="-."><5%1" 1W)/?%8/%. "% E-E5%82%
1<-N)I2%."%E-E5{(%'/4)28/C'/.MB%>)(.72E)/?%."87?".(%8@%-11)>'/.-<<5%82%)/..)8/-<<5%
"-2C)/?%."" %)/ @-/.B%>87E.(%-E87.%C8."BIPBAF1 'Y ("W)/2%E"-4)872(#%S4'2-<<%
('4'2).5%(182'(%2-/?'% @ Z83BDN)."%2'1'/.%)/4'(.)?-.)8/(%)/.8%).(%=(51"8C".2)1%
=28="2.)(%2'4'-<)/1?%7?88>%)/.'2/-<%18/()(.|15%-F2U{.12'<)-E)<).5%)/%="2)/-.-<%
(-C=<'(PT8N-%".%-<#BUHIKHI%@28C%.")(%4-<)>-.)8RCEIDY> ¥WolT8@@%

(182'%8@%HEBAY%>%N). "BHE «%6('/().)4).5 U>W:#+%(='1) @) B 2."2C82' BPA6N-(%

% lUN



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

@87/>%."~Bo(1<"%"-(%0%. 172-15%8 QXM (.)/?7)(")/ ?%E'.N"/%"8('%N)."%-1>%
N)."87.%-/%SL$Y6?/8()( %72)/?%." %="2)/-.-<%="2B$#5BY82'(®/%."%!SL\MN'2'%
@87/>%.8%E'%()?/)@)1-/.<5%%YC@B2' (Y4BE.-)/'>S1W)."%."B*cSL\ BU??'(.)/?%."-.%
%S\ 1-<'YP%<)W'<5%C82'%('/().)42H.8%*2'<-.">%(5C=.8Cfp-.%2'¥B.%
2'=2'(1."> %%."%&SL\H %
&"%s*cSL\%)(%18/()>'2">%-%,?8<>%(.-/>-2>{%-(('((C'/.%.EB<{Y2@ 320
18/.'1.%-1>%('4'2).5%8 @ Y0St3%>C-/%'. % B I QHIBED ('<@'=82.%=-22> *='/1)<%
4'2()8/%N-(%7('Fe6'2B%c28'-(<'5B%\821'BY%€%(/2)R7'(B% B M06).%"-(%("8N/%
'A1'<<'.%)/.'2/-<%18/()(.'/15%-/>%Q."(.%2'<)-E)<)BAV'."B%;28(.B%€%Cc8?-2. BHEHQQVM
3/<)W'%."%!SL\B%. %S L\%>8"'(%/8.%18/.-)/%-/5%=28C=.(%@82%."%18/()>'2-.)8/%8@%
='2)/-.-<*2'<-.">%(5C=.8C(#%8&8.-<%('4'2).5%(182' (Y4386 }Y8YB20 @ 28C%IBY%N)."%
2'1'/.%'C=)2)1-<%'4)>'11'%=284)>)/?%."% @8<<8N)/?%(5C=.8C%('4'2).5%2-/?%%)/%->7<.(]%.
9:%,C)<>%(5C=.8C({BrAB,C8>'2-."%(5C=.8C({B¥BRA/C8>'2- *('4'2'{B%-/>% B I%
(4'2'{%F\.821"%'. %-<#BWBAYURD." (%o(1-<'(%-=="-2%.8%C'-(72'%>)(.)/1.%$B%18
E8."%¥d-<'(%N'2'%)/1<7>'>B%N)."%('4'2).5%(182'(%8/%." %!SL\%E")/?%872%C-)/%87.18C'%8
).'2'(# %
G#K#:%+'/8.5=)18
e'/87(%E<88>%18<<'1.">%)/%D$&1%4-177C%.7E'(%>72)/?%."%-/.'I-.-<%4)().%N-(%
)CC™>)-.'<5%@28X'/%-/>%(.82HYf-#%0+'/8C)1%$61%N-(%'ALl2>% @ 28 C84MNHE<88>%
70/?%.""%d"-C=%$61%E <88>%@Y}) %Fd"+D6%U99IVB%&828/.8B%S6M%-/>%$61%
18/1'.2-.)8/%F/?b,PM%N-(%>"."2C)/">%7()/?%.""%6-/8$28=%KJJI1#%+'/8.5=)/?% @82%."%U

f&&PITY%-/>W#$% %*9G:HI%=8<5C82=")(C(%N-(%18/>71.>%7()/?%=8<5C'2-('%1"-)/%

% QU



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

2'-1.)8/%FILTM%-/>%2'(.2)1.)8/%@2-?C'|.%<'/?."%=8<5C82=")(C%FT;P!M%.'1"/)R7'(#%
+'/8.5=)/2%N-(%18/>71.">%)/%(C-<<%E-.1" (%F/Y H%(-C=<'(M%-(%E<88>%(-C=<'(%N'2'%
18<<'1.">%84'2%." %1872 ('%8 @ Y8 Y6T4BHB-C'%=28.818<%="2 @82C'>%-128¥F6E-.1" (#
GHKH#EBP 1T %
&8%-(('((%."%=8<5C82=")(C%)/%."%=28C8.'2%2'?)8/%8@%."%('28.8/)/%.2-/(=82."2%
2''%F6789%:MB%." % @8<<8N)/?% @8N -BHEUFL&L&+I&+L  *{M%-/>%
2'4'2(YFW{1+++IL&+I+L&++ILILLIL “IM%E€2P(%N'2'%7 (>%.8%-C=<) @5%."%
GEE=%>'<".)8/b)/('2.)8/%@2-2B62'(7<.)/?%)/%")." 2%." %\%-<<'<' Yo FAV(R Wb <3 <HB %
9QQV& %K U%, P%-C=<pa)A)B2'%18/()(.">%8@ %9JJ%/?%?'/8C)1%$61B%JI#U%, P%8 @2
@82N-2>%-/>%2'4'2('%=2)C'2(%F'-1"MB%9J%C,%8@%>'8A5/71<'8()>'%.2)="8(="-."(%F>6&!
C)A%F4).287?'[%9HBKIBY%C72<)/?.8/B%SE6MBY%U%, RIAS@NUINTACT @ @'2B%U%,P%
1<-)/7C%+1*Q1"%'/"-/1'2%-/>% I#K %, PY%!<-.)/ 7 CROEE2.%$61%!8<5C'2-('%
FA14).287'1%9G QIM#%L8/>).)8/(% @82%151<)/2%N'2'%." % @8<<8N)/?]%)/).)-<%>'/-.72-.)8
QGfL%@82%K%C)/7.'(B%@8<<8N">%E5%GJ%151 < (SE@X82%2) %489 @B %
-11-<)1?%-.%UU f@82%9U%('18/>(B%-/>%'A."1()8/%-.%VH L% @B2%: J%('18/>(#
e)(7-<)X-.)8/%8 @Y 18&B! T%-<<'<'%E-/>(%N-(%18C=<".">%)/8(-98H488 1" (#%
)2(.B%9:%,P%8@%."%!LT%=28>71.%7/>'2N'/.%'<'1.28="82'()(%8/%-%9#U*%-?-28('%?'<%
(7==<"C'.">%N)."%U%,P%8@%\5E'2\- @8BF%%)9IKM%-.%UJe% @82%QJI%C)/7." (#%
T'(7<.)/?%E->%=-.."2/(%-2'%4) () E<'WE BV GEHS6 @ 82%. " %P Y%-/>%\%-<<'<'B%
2'(='1.)4'<5%F("9872'%8%%
N%82>'2%.8%)>'].) @ 5USYIPU<<'<' (% F2(KUU:9MB%."%2'C- )N P88 @' %

ILT%=28>71.%N-(%."/%)/12B6N)."%J#9%,P%8@%. "%2'(.2 )L Y8/ 0YKE6'N %

% qul



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

D/?2<-/>%¢)8<-E(%TIIV\B%G"). ESB%S6M%-/>%9#:%, P%8@%L7.\C-2.9%c7@ @'2%F6'N%D,
€)8<-E(%C KIG\M%@82%:%"87 2R3-[6-\TDB>"2%". %6-<#BYeKEEM617.%=28>71.%N-(%
27/%8/%aI8%22->)'/.%=8<5-125<-C)>'%?'<%6F~/4).28?'/%DLVKKUCSIM%)/%-%4'2.) 1-<%iL '<
\72'P81W%?'<%E8A%-.%9G B MR EZIBY/?%. " %eg T%I117!18N'2%G86UII%
'<'1.28="82'()(%=8N'2%(7==<5#%I@.'2N-2>(B%."%7?'<%N-(%)CC'2(">%)/%-%(8<7.)8/%18/.-)/
9JJ%CPY%N-.'2%-/>%9J%,P%8@%\5E'2\-@'%@82%:%"872(#%¢)(7-<)X-.)8/%8@%."%-?-28
=8<5-125<-C)>'%7?'<%.88W%=<-1'%7 GF T%YHLLT) >81%7<.2-4)8<".%.2-/ ()< BAY%
(5(.'CHY%&"%17.%ILT%=28>71.%7"/'2-.'(%E-/>(%4)() FE S84 @ 82V Y46 'B%
OVV...9"G=%@82% AR %-/>%KEEY% @82%."%\%-<<)2 VRRERES

GHKH#UYG:HI %

&"%+9G:HI%F2(V:99M%=8<5C82=")(C%<BiY5=2BC8."2%8 @AY %B/'%
N-(%72/8.5=">967()/?%()C)<-2%!L T%=28.818<U6&(ER P& 1"/) 1-<%1"-<<'/?'(%N)."%
2'/8.5=)12%.") (%=8<5C82=")(C%-/>%8=.)C)X-.)8/%8@%."%=28.818<%2'(7<.">%)/%=882%E-
4)(7-<)X-)81%-[>%7/2'<)-E<'%2'(7<.(#%I1%>'(12)=.)8/%8@%." %! L T%=28B18<B%)/1<7>)/?
8=.)C)X-.)8%6(.2-."25%-..'C=.(%-/>%1"-<<'/?'(BY%1-/%E %@ 8 TE=H5)1%6.4#%| (%-%2'(7<.B%

O HSY %-.-06N)<<%6/8.%E '%8." 2N)('%>'(12)E">%)/% 9K %2'=82.#%
GHKHV%\.-.)(.)1-<%1/-€5()(
1-2.)1)=-/.(%N'2'%2287=">%-1182>)/?%.8%=2"("/1'%82%-E(/1'%8 @Bbde)/) 1-<%="2
2'<-1>%SL\B%-(%C'-(72>%7 ()/?%." %! SL\W#%g8C'/%N)."%-%.8.-<%(182'%8 @%9IK%82%") 2"
N'2'06?287=">%-/>%1<-(()@)>%7/>'2%."%Z")?"%!SL\I%1-."2825B%-/>%."8('%(182)/?%<'((%."
IKIEN'2'%1-."282)X">%-(%Z<8NY! SLWI%I<<Y%6-/-<5('(%N'2'%18C=<"">%7 [|[PALIA6TY%\.-.

\B@N-2'%4'2()8/%G#FHUB2' % &'-CBW ISR @'2'/1'(%)/%18/.)/787(%4-2)-E<'(%

% 9uU:



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

E'.N"/%7?287=(%N'2'%-(('(>%E5%g'< E{(%%682%,-//"g").I'5% DY%(.B%>'="/>)/?%8/%

"Y' R7-<).5%8@%4-2)-/1'(%-1>%/82C-<).5%8@%>)(.2)E7.)8/#B682C)H%B8E@ 0
4-2)-11'%N'2'%-((((>%7()/2%\"-=) 3§) <W%.'(.%-/>%P'4'{(%.'(.B%2'(='1.)4'<5#%
L-."282)1-<%>-.-%N-(%-(('((>%7 ()/24RT)2'%AY1%. (.%82%:) (" 2{(%'A-1.%.'(.%)/%1-('(%
N™2'96)/>)4)>7-<%187/.(%N'2'%E'<8N%U#%S>>(%2-.)8(%FST(MY%K) VOH(RI48/ @)>'
FQU-L"M%N'2'%18C=7.">%.8%'(.)C-.'%'@ @ 1.%() X #%

$7'%.8%."%8:RK'<) 1%/-.72'%8 @I6.EHTBY%. "% @8<<8N)/?%?'/".) 1%-((81)-.)8/%
((%N'2'%="2@82C'>%E5%18CE)/)/?%." Yke<I=YBBEN") 1"%N)<<%E'%2'@'22">%.8%
18<<'1.)4'<5%-(%."%\%- <R BIEICPY<BN'2%<'4'< (%8 @%.2-/(12)=.)8/-<%-1.)4).5B%-(%
18C=-2">%.8%."FHR<'<'%F2'@'22'>%.8%-(%." %P %-<<'<'%)H705 962 (B KB4
@82%."%f-2g/E'2?%DR7)<)E2)7C%FfgDMY%N'2'%="2@82C'>%E 59 YA %0}
N"8<'06=8=7<-.)8/B%-/>%-1182>)/2%.8%! SIS@HEE287=9B(#%

\)/1'%."%7/>'2<5)/2%7?'/".) 1%C8>'<%)(%7/W/BN/B%N'%18/>71.'>% A=<82-.825%
I-<5((%T/>'2%('4'2-<%)/""2).-/1'%C8>'<(]%. " %>8C)/-/.%)/"'2).-| 1'%C8>'<BI6N"2'%).%) (%
"5=8." ()X'>%."-.%6\%-<<'<'%1-22)'2(%"-4'%)/12'-('>%<)W'<)"88>068 BYRN="RY1 )/?
SL\%FPP%4(#%P\...\M0%."%2'1'(()4'%)/"'2).-/1'%C8>'<BY%N"2'96).%)(%"5=8." () X'>%."- Y EE
\%6-<<'<'%18=)'(%-2'%/">">%.8%"-4'%-%67?2'"-.'2%=28E-E)<).5%8@%'A="2) 1)/ ?%1<)/) 1-<%(5C
FPP...P\%4(#%\\M0%-/>%."'%->>).)4'%F 18>8C)/-/.M%)/"'2).-/ I 28GB¥H}BI6N
"5=8."()X'>0%."-.%."%6\%-<<'<'%18/@'2(%2) (V@BLY) %9 "% P\%" . '28X5?8. (%-/>%K
@8<>%)/%.""%\\%"8C8X5728. (H%&"%?'/8.5="%@2'R7'/1) (%7/>'2%." %>8C)/-/.%-/>%2'1'(()4'Y
C8>'<(%6N"2'%-(('((>%7()/?%6}.)(.)1L(B%N"2'-(%."%L81"22C).-?' %R'/>%.'(.%@82%

?'18.5="%@2'R7'/1)'(%N-(%7(>%@82%."%->>).)4'%C8>'<#%I(%."%-/-<5('(%-2'%'A=<82-.825

% 9U(



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

- 72'B%."%2'(7<.(%N'2'%<'@.%7/->h7(.>%@82%C7<.)=<'%18C=-2)(8/(B%N)."%."%()?)) @)
<4'<YB@%-<<%.'(.(%('.%.8%U9F=~J#IUM#%

$)@@'2'/1'(%)/%(5C=.8CY%( 4RPHB'-(72'>%E5%." %! SL\%-/*BE\B%
-1182>)/2%.8%7'/8.5="%-128((%."%'/.)2'%(-C=<"%)22'(="1.)4'%8@%?287=%N'2'%-(('((>%N).
j27(W-2g-<<)(%%.%6F/8F=-2-C".2) IM% @82%."%=2"?/-/15%-/>%=8(.=-2.7C%4)().(%
('=-2-.'<5#%:;72."282'B%<)/-2%C)A'>%C8>'<)/? BB EAE>%8/%."%(7TE?287=%8@%
C8."2(%N"8%18C=<"">%EB."%4)().(%.8%)/4'(.)?-.'%." %)/ @4 PYIBE@YB.5="%
FPPY%4(#%P\%4(#%\\M%84'2%.)C'%F=2'?/-/15%4 (#%=8(.=- 2 2GMWBBEL A)#:-<
18C=7<()4'%(182'(#%&"“MWAT)A'>%C8>'<%N-(%@).. 2T ()2) 1.">%C-A)C7C%
<)W'<)"88>%FTD,PM%-/>%)/1<7>">%C-)/%-/>%)/.'2-1.)8/ Y TESE' T LoB@NIT B%-(%
N'<<%-(%>)-2/8()(%F"-<."5%18/.28<(%FLM%A#SLEWAGIISL Yo F )# #%-/A)' 5%
-1>b82%>'=2'(()4'%>)(82>"2%B/KBIVEN5%6-(%=2">)1.82(%B@BE6.8.8CY%('4'2).5%8/%." %
ISL\B%N)."%-?'%18/.28<<">%@82#%&8%.'(.%."%()?/) @) 1-/1'%8@%'-1"%4-2)-E<'B%-%<)W'
/(. 96N-(%-==<)">B%N"2'E5%." %@7<<%C8>'<%N-(%18C=-2>%.8%-%2">71">%C8>'<%."-.%
-1"%4-2)-E<#Y6)8R-/1'B%.8%.'(.%."%() 2 ) @Y8@%. "%’ @ @"124B@%W/8.5='B%
N'0618C=-2>%." %@ 7<<%C8>'<%.8%-%2'>71'>%C8>'<%."-.%>)>%/8.918/.-)/%7?'/8.5='%5".%
"%2'C-))I?7%4-2)-E<'(#9%\)/1'%-%(C-<<'2%=28=82.)8/%8 @%N8C'/%18C=<"">%."%(.7>5%-/>
N'2'%("/4@82%-%.8.-<%8@%.N8%2)PhTBEANRLBRL'(.)C-.'%2-/>8C%(<8='(%@82%.")(%
C8>'<0%."2' @82 B%-%2-/>8C%)/."21'=.%C8>'<%N)."%@)A">%(<8="(%N-(%7(>#%6\)?/) @) 1-/-
C8>'<(%N-(%>"."2C)/>%7()/2%." %<)W'<)"88>%626.)8%. (#

196=8(*"81%=8N'2%-/-<5()(%N-(% 1BRY>@ 82 LRI T%7()/?%. "B@.N-2'%

=2822-C%d7-/.8% 7>'2C-/BYKIJEM'>%68/%87 2% (-C=<"%() X #%&" (% 1-<17<-.)8/(%N'2'%

% qul



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

18C=<".">%7/>'2%-%<87%->>).)4'%)/"'2).-/1'%C8>'<%N)."% 61T 8%18/.28<%2-.)8%
8@ % INKY-/%699%=8=7<-.)8/%2)(WU%E-(">%8/%'(.)C-.' (% @28 CYEDHX)RA JRYR%'. %
-<#BY%K FM
)*6(74#08%#
19%.8.-<%8@%9J %=2'2/-/.%NS8C'[%18C=<".">%."%@)2(.%4)().%)/%=2'?/-I 15#%S 72%(
N-(%=2)C-2)<5%L-71-()-IaR8="-/%>'(1'/.%FHV#Q*MBU@E=5B ] '(.%|()-/%FG# *MB%
|@2)1-/%IC'2)1-/%82%c<-1W%FK#HsMB%D-(.%I ()-/%F9#QsMBY%f)(=-/) 1%F9#Q-MBY%\87."%!
FO#QsMB%-/>%8/'%E)2-1)-<%N8C-/#%&"%=-2.)1)=-1.(%N'2'%E".N"/%."%-? (%S @%9IHY%-/>¥
FC'-/%T9%\$]%: 9#IH% T%G#G ONIGINIEE> %G I%N "W (%)/98PBEF KHG 9% TY6BHK UMHY
11182>)/2%.8%."%1<)/)1-<%(182'(%8E.-)/'>%)/%=2'?/-I15B%:G%NSC'/%N'2'%1<-(() @
-(%"-4)/7%-9%") "% SL\%(182'%-/>%":%N)."%<8NY%!SL\BY E-(">%8/% *S@CBWs>%17.
$'C8?22-=")1%)/@82C-.)8/%-1182>)/?%.8YAHTA'8).5%72287=%)(%(7CC-BBEXYo
9H%$'C822-=")1%64-2)-E<' (%o-=="-2"SBNESY%E".N"/%?287=(B%N)."%."%'A1'=.)8/%."-.%
NBC'/%)/%."%") 2" %! SL\%?287=%"->%7?2"-.'"2%@-C)<5%")(.825%8@%-/5%=(51")-.2) 1%>)(82
F)Y #KHB%=Y J#JJ MB%N'2'%C82'%<) WK B¥%-851ERR28=)1%C">)1-.) SKHEK:B%
=Y J#JII:MB%'(='1)-<<5%\ TYHRIQBY=Y J#JJ:MB%"->%-%722'"-.' 2%=28=82.)8/%8 @ %>)-?/8(
SL$%1-('(%F=~J#3JIOM%-/>%18C82E)¥)QULIBY=—J#IJIOMHY$72)/?%=2"2/-/15B%C'-/%
(182'(%8/%."%!SL\%@82%N8C'/%)/%."%") A BEYN-(%OHHIHY T % UHEBT26% @82%
)1%."%<8N%!SL\%?287=%N-(%:#KQ%1%:#KH#%3/(72=2)()/2<5B%N8C'/%N"8%(182'>%")?"
"bISL\%-<(8%(182'>%") 2" 2%8/Ac SIS FIUHIK %1%V GMBY%-(%18C=-2">%.8%."8('%N)."

<8N'296!SL\%(182'(AEBL\|%:#IK %1 %GHQOKM#

% U\



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

g8C'/%18C=<.)/2%." % ("18/>%4)().%2".7 2# B 2%99%-/>%G I%N"W(%=8(.=-2.7C%
FOH#VV9% 1% #KQM#%1%")2"%-..2).)8/%2-.'%N-(%8E('24'>%FGK*MBY%N)."%GU%NSC'/%>2;
"%(.7>5%-@.'2%."%@)2(.%4)(). #%&""2'%N'2'%/8%()?/) @) 1-/.%>'C872-=")1%82%1<)/) 1-<%
>)@@'2'/1'(%BE(‘SWE'.N"/%18C=<"."2(%-/>%3TBEF ('S E<'YH%:82%@)4'%
=-2.)1)=-/.(BY%!SL\%('4'2).5%(.-.7(%1"-1?">%@28C%=2'2/-/15%.8%=8(.=-2.7CB%N)."%:%N8C
1"-/?'>%@28C%<8N%.8%")?"%!SL\BY%N)."%."%8==8().'%811722)/?%@82%K%NSC'/#%$72
=8(.=-2.7CBY%NSC'/%)/%."%") L WAS287=%"->%C'-/%! SL\V6 (18 2gHBED % T % U#KUB%
N")<'%."8('%)/%."%<8N%!SL\%?287=%"->%C'-/%(182' (%8 @%G%1%:#U #%\)C)<-2%.8%=2"
=8(.=-2.7C%C8."2(%)/%."%")?"%! SL\%6?287=%"-> % B \28(E82' (% FIGH#HK % 1% U#HMBY%
18C=-2'>%.8%N8C'"/%)/%<8N%! SL\%? 2ETEYsH % T %GBy M#

1<<%9.J %(-C=R(2'%6(711'(@7<<5%7'/8.5=">% @BLEPV6 #%1%.8.-<%8@%UJI%
FGV# M%(-C=<'(%N'ZZR25=">%N)."%-%9JJ+%18/182>-/1'%2-.' %SE('24'>#%&" %
2'/8.5="%@2'R7'/15%>)(.2)E7.)8/%>)>%1/8.%()?/) @) 1-/.<5%>) @ @' 2% @28 %fgD%)/%."%
(-C=<'%F=YJ#9 MB%82%)/%." @) T FHSBN%!SL\%(7EN'1.(%F =Y IHGU%-/>%=Y J#::B%
2'(='1.)4'<5 N

&"%-<<'<)1%-/>%7'/8.5=)1%@2'R7'/1) (W@EPT. "% 182>)/2%.8%72287=%(.-.7(%
- %E8."%.)C'%=8)/.(%1-/%E'% @SZLYB4Y ESA=<8.%(7CC-2598B@%.8.-<%
(182'(%)/%=2'2/-115%-/>%=8(ZC%-1182>)/2% .84 &GRIT%?'/8.5="%(.-.7(%1-/%E'%
@B7/>%)BB2'%H88'2'%N-(%/8%-((81)-.)8/%S8E('24'>%-1182>)/2%.8% V8 BB
=Y J#H M%82%-<<'<'% @2 RIHKEIBBH=Y JHUQB%S T%MQUsL %Y IMGIBHIIHV : BYKHI n
=2'2/-115B%82%)/%."%=8(.=-2. TEHF2)/8.5="9# UB%=Y JHGKOYrQ#HRE%=Y J#HOHBY

ST%MQUL %Y 9#VV%mI# GB%:# UnM#%;72."2C82'B%."2'%N-(%/8%()?)@)1-/.%>) @ @'

% U’



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

UT&&EPIT %/8.5='%@2'R7'/1)(%E".N"/%."%")?"%-/>%<8N%!SL\%6?287=(%65/>' 2%
)"'2).-11'%C8>'<%)/%=2"2/-/15%F J49Y6C8>'<%=Y J#VK0%>8C)/-/.%C8>'<%=Y J#VI0%
2'1'(()4'%C8>'<%=Y J# GM%82%=8(.=-2.7C%F->>).)4'%C8>'<%=Y J#9Q0%>8C)/-/.%C8>'<%=
2'1'(()4'%C8>'<%=Y J#:KM#%&"2'%N-(%/8%>) @ @'2'/1'%)/%C'-/%(5C=.8C%('4'2).5%(182'(BY
C'-( 72'>%8/%."%!SL\%-/>%BL\B%-1182>)/?9HSER"7G# 9B/8.5='B%)/%
=2'2/-/15%82%=8(.=-2.7C%F-<<%=| & JE:YM@8 6

T'(7<.(%@28C%."%@7<<%<)/'-2%C)A'>%C8>'<B%N")1"%)/1<7>">%'-1"%=2">)1.82%:
1-/%E'% @87/>86BRB6%688%.'(.%."%()?)) @) 1-/1'%8@%'-1"%=2">)1.82B%."%@7<<%C8>'<¥
18C=-2'8%-%2'>71">%C8>'<%."-.%>)>%/8.%18/.-)/%."%4-2)-E<'%8@%)/32{.B%-(%>'(12)E
-2<)'2%)/%." %, ."8>(%('1.) SEHIBT 2"%." (% 18C=-2)(88Y?'/8.5="%N-(%/8.% @87/>%.8%E'%
-%()?))@)1-/.%=2">)1.82%@82%!SL\%('4'2). 5HVBA(RIGB Y=Y JHIHOI#%& " 2' ViNYY6/8% @ @'
8@%C-."2/-<%(.-. TERAY J#JJ UB%=Y JHQ BBNPBUDUB%=%Y % IS BHABNG#IK B%
=06Y%J#H B%8/%!SL\%6(182' (#%:;72."2C82'B%.""2'%N-(%/8%()?/) @) 1-/.%)/.'2-1.)8/%E".N"I%
2'/8.5='%-/>%.)C'BYKMY K# 9B%=Y JHKV#%!(51")-.2)1%>)-2/8() (%o-(WBI.-)/'>%>T72
=2'2/-115%-=="-2">%.8%)/@<7'/1'%!SL\% (18 EKB#G 9#9UB%=%~%J#J6.JI9B %67 1
SL$%>)-2/8()(%)/12'-(">%="2)/- 5'<-.">%(5C=.8C%('4'2).5%(182'% E 598aYE1985\DMB %
QUL %MIK#IVBY%K IHG GaBLS%96MBB () (%6)/12'-(>%('4'2). 5% E 5% I NISBIAB Y%
QUL %mMO#99BYAPHIBRBC=-2'>%.8%"-<."5%18/.28<(#%

18(. *'81%=8N'204I7<-.)8/(%EBYTGH# (@B2%872%(-C=<"%()X'%F/Y:G%1-('(M%
2'4'-<">UH#:2%=8N'2%.8%>". 1 Ip:N86*4-<7'%()?) @)1-/1'%8 @IIH018%872%C8>'(.%

(-C=<'B%872%(.7>5%>)>%/8.%> 868V 2%.8%>"."1.9%?'/".) 1% @Q@'1.(#

% qul



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

)*)(9L#O##1 {
&")(%)(%."%@)2(.%)/4'(.)?-.)81%)/%." %' A.-|.%<).'2-.72'%' A=<82)/2%('28.8/)/%?'/".)1%
4-2)-1.(%-(%-%=8.'/.)-<%2)(W%@-1.82%-((81)-.">%N). "W\ "LBH-.98/068 @ %) @~/
2'<-'>%SL\%)/%NSC'/%>72)/986.2)/-.-<%='2)8>#%S4'2-<<B%."2'%N'2'%/8%()?/) @) 1-/.%
-((81)-.)8/(%8 @HBBIPI T%-<<'<'%82%7'/8.5="%(.-.7(%N)."%=2"(/1'%8@%1<)/) 1-<%="2)/-.-<%
SL\H96MN%. "%-E(/1'%8@%>-.-%2'2-2>)/2%."%?'[".) LUCBR KDERE@IB) A=<82'>%
->>).)4'B%>8C)/-/.%-1>%2' Y(EP)/"'2).-I1'%C8>'<(%->% @87/>%."- 4EEPIVYN-(%
18.%-((81)-.">%N)."%)/ @@ 817 (">%SL\%)/%=2'2/-/15%82%>72)/?%."%=8(.=-2.7C%7/>'2%-/5%
C8>'<#%&")(%@)/>)?%N-(%-<(8%18/@)2C'>%)/%87 2% U204 AHNR B U
f&&PIT%?'/8.5='%(.-.7(%N-(%/8. THEB.8%E '%=2">)1.)4 %8 @%="2)/-.-<%(5C=.8C%('4'2).5%
(182'(#%&"2' @82'B%."%1722'/.%(. 7>5%>8'(%/8.%(7==82.%)/48<A8BF¥TB@Y%." % U
"%62'/". ) 1%E-()(%8@%="2'<<">%SL\0%"8N'4'2B%N'%>)>UBhohE @) 1)'/.%=8N'2%.8%
>''1.9%7?'/'.)1%'@@'1.(%?)4986)C).">%() X' %8@%872%(-C=<#%$'(=).'%." (%/7<<%@)/>)/?(BY
2'(-21"%(.7>) (%7.)<)X)/2%<-22"2%(-C=<'(%-2'%/">'>%)/%82>'2%.8%2'"-1"%-/5%18/1<7 ()8/(#
N'2'%7/-E<'%.8%7'/8.5="08"4806 B(V:99%=8<5C82E€%6>7'%.8%.'1"/)1-<%1"-<<'/?'(%
-[>%<)C).-.)8/(H%&"T (B @(%5'. %.8%E %) 4'(.) ?-.">%)/%2'<-.)8/%.8%="2)/- U %S \#%
L8/()(.'.%N)."%=2)82%<).'2-.72'B%872%<)/"-2%C)A'>%C8>'<%2'(7<.(%18/@)2C">%."-.
NSC'/9%N)."%=2A)(.)/2%SL$%N'2'%C8(.%<)W'<5%.8%> JBIIGS (%) @*2'<-.>%
(5C=.8C(B%-(%18C=-2">%BHME."%/8%SL$%>)-?/SBIE2-CBN).XB%\1"N-2. XB%E%
,882'BY%KJJ:(ER-C8N). XB%\1"N-2.XB%,882'B%".%-<#BY%KJ PEHBSAR IPHY6P-E->%'. %
-<#BY%KJIJU0%Q)<<)-C(%E€%|82HBHEAVRB2' B%S872%2'(7<.(%("8N">%."- %N8C'/%

>)-2/8(">%N)."%-/%-/A)".5%-/>b82%>'=2'(()4'%>)(82>'2%"->%") 2" 2% ('4'2).5% (182" (%8/%." %

% U(



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

ISL\B%-<E").B/%.8%."%(-C'%>'22"%-(%N8C'/%NY AY632% S LSHEE) (%) (Y5)/ %
N)."%'4)>'/1'%@28C%."%<)."2-.72'%."- % ("8N(%."-.%=2"(/1'%8@%-/%-/A) .5%>)(82>'2%-.%."
)C'%B@%=2'?/-/15%)(%=2">)1.)4'%8 @BI=BBLEW|-5-%".%-<H#B%RIGIMA."-. %
NBC'/%N)."%-/A)5%-/>%>'=2"(()4'%(5C=.8C(%)/%."%'-2<5%=8(.= Y BIGIBYACE2'%
<)W'<5%.8%"-4'%618/1722'/.%SL\%)/%." %=8(.=-2 FOUA\EIB) <<'2%'. %-<HBY6KIO:M
68.-E<5BY%N'%>)>%/8.%("%-/5%)/@<7'/1'%8@%C-.'2/-<%(.-. 7(%F=2'2/-I15%4(#%
=8(.=-2.7C%4)(). MY%EEBE Y ('4'2).5% (182" (#%+/'2-<<5B%. "%=8(.=-2. 20)(462)8
-((81)-.">%N)."%(5C=.8C%N82(/)/?%)/%."8('%N). WSIES>%". %-<#BBRGEHLMS."2(%
-<(8%@-)<">%.8%1/8."%-/5%()2/) @)1-/.%1"-/?'(%)/%SL\%('4'2).5%)/%->7<.%N8C'/%N)."%SL$
-128((%."%="2)/-.-<%="DF8SPL%'. Yo-<#BYKIRYIN)/ %87 2%(. 7>5B%N' % @87/>%2'<-.)4'<5%
(-E<'%(5C=.8C%('4'2).5%-EB8(%="2)/-.-<%="2)8>B%N") 1"%C-5%E '%-%25(7<.%8@%
1<)/)1-<<5%>)4'2(‘%(-CF=Y%-. J1<7>">MBC'/%7/>'278)/292'-.C'l. U>b82%
"2 =58
9'%@87/>%/8%'4)>'11'%@ 8294 (Y T@6-'%82%=-2).5%8/%."%('4'2).5%8 @%="2)/-.-<
2'<- ' SUSLHI&" (%2 (7<.(%-=="-2%.8%=-2-<<'<%."8('%=2'4)87(<5%2'=8 T ZBHY6."%<)."2
N™2'%-%(. 7>5%E5%f87 (%" %-<#%@-)<'>%.8%>".'1.%-/5%2'<-.)8/(")=%E".N"/%=-2).5%-/>%S
('4'2).5%)/%-%(-C=<'%8@%%NBC'/%N)."%SLEMB7 (‘%' . %-<#BY%KISNBYI2-25%.8%872%
2'(7<.(B%."5% @8 B 2/-<%-2'%N-(%-%() ?) @) 1-/.%=2'>)1.82%8@%)<</'((%('4'2).5B%N).
)12'-(>%-2'"%-.%."%.)C'%8@%>'<)4'25%=2">)1.)/2%>'12"-(">%(1 52 SWEHKSP6%0
' Yo-<H#BYKIBIND6-7."82(%@28C%.")(%(. 7>5%(="17<-.'%."-.%)/12'-(>%C-."2/-<%-?'%C-5%E?
2'@<'1.)8/%8@%-%<8/?'2%>72-.)8/%8@%.2'-.C'/. BYR)IVBHL."S8EB@)/>)/? CA@ 28

18."2%(. 7>5%N"2'%SL$%N- (% @87/>%.8%)C=284'%- @.'2%( FRABR9LENVA/S8?B%

% oV



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

9QQ@MT'-(8/(%N"5%N'%>)>%1/8.%@)/>WZ:8HB2%8 @ %(5C=.8C%('4'2).5%C-5%E %
>7'%.8%."%@-1.%."-.%872%(.7>5%N-(%18C=2)(>%8@%-%1<)/) 1-<<5%>)4'2('%(-C=<'B%N
'A="2)'11)12%-%2-17'%8@%-/A)' . 5B%>'=2"(()4'%-/>%SL\#%; 72."2C82'B%872%(.7>5%@817(">
=2)C-2)<5%8/%)K@<.">%(5C=.8C (#%3/<Q¥Vos*CSL\B%. "%!SL\%"-(%/8.%E" /%
‘A )A'<5%T7.)<)X>%)/%="2)/-.-<%2'(-21"B%>'(=).'%).(%T/)RT'%@'-. 72 (%."-.%)>'.) @5%-/>%
C'-(72'%SL\%18/.'/.%."-.%)(%(='1) @)1%.8%."%="2)/-.-<%="2)8>#%&" 2 @82'B%>) @ @'2'/1'(%
(-C=<"%-/>%(5C=.8C%18/."[.%C-5% A=<-WYd 2%-/15%-128((%o(. 7>¥(#
9")<'%).%1-1%E'%'A="1.">%."- Y@IRCS."2(%C-5%"-4'%->>).)8/-<%N822)'(%
2'<-.'>%.8%1")<>E)2."B%."%.2-/().)8/%.8%C8."2"88>%-13¥4)R%2:@8/()E)<).)'(B%
8/'%(.7>5%18C=-2)/?%=2)C)=-287(%-/>%C7<.)=-287(%C8-2 X (ABE'2) /1'(%
@87/>%."-. YES."%?287=(%@2'R7'.<5%2'=82.">%18/1'2/(%2'?-2>)I2%." %"-<."%-/>%N'<<E')
"% E-EFHD @8/(8B%,-5E'225B%E€%\" =. BB QPHAMG Yo' A=<-)/%N"5%=-2).5%N-(%/8.%
0?)@)1-/.<5¢81)-.">%N)."%(5C=.8C%('4'2).5%-128((%." %="2)/-.-<%='2)8>#%
9).")/%872%(.7>5B%N8C'%1<-(()@)'>%)/%."%") "% SL\Y6('4'2).5%72287=Y%-=="-2%.8%
2'=2'(1.%-%C82'%1<)/) 1-<%(-C=<'B%-(%1-/%E'%'4)>'/1">%E5%7?2"-."2%=(51"8.28=)1%C">)1-.
7('BY%SL$%>)-2/8('(%-/>%1H)8).) (#%6\)/1'%872%(-C=<"%N-(%=2)C-2)<5%18C=2)(>%8@%
87.=-.)'1.(%'A="2)"/1)/2%SL\%N).")/%."%C)<>%.8%C8>'2-.'%('4'2).5%2-/?'B%872%2'(7<.(%C-E
18.%E'%2' @<'1.)4'%8@%."8('%N)."%C82'%('4'2' %S L% S/<5%8/'%=-2.)1)=-/.%)/%872%(.7>5
-E84'%:J%8/%."' %! SLNBYE"%) (%)/>)1-.) 4 %8 @%(‘'4'2'%="2)/-.-<%SL\#%".%("8 7<>%E'%/8.">%
"-.%."%C-h82).5%8@%."%<).'2-.72'%)/4'(.)?-.)/?%72'".)1%>"'2C)/-/.(%8@%SL$%.'/>(%.8%
'AL<7()4'<5%(. 7>5%)/>)4)>7-<(%N)."%('4'2'%(5C=.8C(%8@%SLSYF)# #%(182)/?%-E84'%: 0

s *CSL\M#96M. %) (D=8 %."- %N'%6 187<>%/8.9%>".'1.%-/5%7'/".) 1%)/@<7'/1'(%8/%." %' A=2'(()8/%

% VAL



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

8@%)/@RK-.">%SL\%6>7'%.8%."%@-1.%."-. %N'%>)>%/8.%18C=-2'%1<)/)1-<<5%('4'2'%'A.2'C
8%"-<."5%18/.28%(#%
GHGABREBEP! TY%-/>%f& TKI%B%

&"%@7/1.)8/-<%' @ @' TH{EEFRIDPA-4'%E"/%2<)-E<'%N)."BS@ HE75) (B%
N™2'E5%."%6\%82%8'<'%)(%-((81)-.">%N)."%2'>71'>%.2-/(12)=.)8/%8 @%\DT&%-/>%
>'12'-(">%('28.8/)/%2'7=.-WF2"/E'22%'. %-<#B%9IQQQO%(7%'. %-<#BY%KJIIVO%P'(1"%' %-<HE
g-W'2<%'.%-<H#BYSRASBA"%8." 2% " BSBIMBF) (%7.)<)X)/?%=8().28/%'C)(()8/%
.8C822-="5%FID&MO8R%H="8.8/%'C)(()8/%18C=7.">%.8C8? FHIB&M%.'1"NR7'(%
)I%L-71-()-/%-1>%D728="-1%(-C=<'(%"-4'%E"/%)/18/1<7 ()4'%2'?-2>)/?%." %' @ @'1.(%8@%U
f&&PITY%8/%\DT&YE)/>)/2%)/%." %" 7 C-IYIEN) B’ %-<#BY%K I 0%, 72."5%'.%-<#B%KJIII0%
12-(1"-WKT)'>"29%'. %-<#B%KJJ 0%4-/%$51 W% 19k #BOBR BB >).)8/-<%6\6!(%"-4'%
E"/%2'=82.">%)/% 8P89%: @/'%."-. %C-5%)/@<7'/1'%.2-/(12)=.)8/-<%-1.)4). 5BY%E7.%."
-2'%6C82'%61"-<<'/?)/2%.8%(. 7>5%>7'%.8%. " %@-1.%."-.%."5%-2'%2-2'%-/>%N87<>%2'R7)2'
(-C=<'(%,-2.)/B%L<"-WB%)SN)(BYx)/.BY%EY%\") @ C-/BY%KIJI 0%SX-W)%'.%-<#B%KJIJ:0%
g'/><-/>B%,85-B%'.%-<#BY%#KJI M

&"%@7/1.)8/-<%18/('R7'1'%S@EBAH%=8<5C82=")(C%8/%f&TKI%?'/'%
2-1(12)=.)8/%->%2'1'=.82%=28."/%'A=2'(()8/%2' A1 BFHS'(=).' %(8C'%'4)>"/ 1'%
(722'(.)/2%."-.%." %] %-<<'<'SBGE"%-((81)-.">%N)."%-<.'2'>%.2-/(12)=.)8/-<%-1.)4).5%
F1-2(8/(%'.%-<#B%KJJIG0%T#%,#%\C)."VBH2{PRWKARBL %-%!D&%(.7>5%@-)<">%.8%
>'C8/(.2-.'%-1%-((81)-.)8/%E".N"/%#$% H8<5C82=")(C%-IJ9& y B1'=.829%E)/>)/?%

FD22).X8%<#B%KHaQM2'1'/ <SBHRI&P! T%-/>%W'#$% %+9G:HIM%4-2)-/.(%N'2'%

% 9VE



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

18.%@87/>%.8%E '%=2">) LIf& % QBN .82%E)/>)/7PB8((%. " %/'8182.' BI@ HB) @
' Y%-<#BY%KIKIM

g") <'%(8C'%(.7>)(%2'=82.">%."-. % L%R %S GRED ! T%18/@'2(%)/12'-(>%
2'')1%(7(1'=.)E)<).5%.8%FIB%'. %-<#BY%KJIIV0%g-<).X-%' . BMSBRKIFG)A-.)8/(%
@-)<'">%.8%506-/5%()?/)@)1-/.%-((81)-.)8/%N)."%")." 2FT84"<Bhb,-218B%T8C-/8
\)<4-B%E%L8223-B%KIIQ0%&)E2'N-<%'.%-<#B%KJI9J0%e85)-X)-W)(%'. %-<#BY%KJI990%g'/
L28C'2BYB2 2BY%E%, 72="5B%KI8, Rk.)=<"%C-L<5((%)/4'(.)?-.)/?% H&&P! T%
N)."%SL$%"-4'%E"/%18/>71.">B%N)."%(8C'%2'=8 2(|B82%-)81%N)."%." %\%-<<'<'%
FP)/B%KJBYL " Vi <'<'Bi&-5<82B%KJ9:B%KJIIV0%(g-<).X-%BY%S2B@KINCH/8%
0?2/)@)1-/.%-((81)-.)8/%N)."%") 2281 "%'. %-<#BY%KJIIHO%, - W% 1 LHBLBIQ 30 M
18/1<7()4'%@)/>)/?(%C-5%E '%-%2'(7<.%8@ %."" % W) €7h() /%@ %5 %.8%18/()>'2%
2(KUU:9B%."9%2)<)1%/-.72'%8&@RIT B%>) @ @'2'/1'(%)/%."%'".")1).5%8@%." %(-C=<'%

WA ()2-">%-1>%."%1<)/)1-<%".'28?'").5%-((81)-.">%N)."%SLSHIROBEB/'%2' (7<.(%
@28C%."%E-<5('(%18C=<"">%a/%H% Y64'%-<%)C=<)1-.">%."%I|%-<<'<'%@28C%+
9G:HI%F82%&%@28C%&9IKLM%=8<5C82="FGUNYs' HBEBBY%K IKI0%&-5<82B%KI9:B%
KJOVi%h

GHGH#RWb.-<%SL$BY\. 2" ((%-/1>%\'A%T82C8f(

N '2-1.)8/(%E' N"/%."%'/4)28/C'].%-1>%P.)1%=2">)(=8().)8/%C-5%"'<=%.8%
'A=<-)1%."%)/12'-(">%)/1)>'11'%R68@ % SL\%>72)/2%." %="2)/-.-<%="2)8>#%!2'?/-/15B%
1")<>E)2."%-/>%." %=8(.=-2.7C%="2)8>%C-5%E '%="21")4">%-(%(.2'(@7<%'4'.(%."-.%.2)??'2
>'4'<8=C'/.%8@%8E('(()8/(%-/>%18C=7<()BOIMEC /#%g" 1%)/4'(.)?-.)1?%

=2'1)=).-.)I?%@-1.82(%@82%." %8 @%SLEBY%NSC1%N)."%. "%>)(82>'296N'2'%C82'%

% oV:



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

<W'<5%.8%2'=82.%1")<>E)2."%-/>%8E(.'.2)1%18C=<)1-.)8/(%N).")/%."%5'-2%=2'1">)/2%8/('
18C=-2">%.8%""-<."5%N8E [9b-%'. %-<#BUIBQQR"'2C82'B%.")(%(-C=<'%8@%N8C'/%
N)."%=8(.=-2.7C%SL$%2'=82.">%")?"2%@2'R7'/15%8 @ %-? 22" ) 4 (BB+.8C (#%

N%-18." 2% (. BBY%=2"?/-115%N-(%-((81)-.">%N)."%SL$%8/('.%C82'%."-/%-/5%8." 2%<) @'

'4' %-C8/?%N8C'/%N)."%1")<>EBK) 28?7<7B%!|/'C8/'BY%EY%s-2542E)- (B%IQOKM
L8/()>'2)/7%."-.%1")<>E)2."%C-5%E ' %-/%7/=<"-(-|.%-1>%(.2'(@7<%'A="2)'/1'%@82%(8C'%
N8C'/B%8/'%(.7>5%@87/>%."-.%C8."2(%N"8%>'<)4'2'>%4¥H6) 8I02)+%") 2" 2%
SL\%('4'2).5%(182'(%."-1%."8('%N"8%>'<)4' PHUATHB 7 (‘%" %-<#B Y% IBIBMIN1 "% C-5%
E'%-%2'@<'1.)8/%8@%7?2'"-.'2%/(.2'§%N}8¥-%C82'%)/4-()4'%>'<)4'25%=281">72'#%
\.7>)'(%)/%/8#="2)/-.-<%(-C=<"(%-<(8%=8)/.%.8N-2>(%-/%-((81)-.)8/%E'.N"/%/(.2' (@ 7<%<) @'Y
'4'] (Y-1>%SL$%8/('.%)/% @' CRI% %' %-<#B%KIOIBHKIIZIIS2'B%. "2'%)(%'4)>'/1'%
(722'()12%."-.%."8('%N)."%." %\%-<<'HBBEIVLI'/>%. 8%'4'<8=%=882%2"-1.)8/(%.8%
(.2'((%-1>%-2'%<'((%'C8.)8/-<<5%2%)N)" 1% @-1">%N)."%->4'2('% B¥-§¥-%'.%-<#B%
KJJQO0%\.")/B%L-C=B)<<(B%E%+'<'2/.'2BYH#AMBEIM@82'B%"?'/'.)1%2)(W%187=<">%N)."%

'14 )28/C'/.-<%(.2'((%C-5%<"->%.8%."%'C'2?'/1'%8@%SL\%)#6C8."2(#

NY%>>).)8/%.8%." % TNR7'%(.2'((82(%'A="2)'/1">%)/%."%="2)/-.-<%="2)8>B%@<71.7-.)/
<'4'<(%8@%?8/->-<%"82C8/'(%C-5%-<(8%.2)??'2%SL$%8/('.%-/>% A-1'2E-.)8/%)/%N8C'/#%
1128((%=2'?/-115B%<'4'<(%8@%'(.2->)8<%-/>%=28?"(.'28/'%(.'->)<5%)/12"- (% M) <%1")<>E)2.
-@2%N")1"%-%2-=)>%-/>%()2/) @) 1-/.%>'1<)/'%)/%E8."%"82C8/'(%81172%)/%." %>-5(%-@. 2
>'<)4'25H68..%' . %-<#BWIGDYRB?'/%-/>%=287'(.'28/'%-=="-2%.8%"-4'%-%=28."1.)4'%28<'%
-2-)/(.%SL$%(5C=.8C(B%N")1"%C-5%"'<=%.8%'A=<-)/%N"5%SL$%)/1)>'/1'%2-.'(%-128((%.""

='2)/-.-<%="2)8>%-2'%<8N'(.%)/%."%.")2>%.2)C'(.' DA V22 <5%=8(.=-2.7C%="2)8>%

% 9V(



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

Fj-5-%'.%-<#BY%KIBTRI" 2% 4)>"1'%8@%.") (%<)/W%18C'(%@28C%=2'1<)/)1-<%(.7>)' (BY%N"
->C)/)(.2-.)8/%8@%'(.2->)8<%-<8/'%82%."%18CE)/-.)8/%8@%'(.2->)8<%-/>%=287"(.'28/'%N'.
@87/>%.8%>'12'-('%2'=".).)4'%E"-4)87 2(YoI86-HTI@ Yo S| HH/>'X *+7-(.)%'.%-<#B%
KJIV0%;<-)(*22)/E'22%'.%-<#B %6 IQM
D(.2-38<9%%=287'(.'28/'%"-4'%C8>7<-.825%-1.)8/(%8/%('28.8/'2?)1%.2-/(C)(()8/B%
N"2'E5%."5%18CC8/<5%<'->%.8%)/12'-(">%('28.8/)/%2'<'-('%-/>Y) A=) (V)% %
-<HRIB ME%D(.287?'/(%-1.%8/%'(.28?'/%2'1'=.82(%- L MIHEDFE .-%FD T M%."-.%-2'%@87/>%
"28772"87.%."%E2-)/B%N)."%")?"%>'().) (%)/%." %-C5?>-<-B%"5=8."-<-C7(%-/>%8." 2%<)CE
-2'-(YFS(."2<T/>%E% (72> BYoKIIIN. "%=2"('/1'%B@%=287'(.'28/'B%") ?"%<'4'<(%8@%'(.2->)8<
<'->(%.89%."%>8N/2'27<-.)8/%8 @BBT % 7=2'27<-.)8/%8 @HDT?%' . %-<#B%BIBUM
N")1"%)(%-((81)-.">%N)."%-/%)/12'-(F&)/Y6' 1'=.82(F7?-5-%".%-<#B%KJIJI:0%,8((
[B<W8%'.%-<#B%KJJ:0%,8('(%'.%-<#B%KJIII0%S(.<7/>B%] <+ /LGB 2 B A9
=8(()E<'%."-.%SL\%8/(".%-/>% A-1'"2B4)B8 %="2)/-.-<%="2)8>%C-5%E '%.2) ??'2">%E5%
28/->-<%"82C8/'%@<71.7-.)8/(%."2872"%.")2%C8>) @5)/?%-1.)8/(%8/%."%('28.8/'2?)1%(5(."
E7.%.")(%"-(%5'.%.8%E '%>)2'1.<5%)/(.) ?-.'>#
1/8."2%"82C8/'%8@%)/.'2'(.%)/%="2)/-.-<%SL$%)(%S8A5.81)/%>7'% BY6) Y6)/48<4'
)/%<-E872B%>'<)4'25B%<-1.-.)8/%-TH@ISAES/>)?BWE7.%'4)>' 1'% @82%).(%-((81)-.)8/(%
N)."%SL$%2'C-)/(%<)C).">#%SA5.81)/%"-(%-/%)/")E).825%' @ @'1.%8/%('28.8/'2?) 1%
1'728.2-1(C)(()8/%F,8..8<'(B%T'>87.pB%L8(.'(BY%P'%c-2(BY%EY6\) 2B BIYR TASMI <(%
8@%8A5.81)/%"-4'%E"1%2'=82.">%)/%." %=<-(C-%S@N)265t B%6)/% (B DV C-/%
' %-<#B%IQQG0%,-2-XX).)%' . BE Z#BIGKIWIT HIQACT (%' %- < B

72.""2C82'B%=8().)4'%1822'<-.)8/(%E".N"/%8A5.81)/%<'4'<(Y%o-/>HEETEF4() 4%

% 9VL



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

(‘4'2).5%(182'(%N'2'%@87/>%)/%=-.)'/.(%2'(=8/()4'%.8%")." 2%\ T"%82%-%.2)151<) 1%
-1.)>'=2'(( -1.9%f7CE<'B%34/%8E2?B%D/?(.22CB%€%C'h'28. B#MIBAA7 2% (-C=<'B%
N™ /%18C=-2)[2%E2'-(.@">)/?%(.-.7(%-C8/?%."%(7E(-C=<'%8@%=8(.=-2/Y CRANBC '/ %F
-1182>)/7%.8%")?"%82%<8N%!SL\%(182'%1<-(()@)1-.)8/B%. "% PTY@YaM 256/8/
F=YJ#HGM#%S$'(=).'%/8.%@)/>)/?%-/5%>) @ @'2'/1'%E".N"/%E2'-(.@">)/?%0(.-.7(%8/%)/ @-/.
2'<-.">Y5C=.8C%('4'2).5B%2'(7<.(%@28C%."%<).'2-.72'%(727?'(.(%."-.%8A5.81)/%C-5%
18/.2)E7.'%.8%."%8/('.%82%N82(/)/?%8@%SL\%)/%."%=8(.=-2.7C%="2)8>B%E7.%C82'%'4
)(%l">">#%
G#G#:%P)C).-.J8/(
&"%C-)/%<)C).-.)8/%8@%.")(%(.7>5%N-(%."%(C-<<%(-C2& % (PKFPT2%
"-.%.""2'%)(%/8%-((81)-.)8/%E".N"/% &8P T%N)."%6:%=2"('/1'%8@%="2) £2'<-.">%
SL\0%"8N'4'2B%N'%>)>%/8.%"-4'%(7@ @) 1)'/.%=8N'2%.8%>"'1.%7?'") 1% @ @'1.(%?)4'/%87:
<)C).">%()X'%8@%=-2.)1)=-/.(#%&"%2'127).C'/.%C"."8>%N-§%8%) FLI¥9-11'((%.8%-%
=2'2/-1.%(-C=<'%8@%N8C'/%'A")E).)/?%-%N)>"@ LY -<%(5C=.8C(#%\)/1'%." %
C-h82).5%8@%=-2.)1)=-/.(%)/%872%(.7>5%N'2'%(-C=<">%@28C%-/%87.=-.)'|.%=8=7<-.)8/B
2'(7<.(%8E.-)/">%C-5%8/<5%2'@<'1.%."S{( BB % @C-<'@%N'2'%/8.%-E<'%.8%
-1187/.%@82%>)@@'2'/1'(%-1182>)/?%.8%'."/) ) > hBBEASCBRE>) 1-.)8/%7 ('B%N")1"%
-2'%@-1.82(%."-.%C-5%)/@<7'/1'%."%7?'".)1%-((81)-.) 862" (7<.(#%
:72.""2C82'B%-%")?""2%-..2).)8/%2-.'%N-(%'A="2)'/1'>%N)."%-%18/()>'2-E<'%
=28=82.)88@ %N8C'/%>28==)/2%87.%8@%."%(.7>5%@8<<8N)/?%."%=2'2/13%4) (). B%<)(
-E)<).5%.8%)/4'(.)?-.'%1<)/)1-<%4-2)-E<'(%)/%."%=8(.=-2.7C%="2)8>%-/>%1"-/?'(%84'2%.)C";

68.-E<5B%."2'%N'2'06/8%>'C872-=")1%682%1<)/)1-<%>)@ @'2'/1'(%-1182>)/?%486618C=<"."2C

% O\



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

19%(C-<<%/7CE"2%8@%C8."2(%'A="2)"/1">%-%1"-/?'%)/%."") 2%! S LY(B ZBISC8(-.
=2'?/-115%.8%=8(.=-2.7CB%E7.%8N)/?%.8%."%<)C).">%(-C=<"%()X'BY%N'%N2'%/8.%-E<'%.
YA()?-.%=8.".)-<%@-1.82(%."-.%C-5%"-4'%E"/%2'<-.>%.8%." (%1"-/?"(#%;7.72'%
'A=<82-8/(%N)."%<-27?'2%(-C=<'(B%="2"-=(%4}} %IB<¥-E82-.)8/(B%-2'%,/8%
18/@)2C%872%7?'/'.)1%@)/>)/?(%-/>%.")2%'@ @'1.(%8/%."%1<)/)1-<%.2-h'1.825%-128((%."
='2)8>%

9")<'%/8%(.7>)'(%"-4'%)/4'(.)?-.">%.""%?''.)1%)/ @<7'/1'%8@%1-/>)&+ 2P)(128.
2'"(%8/%."%>'4'<8=C'].%-1>%('4'2).5%8 @ IDKQ'F% SL\%)/ %% 2)/-.-<%="2)8>B%).%) (%
71<YW'<5%."-.%-%()/?<'%?'['%18/.2)E7.'(%.8%.")(%="/8.5="#%D4)>'/1'%@28C%."%<)."2-.72'
(72?'(.(%."-.%SL$%)(%=8<5?"/)1LB%)#'#%)/@<7'1'>U%E5%CTLR)HITL{EAQ @'1.(%
FI-7<(%'.%#BY%Ka96(%-%2'(7<.B%?'/'(%@28C%87.()>'%."%('28.8/'2?) #%4(5(.'CY%F'#?
>8=-C)/'B%?<7.-C-.'B%+IcIM%C-5%18/.2)E7.'%2)(WB%-/>%=8(()E<'%?'/8.5='0A%'/4)28/C' .2
).'2-1.)8/(%("87<>%-<(8%E'%18/()%62'>#

1(%-%2'<-.)4'<5%7/>'2(.7>)">%1<)/)1-<%=2'(/.-.)8/B%@7.72'%(.7>)(%("87<>%18/.)/7'%
8%'A-C)/'%."%7/>'2<5)/?%7?'I". ) 1%=2">)(=8(pIEB1)-. >%N)."%="2)/*2<-.">%SL\%
-[>%SL$H%T'127).C'.%8@%<-2?'2%(-C=<'(%)(%/'1'((-25% @82%)>'1.) @5)/?%2) (W%?'/'(Y%-/>
>'.'2C))1?%."%28<'%."-.%'/>812)/'%-/>%'/4)28/C'/ .-<%@-1.82(%C-5%=<-5%)/%18/.2)E7.)/?%
"%18C=<'A%=-."8?"/'()(%8@%="2)/-.-<RGBL$#%
)*:(;.-'80#1.-# (

S72%(.7>5%@-)<">%.8%>".'1.%-/5%-((81)-. ) SRERETYNYSU C8>'2-.'%
(5C=.8C(%8@%)F@<L.">%SL\%)/%2)/-.-<%(-C=<'0%"8N'4'2B%2'=<)1-.)8/%)/%-%<-2?"2%

(-C=<'%)(%/">">%E' @82'%-/5%18/1<7()8/(%1-/%E %C->"#%$7'%.8%1"- S T%)/%7?'/8

% Vv’



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

"%6-+9G:HI%4-2)-1.BY%!"88% TB/'%(.)<<%2'C-)/(%.8%E'%.'(.">%)/%."%18/.'A.%8@%="2)/-.-<%
SL\ #96,8."2(%N)."%=R)(.)/2%SL$BY%-(%N'<<%-(%."8('%N)."%-/A) .5%82%C-h82%>'=2'(()4'%
>)(82>'2(B%N'2'%C82'%<)W'<5%.8%'A="2)'1'%7?2"-."2%('4'2).5%- /6810 % ) aD .
2'<-.'>%(5C=.8C(B%-(%18C=-2'>%.8%"-<."5%C8." 2(#%N4'(.)?-.)12%?'I".)1%-/>%8." 2%
@-1.82(%2'<-.">%.8%."%'C'284HNB2 (/)| 2%8@%SL\%)/%. "%="2)/-.-<%="2)8>%)(%
I'1((-25%@82%872%7/>'2(.-1>)/?%8@%."%'.)8<8?5%8 @%="2)/-.-<%S L EBHUBI6%. " %28-<%!
>-506.2-/(<-.)/?%.")(%W/BN<'>?'%)/.8%"-<."1-2'0=2-1.)1'(%."-.%=28C8.'%." %"-<."B%(-@'.5%
[>%N'HE")2%8@%C8."2(%2)3%)/ @-/. (%

%
y*<(I'=-.>84/24@4-$#(
g'%N87<>%<)W'%.8%8- 7N, - WB%o-()5-%6\<5'=1""/W8 B%-Mh-<-/%\-485%-/>@B2%
")2%-(()(.-/1'%)/862.) 13-/. B127).C'1.#%I1%(="1)-<%. BRTBY,-22%L 88 B4%P72'/%
~WY@8292%-(()(.-/1'%8%61%'A.2-1.)8/ B4>%.8%_8>)%-+)<1"2)(VB@BIOY/1'%N).%
287E<("88.)/? %'-<<'/?'(%2'<-.'">%.8%7'/8.5=)/ 2% &EP T%-/>%'$% %
=8<5C82=")(CH

% %

% OVt



I"H#$HI6&" () (F #6.)/-

0%,1,-(.'"2%3/)4'2().5986'728(1)/1' %

6*7%& BB C822-=") 1 (% @82%=2INSC'/%F/Y9J M%-1182>)/7%.8%*221-'>%%
8E('(()4' *18C=7<()4'%(5E8C%('4'2). 54

%

@ 9./:1;<="1 BCD!;)<=" |  $FG*%#&
@ >(?5@A >(?E5A

@

H&*(I"J ! % % %

%/ <

142-,=B13@JK<Y
M<<.?7@&0</3Y
IN&<-=<4@&,0B=K@JB3-A24B
&0</3,3-KLl(

JH#U: %1% WU :9#:G% 1% #1( JI#GC o
OV#:U%T%¥eHt 9 #U9%T%%91 J#I HP%
K#EW%T%CHU K#:G%T%@6#E J#HVKY%
9 V%1T%9%49: 9#UHY%TIBEHH IJ#VI%

(I>KA!
O,PBAK@>B?=10K@&
O,PBAK@>B?=10K@1Q@,3K
4Ny
6P1.B3/@7?7=,=27@
8200<3=AK@=,.B3/@&?K->
P<4B-,=B13{
1(51"8.28=)1%,">)1-.)8/%
%3=B-13H2A(:
%=K&B-,A@,3=B&%
+<3T14B, T<&E
6%#Y
6V#Y
66#9
81PWB3,=B13@1Q@%¢
-2).-<%\.-.7(%
;,00B<4(
81PP13FA,X(¢
6B3/A-
MB41X<¢
DC=<85C'.%
O2AABP
G,0E=BP
V13
SB4@31=@4K
L722'/.%!2)C-25%%)-?/80
%3NB<=K@4B/
. Y10@4<&0<??BH<@4
RW?<??BHR&2A?BH<@4BY%
V13
I

%

%
KY%FU#@rM

K %F Q#@46M

: YoH#HM
9" %FUJ%M

%
KY%FU#@rM
‘O6F H#H4V]
KY%FU#@rM
9%FK#Q@6M
- FoH#HIM

99%F :K#G4&M

GPFO9#H Wb
%

KO%FVo#ttM

“0FKJH\BM
U%FIG#%M
9%FK#@6M
%

9Q%FUUAQ-M

:YoFH#HKM

99%F : K#G4&M

9%FK#Q@6M
%

“0FKJH\OM
K%FU#@rM

KI%JH#HYM

U%F9G#%M

9V(

%
K% FK# %M

‘H%FUK#%M

K% FK# %M

K% FIV#GM

%

J%
9%F9#GsM
% FGH#HIM
J%0

K%FK# %M
“%FQH\AM
9%F9#GsM
%

UH%F Q#sM

9J%FO:#
U%FV#BbeM
J%

%

:GUFGV#%M
KJ%FK #GsM

9QUFK %M
%
%

9:%F9 #HuM

9%F9#CeM
K% FK# %M

%

JHUOH
L1LLE8%

J# K%
L1LLL9%

%
J#93%
J#IQ%
JH#HVU%
J#:K%0
J#:K%
L1LL%8%
L1L5®8%
%

J#IU: %
J#: V%0
JHKH%
J#:K%0
%

J#t: %%
L1L @46
JHUI%
J#:K%
%

J# %%
JHK %
MIL1LLICB%o

UQ%FHJ#4M M!L1LLI%



I"HSHI6&" () (6 H6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %

(9.:h<="" BCDlL<=" |  $FG*0#&
| >(?5@A >(?E5A
(ISKA! % % %
L8C82E)>).5%g).")/%L<)/)1-<% | % % %
\-C=<' % % % %
V13<@3K@&OBP 0K@4B 4 "%FKIAGM  QUFIKHMM  J#KV%
*@10@P10<@-1P10WB4@ KK%FVG#HsM U%FV#REM  MILILLI®A

V1=<BGSC'/%(182)/2%9K%82%")?" 2%8/%. " %!'2)/-.-<% SERQGH<()4'%\1-<'%
FISL\M%.8.-<%('4'2).5%(1-<'%18C=2)('%."%Z")?"%! S LG 228%NBTG' /% (182)/7%
E'<8N%9IK%N'2'%)/%. " %Z<8N%!SL\I%?287=#%
$A%Y%>)-2/8()(0%\I T %Y %('28.8/)/%-1.-281)(.%-1>%2' 7= NRETHEET %Y % ('28:8/)/
182'=)/'="2)/'%2'7=.-W'06)/")E).820%\ T %Y %('<'1.)4'%('28.8/)/%2'7=.-W'%)*)E).820%s
CSL\%Y%s-2C28N/%SE('(# *L8C=7<()4'%\1-<%

“g'<1"{(%*. (.Y6F)/>'='/>'1.%(-C=<'(%N)."%7/'R7-<%4-2)-F(M
%l *g").I"5%3%. (.%6/8/*=-2-C'.2)1%)/>'="/>'/.%(-C=<'(Wh

)("2{(%'A-1.%. (%
%" (R7-2'%." (Y
% %

%

9'J



I"HSHY&" () (W6#%%6.)/-  0%,1,-(."2%3/)4

'2().5986'728(1)'/1' %

6*7%&1 4B C822-=") 1 (%o-/>%E"-4)872-<%1"-2-1."2)(.)L(%@82%' Y2H4=C:% %
F/Y9J M%-1182>)/7%.8%18C=<"*@DIRE=70k

%

=C'$%&)&+N!
>(?04A

J+CHCH)!
>(?@PA

SFRG*%0#é

H&*("J %
%/<(
142-,=B13@JK<f

M<<.?@&0</3(

! %
JEHGHAHAHQ 9#GKWH%  J#UR%
9" #9HY% T %It 9" #IQ%T%H' JHQGY%
9#H %T%CHC #IV%T%IKAQ J#:J%0

IN&<-=<4@&,0B=K@JB3-A24B| 9#U%tHI#  HHK%TI8BHO: JHIHY
&0</3,3-KIg
(I>KA% ! %
O,PBAK@>B?=10K@ K%F:#KWI  KW%FGHBM 9956
0,PBAK@>B?=10K@1Q@,3K@ GO%FVV#EM KU%RUNM  J#:\V%
8200<3=@7?7P19 KWF#KI  :9%FV# 94 JHVI%
8200<3=AK@=8BBL@1=01& IHUWFKQ#IM 99%FKGH#BM J#VI%
P<4B-,=B1¢ % % %
1(51"8.28=)1%,">)1-.)8/%3(% % % %
%3=B-13H2A% KW%F:#K1  J% JHU9%
%=K&B- ABB?K->B %FGHHIM  9%FKHEM  JHVE%
+<3T14B,T<&E :%FGHHM  KW%FGHGM 9%
6%# J% O%FK#RAM  JHGKD
BVH#Y U%FH#IM  J% JHI K%
66#9 QUFIGHAM QUWUFKIM  JHGHH
81PWB3,=B13@1Q@%¥% GWFVH#UM  O%FK#REM  J#GI%
V13 GG%F 9#%M :G%F UH\MM  J#V.J%
-2).-<%\.-.7(% % % %
;, 00B<4¢ GQUF Q#bM :J%FVVH W  J#KRY%
81PP13FA,X¢ Q%FIGHAM HY%FO #9M  JHHI
6B3/A¢ GUWFVHUM  VOFO:#:9d  JHK%
MB41X<Y J% O%FK#RAM  JHGKD
DC=<85C'/.% % % %
O2ARBPY UFU#KB  KI%FGG#GM JHGENH
G,0EBPY 9J%FOVHOM 9:%FKH#QsM J#OHY%
V139 9QUF:JHMM O9RKGHGIM  JHV:%%
SB4@ABBAL( I% O%FK#RAM  JHGKD
L722'1.%3)-2/8()@6 % % %
%3NB<=K@4B/ KI%F:K#:Ml QU%F: #86  J#Q9%
. Y10@4<&0<??BH<@4 "%FO9#: M  :%FV# ¥ JHU9%
RW?<??BtiR&2A?BHBEL04% 9:%FKI#IM QUFKIM  JHQI%
V13 T%FVIHEI K %FVIR  JHQW6

%

o %

%
%

%
*

%

99



I"H#$HI6&" () (F #6.)/-

0%,1,-(.'"2%3/)4'2().5986'728(1)/1' %

| =C'$%&)&+N!  J+CHFCH)! SR 0014
>(?04%% >(?@PA

(ISKA@ % % %

L8C82E)>).% % % %
V13<@J13AK@&OBP,0K@Y% Q%EZU-B  %FOUMMM  J#HENG
*@10@P10<@-1P10WB4@E 9VY%FKU#HM 99%FKGH#BM J#H %

HE&* (") ! % %

ISL\ % % % %
1=,/ HEQUYTIAIH VI %1% #9°  JHIHY

s*cSL\ % % % %
"1= K HVI%T%WHU V%1% #/V K %

(ISKA! % % %
V2PW<0@1Q@X1P<3@B3@>B/>@ K9%F:#QW  9:%FKH#QsM JHUN
V2PW<O@1Q@X1P<3@BB@A1X§ GO%FVV#BM K%F 949N  JHUEDG

VI=J%SAY %>)-2/8()(0%!SL\%Y %!'2)/-.-<%SELAIE7<()4'%6\1-< 0%\ T %Y %('28.8/)/%
1.-281)(.%-1>%2'7=.~W'%)/") E).820%6\6 T %Y % (BRR8/)/'="2)/ %27 =.-W'%)/") E).820%
WTAYY%('<'1.)4'06('28.8/)/%2'7=.~W'%)/") By BBL\%6Y %os-2C28N/%SE((()4*

L8C=7<()4'%\1-%

o <1"{(%* (. YF)/>'='/>".%(-C=<'(%N).

R OWE
“("2{(%'A-1.%.'%
$L") H(R7-2'%. %

%

"057/'R7-<%d-2)-FI5(M

5%3%.'(.%P#82-C'.2)1%)/>'="/>'].%(-C=<'(Rb

9K



I"HSHO6&" () (FH6.)/-  0%,1,-(.'2%3/)4'2().5986728(1)/1' %
%

1 (%/8.5<%-/=%->>">'06=)(.2) ?7.) /988 &B¥8.C! DY <8>5E82<") (E(%)/%FSE'/%F)."%-I=%F)."87.%22-'=%6
82('(()4' *18E<7>()4'%(5E<.8EJ3862'H/-/15%-1=%<8(.<-2.7TEG%7/="2%=)@ @'2'.%H'I")1%)/"2). S0’ %ES=">(#
%

%
% Y+, -4/, 01234 % % )5678""*79 = i/, 0; <l % %
S-HTTLPR B)H"%!1JK98% C8F%!IIK% L'%% <4->7% B)H"%!IJK% C8F%!IIK% L'% <4->7%
% 1% M% /% M% % % 1% M% /% M% % %
=4, 57. 8% % % % % % % % % % % % %
ca No OP#A 9% OO QHOb QH#RY P  O#% P 98  9#:M% QOB
CK% 9% SOH® 9% SOHA % % 9% SA#% O9R% SR % %
KK% 9% O#% OPb A#Pb % % P O#% 9% S@b6 % %

i % % % % % % % % % % % %
>§804%0 % % % % % % % % % % % %
% ‘0% SHY P:% S:#HO QHOb Q#AN 0@ AG6 Q% :#A% OH#REW QHOR
K% P% AOMM R% AP#R % % 0@ A®% A®% PO#A % %
% % % % % % % % % % % % %
250, Tl % % % % % % % %

B, AT 4%

C% No OP#A 9% OO QHOL QHPD P6  O#% P 98  9#:% Q#OSB
CKTKRb OBb =#A% A% R#% % % OP% :O#% :S% RAb % %
% % % % % % % % % % % % %
BY%-%665C% % % % % % % % % % %

B, AT 4%

CCTCKb O% P#Bb S:% PSHH QHI% Q#:% O O#% O%6 PQ6 9#Q% Q#:®
KK% 9% :O#% OPb A#Bb6 % % P O#% 9P% SO % %

NotesU%!IIKY%V%!'2)/-.->%I?2((JABE<7>()4 %K 1->'

% 9::



Ph.D. Thesis - G. Mattina; McMaster University - Neuroscience

Table 4: Severity of OCD according to 5-HTTLPR genotype status in pregnancy and

postpartum.
Pregnancy Postpartum

5-HTTLPR |n POCS Y-BOCS n POCS Y-BOCS
Genotype (mean+ SD)  (mean + SD) (mean+ SD)  (mean + SD)
LL 25 8.68+8.03 6.36+7.11 12 11.5+9.34 7.33+5.71
LS 45 9+8.70 7.09 +7.90 28 8.89+8.80 7.68 +£8.13
SS 37 638+7.16 7.14 £ 8.22 22 7.77+5.90 7.77 £ 7.40
Kruskal- =295 ¥=0.15 =121 ¥=0.10
Wallis test p=0.23 p=0.93 p=0.55 p=0.95

Notes: POCS = Perinatal Obsessive-Compulsive Scale.
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Table 5: Results of the linear mixed model examining 5-HTTLPR genotype, maternal
status (pregnancy vs. postpartum), and their interaction, as well as age, diagnosis and
parity predictors on POCS severity scores.

Predictor B (SE) t-value p-value*
5-HTTLPR
Genotype ?
LS | -1.41(2.37) -0.60 0.55
SS | -4.26 (2.30) -1.85 0.068
Maternal Status °
Postpartum | 1.25 (1.28) 0.98 0.33
LS:Postpartum -2.18 -1.43 0.16
SS:Postpartum -0.61 -0.39 0.70
Age -0.30 (0.21) -1.39 0.17
Diagnosis ©
OCD | 16.75 (2.50) 6.70 1.18e-08
Non-OCD ¢ | 5.06 (2.10) 241 0.02
Parity -0.19 (1.21) -0.16 0.88

Notes: OCD = Obsessive-Compulsive Disorder; POCS = Perinatal Obsessive-
Compulsive Scale.

* p-values obtained using the Satterthwaite approximation method

@ Reference genotype is LL

b Reference maternal status is pregnant

¢ Reference diagnosis is healthy control

4 Non-OCD diagnosis includes women with anxiety and/or depressive disorder only

175



Ph.D. Thesis - G. Mattina; McMaster University - Neuroscience

R S W W— ) -~ -}

v
=

L 5shp- S AN
—— 4s4b8. oy

Figure 1. Amplified PCR products of 5S-HTTLPR indicating presence of L (528 bp) or S
(484 bp) allele on 1.5% agarose gel. Lane 1: 1 kb plus DNA ladder; Lanes 2 and 11:
empty; Lane 3: L/L genotype; Lanes 4, 6, 8 and 9: L/S genotype; Lanes 5, 7 and 10: S/S
genotype; Lane 12: H>O control.
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-340 bp
-297 bp

-166 + 174 bp

Figure 2. PCR-RFLP products of 5-HTTLPR visualized on 4-20% gradient
polyacrylamide gel after digest with MSPI. The following alleles were visualized by their
corresponding band length: La (340 bp), Lg (166+174 bp) or S (297 bp) allele. Lane 1: 25
bp DNA ladder; Lane 2: La/Lg genotype; Lane 3: Lg/S genotype, Lanes 4, 6 and 9: S/S
genotype; Lanes 5, 7 and 8: La/S genotype.
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Figure 3. Boxplots depicting perinatal-related obsessive-compulsive symptom severity
(POCS total scores) at different time points in the perinatal period according to the 5-
HTTLPR genotype status in the subsample of women that completed the study (n=62).
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4.7 Appendix
HTR2A4 G-1438A4 PCR Protocol

Briefly, the 468-bp fragment was amplified using the forward (5°-
AACCAACTTATTTCCTACCA-3’) and reverse (5’-AAGCTGCAAGGTAGCAACAG-
3’) primers. The 25 pL. amplification mixture was identical to the one described for 5-
HTTLPR, with the exception that the GC-rich enhancer was not incorporated. The same
PCR cycling conditions were also used. 12 uL. of PCR product underwent immediate gel
electrophoresis at 50V for 90 minutes on a 2% agarose gel in order to visualize and

confirm the presence of the 468-bp band (see Appendix Figure 1A). The remaining 13 pL

of PCR product was digested with MSPI restriction enzyme using the same conditions
described for 5-HTTLPR in order to differentiate between the G and A allele. The cut
products underwent gel electrophoresis on a 2.5% agarose gel at 50V for 90 minutes. All
gels were visualized using the same UV transilluminator system, with bands visible at
224+244-bp for the G allele and 468-bp for the A allele.

Using the abovementioned protocol, band visualization was challenging. Notably,
it was unclear why differences in intensities were noted for individuals displaying the

same alleles and genotype (see arrows on Appendix Figure 1B). Furthermore, all

randomly genotyped samples (from ~ 30 individuals) contained the same G/A
heterozygous genotype, which prompted further examination and protocol optimization
attempts.

As part of the optimization attempts, we altered the following: composition of the

agarose gel (tested 2.5 and 3% agarose), DNA concentration (doubled at 200 ng), PCR
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annealing and extension temperatures, extension time, number of PCR cycles, and MSPI
digest time, in addition to ordering new Taq polymerase and MSPI enzymes. From these
attempts, we found no discernable differences or even worse visualization.

Due to failure in obtaining positive controls, we were unable to complete genotyping of
the HTR2A and plan to continue this endeavor in the future once we are able to secure
positive controls (i.e. samples known with having the G/G, G/A, and A/A genotypes) and
will look into other genotyping methods (i.e. quantitative PCR with fluorescent-labelled

probes).
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Appendix Figure 1. PCR-RFLP products of HTR2A4 rs6311 (G-1438A). A. Uncut
amplified PCR product (468 bp) visible on 2% agarose gel. First and last lanes contained
1 kb plus DNA ladder and 25 bp DNA ladder, respectively. B. Cut products following
digest with MSPI on 3% agarose gel, indicating presence of A (468 bp) or G (244+224
bp) allele. All samples were heterozygous G/A. First and last lanes contained 100 bp
DNA ladder and 25 bp DNA ladder, respectively. White arrows indicate difference in
band intensities, despite identical genotypes.
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Chapter 5: Cortical Markers Associated with Obsessive-
Compulsive Symptom Worsening and Clinical Severity in
Postpartum Mothers: An Exploratory Investigation

Abstract

Background: Women are at increased risk for the development and exacerbation of
obsessive-compulsive disorder (OCD) in the perinatal period. Notably, unique symptoms
surrounding the wellbeing of the newborn commonly emerge. Despite evidence of
structural brain alterations associated with OCD, no studies have examined cortical
characteristics associated with perinatal OCD and symptom severity in women during the
postpartum period.

Methods: A total of 62 women completed two study visits: one in the 2nd to 3rd trimester
of pregnancy and one in postpartum as part of a longitudinal study. The sample was
comprised of 13 healthy controls and 49 psychiatric outpatients, of whom 13 met DSM-
IV criteria for OCD. Several self-report clinical scales were completed at both time
points, including the Perinatal Obsessive-Compulsive Scale (POCS), and participants
underwent a 3T structural magnetic resonance imaging (MRI) scan in the postpartum
visit. Whole brain surface-based analyses of cortical thickness (CT) and surface area
(CSA) were completed using the automated FreeSurfer software to compare group
differences and correlate gray matter parameters to symptom severity for the whole
sample and stratified groups. Analyses were corrected for multiple testing using Monte

Carlo simulations.
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Results: There were no observable differences in cortical parameters across diagnostic
groups. Greater worsening of obsessive-compulsive and trait anxiety symptoms across the
perinatal period was associated with increased CSA of the left precuneus, in addition to
other regions in the parietal, temporal, and occipital cortex. After group stratification,
postpartum mothers with OCD exhibited CSA measures that were positively correlated
with symptom severity, with the left inferior temporal, superior parietal and precentral
gyrus, and the right precuneus associated with baby-focused obsessive-compulsive
symptom severity (all corrected cluster-wise p<0.01). There was no association between
CT and symptom severity.

Limitations: Comorbidity, psychotropic medication use, symptom heterogeneity and
sample size.

Conclusions: To our knowledge, this is the first study to assess cortical morphology
related to perinatal OCD in a postpartum sample. These findings suggest that multiple
neural networks likely contribute to OCD and anxiety symptom exacerbation in the

perinatal period.

183



Ph.D. Thesis - G. Mattina; McMaster University - Neuroscience

5.1 Introduction

The perinatal period reflects a critical reproductive milestone for females that is
marked by profound physiological changes. These biological adaptations are necessary
for meeting the demands of the developing fetus or newborn but place a significant
proportion of mothers at increased risk for the development or exacerbation of affective
disorders (Fairbrother, Young, Janssen, Antony, & Tucker, 2015; Howard et al., 2014).
Obsessive-compulsive disorder (OCD) during the perinatal period affects a significant
proportion of females at rates higher than what is observed in the general population (1-
3%), with some epidemiological studies reporting prevalence as high as 9% in postpartum
samples (Uguz, Akman, Kaya, & Cilli, 2007; Wenzel, Haugen, Jackson, & Brendle,
2005; Zambaldi et al., 2009). Furthermore, among OCD samples, symptom onset during
pregnancy or postpartum has been reported in 2—15.4% of women, whereas exacerbation
during the perinatal period occurs more frequently (8-50%) in women with pre-existing
OCD (Forray et al., 2010; Guglielmi et al., 2014; Labad et al., 2010, 2005; Uguz et al.,
2011; Vulink et al., 2006). Unlike postpartum depression, perinatal OCD may be an
underdiagnosed and undertreated disorder, as evidenced by the poor identification of
these symptoms in healthcare settings (Mulcahy, Rees, Galbally, & Anderson, 2020).
When left untreated, perinatal OCD is associated with symptom persistence and reduced
quality of life due to detrimental effects on physical and psychological wellbeing, as well
as social relationships (Gezging et al., 2008; E. S. Miller et al., 2013).

Within clinical samples, obsessive-compulsive symptoms (OCS) are more

frequently described among women with perinatal depression or anxiety (Abramowitz,
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Meltzer-Brody, et al., 2010; E. S. Miller et al., 2013; Wisner et al., 1999). Notably, the
emergence of perinatal-related symptoms is a risk factor for the development of OCD.
When severe, such symptoms are distressing, disruptive, and have serious negative
consequences on the mother-infant relationship (Abramowitz, Schwartz, & Moore, 2003;
L. M. Arnold, 1999; Challacombe et al., 2016; Fairbrother & Woody, 2008). As a result,
early identification and treatment is necessary to mitigate the adverse effects perinatal
OCD has on the mother, baby and family.

While numerous investigations into risk factors and biological correlates of OCD
in the general population have been conducted, little is understood about what factors
contribute to perinatal OCD. Mounting evidence of structural and functional
abnormalities in several neural circuits, such as the cortico-striato-thalamo-cortical
(CSTC) circuit, have been documented in OCD samples (Menzies et al., 2008; Pauls et
al., 2014). Commonly, results from functional neuroimaging studies (fMRI) have pointed
towards increased resting-state functional connectivity of regions within the CSTC
system (Beucke et al., 2013; Calza et al., 2019; Harrison et al., 2009; Jung et al., 2013;
Sakai et al., 2011). Prior work examining the cortical structure of OCD samples has
frequently implicated widespread abnormalities in regions such as the dorsomedial and
dorsolateral prefrontal, orbitofrontal, temporal, parietal and anterior cingulate cortices
(Fan et al., 2013; Nakamae et al., 2012; Piras et al., 2015; Radua & Mataix-Cols, 2009;
Rotge et al., 2010; Venkatasubramanian et al., 2012). In the largest mega-analysis
completed to date, the Enhancing Neurolmaging and Genetics by Meta-Analysis

(ENIGMA) consortium pooled cortical morphometric data from 1905 OCD cases and
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1760 healthy controls finding lower surface area of the transverse temporal cortex and a
thinner inferior parietal cortex in OCD cases (Boedhoe et al., 2018). Similarly, decreased
cortical thickness in the parietal and temporal areas, as well as the right dorsolateral
prefrontal cortex and left posterior cingulate cortex, was reported in a prior multi-site
mega-analysis (Fouche et al., 2017). Taken together, these results suggest that wide-
spread brain regions within and outside of the conventional CSTC model are involved in
OCD and highlights the potential for cortical markers to act as biomarkers for the
disorder.

Literature on the neural correlates of perinatal OCD is extremely scarce, with only
one imaging study conducted that investigated the brain activation patterns associated
with psychosocial stress in a postpartum sample (Lord et al., 2012). To date, no studies
have looked at gray matter morphology within a postpartum sample with OCD.

This study aims to fill knowledge gaps by exploring cortical features associated
with OCD and clinical symptom severity in the postpartum period. We applied surface-
based morphometry across the whole brain in order to explore possible variations in
cortical thickness (CT) and cortical surface area (CSA) in postpartum women related to
OCD diagnosis and symptom severity, as well as other factors that may contribute to
postpartum OCD, including anxiety and depressive symptoms, sleep quality and past

exposure to childhood maltreatment.
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5.2 Methods

5.2.1 Participants

Of 107 women initially recruited during pregnancy, a subsample of 62 women
were followed into the postpartum period as part of a longitudinal study conducted from
2013-2017. This subsample of women included healthy controls and women presenting
with a spectrum of obsessive-compulsive or anxiety symptoms. Participants were
primarily recruited through the Women’s Health Concerns Clinic (WHCC) at St. Joseph’s
Healthcare Hamilton (SJHH) and by flyer advertisements in the Hamilton area, including
midwifery and physician clinics. The STHH outpatient clinic specializes in the assessment
and treatment of psychiatric symptoms in females during reproductive events

All participants were screened on the presence of any psychiatric or neurologic
disorders and MRI contraindications. Eligibility criteria for all participants included being
18 years of age or older and able to communicate in English. For women meeting a
primary diagnosis of OCD, as assessed by a STHH experienced psychiatrist, exclusion
criteria consisted of the following: (1) comorbid current diagnosis of any Axis I
psychiatric disorder, other than an anxiety disorder or major depressive disorder, as
confirmed with the composite international diagnostic interview for women (CIDI-
Venus) (Martini et al., 2009); (2) any serious head trauma or injury within the last 10
years; and (3) any significant perinatal complications or physical conditions. Due to the
challenges in recruiting a perinatal sample with OCD, participants with comorbid anxiety
and/or major depressive disorders and those receiving pharmacological treatment or

psychotherapy for their psychiatric symptoms were not excluded. Healthy controls were
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defined using the same aforementioned inclusion and exclusion criteria, with the
exception that they could not have any current or past history of a psychiatric illness,
including alcohol or substance abuse. In addition to the OCD and HC samples, a third
group was recruited that consisted of participants who had a current or past history of an
anxiety and/or depressive disorder, and the same exclusion criteria outlined above was
applied. The study was approved by the Hamilton Integrated Research Ethics Board
(Project # 10-3338) and all participants provided written informed consent.
5.2.2 Study Design

After obtaining consent, women participated in two study-related visits. The first
visit took place during the 2™ or 3™ trimester of pregnancy. At this time, clinical
diagnoses and psychiatric history were established with a fully structured psychiatric
interview (CIDI-Venus), based on criteria from the Diagnostic and Statistical Manual of
Mental Disorder, 4" Edition (DSM-I1V), and each participant completed several self-
report clinical scales. The second visit took place between 2-10 months postpartum,
where the participants returned to recomplete the clinical scales and a magnetic resonance
imaging (MRI) scan on the same day. Women who were lost to follow-up and did not
complete the postpartum visit (n=45, from the initial 107 recruited) are not included in the
current report (see Chapter 4: Table 2 and Appendix Table 1 for demographic and clinical

differences between completers and drop-outs).
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5.2.3 Clinical Measures

The following paper-and-pencil self-report measures were completed at both
visits, in pregnancy and postpartum, and assessed the presence and severity of clinically
relevant behavioural symptoms in the perinatal period:

Perinatal Obsessive-Compulsive Scale (POCS) (Lord et al., 2011). The POCS
assesses the content and severity of perinatal-specific OCS that are primarily focused on
the baby’s well-being, health and environment. Several examples of symptoms listed in
the POCS include: ‘Recurrent doubts about mothering’, ‘ Your baby being contaminated
(by germs)’, ‘Repeatedly washing and cleaning your baby’s environment’, ‘ Your baby
being harmed or dying in an accident’, ‘Repeatedly checking the baby while he/she is
asleep.” Preliminary investigations into its psychometric properties revealed strong
support for its reliability and validity in perinatal populations (Rowa et al., 2020).

Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) (Goodman et al., 1989).
Considered a ‘gold standard’ assessment tool in clinical and research settings, the Y-
BOCS is a validated measure for assessing severity of OCS. The self-report version that
was used has been shown to have excellent internal consistency and test-retest reliability
(Baer et al., 1993; Steketee et al., 1996). Despite the symptom checklist containing areas
for participants to list ‘Other’ obsessive or compulsive symptoms not mentioned, the Y-
BOCS does not contain any language or prompts related to unique perinatal-focused
symptoms. The following empirically derived score ranges indicate the severity of OCS:
0-13 ‘mild symptoms’, 14-25 ‘moderate symptoms’, 26-34 ‘moderate-severe’, and 35-40

‘severe’ (Storch et al., 2015).
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Edinburgh Postnatal Depression Scale (EPDS) (Cox, Holden, & Sagovsky,
1987). This 10-item scale is one of the most widely used assessments for identifying
depressive symptoms and its associated severity within perinatal samples. Scores > 15
and > 13 indicate presence of perinatal depression in antenatal and postpartum periods,
respectively (D. Murray & Cox, 1990; L. Murray & Carothers, 1990).

Spielberger State Trait Anxiety Inventory (STAI) (Spielberger, Gorsuch, &
Lushene, 1970). Not specific to the perinatal period, the STAI measures general anxiety
and distinguishes between two different forms: (1) state anxiety (STAI-S), a transient
measure of current anxiety level, and (2) trait anxiety (STAI-T), a measure of the general
tendency to be anxious. Cut-off scores > 40 on the state and trait subscales corresponded
to the highest sensitivity and reliability estimates for antenatal anxiety in pregnant
samples (Grant, McMahon, & Austin, 2008).

In addition to the above clinical scales, the Childhood Trauma Questionnaire
(CTQ) (Bernstein et al., 2003) was completed during the pregnancy visit to
retrospectively determine exposure to childhood maltreatment measured across 5
different subscales: physical abuse, emotional abuse, emotional neglect, sexual abuse and
physical neglect. In order to assess overall sleep quality in the postpartum period, the
Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds II1, Monk, Berman, & Kupfer,
1989) was administered during the second study visit.

5.2.4 MRI Data Acquisition
Images were acquired using a GE short-bore 3-Tesla MRI scanner with an 8-

channel phased array head coil (General Electric Healthcare). A T1-weighted 3-
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dimensional (3D) axial magnetization-prepared rapid acquisition with gradient echo
(MPRAGE) anatomic scan was performed with the following parameters: repetition time
[TR] 9 ms, echo time [TE] 3.2 ms, flip angle 12°, field of view [FOV] 240 mm, slice
thickness 2.0 mm, 140-168 slices, acquisition matrix size 320 x 192.
5.2.5 Image Processing and Surface-Based Morphometry

The FreeSurfer software suite for brain imaging analysis (version 6.0;
http://surfer.nmr.mgh.harvard.edu/)(Fischl, 2012) was used to calculate measures of
cortical thickness (CT) and cortical surface area (CSA), which have been shown to have a
number of advantages over other voxel-based morphometry approaches, including the
ability to differentiate between gray matter parameters (e.g. CT and CSA), greater
anatomical alignment precision, greater spatial subvoxel accuracy, greater reproducibility
of thickness measures, and less susceptibility to noise and partial volume effects
(Clarkson et al., 2011). The surface-based analysis pipeline used to generate cortical
surface models for each participant has been described elsewhere (Dale, Fischl, & Sereno,
1999; Fischl, Liu, & Dale, 2001; Fischl et al., 2002, 2004; Fischl, Sereno, & Dale, 1999;
Fischl, Sereno, Tootell, & Dale, 1999). Briefly, the FreeSurfer processing includes
motion correction, transformation to Talaraich space, intensity normalization, skull
stripping, hemisphere separation, labeling, segmenting and connecting white matter
surfaces, tessellation of the gray matter/white matter boundary, and topological
correction. As part of a deformation procedure, the tessellated triangle mesh surfaces are
used to identify the boundaries between gray matter/white matter and pial/cerebrospinal

fluid surfaces. For each vertex, CT is defined as the shortest distance between the white
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and pial surface, measured in millimeters (mm), and CSA is defined as the average area
of the triangles at the vertex, measured in millimeters squared (mm?). The surfaces and
measures of CT and CSA are then inflated and registered to a spherical MNI atlas based
on characteristic folding patterns, to allow for visualization across the entire cortical
surface. The cortical surface maps obtained for each participant were visually inspected to
confirm proper segmentation. Prior to conducting vertex specific general linear model
(GLM), a 10 mm (full-width at half-maximum) Gaussian kernel was applied to smooth
maps. Individual participant data was then transformed to an average surface that is
optimally aligned according to sulcal and gyral features to match cortical locations across
participants.
5.2.6 Statistical Analysis

Differences in demographic and clinical variables between the OCD, current or
past anxiety/depression (CPAD), and healthy control (HC) groups were assessed by
performing one-way analysis of variance (ANOVA) tests with post-hoc Tukey’s HSD test
(parametric) or Kruskal-Wallis H test with post-hoc Dunn’s multiple comparison test
using Bonferroni adjustment (non-parametric) for continuous data. Categorical data were
assessed using Fisher’s exact test with Bonferroni correction. Change over time in
severity scores on the behavioural data, as measured by the various self-report clinical
scales, from pregnancy to the postpartum period was assessed using paired sample ¢-test
(parametric) and Wilcoxon signed-rank test for paired samples (non-parametric).
Normality and homogeneity of variance assumptions were checked using Shapiro-Wilk

test and Levene’s test, respectively. In case of a non-normal distribution, transformations
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were applied to the data if possible. Statistical analyses were completed using R
Statistical Software version 4.0.1. (R Core Team, 2019).

Between- and within-group comparisons of whole-brain gray matter
characteristics (CT and CSA measures) were analyzed using FreeSurfer’s QDEC
statistical interface. GLM analysis was used to determine whether CT and CSA measures
differed according to diagnosis (OCD vs. HC; Anxiety (current or past) vs. HC;
Depression (current or past) vs. HC), with age and weeks postpartum included as
covariates. Furthermore, exploratory GLMs were fitted, assessing CT and CSA measures
according to symptom severity on each of the separate clinical scales (POCS, Y-BOCS,
EPDS, STAI-S and STAI-T) and other measures (PSQI, CTQ) were completed across the
entire postpartum sample and in the OCD subgroup, using the same covariates described
above. Due to the high rates of comorbid anxiety in the OCD sample, we also completed
these analyses in the subgroup of mothers with a current anxiety disorder, in order to
compare findings and determine whether similar or different associations were found
across diagnostic groups. Furthermore, to assess the possible effect of medication use on
cortical parameters, we performed separate GLM analyses to test if there were any
differences in gray matter thickness or surface area between medicated and unmedicated
mothers, with age and weeks postpartum as covariates.

Monte Carlo-simulation correction (10,000 iterations) was applied to all GLM
results to account for multiple comparisons across the whole brain, with a cluster-wise p-
value threshold set to 0.01 to remain conservative due to the exploratory nature of the

analysis.
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5.3 Results

5.3.1 Demographic and Clinical Characteristics

A total of 62 outpatient (n=49) and healthy control (n=13) women participated in
the study and completed the MRI scan in the postpartum period. Within the outpatient
sample, 13 met DSM-IV criteria for OCD, with the remainder (n=36) representing
mothers who had a current or past history of any anxiety and/or depressive disorder
(CPAD). Within the OCD group, 77% (n=10) had a comorbid diagnosis, with
Generalized Anxiety Disorder being the most common. Age when OCS symptoms first
emerged ranged from 7 to 29 years of age (mean = SD=14.61 £+ 6.12) in the OCD group.

Demographic and clinical characteristics according to diagnostic group are
summarized in Table 1. The participants were aged 20 to 40 years and completed the
postpartum visit between 11 to 40 weeks postpartum. Demographics were well-matched
across the three groups, with the exception that HC mothers were younger than CPAD
mothers (F2,50 = 3.54, adjusted p=0.03). When examining the postpartum clinical data,
women with OCD were more likely to be taking psychotropic medications and had
significantly higher severity scores on the POCS, Y-BOCS, STALI state and trait, and
EPDS clinical scales, as well as greater exposure to childhood maltreatment, specifically
on the emotional abuse subscale of the CTQ (all adjusted p<0.02), when compared to the
HC group. When compared to the CPAD group, women with OCD scored higher scores
on POCS, Y-BOCS, STAI-T, and EPDS (all adjusted p<0.005). The only statistical
differences noted between the CPAD and HC group was on the STAI state and trait

subscales (adjusted p<0.001), with greater anxiety measures reported in the CPAD group.
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Additionally, OCD mothers reported worse sleep quality as assessed on the PSQI as
compared to the other groups (F2,50 = 8.73, adjusted p<0.005).

Change in clinical severity scores across the behavioural measures from
pregnancy to postpartum for each group is depicted in Table 2. Women in the OCD group
experienced a decrease in severity on the POCS total score (=2.23, p=0.045) and EPDS
total (#=3.22, p=0.005) across the perinatal period. In the CPAD group, women
experienced a decrease in the EPDS total (+=3.76, p=0.0006), whereas no significant
changes were observed for the HC group.

5.3.2 Cortical Surface-Based Analysis
5.3.2.1 By Diagnosis

When comparing the mothers with OCD (n=13) to the HC (n=13) mothers, there
were no significant differences noted in either CT or CSA measures across the whole
brain. Furthermore, when comparing women with current or past history of an anxiety
disorder (n=36) or women with current or past history of major depressive disorders
(n=43) to women in the HC group, no significant differences in any cortical measure was
observed.
5.3.2.2 Whole Group Analysis

When correlating symptom severity with measures of CT or CSA across the entire
sample irrespective of diagnosis (n=62), there were no significant associations found for
any obsessive-compulsive (POCS or Y-BOCS), anxiety (STAI-S or -T) or depressive
symptoms (EPDS). Additionally, there were no associations with childhood maltreatment

(CTQ) or sleep quality (PSQI) with any cortical measure.
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When examining change in scores from pregnancy to postpartum in the entire
sample, there were no associations found with measures of CT. On the other hand,
measures of CSA was found to be significantly correlated with change in scores on
several clinical scales. Greater CSA was associated with greater symptom worsening on
the following questionnaires: POCS total severity (APOCS) in the left precuneus and
fusiform, Y-BOCS total severity (AY-BOCS) in the right lateral occipital region, and trait
anxiety severity (ASTAI-T) in the left precuneus and right superior parietal region (see
Table 3). There were no associations with CSA and symptom change in the other anxiety
or depression clinical scales.
5.3.2.3 OCD Subgroup Analysis

Within the sample of mothers with OCD, there were no significant associations of
any clinical measures with CT estimates. However, several significant positive
correlations were observed for CSA measures. Specifically, when looking at postpartum-
related OCS, greater CSA was associated with total POCS severity score in the left
inferior temporal, superior parietal and precentral regions and the right precuneus (see
Table 4). When examining general OCS, greater CSA was positively associated with the
Y-BOCS in the left fusiform and superior temporal areas, and right superior frontal
region. Measures of STAI-T were positively associated with CSA estimates in the right
lateral orbitofrontal cortex (OFC). No associations were found with CSA and STAI state,
EPDS, CTQ or PSQI scores.

When examining change in score across the perinatal period, no associations were

found for CT, but a greater increased change in Y-BOCS symptom severity scores (AY-
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BOCS) from pregnancy to postpartum was associated with greater CSA in the left lingual
and rostral middle frontal areas, and the right lateral occipital. Furthermore, increased
change in trait anxiety scores (A STAI-T) in the postpartum period was associated with
greater CSA in the left pericalcarine and right lingual and rostral middle frontal regions.
There were no associations observed for CSA and changes in the other clinical measures
across the perinatal period.
5.3.2.4 Current Anxiety Subgroup Analysis

When examining the relationship between CT and CSA estimates with clinical
scales in women with current anxiety (n=20), which included several (n=9) women from
the OCD group, no significant associations were observed with any clinical, childhood or
sleep measure.
5.3.2.5 Psychotropic Medication Use

In the whole-brain analysis, there were no group differences observed when
comparing cortical measures between mothers taking psychotropic medication and

unmedicated mothers.

5.4 Discussion

To our knowledge, this is the first study assessing cortical measures in a
postpartum sample related to OCD and perinatal OCS. Our exploratory investigation
using whole brain analyses revealed no significant differences in CT or CSA between
diagnostic groups. Furthermore, when looking at symptom severity across the entire
sample irrespective of diagnosis, there were no associations of CT or CSA measures

related to postpartum obsessive-compulsive, depressive or anxiety symptom severity, as
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well as sleep quality or exposure to childhood maltreatment. However, we found that
greater CSA of areas within the ventral temporal, lateral occipital, superior and posterior
parietal regions associated were associated with the greater worsening of clinical
symptoms from pregnancy to postpartum. Specifically, greater CSA of the left precuneus
and fusiform was positively associated with perinatal-related OCS worsening, while
greater CSA of the right lateral occipital region was associated with worsened OCS that
are not specific to the perinatal period. There were no associations with change in
depressive symptoms, but greater CSA of the left precuneus and right superior parietal
region was associated with worse trait anxiety. Comparisons of mothers taking
psychotropic medication to those that were unmedicated revealed no differences in CT or
CSA measures across the whole brain.

Analyses completed on the subsample of women diagnosed with OCD during
pregnancy revealed several significant findings related to clinical severity. In mothers
with OCD, symptom severity according to POCS, Y-BOCS and STAI-T clinical scales
was positively associated with gray matter surface area. Particularly, greater CSA in the
following regions was associated with the following symptoms: (1) total scores on the
POCS were linked to temporal, parietal and frontal regions, (2) total scores were linked to
the Y-BOCS in temporal and frontal areas, and (3) STAI-T scores were linked to the right
lateral OFC. Furthermore, greater worsening of scores from pregnancy to postpartum on
the Y-BOCS and STAI-T were the only clinical scales associated with greater CSA, in
occipital and frontal regions. No significant associations were observed for gray matter

thickness measures in any analyses within this sample.
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Given that OCD patients experience a high prevalence of comorbid anxiety, we
ran similar GLM analyses on the sample of mothers with a current diagnosis of an anxiety
disorder, yet results revealed no relationships between any cortical and behavioural
measures in this subgroup. These findings imply that the significant associations observed
in the OCD subgroup are likely not a consequence of comorbid anxiety and may be
specific to perinatal OCD. Notably, trait anxiety in the OCD group, but not the current
anxiety group, was associated with surface area measures in the right lateral OFC,
suggesting that mothers with OCD may be more vulnerable to cortical alterations in the
postpartum period related to their tendency to be anxious. We were unable to run analyses
examining mothers with a current depressive disorder due to the limited number in our
sample (n=2).

We did not find any significant associations of cortical measures with depressive
symptoms, sleep quality or exposure to childhood maltreatment in the whole group or
OCD subgroup. The literature provides some supporting evidence that early adverse
experiences (L. F. Fontenelle et al., 2011; Saunders et al., 1992) and sleep disturbance
(Sharma, 2019) may increase risk for OCD in females. Furthermore, major depression is a
frequently comorbid condition in OCD samples and is a predictor of poor quality of life
outcomes in OCD samples (Karadag et al., 2006; Masellis, Rector, & Richter, 2003). It is
not yet clear whether these comorbid behavioural symptoms and early life exposures play
an important role in the etiology of perinatal OCD, warranting investigation in subsequent

studies.
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5.4.1 Cortical Morphometry in OCD

As this is the first study exploring cortical structure of postpartum women in
relation to OCS, we can only compare our findings to those of the general OCD
population. Several of the cortical areas that were found linked to clinical symptom
severity in our postpartum sample are regions that have previously been implicated in
OCD samples. In particular, one recent study conducted using the same surface-based
approach identified differences in the surface area of the rostral middle frontal, superior
parietal, precuneus, and lateral occipital regions associated with OCD (Rus et al., 2017).
This overlap provides promising evidence that these regions are implicated in the
pathophysiology of the disorder; however, their results depicted decreased surface area
measures, whereas our results reflected increased surface area that was not associated
with diagnosis, but rather clinical severity. Moreover, additional investigations comparing
CSA of OCD to healthy controls have reported decreases in surface area (Boedhoe et al.,
2018; Venkatasubramanian et al., 2012) or no difference (Fan et al., 2013). It should be
noted that investigations into OCD using the surface-based analysis approach have
expanded in the last decade but remain rather scarce.

Our inability to find any notable differences of cortical thickness measures in our
perinatal sample are consistent with a few studies conducted on the general OCD
population (S. G. Kim, Jung, Kim, Jang, & Kwon, 2013; Rus et al., 2017), but are in
disagreement with the remaining literature that has either reported cortical thinning
(Boedhoe et al., 2018; Fullana et al., 2014; Kiihn et al., 2013; W. Liu et al., 2019; Peng,

Xu, et al., 2014; Shin et al., 2007; Venkatasubramanian et al., 2012; C. Zhou et al., 2018),
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or increases in thickness of frontal, temporal, parietal and occipital regions associated
with OCD (Fan et al., 2013; Narayan et al., 2008; Wagner et al., 2019).

These inconsistencies in cortical markers associated with OCD across reports is
likely due to differences in the clinical characteristics of the samples. Considering that our
sample was entirely comprised of postpartum mothers, our findings must be interpreted in
the context of perinatal OCD and are likely not representative of the general OCD
population.

It is important to note that thickness and surface area reflect distinct cortical
characteristics, with evidence from ontogenetic studies suggesting that CSA is influenced
by the number and spacing of neuronal columns, whereas CT is influenced by the number
of cells within a column (Casanova & Tillquist, 2008; Rakic, 1988). Additionally, a
relationship between CSA and the underlying myelin white matter was recently shown,
which was not related to CT (Cafiero, Brauer, Anwander, & Friederici, 2019). Therefore,
it is possible that changes in surface area may be a reflection of altered cortical and

functional connections between regions associated with psychopathology.

5.4.2 Relating Structural Alterations to Functional Implications

Our results demonstrated widespread cortical alterations associated with perinatal
obsessive-compulsive and anxiety symptoms within the entire postpartum sample. Only a
handful of prior studies found a relationship between cortical measures and OCD clinical
severity (Fan et al., 2013; Kiihn et al., 2013; Venkatasubramanian et al., 2012; C. Zhou et
al., 2018), but reproducibility of these findings remains a serious problem. In our sample,

greater worsening of these symptoms from pregnancy to postpartum was associated with
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changes to the CSA of parietal, temporal and occipital regions. In particular, the surface
area of the left precuneus was positively correlated with symptom exacerbation on both
the POCS and STAI-T clinical scales.

The precuneus, located in the medial portion of the posterior parietal lobe, has
extensive cortico-cortical connections with the dorsolateral prefrontal cortex, premotor
cortex and the anterior cingulate cortex and is involved in several motor and cognitive
functions, such as spatial mapping and guided motor responses, episodic memory
retrieval, mental imagery, self-awareness and consciousness (Cavanna & Trimble, 2006;
S. Zhang & Li, 2012). In typical postpartum-related brain changes, the precuneus was
found to undergo structural changes, albeit in mixed directions over time (P. Kim,
Dufford, & Tribble, 2018; K. Zhang, Wang, Zhang, Du, & Chen, 2020).

Although the precuneus is infrequently discussed in the context of neurobiological
models of OCD, decreases in surface area, thickness and volume have been consistently
reported in OCD patients (Fouche et al., 2017; Rus et al., 2017; Soriano-Mas et al., 2007).
When considering OCD symptomatology, one study found a positive correlation between
harm/checking OCS and left precuneus volume (van den Heuvel et al., 2009), suggesting
that the precuneus may have a symptom-specific dependent relationship. This is further
evidenced by symptom provocation studies, where precuneus activation has been reported
in OCD samples (Rotge et al., 2008).

The precuneus is part of the default mode network (DMN), which is the neural
network most active during resting states (Utevsky, Smith, & Huettel, 2014). Evidence

from functional connectivity studies demonstrates altered relationships between the DMN
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and the fronto-parietal network (FPN), involved in cognitive attention and control (S.
Marek & Dosenbach, 2018), in OCD patients that was coupled with hyper-connectivity of
the posterior cingulate cortex/precuneus with the anterior insula seed of the FPN (Stern,
Fitzgerald, Welsh, Abelson, & Taylor, 2012). Altered functional connectivity of the
precuneus may help explain why individuals with OCD experience difficulties in
disengaging from internally driven thoughts when trying to complete tasks that require
providing attention to the external environmental (Stern et al., 2012). In the case of
perinatal OCD, mothers experiencing intrusive thoughts likely experience added
challenges and greater anxiety related to tending to the needs of their newborn. Our
structural findings suggest that the precuneus may be related to symptom exacerbation
across the perinatal period and investigations into its functional connectivity is needed to
better understand its role in infant-specific OCS and perinatal OCD.

The left fusiform was another cortical structure associated with change in
perinatal-related OCS in our whole sample. Functionally, the fusiform is involved in
perception and processing of visual information, such as the recognition of faces, colour,
objects, bodies and words (Weiner & Zilles, 2016). Within the OCD literature, enhanced
functional connectivity of the fusiform has been shown during task-related paradigms,
such as an emotional face-processing task and in symptom provocation studies (Cardoner
etal., 2011; Gongalves et al., 2016). In postpartum studies, the fusiform is preferentially
activated when viewing photos of their own baby (Swain, Leckman, Mayes, Feldman, &
Schultz, 2006) and in response to own infant cries (Laurent & Ablow, 2012). From these

studies, the fusiform appears to be related to normative parental response and may be
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dysfunctional in OCD, thereby making it a region of interest in mothers with perinatal-
related OCS.

Alterations to the right lateral occipital and right superior parietal areas appeared
when examining symptom worsening of general OCS and trait anxiety, respectively, in
the entire sample. These regions are functionally related to visual and sensory processing,
including object and face recognition, spatial orientation and attention (Johns, 2014;
Malach et al., 1995; Nagy, Greenlee, & Kovacs, 2012). The functional consequence of
these cortical alterations in the perinatal period are not clear but suggest that parieto-
occipital areas are involved in OCS and trait anxiety symptom exacerbation.

When looking at associations with clinical severity scores in the OCD group,
postpartum mothers showed greater surface area of extensive regions in the frontal,
parietal, temporal and occipital cortex associated with clinical severity on the POCS, Y-
BOCS and STAI-T. Specifically, the left inferior temporal, superior parietal, and
precentral, and right precuneus regions were associated with the severity of unique OCS
directed towards the well-being of the baby. Overall, these regions are involved in higher
order cognitive functioning, visual processing, attention, task-switching and inhibitory
control (Cavanna & Trimble, 2006; Conway, 2018; C. S. R. Li, Huang, Constable, &
Sinha, 2006; Vandenberghe, Molenberghs, & Gillebert, 2012).

As part of the ventral visual stream, the inferior temporal area is involved in the
visual processing of objects, faces and scenes (i.e. a collection of objects or shapes that
contain a spatial layout)(Conway, 2018). Investigations into the functional connectivity of

the inferior temporal region in OCD revealed decreased local connectivity when at rest, as
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compared to healthy controls (Yang et al., 2019). In a sample of healthy first-time
mothers, the inferior temporal gyri and several other cortical areas showed greater activity
when viewing images of their own baby’s face, as compared to unknown infants
(Strathearn, Li, Fonagy, & Montague, 2008). Although its relationship to perinatal OCD
is not yet clear, the inferior temporal area appears to play a role in responding to one’s
own infant and may be dysregulated in OCD.

The superior parietal cortex is important for several neuropsychological functions,
including visuospatial attention and orientation, task switching, planning and response
inhibition (Vandenberghe et al., 2012), many of which are impaired in OCD patients
(Abramovitch, Dar, Schweiger, & Hermesh, 2011; Gruner & Pittenger, 2017; Penadés et
al., 2007). Structural and functional abnormalities within the parietal region have been
reported in OCD samples (Mataix-Cols et al., 2004; Peng, Xu, et al., 2014; Valente et al.,
2005; Yang et al., 2019), in addition to disrupted white matter integrity (Peng, Shi, et al.,
2014). Alterations to the parietal cortex may help to explain the cognitive inflexibility
associated with OCD. During the postpartum period, mothers are required to adapt and
respond to changing infant cues, and in the context of perinatal OCD, they may
experience a greater difficulty dismissing internal fears and inhibiting repetitive
behaviours. Therefore, changes to the cortical structure of the superior parietal cortex may
help to explain cognitive dysfunctions experienced by OCD mothers.

The precentral gyrus is involved with inhibitory control processes and is part of
the sensorimotor network, which was found to be associated with less global functional

connectivity in OCD patients while at rest (Cui et al., 2020). Furthermore, heightened
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activity of this region in OCD samples has been reported when participating in a variation
on the go/no-go task (Morein-Zamir et al., 2016). Alterations to the sensorimotor network
may help explain why OCD patients have difficulty suppressing intrusive obsessions or
repetitive behaviours. In the context of maternal responses, this brain region shows
heightened activity when healthy mothers view their own infant as compared to other
infants (Noriuchi, Kikuchi, & Senoo, 2008). Together, there is evidence to support that
the structural changes to the precentral gyrus may be involved with impaired inhibitory
responses and maternal behaviours in perinatal OCD.

Change in symptom severity on the Y-BOCS and STAI-T across the perinatal
period in mothers with OCD was found to be positively correlated with surface area of
frontal, occipito-temporal and temporal regions. Notably, CSA of the lingual and rostral
middle frontal regions were found to be associated with symptom worsening for both
general OCS and trait anxiety. The lingual gyrus is functionally associated with visual
imagery and processing emotional visual stimuli (Kosslyn, Ganis, & Thompson, 2001;
Lang et al., 1998). In OCD samples, the lingual gyrus has been found to have decreased
resting-state functional connectivity with the postcentral gyrus and other subcortical
limbic regions (amygdala, hippocampus) (Goéttlich, Krdmer, Kordon, Hohagen, &
Zurowski, 2014; P. S. Moreira et al., 2017), and reduced activity during a symptom-
provocation paradigm (Mataix-Cols et al., 2004). These functional studies suggest that the
lingual gyrus may be implicated in OCD, and its role in processing emotional visual

stimuli may therefore have implications for the perinatal period.
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The rostral middle frontal area, a subdivision of the dorsolateral prefrontal cortex
(DLPFC), is another brain region tied to emotional perception and regulation (Phillips,
Drevets, Rauch, & Lane, 2003), as well as higher-order executive functioning processes,
such as working memory, attention and planning (E. K. Miller & Cohen, 2001).
Hyperactivity of this frontal region in OCD samples has been observed in several studies
at rest (Millet et al., 2013) and during neuropsychological testing (Nakao et al., 2009).
Furthermore, one investigation found that gray matter indices of the rostral middle frontal
region were associated with clinical scores in OCD patients (Venkatasubramanian et al.,
2012), but differences in methodology and the heterogeneity within OCD samples
(including symptom type, comorbid diagnoses, and medication use) make comparisons
across studies difficult.

5.4.3 Brain Plasticity Associated with Motherhood and Sex Hormones

Structural and functional changes in the maternal brain across the perinatal period
are thought to be influenced by endocrine and environmental factors. These changes
likely prepare the mother for their new role as a parent that requires them to care for and
focus on the needs of their baby. Several reports have described unique brain plasticity
associated with reproductive events, where extensive gray matter reductions have been
observed across pregnancy in first-time mothers (Hoekzema et al., 2017), with mothers
exhibiting an overall decrease in brain size during pregnancy that was later found to be
reversed by 6 months postpartum (Oatridge et al., 2002). Of the few studies assessing
gray matter changes in humans across the perinatal period, results generally show

reductions in gray matter volume during pregnancy, followed by increases in gray matter
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volume and thickness within the postpartum period (Barba-Miiller, Craddock, Carmona,
& Hoekzema, 2019; P. Kim et al., 2018, 2010). Therefore, the reproductive events of
pregnancy and postpartum appear to elicit different effects on cortical structure and it
may be the case that perinatal-related neural plasticity contributes to increased
vulnerability of psychopathologies in mothers.

The exact mechanisms that underlie CSA expansion in motherhood and across the
lifespan are not understood, but in the context of OCD, it is likely tied to aberrant
functional activity of similar brain regions. It is currently unclear whether cortical
alterations play a causal role in influencing functional activity or are a consequence of
dysfunction within the CSTC and FPN. Regardless of the directionality, neural changes
during the transition to motherhood in women with and without OCD appears to
constitute a period for symptom emergence and exacerbation.

A maternal neural network consisting of the precuneus, medial frontal, anterior
cingulate, and OFC was identified from a multitude of studies assessing maternal
responses to infant cues (Gholampour, Riem, & van den Heuvel, 2020). Considering that
unique OCS emerge that are focused on the infant in postpartum OCD, it is unsurprising
then that the same regions involved in maternal behaviours are the same ones affected in
perinatal OCD. Based on the cognitive behavioural model of OCD during the perinatal
period proposed by Fairbrother and Abramowitz (Fairbrother & Abramowitz, 2007),
parents experience a shift in their sense of responsibility and how threats are perceived.
This cognitive shift, accompanied by dysregulated changes to the maternal neural

network, can lead mothers to overestimate probability of harm associated with the
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misinterpretation of intrusive thoughts. Although these neural changes appear to promote
maternal behaviours and positive interactions with their infants that are imperative for
child development, it is not yet clear how it becomes dysfunctional in the case of
postpartum OCD.
5.4.4 Limitations

There are several limitations that must be noted, with the main limitation being the
small sample size. Despite employing recruitment strategies that maximized access to a
perinatal population, there were challenges finding women that met OCD criteria and
with having participants return for the MRI scan in the postpartum period. Furthermore,
our sample was primarily comprised of out-patient mothers seeking and receiving
treatment for a combination of obsessive-compulsive, anxiety and depressive symptoms.
As a result, comorbidity and medication use was not an exclusion and we were unable to
control for these confounding effects owing to the small sample size. When comparing
mothers taking psychotropic medication to those without, we found no differences in
CSA or CT measures, but a prior mega-analysis found alterations in cortical thickness
associated with medication status in adult OCD samples (Boedhoe et al., 2018), providing
further evidence that psychotropic medications influence brain plasticity. Additionally,
the severity of symptoms experienced in our clinical sample were largely considered in
the mild to moderate range and would not be reflective of mothers with clinically severe
OCD. Given these characteristics and size of our sample, we were underpowered to detect

any cortical differences in thickness or surface area according to diagnosis.

209



Ph.D. Thesis - G. Mattina; McMaster University - Neuroscience

Due to the cross-sectional nature of the neuroimaging component of this study, it
cannot be determined whether clinical symptoms precede or follows the cortical structure
alterations we observed. Since measures of CSA are susceptible to change across the
lifespan (Raznahan et al., 2011; Storsve et al., 2014), it can be speculated that symptom
severity, as well as onset and duration of OCD, can affect the cortical parameters
measured in this study. Despite there being no proven risks to pregnant women or their
developing fetus, we restricted MRI scans to the postpartum period because of ethical
considerations. Future longitudinal investigations examining neural correlates prior to and
following OCS exacerbation, especially as it relates to the perinatal period, are imperative

to better capture changes in cortical structure associated with psychopathology.

5.5 Conclusions

The present study is the first to examine the cortical morphology associated with
perinatal-related OCS severity and OCD in mothers. Our whole-brain explorations
revealed that gray matter surface area appears to be altered in relation to greater OCS
worsening across the perinatal period, and also with other dimensions of clinical severity
in postpartum mothers with OCD. Regions in the frontal, parietal, temporal and occipital
lobe were affected and may be related to functional impairments in attention, cognitive
functioning, emotion regulation, response inhibition, visuospatial perception, and the
processing of sounds and visual stimuli. Taken together, these findings suggest that
widespread neural changes during the postpartum period may predispose mothers for risk
of psychopathology. This novel contribution highlights a need for replication in larger

samples and to assess the functional correlates of postpartum OCD. Furthermore, future
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work employing a longitudinal design across the perinatal period are needed in order to
determine the degree of cortical plasticity during this transitional period and whether
cortical measures act as a risk marker for the development or worsening of OCS in

women.
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Gray Matter Surface Area

Correlation with APOCS B Correlation with AY-BOCS

Left precuneus and fusiform Right lateral occipital region

C Correlation with ASTAI-T

A,

Left precuneus Right superior parietal region

Figure 1. Surface area of cortical regions that were positively correlated with worsening
of symptoms from pregnancy to postpartum in the entire sample (n=62). (A) Significant
clusters in the left precuneus and fusiform were associated with change in scores on the
Perinatal Obsessive-Compulsive Scale (APOCS) and are displayed from posterior and
medial views. (B) Significant cluster in the right lateral occipital region was associated
with change in scores on the Yale-Brown Obsessive-Compulsive Scale (AY-BOCS) and
is displayed from posterior and lateral views. (C) Significant clusters in the left precuneus
and right superior parietal region were associated with change in scores on the State-Trait
Anxiety Inventory measuring trait anxiety (ASTAI-T) and are displayed in left posterior
and medial, and right posterior and lateral views. Scale bar shows max -log(p) values,
following corrections for multiple comparisons using Monte Carlo simulations (p<0.01).
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5.7 Appendix

Appendix Table 1: Behavioural characteristics for entire pregnant sample (n=107)
according to completer/drop-out status.

Completers Drop-out p-value
(n=62) (n=45) *

Mean £+ SD
CTQ
Total | 37.1 £10.62 34.09+12.21  0.024
Emotional Abuse | 9.4 £4.43 7.87+4.32 0.0051
Physical Abuse | 6.22 +2.01 6.13+3.22 0.29
Sexual Abuse | 5.92 £ 3.49 5.82+3.03 0.97
Emotional Neglect | 9.19 £3.76 827+3.71 0.10

Physical Neglect | 6.35 £1.96 6+2.18 0.21
POCS
Total | 8.95 + 8.58 6.73+7.17 0.18
Y-BOCS
Total | 7.61 +7.85 6+ 7.66 0.27
STAI

State Anxiety Subscale | 37.31 +£12.97 3596+11.56 0.66
Trait Anxiety Subscale | 42.62 £13.89 40.71+13.47  0.60
EPDS

Total  9.08 £ 6 8.38+6.15 0.46
Notes: CTQ = Childhood Trauma Questionnaire; EPDS = Edinburgh Postnatal
Depression Scale; POCS = Perinatal Obsessive-Compulsive Scale; STAI = State-Trait
Anxiety Inventory; Y-BOCS = Yale-Brown Obsessive-Compulsive Scale.
* All p-values obtained from Mann-Whitney U test (non-parametric independent
samples)
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Chapter 6: Discussion

6.1 Summary of Findings

OCD and obsessive-compulsive symptoms that develop or worsen during the
perinatal period can cause significant distress and functional impairment that may
negatively influence the mother-infant relationship (Challacombe et al., 2016). While
perinatal OCD appears to have a distinct clinical course and unique symptomatology
(McGuinness et al., 2011), the risk factors contributing to its presentation are poorly
understood. A combination of genetic, neurobiological and environmental influences are
likely involved in OCD (Pauls et al., 2014); therefore, investigations using a multiple-
perspective approach will allow greater insights into the pathophysiology of perinatal
OCD. Advancements in technology have facilitated the study of specific genes or whole
genome sequences related to OCD, as well as the neural structure and function of the
brain in patients with the disorder through neuroimaging procedures. While the
serotonergic neurotransmitter system and brain regions involved in the CSTC circuit have
been consistently implicated in OCD through candidate gene association studies and
neuroimaging investigations (Pauls et al., 2014), the substrates underlying perinatal OCD
have not been explored in prior studies. This exploratory body of work aimed to fill this
gap in the literature and explore the possible genetic and cortical correlates of perinatal-
specific OCS and OCD, in order to provide a foundation of preliminary work from which
future studies can continue to build from.

Chapter 2 presented an overview of the genetics of OCD that described

investigations into multiple neurotransmitter system genes and the replication challenges
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that exist within the literature. Importantly, prior studies may have failed to consider
differences in the clinical presentation of OCD according to sex and age of onset, as part
of their investigations. Due to the heterogeneous nature of OCD and its complex pattern
of inheritance, results from genetic association studies have been largely inconsistent and
no single gene has been reliably associated with the disorder. Pooled data from meta-
analyses support the involvement of two serotonergic genes in OCD (Taylor, 2013,
2016), specifically the serotonin transporter gene (SLC6A4) and the serotonin receptor 2A
gene (HTR2A). Furthermore, the 5-HTTLPR polymorphism that exists within SLC644
may be specific to females (Mak et al., 2015), whereas polymorphisms within HTR2A
remain to be tested according to OCD subtypes based on sex and age of onset. While it
has yet to be established whether these genes confer greater susceptibility in a sex-
specific manner, SLC644 and HTR2A are promising candidates for the study of perinatal
OCD.

Based on the findings from the literature review, a systematic and meta-analytic
approach was then taken to investigate the association of H7R2A polymorphisms with
OCD and its subtypes in Chapter 3. Using a the Dersimonian and Laird approach, we
found evidence that the A allele of G-1438A (or T of T102C) SNP of HTR2A was
associated with OCD and remained significant in a female sample and those with early
onset. When checking the robustness of our analysis, the results of our meta-analysis no
longer reached significance when using a more conservative approach, suggesting that

larger samples are needed to confirm the association with the true effect size existing
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somewhere between 0 and 1.3. The functional consequence of these polymorphisms were
reviewed, however their role in OCD requires clarification and further examination.

In Chapter 4, we explored the possible association of the 5-HTTLPR genotype
and allele (La vs. S/Lg) frequencies with the presence or absence of clinical perinatal-
specific OCS in women followed from pregnancy to postpartum and found no evidence
for association of the S-HTTLPR with perinatal OCS in our sample. The 5S-HTTLPR
genotype failed to be a significant predictor of symptom severity, and there was no
interaction effect or main effect of maternal status (pregnant vs. postpartum) on this
relationship. However, having a diagnosis of OCD, as assessed in pregnancy, was
associated with increased OCS severity scores as measured on the POCS. These results
confirmed that women with pre-existing OCD are more likely to develop unique, infant-
related OCS and experience greater disturbance in these symptoms as compared to non-
OCD perinatal samples. Due to technical challenges with genotyping HTR2A4, the G-

1438 A polymorphism remains to be tested in relation to perinatal OCS. To our
knowledge, this is the first study to investigate the genetic contributions of S-HTTLPR to
perinatal-related OCS in a sample entirely comprised of perinatal women.

In Chapter 5, we present a preliminary study assessing the relationship between
CT and CSA measures and perinatal psychiatric symptoms, including perinatal-related
OCS, mood and anxiety symptoms, in a clinically diverse postpartum sample. There were
no significant differences in either cortical measure that discerned each diagnostic group
(OCD, CPAD) from healthy controls. Furthermore, we found no correlation between

CSA and CT parameters with postpartum symptom severity scores across the entire
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postpartum sample irrespective of diagnosis. When examining the change in scores across
the perinatal period in the entire sample, greater worsening of obsessive-compulsive and
trait anxiety symptoms from pregnancy to postpartum was positively correlated with
surface area of the ventral temporal, lateral occipital, superior and posterior parietal
regions, while no associations were found with CT measures. Specifically, gray matter
surface area of the left precuneus and fusiform were correlated with change in infant-
related OCS, CSA of the right lateral occipital was correlated with change in OCS not
specific to the perinatal period, and CSA of the left precuneus and right superior parietal
region was correlated with change in trait anxiety scores, where change in scores were
obtained by subtracting the pregnancy scores from those obtained in the postpartum.
Following sample stratification, postpartum mothers diagnosed with OCD in pregnancy
exhibited correlations between CSA of brain regions within the frontal, temporal and
parietal cortices with obsessive-compulsive and trait anxiety symptom severity scores.
Once again, no significant associations were detected for gray matter thickness in the
OCD subgroup. Notably, we found no relation between depressive symptom severity,

sleep quality or exposure to childhood trauma with any cortical measure.

6.2 Significance and General Discussion

Overall, this body of work attempted to identify and characterize potential genetic
risk factors and neurobiological correlates associated with the unique presentation of
perinatal OCS and OCD. Despite the increased awareness that women are more
susceptible to some psychopathologies during the perinatal period (Vesga-Lopez et al.,

2008), OCD in pregnancy or postpartum has received less attention as compared to that of
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depression or psychosis. The phenomenology of perinatal OCD is vastly different from
OCD that arises outside of this reproductive life event (McGuinness et al., 2011);
however, it is not yet clear whether etiologically distinct factors contribute to perinatal
OCD as the number of investigations are rather limited. Having a greater understanding
of the factors which influence perinatal onset or exacerbation of OCS will provide
potential targets for the prevention, identification and treatment of OCD in women.

Through an evolutionary perspective, it can be argued that obsessive and
compulsive behaviours were advantageous in helping individuals prepare and avoid
future risk (Saad, 2006), but when dysregulated, such as in the case of perinatal OCD,
such behaviours cause distress and functional impairment that negatively impacts the
mother and her relationships, especially the mother-infant bond (Challacombe et al.,
2016). Several models have been proposed to explain the development of OCD, including
the cognitive behavioural model and neurobiological model, that can be extended to
perinatal OCD.

As mentioned previously, mothers are likely to experience distressing intrusive
thoughts regarding their baby (Abramowitz et al., 2003a), but it’s not yet clear what
predisposes some to developing OCD. Cognitive-behavioural models suggest that these
fleeting intrusive thoughts can reach clinical levels if they are interpreted as meaningful
due to the content and frequency at which these thoughts occur (Abramowitz et al., 2006;
Abramowitz, Schwartz, & Moore, 2003; Salkovskis, 1999). Negative interpretations of
these thoughts may lead to exaggerated responsibility beliefs that their actions (or lack

thereof) can result in their infant being harmed, thereby reinforcing the obsessions
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(Barrett, Wroe, & Challacombe, 2016). However, it is important to note that these
obsessions, even when aggressive in nature, do not reflect the actual desires of the
individuals and are not predictive of harming behaviour (Fairbrother & Woody, 2008).
The neurobiological model of OCD takes an integrative approach that
incorporates genetic risk factors, environmental exposures and abnormal neural structure
and circuitry, to explain the emergence of the clinical behaviour (Pauls et al., 2014).
Despite the supporting evidence for this model that comes from genetic and neuroimaging
studies that have shown that OCD is heritable and has a complex genetic architecture
(Mattina & Steiner, 2016) and is associated with altered neural structure and functional
connectivity (Saxena & Rauch, 2000), similar approaches had not been conducted in the
context of perinatal OCD. Notably, there have been no prior studies that have examined
the genetic factors of perinatal OCS, and only one neuroimaging study to date has
investigated a postpartum sample of OCD mothers, where stress reactivity was the key
outcome measured (Lord et al., 2012). As a result, the findings from this dissertation
provide novel examinations into two genetic candidates from the serotonergic system and
the cortical morphological profile associated with perinatal-related OCS and OCD.
Chapters 2 and 3 highlight the importance of reporting and investigating genetic
associations according to clinical or demographic variables of interest in OCD, such as
sex and age of onset. The etiological heterogeneity associated with OCD has made
research into the genetic determinants of the disorder challenging. As such, it is
imperative that efforts are made to identify more homogeneous subgroups within the

disorder. Understanding the clinical trajectories and vulnerabilities of different subgroups
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of individuals with OCD may provide important prevention and intervention targets for
clinicians, as well as biological and clinical markers, which may be distinct depending on
the subgroup of the disorder.

In addition to sex and age of onset, additional variables that should be considered
include differences based on symptom type, illness course or duration, comorbid
conditions (e.g. OCD with tics) and response to treatment. A growing number of studies
are applying a dimensional approach towards investigating the etiological factors of
OCD, with many neuroimaging studies finding distinct and overlapping neural systems
that underlie different OCS dimensions (Alvarenga et al., 2012; Harrison et al., 2013;
Mataix-Cols et al., 2004; van den Heuvel et al., 2009). Thus far, grouping individuals by
co-occurring symptoms appears to be beneficial towards revealing the neurological
correlates of the disorder.

While distinct clinical features appear to separate perinatal-onset OCD in females
from OCD that occurs outside the perinatal period, evidence of sex differences in the
genetics of OCD remain conflicting. More recently, the first GWAS reporting on the sex-
specific genetic architecture of OCD found similarities between males and females, with
the exception of two genes (GRID2 and GPR135) that were specific to OCD in females
only (Khramtsova et al., 2019). While preliminary, these findings hold promise for the
detection of sex-specific genetic influences in OCD that may contribute to the prominent
clinical disparities observed between males and females with the disorder. Our review of
the literature acknowledged genetic associations that may be specific to OCD in sex-

dependent manner. From this work, we identified the S-HTTLPR polymorphism of
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SLC6A44 and the G-1438A polymorphisms of HTR2A as promising gene candidates for
OCD. We reported supporting evidence that these serotonergic polymorphisms may be
associated with OCD in females, warranting their investigation in the context of perinatal
OCS.

To date, candidate gene studies have yet to reliably find a gene that confers risk to
OCD, suggesting that this disorder has a complex genetic architecture that cannot be
attributed to the effects of a single gene. Instead, it is likely that there are multiple genes
across different functional domains, including genes that affect development, connectivity
and neurotransmission, that each contribute a small effect (Nestadt, Grados, & Samuels,
2010). As such, testing in large samples and the pooling of data through meta-analytic
techniques will aid efforts in establishing the genetics of OCD, but it is important that the
quality of studies are assessed in any systematic review and potential risk of bias, such as
publication bias, is considered. Furthermore, GWAS will continue to be a useful approach
in identifying genetic contributions outside of hypothesis-driven gene explorations;
however, recent studies have not been successful in finding a SNP that reaches genome-
wide significance in OCD (P. D. Arnold et al., 2018; Mattheisen et al., 2015; Stewart et
al., 2013).

In the case of perinatal-related OCS, we found no evidence for an association with
S-HTTLPR or in the ability of 5-HTTLPR to predict symptom severity, as described in
Chapter 4. From these results, we are not able to conclude whether S-HTTLPR plays an
important role in the development of infant-related symptoms that are specific to the

perinatal period; therefore, continued investigations in larger samples are needed.
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The 5-HTTLPR polymorphism has undergone extensive investigation in relation
to multiple psychiatric disorders and has been linked to different behavioural phenotypes
(Margoob & Mushtaq, 2011). Notably, S allele carriers often display increased anxiety
and depressive symptoms, as well as other traits related to neuroticism, including
hopelessness, feelings of guilt, and aggression (Gonda et al., 2009; Schinka et al., 2004).
Similarly, variants of HTR2A4 gene have been investigated in several psychiatric
disorders, including schizophrenia, depressive disorders, eating disorders, and anxiety
disorders, with mixed outcomes (Serretti et al., 2007). While less is known about the risk
A allele of the G-1438A variant, it has been linked to impulsive behaviours in non-
clinical samples (Nomura et al., 2006), which is a behavioural trait that may be
heightened in some OCD patients (Boisseau et al., 2012).

Given that the 5S-HTTLPR has been associated with many behavioural traits, it is
possible that this serotonergic polymorphism increases a general susceptibility for
psychopathology, in a manner that is not specific to OCD. Prior work has shown that S
allele carriers are at greater risk for postpartum depression in the early postnatal period
(McEvoy, Osborne, Nanavati, & Payne, 2017), though results are inconsistent. Few
studies have examined the comorbidity between perinatal OCD and depression, but
research in non-perinatal samples suggest that the co-occurrence of OCS and depressive
symptoms may be due to shared genetic factors (Bolhuis et al., 2014). This genetic
overlap across different behaviours suggests that genetic pleiotropy may be possible,
whereby one gene variant contributes to multiple phenotypic traits (Gratten & Visscher,

2016).
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Furthermore, environmental influences, such as stress, appear to moderate the
relationship between 5S-HTTLPR and behaviour. The S allele of 5-HTTLPR has been
found to increase risk for affective symptoms in females, especially when coupled with a
stressful life event (Gressier et al., 2016). The perinatal period can be a source of stress
for some women and additional stressors, such as obstetric complications, have been
linked to greater rates of perinatal OCD in some (Maina et al., 1999; Zambaldi et al.,
2009), but not all samples (Forray et al., 2010; Labad et al., 2005).

As a result of this relationship between stress and OCD onset, dysregulation of the
hypothalamus-pituitary-adrenal (HPA) axis may also be contributing to the etiology of
perinatal OCD. Higher levels of basal salivary cortisol, the major end product of the HPA
axis in response to stress, was reported in postpartum women with OCD in one study, as
compared to postpartum healthy controls, but no differences between groups were noted
in cortisol production in response to a physical stressor (Lord et al., 2011). Conversely, a
different study found no difference in serum cortisol in postpartum women according to
whether they endorsed perinatal OCS or not (Labad et al., 2011); however, they did find
that mothers with intrusive thoughts on infant-related harm displayed higher levels of
adrenocorticotropic hormone, which is produced by the pituitary gland and acts on the
adrenal cortex to stimulate release of cortisol. Furthermore, cortisol has known influences
on serotonin synthesis pathway, whereby cortisol induces tryptophan 2,3-dioxygenase
(Ren & Correia, 2000), which is an enzyme that metabolizes L-tryptophan, the essential
amino acid required for serotonin synthesis. Therefore, cortisol can lead to decreased L-

tryptophan availability, thus decreasing the rate of serotonin synthesis. While it has yet to
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be determined if dysregulation of the HPA axis is associated with the development of
perinatal OCD, the maternal HPA axis undergoes significant change across pregnancy
and postpartum (Duthie & Reynolds, 2013) and altered functioning of the HPA axis has
been linked to other perinatal psychopathologies, such as postpartum depression (Glynn,
Davis, & Sandman, 2013).

Epigenetic modifications offer another plausible mechanism through which
environmental factors may interact with genetic variations to modify risk for perinatal
OCD. Epigenetics refers to the heritable yet dynamic processes that lead to alterations in
gene expression but do no change the underlying DNA sequence. These modifications
include DNA methylation and histone modification (Jaenisch & Bird, 2003). Recent
evidence has shown that DNA methylation levels of the SLC644 (SERT) promoter were
increased in the saliva of pediatric OCD samples, but not in adult OCD patients
(Griinblatt et al., 2018). To date, no studies have looked at epigenetic modifications
related to OCD in women, or during the perinatal period. It deserves to be noted that
epigenetic modifications influence the endocrine system, and in turn, gonadal hormones
such as estrogen can influence the expression genes that code for epigenetic-modifying
proteins (X. Zhang & Ho, 2011), suggesting the existence of a complicated interaction
between the endocrine system, environmental influences and genetics. As this is an
emerging field, little is currently understood about the role epigenetic modifications play
in OCD, however this holds a lot of future promise for research endeavours.

The effects of estradiol and progesterone on SERT expression are not consistent

across studies, with some reporting increased (Charoenphandhu, Teerapornpuntakit,
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Nuntapornsak, Krishnamra, & Charoenphandhu, 2011; L. J. Smith, Henderson, Abell, &
Bethea, 2004), decreased (Bethea, Gundlah, & Mirkes, 2000; Pecins-Thompson, Brown,
& Bethea, 1998) or no change on SERT expression (Chavez et al., 2010) following
administration. These findings from animal studies appear to be dependent on the brain
region examined and the duration of administration. In humans, indirect evidence for an
influence of estradiol on SERT availability comes from an observation in healthy females
where pharmacologically induced ovarian hormone fluctuation led to the emergence of
depressive symptoms that was associated with increased SERT binding and decreased
levels of estradiol (Frokjaer et al., 2015). These findings from animal and clinical studies
provide evidence of a complex interaction between gonadal hormones and serotonergic
system that may underlie perinatal OCD, with the effects of S-HTTLPR and HTR2A
polymorphisms on these interactions not well understood.

Findings from imaging studies provide further support for the investigation of
SLC6A44 and HTR2A as ideal gene candidates in OCD. Overall, studies assessing the
SERT and 5-HT:a receptor availability and binding in drug-naive OCD patients using
PET or SPECT imaging techniques have been inconclusive. Several studies found
reduced SERT availability in the midbrain, brainstem, thalamus, hypothalamus, insula
and orbitofrontal cortex of OCD patients (Hesse et al., 2005; Matsumoto et al., 2010;
Pogarell et al., 2003; Reimold et al., 2011; Reimold, Smolka, Zimmer, et al., 2007;
Stengler-Wenzke, Miiller, Angermeyer, Sabri, & Hesse, 2004; Zitterl et al., 2007). Later
onset of OCD, in adulthood after the age of 18, was also associated with reduced SERT

binding in the amygdala, anterior cingulate, nucleus accumbens and striatum (Hesse et al.,
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2011). In contrast, others found increased SERT density in the midbrain and pons
(Pogarell et al., 2003) or were not able to detect any difference in SERT availability
between OCD patients and healthy controls (Simpson et al., 2003); however, differences
in the type and specificity of the radioactive tracer used may partly explain the
discrepancy. The literature on 5-HT»a receptors demonstrates increased 5-HT2a receptor
binding in the caudate nuclei (Adams et al., 2005), and reduced availability in frontal
polar, dorsolateral, medial frontal, parietal and temporal associative cortex of drug-naive
OCD patients (Perani et al., 2008), with some finding no difference (Simpson et al.,
2011). These findings illustrate that the expression of proteins involved in serotonergic
neurotransmission, specifically SERT and 5-HT»a receptor, across cortical and
subcortical regions are altered in OCD patients.

Chapter 5 provided the first exploratory investigation into the neurological
substrates of perinatal OCD and symptom severity by assessing measures of CSA and CT
in a clinically diverse sample of postpartum mothers. This preliminary work identified
associations between perinatal symptom worsening of unique infant-focused OCS with
measures of gray matter surface area of regions involved with attention and perceptual
processes in postpartum mothers. Furthermore, in mothers with OCD, clinical symptom
severity for obsessive-compulsive symptoms and trait anxiety was related to increased
surface areas of regions in the frontal, temporal, parietal, premotor and occipital cortex.
These findings are in line with current neurobiological models of OCD that implicate

dysfunction of several neural circuits associated with loss of attention and inhibitory
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control, as well as cognitive dysfunction. The reproducibility of these findings will need
to be determined in future work with larger samples.

The existing literature on the cortical morphological profile of OCD in the general
population provide supporting evidence for widespread cortical alterations, with the
majority of studies reporting decreased CSA and CT in frontal, temporal and parietal
areas, as it relates to heathy controls (Boedhoe et al., 2018; Rus et al., 2017). Our results
were unable to confirm these findings in a postpartum sample, however our sample sizes
for OCD and healthy control mothers were limited. Based on our findings, CSA appeared
to be a marker associated with clinical severity in postpartum women with OCD and OCS
worsening across the perinatal period in postpartum women, irrespective of diagnosis.
Therefore, CSA may be a potential marker for OCS severity in postpartum mothers, but
more research is warranted.

Although we were able to parallel some of our findings to those observed in
structural and functional studies in OCD, the differences across study designs, statistical
approach used, and sample characteristics make drawing comparisons challenging. Prior
investigations have typically focused on comorbidity-free, medication naive OCD
samples in men and women outside of reproductive events using either surface-based,
voxel-based, or region of interest approaches. Therefore, the inconsistencies across results
are likely due to these confounding factors.

As it currently stands, it is unclear how structural alterations in perinatal OCD
may relate to functional change. Based on the aberrant functional activity consistently

reported in OCD (Saxena & Rauch, 2000), we can speculate that our findings of increased
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surface area associated with postpartum OCD severity may be related to hyper-
connectivity and dysfunction of these brain regions. It may be the case that maternal
cortical plasticity in the perinatal period in women that are at risk for psychopathology
contributes to the abnormal threat detection and harm avoidance behaviours associated
with perinatal OCD.

There is a great deal of overlap in the findings across structural and functional
studies that implicate the CSTC circuit and more widespread neural networks in OCD
(Saxena & Rauch, 2000) that may lead to impairments in regulating cognitive,
behavioural and emotional processes. Currently, it is not yet known whether structural
alterations, such as changes to CSA or CT, result in aberrant neural activity, or if
structural alterations occur as part of a compensatory mechanism intended to manage
OCS symptoms and inefficiency within the CSTC circuit (de Vries et al., 2014).
Furthermore, it is unclear whether the structural and functional changes in the brain are a
consequence of or have a causal role in OCD.

Among the findings reported in Chapter 5, we were not able to detect any
association with CT. Recently, a relationship between gray and white matter was found,
where CSA, but not thickness, was associated with white matter myelin content in
children across development (3 — 7 years of age) (Cafiero et al., 2019). In this study,
Cafiero et al. observed increased CSA associated with age in frontal, temporal and
parietal regions that strongly overlapped with age-related changes in myelin of the same
brain regions. One theory proposes that tension along the white matter fibers drive

cortical folding and gyrification (van Essen, 1997), which in turn may influence cortical
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surface expansion. According to this perspective, changes in CSA may reflect underlying
functional connectivity alterations implicated in perinatal OCD.

Notably, cortical alterations are not specific to the perinatal period, as gray matter
reductions have also been observed in pubertal male and female children (Peper, Hulshoff
Pol, Crone, & van Honk, 2011), suggesting that changes in sex hormones may play an
important role in gray matter restructuring. Evidence in support of this view has been
found in females aged 10 to 15 years, where higher levels of estradiol were associated
with decreased gray matter volume in several frontal, parietal and temporal regions
(Peper et al., 2009).

Given that gonadal hormones contribute to sex-specific changes in cortical
organization across puberty (Herting, Gautam, Spielberg, Dahl, & Sowell, 2015), cortical
restructuring and plasticity in the perinatal period could be a result of changes in
estrogens and progesterone. Estrogens and progesterone are known to exhibit modulatory
effects on several neurotransmitter systems, with general findings pointing towards these
hormones having a protective role against obsessive-compulsive symptoms (Karpinski et
al., 2017). In the perinatal period, levels of estradiol and progesterone steadily rise across
gestation and is followed by a dramatic drop and decline in levels with childbirth (Nott et
al., 1976), which may trigger OCD onset or symptom exacerbation. Based on our
research design, we were not able to directly test the influence of gonadal hormones on
the cortical profiles observed in our sample; however, it is possible that changes in
estrogen and progesterone may play a role in cortical restructuring and the development

of infant-related OCS during the perinatal period.
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Based on all of our findings and what is currently known in the literature, we
speculate that perinatal OCD and the unique infant-focused symptoms that arise during
this time are a result of a combination of influences, including increased genetic
susceptibility, altered neurotransmission, and neural alterations that may be triggered
from hormonal fluctuation. More specifically, we theorize that alterations in serotonergic
functioning may be involved in perinatal OCD and occurs due to interactions between
serotonergic gene variants (such as 5S-HTTLPR of SLC6A44 and G-1438A of HTR2A) and
changes in estradiol and progesterone in the perinatal period, which may be further
influenced by the effects of cortisol as well. These changes not only result in altered
neurotransmission of serotonin, but likely that of additional neurotransmitter systems,
such as dopamine, glutamate and GABA. These effects in turn influence cortical structure
within the maternal brain in regions that are responsible for a wide variety of processes,
including attention, cognitive functioning, emotion regulation, and response inhibition,
thus leading to the functional impairments commonly associated with OCD. While more
research is needed to test the above hypothesis, this work provides a possible framework
from which future studies can continue to investigate the risk factors and neurobiological
correlates underlying perinatal OCD.

6.3 Limitations

Earlier chapters in the dissertation included the strengths and limitations for each
individual study. This section will focus on the general limitations, as summarized below.

One of the main limitations noted within our studies is the small sample size.

Despite higher prevalence of OCD in females that have been reported during the perinatal
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period (McGuinness et al., 2011), recruitment of women presenting with clinical levels of
OCS in pregnancy posed a challenge, as did the high attrition rates observed across the
perinatal period. While we were unable to detect any significant clinical differences
between women who completed the longitudinal study and those that dropped out after
the first visit, it may be possible that perinatal/obstetric complications or changes in mood
and behavioural symptoms influenced their participation in the study.

The majority of participants were recruited from an outpatient clinic that
specializes in treating mood and affective symptoms in women across reproductive life
events. As a result, a significant proportion of our participants were therefore receiving
treatment with psychotropic medication and/or receiving psychotherapeutic treatment
throughout the study. Therefore, our findings reflect that of a help-seeking, clinically
diverse population, with the majority of women endorsing OCS symptoms within the
mild to moderate range. Studies conducted on OCD samples generally focus on
treatment-naive, clinically severe cases that present with no other comorbidities.
Comorbid clinical presentations are common in individuals with OCD, with higher rates
of depressive disorders and anxiety disorders observed in females (Rintala et al., 2017).
While such studies are informative, the characteristics of these samples do not represent
the complex clinical picture individuals with OCD often present with to healthcare
professionals.

One disadvantage to a small sample includes not having enough statistical power
to detect associations in some analyses. Furthermore, it limits the ability to control for

other confounding factors that likely influence OCS, such as medication use and
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comorbidity. When stratifying our pregnant sample into high and low POCS severity
group, women in the high POCS group were more likely to be taking psychotropic
medications. In Chapter 5, we considered the effects of medication use on cortical
morphology and found no differences in CSA or CT measures between mothers taking
psychotropic medications and those not on medications. Furthermore, we found no
difference in the proportion of women taking psychotropic medications during pregnancy,
as compared to the postpartum (both 29%). An additional limitation in our study is that
we did not assess if participants had undergone any form of psychotherapy prior to or
during their time in the study. Prior evidence supports the improvement of perinatal OCS
following an intensive form of cognitive behavioural therapy in the postpartum period
(Challacombe & Salkovskis, 2011).

Since we did not reassess diagnosis in the postpartum period, we were not able to
capture possible changes in diagnostic states in our longitudinal study. Furthermore, this
limited our ability to capture unique incidences of postpartum onset OCD in our sample.
Despite the risk of those with anxiety and depressive disorders to developing OCD due to
the high comorbidity shared between these disorders (Carter, Pollock, Suvak, & Pauls,
2004; Tiikel, Polat, OOzdemir, Aksuiit, & Tuiirksoy, 2002), all of our OCD cases were
pre-existing and therefore the results of this study more accurately reflect perinatal
symptom exacerbation, rather than onset.

Another potential limitation of the study is the possibility that mothers did not
fully disclose their infant-related symptoms, due to the distressing nature of the

symptoms. While self-report scales are inherent to bias, the POCS questionnaire is unique
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in that the items contained are specific and target a wide-range of perinatal-related
symptoms. It is a very useful tool for measuring the presence, content, severity and
interference of infant-related symptoms in women in both clinical and research settings
(Lord et al., 2011). Therefore, our utilization of the POCS likely mitigated barriers of
with symptom reporting.

As discussed earlier in Chapter 4, we did not find any effects of parity on
predicting OCS severity across the perinatal period. Prior research on women with OCD
who experienced symptom exacerbation during the perinatal period found that they were
more likely to experience symptom worsening in or after subsequent pregnancies
(Guglielmi et al., 2014). Regrettably, we did not capture data on our participants’ history
of OCS across past reproductive events, which serves as another limitation. Therefore,
it’s not yet clear from the literature whether new mothers are more at risk to experience
infant-related OCS than mothers who had prior experience with childbirth and caring for
their infant, but findings from our study suggests that parity does not influence severity.

Lastly, an unfortunate limitation of our study described in Chapter 4 is that we
were unable to successfully genotype the HTR2A G-1438A (rs6311) polymorphism.
Results obtained of the rs6311 polymorphism were unreliable due to poor band
visualization. While the genotyping protocol using restricted fragment length
polymorphism is an older technique, visualization of 5-HTTLPR did not present with
similar problems, suggesting that further optimization was needed for visualizing the
HTR2A polymorphism. Alternative PCR based genotyping methods can be considered

and include the use of real-time PCR with Tagman SNP genotyping assays, where distinct

240



Ph.D. Thesis - G. Mattina; McMaster University - Neuroscience

fluorescent probes are used to detect and tag the alleles of interest. As a result,
polymorphisms within the HTR2A should be tested in the future, and larger samples are

needed to better inform the genetics of perinatal OCS.

6.4 Future Directions

Due to the preliminary nature of our explorations, the work presented throughout
the thesis provides a starting point from which future investigations may expand upon.
Most importantly, any future study that aims to investigate the etiological factors of OCD
should consider sex as a variable within analyses in order to reduce clinical heterogeneity
and identify possible risk factors for perinatal OCD. While sex differences in the clinical
presentation of OCD is fairly evident, more work is needed to determine if OCD during
the perinatal period represents a valid and distinct subtype.

Of importance is the need for replication of our findings in larger samples, as this
is the first known report on the genetic contributions of 5S-HTTLPR towards the presence
of perinatal OCS and on the relationship between gray matter measures and clinical
severity in postpartum samples with OCD. Furthermore, future investigations into the
association of HTR2A or other candidate gene polymorphisms with OCD should be
conducted on large samples and reported in relation to various clinical factors that may be
associated with distinct OCD subtypes (i.e. by sex, age of onset, symptom type, etc.).
Given that the HTR2A polymorphisms appeared to be associated with OCD in a sex-
dependent manner, studies should continue to examine whether this gene is associated

with OCD, particularly in females.
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Since multiple neurotransmitter genes likely contribute to OCD, genes outside the
serotonin system warrant investigation in relation to perinatal-onset OCD. Findings from
a recent GWAS study point towards the future investigation of two genes that were
significantly associated with OCD in females only: GRID2, a gene that codes for a
glutamate receptor channel delta 2 subunit, and GPR135, a G protein-coupled receptor
135 (Khramtsova et al., 2019). While little is understood about GPR135, there is an
emerging interest in the glutamate system genes, which include SLC1A41 glutamate
transporter gene and DLGAP (SAPAP-related) genes involved in synaptic functioning, as
dysregulation of this system may be implicated in OCD (Rajendram, Kronenberg, Burton,
& Arnold, 2017).

In addition to the importance of identifying genes that may confer risk for the
development of perinatal OCD or symptom exacerbation, understanding the functional
consequence of these genetic polymorphisms on neurotransmission is equally critical.
Gene expression studies that quantify mRNA in brain tissue will improve our
understanding of how genetic polymorphisms influence gene transcription across
different neural regions. Moreover, analyses on DNA methylation and histone
modification will uncover how these genes are being regulated by epigenetic mechanisms
in relation to OCD risk.

While the examination of cortical structure prior to and following OCS onset or
exacerbation in the perinatal period would clarify whether cortical alterations have a
causal role or occur as a consequence of psychopathology, challenges in predicting the

timing of symptom onset or exacerbation limits the feasibility of this type of
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investigation. Instead, a more practical investigation might examine the cortical
alterations of women in the postpartum period across diagnostic groups in order to
characterize the clinical trajectories that lead to perinatal OCS worsening and changes in
the maternal cortical structure.

Since little is known about the neural correlates of perinatal OCD, future
investigations should look towards examining functional connectivity that may be
affected in mothers with OCS and OCD in the postpartum period. In the only postpartum
OCD neuroimaging study published to date, Lord et al. found that the OFC and temporal
cortices were significantly activated in response to psychosocial stress in mothers with
OCD, as compared to healthy postpartum controls (Lord et al., 2012). Resting state and
other task-based approaches will be beneficial in determining whether aberrant functional
connectivity in multiple neural networks, such as the default mode network and fronto-
parietal network, are associated with postpartum OCD and if there is an overlap with the
structural findings that we reported in Chapter 5. Furthermore, a longitudinal imaging
study across the postpartum period would prove to be worthwhile for characterizing
structural and functional neural alterations in the CTSC circuit across this period of time
of neural plasticity in mothers.

It would be interesting to see if genetic or cortical markers could predict treatment
responses in women with perinatal OCD. When investigating the clinical utility of 5-
HTTLPR and HTR2A polymorphisms, there is insufficient evidence that genotype or
allele status of either variant influences treatment outcomes in general OCD samples

(Billett et al., 1997; Denys, Van Nieuwerburgh, Deforce, & Westenberg, 2007; Di Bella,
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Erzegovesi, Cavallini, & Bellodi, 2002; Miguita, Cordeiro, Shavitt, Miguel, & Vallada,
2011). Notably, no study has investigated serotonergic function, including SERT and 5-
HT>a receptor availability, in perinatal samples with OCD and the potential effects it may
have on treatment. Therefore, it is imperative that efforts are being made towards
improving early identification and treatment of OCD, especially as it relates to mothers
during the perinatal period.

With advancements in the field of genetics and neuroimaging, many studies are
now turning towards the use of neuroimaging techniques to explore the influence of
genetic variants on brain structure and function, which is known as imaging genetics
(Bigos & Weinberger, 2010). This approach is useful for characterizing the functional
effects that specific candidate genes may have on neural networks that regulate
behaviour. Few explorations have been conducted in OCD samples (Griinblatt, Hauser, &
Walitza, 2014), with preliminary reports suggesting that the 5S-HTTLPR variant
influences SERT availability in the midbrain (Hesse et al., 2011), gray matter volume in
the right frontal pole (Honda et al., 2017), and volume of the OFC (Atmaca et al., 2011).
The OFC is one of the main targets of serotonergic projecting neurons from the raphe
nucleus (Roberts, 2011) and is a key structure implicated in the CSTC circuit and OCD,
as described earlier. These preliminary reports prompt further investigation into 5-
HTTLPR and its influence on cortical structures in OCD and perinatal samples with OCS.

Lastly, an integrative approach that collects and combines clinical, biological, and
subjective measures can be applied to machine learning techniques to predict behavioural

outcomes, such as perinatal OCS. As such, subsequent studies would benefit from
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integrating genetic and neuroimaging techniques in order to identify risk factors or targets

for therapeutics in OCD and its subtypes.

6.5 Conclusions

The collection of work contained within this thesis demonstrates support for the
existence of etiologically distinct forms of OCD, based on sex and age of onset. In
particular, we focused on perinatal OCD and its clinical presentation, which may
represent a more homogeneous subgroup. We found evidence that polymorphic variants
in genes pertaining to the serotonin system may be specific to OCD in females; however,
we could not conclude whether the serotonin transporter polymorphism, 5-HTTLPR, was
associated with the unique emergence of infant-related OCS in women across the
perinatal period. Replication in larger samples is warranted, in addition to investigating
the serotonin 2A receptor gene, HTR2A, with perinatal OCS. Novel whole-brain
explorations in a sample of clinically diverse postpartum mothers revealed associations
between gray matter surface area measures and greater OCS worsening from pregnancy
to postpartum, as well as correlations between the surface area of frontal, parietal and
temporal cortices with clinical severity in mothers with OCD. These findings suggest that
widespread neural changes during the postpartum period may predispose women for risk
of psychopathology. Due to the distressing nature and adverse consequences of OCD in
the perinatal period, it is imperative that research continues to identify risk factors that

contribute to its pathophysiology in women.
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