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I)*$-#<!*-/"'E#<!*)*<(")$C"4#IX#<")"I)*%#'5*%%V9"''"%#4$'"*'"#*-4#*(),.!X;#U")"I)*%#'5*%%V

9"''"%# 4$'"*'"# *-4#*(),.!X# *)"#I,(!# '(),-/%X# )"%*("4# (,# <,55,-#9*'<&%*)# )$'=# 6*<(,)'# 00, 

*-4# *)"# 6)"j&"-(%X# ,I'")9"4# ,-# I)*$-# 5*/-"+<# )"',-*-<"# $5*/$-/# :T_W># $-# .*+"-('#

3$(!# *(!"),'<%"),+<# 4$'"*'"# 0J;# W-<)"*'$-/# "9$4"-<"# '&//"'('# (!*(# (!"# 4$i")"-(# <%$-$<*%#

5*-$6"'(*+,-'# ,6# <")"I)*%# '5*%%V9"''"%# 4$'"*'"# *-4# *(),.!X# 4"."-4# -,(# ,-%X# ,-# %"'$,-#
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"5,+,-'#*-4#.!X'$<*%#*-4#<,/-$+9"#6&-<+,-';
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)"%*+,-'!$.#I"(3""-#<")"I)*%#'5*%%V9"''"%#4$'"*'"#*-4#(!"#.)"'"-<"#,6#<%$-$<*%%X#)"%"9*-(#

depressive symptoms 0NVJ0E# (!"# 4$)"<+,-# ,6# <*&'*+,-# )"5*$-'# *# (,.$<# ,6# 4"I*("# JJVJL. So 

6*)E# %,-/$(&4$-*%# '(&4$"'#X$"%4"4# $-<,-<%&'$9"#D-4$-/'#*'# (,#3!"(!")# <")"I)*%# '5*%%V9"''"%#
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'5*%%V9"''"%#4$'"*'"# $-#6),-(*%V'&I<,)+<*%#I)*$-#)"/$,-'# $'#*'',<$*("4#3$(!#*#<!*)*<(")$'+<#

Grool.indd   9 29-02-12   13:22



Chapter 1

0K

5,+9*+,-*%#.),D%"#,6#4".)"''$,-#$'#'<*)<"#25,26E#*-4#)"<"-(#)"'&%('#"9"-#'&//"'(#(!*(#(!"'"#

5,+9*+,-*%# 'X5.(,5'# 5*X# I"# "h.)"''$,-'# ,6# '5*%%V9"''"%V)"%*("4# *.*(!X# )*(!")# (!*-#

4".)"''$,-#<!*)*<(")$'+<'#27,28.

,"%+#+&13>%0;6%+

 !"#*$5#,6#(!$'#(!"'$'#3*'#D)'(#(,#$-9"'+/*("#(!"#$-c&"-<"#,6#<")"I)*%#'5*%%V9"''"%#4$'"*'"#

*-4# *(),.!X#,-# '"%6V)*("4# 6&-<+,-$-/E# 4".)"''$9"# 'X5.(,5'E# <,/-$+9"#.")6,)5*-<"# *-4#

5,)(*%$(X;#W-#*44$+,-E#3"#"h*5$-"4#(,#3!$<!#"h("-(#(!"#,I'")9"4#*'',<$*+,-'#4"."-4"4#,-#

(!"#'()*("/$<#%,<*+,-#,6#'()&<(&)*%#<")"I)*%#<!*-/"'#$-#4$i")"-(#I)*$-#)"/$,-';# ,#$5.),9"#,&)#

&-4")'(*-4$-/#,-#(!"#4$)"<+,-#,6#<*&'*+,-E#3"#*%',#$-9"'+/*("4#(!"#I$4$)"<+,-*%#)"%*+,-#

I"(3""-#<")"I)*%#'5*%%V9"''"%#4$'"*'"E#'"%6V)*("4#6&-<+,-$-/#*-4#4".)"''$9"#'X5.(,5';#S"#

-,(#,-%X#"h*5$-"4#3!"(!")#<")"I)*%#'5*%%V9"''"%#4$'"*'"#5*X#I"#*#)$'=#6*<(,)#6,)#%,3")#'"%6V

)*("4#6&-<+,-$-/E#4".)"''$9"#'X5.(,5'#*-4#5,)(*%$(XE#I&(#*%',#"h*5$-"4#(!"#)"%*+,-#$-#(!"#

,..,'$("#4$)"<+,-#IX#$-9"'+/*+-/#3!"(!")#4".)"''"4#5,,4#$'#*#)$'=#6*<(,)#6,)#.),/)"''$,-#

,6#<")"I)*%#'5*%%V9"''"%#4$'"*'";

@$/7N&818/4(;1-+

7*(*#6),5#(3,#%*)/"#<,!,)(#'(&4$"'#3")"#&'"4m#(!"#8"<,-4#T*-$6"'(*+,-'#,6#\_ ")$*%#4$'"*'"#

:8T\_ >#'(&4X#*-4#(!"#\/"E#F"-"nO-9$),-5"-(#8&'<".+I$%$(X#:\FO8>V_"X=A*9$=#8(&4X;

 !"# 8T\_ # '(&4X# $'# *-# ,-/,$-/# .),'."<+9"# <,!,)(# '(&4X# $-# .*+"-('# -"3%X# )"6"))"4# (,#

(!"# B-$9")'$(X#T"4$<*%# U"-(")# B()"<!(# 3$(!# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"# ,)# )$'=#

6*<(,)'#6,)#*(!"),'<%"),'$'#29E#*-4#$'#*$5"4#*(# $-9"'+/*+-/#(!"#.)"9*%"-<"#,6#<,-<,5$(*-(#

*)(")$*%#4$'"*'"#*(#,(!")#'$("'#*-4#'(&4X$-/# (!"# $-<$4"-<"#,6# 6&(&)"#<*)4$,9*'<&%*)#"9"-('#

*-4#$('#.)"4$<(,)'#$-#.*+"-('#*(#!$/!#9*'<&%*)#)$'=;#["(3""-#JKK0#*-4#JKKME#.*+"-('#3$(!#

'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"# )"<"$9"4# T_W# ,6# (!"# I)*$-# $-# *44$+,-# (,# '(*-4*)4#

9*'<&%*)#'<)""-$-/#*'#.*)(#,6#(!"#8T\_ VT_#'(&4X#30;#Z,%%,3V&.#5"*'&)"5"-('#(,,=#.%*<"#

I"(3""-#JKKe#*-4#JKK2E#*-4#*-#*-<$%%*)X#'(&4XE#8T\_ VT"4"*#:T"5,)XE#4".)"''$,-#*-4#

*/$-/>E#3*'#'(*)("4#(,#$-9"'+/*("#I)*$-#<!*-/"'#*'',<$*("4#3$(!#.'X<!,',<$*%#9&%-")*I$%$(X#

*-4#'()"''#6*<(,)'#d0;#Z,)#(!$'#(!"'$'E#4*(*#3")"#&'"4#6),5#(!"#8T\_ #'(&4XE#(!"#8T\_ VT_#

'(&4X#*-4#(!"#8T\_ VT"4"*#'(&4X;

 !"# \FO8V_"X=A*9$=# 8(&4X# $'# *-# *-<$%%*)X# '(&4X# (,# (!"# _"X=A*9$=# 8(&4XE# *# .),'."<+9"#

.,.&%*+,-VI*'"4#<,!,)(#'(&4X#,6#,%4")#.")',-'#$-("-4"4#(,#$-9"'+/*("#(!"#<,-()$I&+,-#,6#

/"-"+<#'&'<".+I$%$(XE#"-9$),-5"-(*%#6*<(,)'E#*-4#/"-"V"-9$),-5"-(#$-(")*<+,-#(,#<%$-$<*%#

*-4#'&I<%$-$<*%#4$'"*'"#32;#["(3""-#JKKJ#*-4#JKKeE#*#)*-4,5#'*5.%"#,6#'&)9$9,)'#6),5#(!"#

_"X=A*9$=#'(&4X#&-4")3"-(#<%$-$<*%#"h*5$-*+,-'E#j&"'+,--*$)"'E#I%,,4#'*5.%"'E#<,/-$+9"#

("'+-/#*-4#I)*$-#T_W#*'#.*)(#,6#(!"#\FO8V_"X=A*9$=#8(&4X;#Z,)#(!$'#(!"'$'E#4*(*#3")"#&'"4#

6),5#LdML#.*)+<$.*-('#3$(!,&(#4"5"-+*#$-#(!"#\FO8V_"X=A*9$=#8(&4X;
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W-# <!*.(")# M;0# 3"# *''"''"4# (!"# 4".)"''$9"# 'X5.(,5# <!*)*<(")$'+<'# *'',<$*("4#3$(!# (!"#

.),/)"''$,-# *-4# %,<*+,-# ,6# <")"I)*%# '5*%%V9"''"%# 4$'"*'"# *-4# *(),.!X# $-# 4$i")"-(# I)*$-#

)"/$,-';# W-# <!*.(")# M;J#3"# $-9"'+/*("4# (!"# $-c&"-<"# ,6# <")"I)*%# '5*%%V9"''"%# 4$'"*'"# $-#
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W'<!"5$<#!"*)(#4$'"*'"#*-4#'(),="#*)"#%"*4$-/#<*&'"'#,6#4$'*I$%$(X#*-4#5,)(*%$(X#3,)%43$4"#0. As 

*#)"'&%(#,6#$5.),9"4#'&)9$9*%#*-4#(!"#%$6"%,-/#*'."<(#,6#(!"'"#4$'"*'"'E#!"*%(!V)"%*("4#j&*%$(X#

,6# %$6"# :Y_p,]>E# $-<%&4$-/# .!X'$<*%# *-4# 5"-(*%# 6&-<+,-$-/E# !*'# I"<,5"# *-# $-<)"*'$-/%X#

$5.,)(*-(#<%$-$<*%#*-4#)"'"*)<!#,&(<,5"#3!"-#"9*%&*+-/#I&)4"-#,6#4$'"*'"#*-4#()"*(5"-(#

I"-"D(';# W-#*44$+,-E#)"4&<"4#.!X'$<*%#*-4#5"-(*%# 6&-<+,-$-/#4,#-,(#,-%X# $-(")6")"#3$(!#

4*$%X#%$9$-/E#(!"X#*%',#$-<)"*'"#(!"#)$'=#,6#$-<$4"-(#$'<!"5$<#9*'<&%*)#"9"-('#*-4#5,)(*%$(X#JVL. 

U,5.*)"4#(,#(!"#/"-")*%#.,.&%*+,-E#Y_p,]#$'#'&I'(*-+*%%X#%,3")#$-#.*+"-('#3$(!#$'<!"5$<#

!"*)(#4$'"*'"#*-4#'(),="E#"'."<$*%%X#$-#(!"#4,5*$-#,6#.!X'$<*%#6&-<+,-$-/#5-7. A recent study 

$-4$<*("4# (!*(#Y_p,]# $'# -,(# ,-%X# %,3")# $-# (!"# *<&("# .!*'"# ,6# )"<,9")X# 6),5# '(),="E# I&(#

<*-# 4"<%$-"# &.# (,# D9"# X"*)'# .,'(V'(),="# $-# '&)9$9,)'# 6)""# 6),5# )"<&))"-<"#,6# '(),="#,)# *#

5X,<*)4$*%#$-6*)<+,-#8;#\%',E#5*)="4#$5.*$)5"-('#$-#Y_p,]#!*9"#I""-#,I'")9"4#$-#.*+"-('#

3$(!#,(!")#5*-$6"'(*+,-'#,6#*(!"),'<%"),+<#4$'"*'"E#$-<%&4$-/#.")$.!")*%#*)(")$*%#4$'"*'"#2E0K 

*-4#*I4,5$-*%#*,)+<#*-"&)X'5#00E0J.

P*+"-('#3$(!#'X5.(,5*+<#9*'<&%*)#4$'"*'"#6)"j&"-(%X#!*9"#*(!"),'<%"),+<#<!*-/"'#$-#(!"#

'5*%%#9*'<&%*(&)"#$-#(!"#I)*$-E#3!$<!#*)"#<!*)*<(")$C"4#IX#3!$("#5*`")#%"'$,-'#:ST]>#,-#

5*/-"+<#)"',-*-<"# $5*/$-/# :T_W># 0d;#\%(!,&/!#ST]#*)"#,q"-#*'X5.(,5*+<E# (!"X#!*9"#

I""-#$4"-+D"4#*'#*#)$'=#6*<(,)#6,)#6&-<+,-*%#4"<%$-"#0LE#%*("V%$6"#4".)"''$,-#0ME0e#*-4#<,/-$+9"#

impairment 01V02;# W(# !*'#I""-# '&//"'("4# (!*(# /)"*(")#4$'"*'"# *<+9$(XE# <!*)*<(")$C"4#IX# *-#

*<<"%")*("4#.),/)"''$,-#,6#ST]#9,%&5"E#$'#*-#$5.,)(*-(#&-4")%X$-/#5"<!*-$'5#<,-()$I&+-/#

to this elevated risk JKEJ0E#I&(#%,-/$(&4$-*%#'(&4$"'#*)"#'+%%#)"%*+9"%X#'<*)<";#S!"(!")#/)"*(")#

.),/)"''$,-#,6#ST]#9,%&5"#$'#*%',#*'',<$*("4#3$(!#*#.,,)")#Y_p,]#!*'#-,(#I""-#'(&4$"4#

X"(E#*%(!,&/!# $(# <,&%4#I"#"h."<("4# (!*(#5,)"#'&I(%"# $5.*$)5"-('# $-#.!X'$<*%#*-4#5"-(*%#

6&-<+,-$-/#<,&%4#*%)"*4X#I"#.)"'"-(#$-#.*+"-('#3$(!#/)"*(")#ST]#4$'"*'"#*<+9$(XE#I"6,)"#

(!"#4"9"%,.5"-(#,6#4".)"''$,-#,)#6&-<+,-*%#4"<%$-";#W-#*44$+,-E#$(#$'#&-=-,3-#3!"(!")#(!"#

$-c&"-<"#,6#ST]#.),/)"''$,-#,-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#$'#<,5.*)*I%"#I"(3""-#

.*+"-('#3$(!#4$i")"-(#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";

b&)#D)'(#*$5#3*'#(,#$-9"'+/*("#(!"#<,&)'"#,6#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#$-#.*+"-('#

3$(!#4$i")"-(#5*-$6"'(*+,-'#,6#*(!"),'<%"),+<#4$'"*'"#,9")#6,&)#X"*)'#,6#6,%%,3V&.;#8"<,-4E#

3"#"h*5$-"4#3!"(!")#/)"*(")#.),/)"''$,-#,6#ST]#9,%&5"#<,-()$I&("4#(,#.,,)")#.!X'$<*%#

*-4#5"-(*%#6&-<+,-$-/#$-#(!"'"#.*+"-('E#*-4#3!"(!")#(!"'"#*'',<$*+,-'#4"."-4"4#,-#(!"#

%,<*+,-#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";
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=($%*#(4+&(-7&'%$"17+

B(*;0#8(-$+

7*(*#3")"#&'"4#6),5#(!"#8"<,-4#T*-$6"'(*+,-'#,6#\_ ")$*%#4$'"*'"VT*/-"+<#_"',-*-<"#

:8T\_ VT_>#'(&4XE#*#.),'."<+9"#<,!,)(#'(&4X#*$5"4#(,#$-9"'+/*("#I)*$-#<!*-/"'#,-#T_W#

$-# 0dK2# $-4"."-4"-(%X# %$9$-/# .*+"-('# 3$(!# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'";# 7"(*$%'#

,6# (!"# 4"'$/-# *-4# .*)+<$.*-('# !*9"# I""-#4"'<)$I"4# "%'"3!")"# 0d;# Z,)# (!"# <&))"-(# '(&4XE#

4*(*#3")"#&'"4#6),5#2N2#.*+"-('#-"3%X#)"6"))"4#(,#(!"#B-$9")'$(X#T"4$<*%#U"-(")#B()"<!(#

I"(3""-# G*-&*)X# JKKJ# *-4# 7"<"5I")# JKKM# 3$(!# 5*-$6"'(# .")$.!")*%# *)(")$*%# 4$'"*'"E#

<,),-*)X#*)(")X#4$'"*'"E#<")"I),9*'<&%*)#4$'"*'"#,)#*I4,5$-*%#*,)+<#*-"&)X'5#3$(!,&(#T_#

<,-()*$-4$<*+,-'#*-4#*9*$%*I%"#4*(*#,-#(!"#Y_p,]#j&"'+,--*$)";#7&)$-/#*#0V4*X#9$'$(#(,#,&)#

5"4$<*%#<"-(")E#*-#T_W#,6#(!"#I)*$-E#.!X'$<*%#"h*5$-*+,-E#I%,,4 and urine#'*5.%$-/#3")"#

.")6,)5"4;#_$'=#6*<(,)'E#5"4$<*%#!$'(,)XE#*-4#6&-<+,-$-/#3")"#*''"''"4#3$(!#j&"'+,--*$)"';

["(3""-# G*-&*)X# JKKe# *-4#T*X# JKK2E# *%%# .*)+<$.*-('# '+%%# *%$9"#3")"# $-9$("4# 6,)# 6,%%,3V

&.# 5"*'&)"5"-('E# $-<%&4$-/# T_W# ,6# (!"# I)*$-E# -"&),.'X<!,%,/$<*%# ("'+-/E# *# .!X'$<*%#

"h*5$-*+,-E#I%,,4#*-4#&)$-"#'*5.%$-/E#)$'=#6*<(,)'E#5"4$<*%#!$'(,)XE#*-4#6&-<+,-$-/;# !"#

8T\_ VT_# '(&4X# 3*'# *..),9"4# IX# (!"# "(!$<'# <,55$`""# ,6# ,&)# $-'+(&+,-# *-4# 3)$`"-#

$-6,)5"4#<,-'"-(#3*'#,I(*$-"4#6),5#*%%#.*)+<$.*-(';#W-#(,(*%E#MNM#,6#(!"#'&)9$9$-/#<,!,)(#

:eJf#,6#-w2Ld>#/*9"#3)$`"-# $-6,)5"4#<,-'"-(m#dLe# :d1f>#.")',-'# )"6&'"4E#*-4#0J# :0f>#

3")"#%,'(#(,#6,%%,3V&.;

=(:-%;0&*%+1-(-0%&#'(:#-:&8*1$1014

T_# $-9"'+/*+,-'#3")"# .")6,)5"4#,-# *# 0;MV "'%*#3!,%"VI,4X# 'X'("5# :FX),'<*-#\U8V@ E#

P!$%$.'#T"4$<*%# 8X'("5'E# ["'(E# (!"#@"(!")%*-4'>;#  !"# .),(,<,%# <,-'$'("4# ,6# *# ()*-'9")'*%#

 0V3"$/!("4#/)*4$"-(V"<!,#'"j&"-<"# :)"."++,-#+5"#: _>n"<!,#+5"#: O>Q#JdMnJ#5'm#c$.#

*-/%"E#NKx>E#*#()*-'9")'*%# JV3"$/!("4#(&)I,#'.$-V"<!,#'"j&"-<"#: _n OQ#JJKKn00#5'#*-4#

JJKKn0KK#5'm#(&)I,#6*<(,)#0J>E#*#()*-'9")'*%# JV3"$/!("4#c&$4#*`"-&*+-/#$-9")'"#)"<,9")X#

:Z]\W_>#'"j&"-<"#: _n On$-9")'$,-#+5"#: W>Q#eKKKn0KKnJKKK#5'>#*-4#*#()*-'9")'*%#$-9")'$,-#

)"<,9")X#:W_>#'"j&"-<"#: _n On WQ#J2KKnJJnL0K#5'>#:D"%4#,6#9$"3#JdKhJdK#55m#5*()$h#'$C"E#

0NKhJMem#'%$<"#(!$<=-"''E#L;K#55m#-,#/*.m#dN#'%$<"'>;

Q*(#-&+%:'%-$(;1-

S"# &'"4# (!"#  0V3"$/!("4# /)*4$"-(V"<!,E# W_# '"j&"-<"# *-4# Z]\W_# '"j&"-<"# 6,)# I)*$-#

'"/5"-(*+,-;#  !"# .),I*I$%$'+<# '"/5"-(*+,-# ("<!-$j&"# !*'# I""-# 4"'<)$I"4# "%'"3!")"#
22,23;#  !"# '"/5"-(*+,-# .),/)*5# 4$'+-/&$'!"'# <,)+<*%# /)*X# 5*`")E# 3!$("# 5*`")E# '&%<*%#

*-4# 9"-()$<&%*)# <")"I),'.$-*%# c&$4# :U8Z>E# *-4# %"'$,-';#  !"# )"'&%('# ,6# (!"# '"/5"-(*+,-#

*-*%X'$'# 3")"# 9$'&*%%X# <!"<="4# 6,)# (!"# .)"'"-<"# ,6# $-6*)<('# *-4# *4*.("4# $6# -"<"''*)X# (,#

5*="#*#4$'+-<+,-#I"(3""-#ST]#*-4#$-6*)<(#9,%&5"';# ,(*%#I)*$-#9,%&5"#3*'#<*%<&%*("4#
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/$*0$"11(*#'*2'34()"'5%6"$'&"1(*#1'%#+'-4%#0"1'(#'1"&27$%)"+'2,#-.*#(#0

J0

J;0

IX#'&55$-/#(!"#9,%&5"'#,6#/)*X#*-4#3!$("#5*`")#*-4E#$6#.)"'"-(E#(!"#9,%&5"'#,6#ST]#*-4#

$-6*)<(';#\%%#9,%&5"'#<)*-$*%#(,#(!"#6,)*5"-#5*/-&5#3")"#$-<%&4"4;#\'#*#)"'&%(E#(!"#(,(*%#

I)*$-#9,%&5"#$-<%&4"'#(!"#<")"I)&5E#I)*$-'("5#*-4#<")"I"%%&5;# ,(*%#$-()*<)*-$*%#9,%&5"#

:WU^>#3*'#<*%<&%*("4#IX#'&55$-/#(!"#(,(*%#I)*$-#9,%&5"#*-4#(!"#9,%&5"'#,6#(!"#'&%<*%#*-4#

9"-()$<&%*)#U8Z;#

\-2(*0$+&(-7&U"#$%&'()%*&4%+#1-+

 !"# 3!,%"# I)*$-# 3*'# 9$'&*%%X# '"*)<!"4# 6,)# $-6*)<('# IX# *# ()*$-"4# $-9"'+/*(,)# *-4# *#

-"&),)*4$,%,/$'(;#_*(")'#3")"#I%$-4"4#(,#!$'(,)X#*-4#4$*/-,'$'#,6#(!"#.*+"-(;#7$'<)".*-<$"'#

$-# )*+-/# 3")"# )"V"9*%&*("4# $-# *# <,-'"-'&'# 5""+-/;# W-6*)<('# 3")"# 4"D-"4# *'# 6,<*%#

!X.")$-("-'$+"'# ,-#  JV3"$/!("4# $5*/"'# ,6# *(# %"*'(# d# 55# $-# 4$*5"(");# YX.")$-("-'$+"'#

%,<*("4#$-#(!"#3!$("#5*`")#*%',#!*4#(,#I"#!X.,$-("-'"#,-# 0V3"$/!("4#*-4#Z]\W_#$5*/"'#

$-# ,)4")# (,# 4$'+-/&$'!# (!"5# 6),5#ST];# 7$%*("4# .")$9*'<&%*)# '.*<"'#3")"# 4$'+-/&$'!"4 

6),5#$-6*)<('#,-#(!"#I*'$'#,6#(!"$)#%,<*+,-E 6,)5E#*-4#(!"#*I'"-<"#,6#/%$,'$';# !"#%,<*+,-E#

*i"<("4#c,3#("))$(,)X#*-4#(X."#3")"#'<,)"4#6,)#"9")X#$-6*)<(;#ST]#9,%&5"'#,I(*$-"4#3$(!#

(!"#'"/5"-(*+,-#.),/)*5#3")"#'&55"4#(,#,I(*$-#(,(*%#ST]#9,%&5";#^,%&5"'#,6#ST]#

3")"#-,)5*%$C"4#6,)#WU Ê#*-4#"h.)"''"4#*'#.")<"-(*/"#,6#WU ;̂

B"N+#0(4&(-7&'%-$(4&2/-0;1-#-:

\(#I*'"%$-"#*-4# 6,%%,3V&.E#.*+"-('#<,5.%"("4# (!"#8!,)(#Z,)5V0J# :8ZV0J># JL, a shortened 

9")'$,-#,6#(!"#8!,)(#Z,)5Vde#:8ZVde>#T"4$<*%#b&(<,5"'#8(&4X#Y"*%(!#8&)9"X#25 to measure 

Y_p,]#*(#I*'"%$-"#*-4#6,%%,3V&.;# !"#8ZV0J#j&"'+,--*$)"#$-<%&4"'#0#,)#J#$("5'#6),5#"*<!#

,6#(!"#N#!"*%(!#'&55*)X#'<*%"'#,6#(!"#8ZVde#26E#*-4#"-*I%"'#<*%<&%*+,-#,6#(!"#P!X'$<*%#:PU8>#

*-4#T"-(*%#U,5.,-"-(#8&55*)X#'<*%"'# :TU8>;# !"#8ZV0J#'&55*)X#'<*%"'#*)"#.,'$+9"%X#

'<,)"4#*-4#-,)5*%$C"4#(,#*#/"-")*% .,.&%*+,-#5"*-#,6#MK#3$(!#'(*-4*)4#4"9$*+,-#,6#0K;#

Y$/!")#8ZV0J#'<,)"'#$-4$<*("#I"`")#Y_p,]m#*#.,'$+9"#<!*-/"#$-#8ZV0J#'<,)"'#$-4$<*("'#*-#

$5.),9"5"-(E#*-4#*#-"/*+9"#<!*-/"#*#4"(")$,)*+,-#$-#Y_p,];#["<*&'"#,6#$('#I)"9$(XE#(!"#

8ZV0J#$'#<,-'$4")"4#*49*-(*/",&'#(,#(!"#8ZVde#6,)#%*)/"#'(&4$"'#6,<&'$-/#,-#,9")*%%#.!X'$<*%#

*-4#5"-(*%#6&-<+,-$-/#26.

@%6%*#$N&12&($"%*1+04%*1;0&7#+%(+%&($&3(+%4#-%

W-# .*+"-('#3$(!# .")$.!")*%# *)(")$*%# 4$'"*'"E# '"9")$(X# ,6# 9*'<&%*)# 4$'"*'"# *(# I*'"%$-"#3*'#

*''"''"4#&'$-/#(!"#Z,-(*$-"#'<*%"#27;#8(*/"#0#:.*$-V6)""#3*%=$-/#4$'(*-<"#yJKK#5>#*-4#'(*/"#J#

:.*$-V6)""#3*%=$-/#4$'(*-<"#gJKK#5>#3")"#4"D-"4#*'#5$%4#,)#5,4")*("#$'<!*"5$*E#3!")"*'#

'(*/"#d#:)"'(#.*$->#*-4#'(*/"#L#:&%<")*+,-#,)#/*-/)"-">#3")"#4"D-"4#*'#'"9")"#$'<!*"5$*;#W-#

.*+"-('#3$(!#<,),-*)X#*)(")X#4$'"*'"E#4$'"*'"#'"9")$(X#3*'#)*("4#*<<,)4$-/#(,#(!"#-&5I")#

,6#<,),-*)X#*)(")$"'#3$(!#5*)="4#*(!"),'<%"),'$'#:y1Kf#'("-,'$'#,)#6)*<+,-*%#c,3#)"'")9"#

gK;NK#,)# ()"*(5"-(#,6# (!"#9"''"%>;#b-"V9"''"%E# (3,V9"''"%E# (!)""V9"''"%E# %"q#5*$-#4$'"*'"#
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3$(!#,)#3$(!,&(#)$/!(#<,),-*)X#*)(")X#$-9,%9"5"-(#3*'#)*("4#$-#*%%#<,),-*)X#*)(")X#4$'"*'"#

.*+"-('#,-#(!"#I*'$'#,6#<,),-*)X#*-/$,/)*.!X#)".,)(';#W-6,)5*+,-#3*'#$-<,5.%"("#$-#',5"#

.*+"-('E#*-4#*44$+,-*%#$-6,)5*+,-#3*'#,I(*$-"4#6),5#.")<&(*-",&'#<,),-*)X#$-(")9"-+,-#

,)# <,),-*)X# *)(")X# IX.*''# /)*q$-/# )".,)(';# Z,)# .*+"-('# 3$(!# <")"I),9*'<&%*)# 4$'"*'"E#

4$'"*'"#'"9")$(X#3*'#<%*''$D"4#3$(!#*#!*-4$<*.#'<*%"E#(!"#5,4$D"4#_*-=$-#8<*%"#:5_8>#28.

X$"%*&6(*#(34%+

7&)$-/#(!"#9$'$(#(,#(!"#5"4$<*%#<"-(")E#*-#,9")-$/!(#6*'+-/#9"-,&'#I%,,4#'*5.%"#3*'#(*="-#

(,#4"(")5$-"#/%&<,'"#%"9"%';#8X'(,%$<#*-4#4$*'(,%$<#I%,,4#.)"''&)"'#:55#Y/>#3")"#5"*'&)"4#

(3$<"#3$(!#*#'.!X/5,5*-,5"(")#*-4#*9")*/"4;#YX.")("-'$,-#3*'#4"D-"4#*'#5"*-#'X'(,%$<#

I%,,4#.)"''&)"#z0eK#55#Y/E#5"*-#4$*'(,%$<#I%,,4#.)"''&)"#z2M#55#Y/#,)#'"%6# )".,)("4#

*-+!X.")("-'$9"#4)&/#&'";#7$*I"("'#5"%%$(&'#3*'#4"D-"4#*'# 6*'+-/#/%&<,'"#z1;K#55,%n]#

,)#'"%6#)".,)("4#&'"#,6#,)*%#*-+4$*I"+<#4)&/'#,)#$-'&%$-;#85,=$-/#!*I$('#*-4#*%<,!,%#$-(*="#

3")"#*''"''"4#3$(!#j&"'+,--*$)"';#P*<=VX"*)'#,6#'5,=$-/#3*'#<*%<&%*("4E#*-4#*%<,!,%#&'"#

3*'#<*("/,)$C"4#$-(,#-"9")E#.*'(E#*-4#<&))"-(;

@$/7N&+('84%

b6#(!"#MNM#.*+"-('#.*)+<$.*+-/#*(#6,%%,3V&.E#4*(*#,-#I*'"%$-"#,)#6,%%,3V&.#T_W#9*)$*I%"'#

3")"#5$''$-/#$-#1L#.*+"-('#:-,#T_#:-wL0>E#$))"()$"9*I%"#T_#4*(*#:-wM>E#5$''$-/#Z]\W_#$5*/"'#

:-w1>E#,)#*)("6*<('#:-wJ0>>;#b6#(!"'"E#Y_p,]#4*(*#*(#6,%%,3V&.#3")"#5$''$-/#$-#01#.*+"-(';#b6#

(!"'"#L2L#.*+"-('E#4*(*#,-#9*'<&%*)#)$'=#6*<(,)'#3")"#5$''$-/#$-#N#.*+"-(';# !$'#)"'&%("4#$-#

*#(,(*%#'(&4X#'*5.%"#,6#LNe#.*+"-(';

U,5.*)"4# (,# .*+"-('#3!,#3")"# %,'(# (,# 6,%%,3V&.# :-wMKd>E# .*+"-('#3!,# .*)+<$.*("4# *(#

6,%%,3V&.#:-wLNe>#3")"#'$/-$D<*-(%X#X,&-/")#:5"*-#M1;M#9")'&'#M2;e#X"*)'>#*(#I*'"%$-"E#!*4#

%"''#,q"-#!X.")("-'$,-# :MKf#9")'&'#M1f>#*-4#4$*I"("'#5"%%$(&'# :0ef#9")'&'#JMf>E#5,)"#

,q"-#)".,)("4#<&))"-(#*%<,!,%#$-(*="#:12f#9")'&'#1Jf>E#!*4#%,3")#ST]#9,%&5"#:5"4$*-#

0;d# 9")'&'# 0;1#5]>E# !*4# I"`")#5"-(*%# 6&-<+,-$-/# :5"4$*-# M0;K# 9")'&'# LN;d>E# *-4#3")"#

%"''#,q"-#$-<%&4"4#3$(!#.")$.!")*%#*)(")$*%#4$'"*'"#:02f#9")'&'#Jef>#,)#*I4,5$-*%#*,)+<#

*-"&)X'5#:Mf#9")'&'#00f>#:(*I%"#0>;

A($(&(-(4N+#+

Z$)'(E#3"#<*%<&%*("4#<!*-/"'#$-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#*q")#,-#*9")*/"#L#X"*)'#,6#

6,%%,3V&.#$-#(!"#(,(*%#'*5.%"E#*-4#(!"-#<,5.*)"4#<!*-/"'#$-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#

I"(3""-#4$i")"-(#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#&'$-/#/"-")*%$C"4#%$-"*)#

5,4"%'#3$(!#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#'<,)"'#*(#6,%%,3V&.#*'#(!"#4"."-4"-(#9*)$*I%"'#

*-4#%,<*+,-#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#*/"E#'"hE#I*'"%$-"#.!X'$<*%#,)#5"-(*%#

6&-<+,-$-/#*-4#6,%%,3V&.#+5"#*'#$-4"."-4"-(#9*)$*I%"';
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J;0

,(34%&E&[*'"%$-"#<!*)*<(")$'+<'#,6#.*+"-('#3$(!#<,5.%"("#4*(*#*-4#,6#(!,'"#%,'(#(,#6,%%,3V&.

D1'84%$%&7($(&($&21441U5/8&

]-^JLP_

K1+$&$1&21441U5/8

]-^HVI_

\/"¥ (years) MN#v#2;d eK#v#0K;J

T*%"#/"-4")#:f> 80 79

7$*/-,'$'#,6#'X5.(,5*+<#*(!"),'<%"),+<#

disease‡

- Peripheral arterial disease 02 26

- Coronary artery disease 65 e0

V#U")"I),9*'<&%*)#4$'"*'" JL 23

V#\I4,5$-*%#*,)+<#*-"&)X'5 5 00

8"9")"#*(!"),'<%"),+<#4$'"*'"£ 00 9

85,=$-/† (pack-years) J0#:KVMd> 0N#:KVMK>

Alcohol use

- Never 0d 0N

- Z,)5") 7 00

- Current 79 72

YX.")("-'$,-#:f> 50 57

7$*I"("'#5"%%$(&'#:f> 0e 25

Total intracranial volume¥ (mL) 0Le1#v#0J1 0LM1#v#0dJ

\I',%&("#(,(*%#ST]#9,%&5"† (mL) 0;d#:K;LVM;N> 0;1#:K;eVN;d>

P!X'$<*%#6&-<+,-$-/† LL#:J2VMM> Ld#:JeVML>

T"-(*%#6&-<+,-$-/† M0#:dJVeK> LN#:J2VeK>

ST]E#S!$("#5*`")#%"'$,-'m#5_8E#T,4$D"4#_*-=$-#8<*%"
‡# !"#4$i")"-(#/),&.'#,6# 'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#4,#-,(#*44#&.# (,# (!"# (,(*%# '(&4X#'*5.%"#,6#LNeE#

I"<*&'"#9*)$,&'#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#<*-#,<<&)#3$(!$-#,-"#.*+"-(;
£#7"D-"4#*'#.*+"-('#3$(!#<,),-*)X#*)(")X#4$'"*'"#*-4#(!)""V9"''"%#,)#%"q#5*$-#4$'"*'"#*(#$-<%&'$,-E#.*+"-('#3$(!#

<")"I),9*'<&%*)#4$'"*'"#*-4#*#5_8#/)*4"#zJ#*(#$-<%&'$,-E#,)#.*+"-('#3$(!#.")$.!")*%#*)(")$*%#4$'"*'"#3$(!#Z,-(*$-"#

/)*4"#zd#*(#$-<%&'$,-;
¥ T"*-#v#87
†#T"4$*-E#:0Kth-90th#.")<"-+%">

8"<,-4E#%$-"*)#)"/)"''$,-#*-*%X'$'#3*'#&'"4#(,#$-9"'+/*("#3!"(!")#/)"*(")#.),/)"''$,-#,6#

ST]#9,%&5"#3*'#*'',<$*("4#3$(!#<!*-/"'#$-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/;#P),/)"''$,-#

,6#ST]#9,%&5"#3*'#4"D-"4#*'#(!"#4$i")"-<"#$-#ST]#9,%&5"#:f#,6#WU^>#I"(3""-#I*'"%$-"#

*-4# 6,%%,3V&.;# S"# 4$9$4"4# ST]# .),/)"''$,-# $-(,# j&*)+%"'E# *-4# 4$<!,(,5$C"4# ST]#

.),/)"''$,-#:!$/!"'(#j&*)+%"#:-w0Je>#9")'&'#(!)""#%,3"'(#j&*)+%"'#:-wdeK>>#(,#$-9"'+/*("#

3!"(!")# .*+"-('# 3$(!# /)"*("'(# .),/)"''$,-# '!,3"4# *# 4$i")"-(# <,&)'"# ,6# .!X'$<*%# *-4#

5"-(*%# 6&-<+,-$-/# (!*-# .*+"-('# 3$(!# -,# ,)# 5$-$5*%# ST]# .),/)"''$,-;# \-*%X'"'# 3")"#

D)'(#.")6,)5"4# $-#(!"#(,(*%#'*5.%"E#*-4#I"<*&'"#3"#"h."<("4#(!*(#*'',<$*+,-'#<,&%4#I"#
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$-c&"-<"4# IX# (!"# (X."# ,6# &-4")%X$-/# *(!"),'<%"),+<# 4$'"*'"E# 3"# )"."*("4# (!"# *-*%X'"'#

3$(!$-#'()*(*#,6#%,<*+,-'#,6#*(!"),'<%"),+<#4$'"*'";#W-#5,4"%#WE#*'',<$*+,-'#3")"#*4A&'("4#

6,)#*/"E#'"hE#I*'"%$-"#.!X'$<*%#,)#5"-(*%# 6&-<+,-$-/#*-4# 6,%%,3V&.#+5";#S"#*44$+,-*%%X#

*4A&'("4#6,)#'5,=$-/E#*%<,!,%#&'"E#!X.")("-'$,-#*-4#4$*I"("'#5"%%$(&'#$-#5,4"%#WWE#I"<*&'"#

$(#$'#-,(#<%"*)#(,#3!*(#"h("-(#(!"'"#9*'<&%*)#)$'=#6*<(,)'#*)"#<,-6,&-4")'#,)#.)"<"4$-/#6*<(,)'#

$-#(!"#.*(!3*X#I"(3""-#ST]#9,%&5"#*-4#6&-<+,-$-/E#,)#I,(!;

S"#)"."*("4# (!"#*-*%X'"'#*q")#"h<%&4$-/#.*+"-('#3$(!#'"9")"#*(!"),'<%"),+<#4$'"*'"#*(#

I*'"%$-"E# 4"D-"4# *'# .*+"-('#3$(!# <,),-*)X# *)(")X# 4$'"*'"# *-4# (!)""V9"''"%# ,)# %"q#5*$-#

4$'"*'"#*(#$-<%&'$,-E#.*+"-('#3$(!#<")"I),9*'<&%*)#4$'"*'"#*-4#*#5_8#/)*4"#zJ#*(#$-<%&'$,-E#

,)#.*+"-('#3$(!#.")$.!")*%#*)(")$*%#4$'"*'"#3$(!#Z,-(*$-"#/)*4"#zd#*(# $-<%&'$,-;# !$'#3*'#

4,-"#(,#*''"''#(,#3!*(#"h("-(#(!"#,I'")9"4#*'',<$*+,-'#I"(3""-#'5*%%V9"''"%#4$'"*'"#*-4#

6&-<+,-$-/#3")"#$-c&"-<"4#IX#(!"#'"9")$(X#,6#5*<),9*'<&%*)#4$'"*'";

Z&)(!")E# (,# "h*5$-"#3!"(!")# *'',<$*+,-'#3")"# $-4"."-4"-(# ,6# $-<$4"-(# 9*'<&%*)# "9"-('#

4&)$-/#6,%%,3V&.E#*-*%X'"'#3")"#)"."*("4#*q")#"h<%&4$-/#.*+"-('#3!,#"h.")$"-<"4#*#-"3#

9*'<&%*)#<,5.%$<*+,-#:-,-V6*(*%#$'<!"5$<#'(),="#,)#5X,<*)4$*%#$-6*)<+,->#I"(3""-#I*'"%$-"#

*-4#6,%%,3V&.;#W-#*%%#*-*%X'"'E#2Mf#<,-D4"-<"#$-(")9*%'#*)"#/$9"-;#8P88#9")'$,-#0M;K#:U!$<*/,E#

W%%E#B8\>#3*'#&'"4#(,#*-*%XC"#,&)#4*(*;

[%+/4$+

[*'"%$-"#<!*)*<(")$'+<'#*)"#'&55*)$C"4#$-#(*I%"#J;#T"*-#*/"#,6#(!"#'(&4X#.,.&%*+,-#3*'#

MNv2#X"*)'#*-4#NKf#3*'#5*%";#\(#I*'"%$-"E#5"4$*-#.!X'$<*%# 6&-<+,-$-/#3*'#LL# :0KV2Kth 

.")<"-+%"#J2VMM>#*-4#5"-(*%#6&-<+,-$-/#3*'#M0#:0KV2Kth#.")<"-+%"#dJVeK>;#

T"*-#"%*.'"4#+5"#I"(3""-#(!"#9*'<&%*)#"9"-(#*-4#'<)""-$-/#4*("#3*'#J;0v0;L#5,-(!';#

W-#(!"#(,(*%#'*5.%"E#.!X'$<*%#6&-<+,-$-/#$5.),9"4#:5"4$*-#d;NE#0Kth-90th#.")<"-+%"#Ve;M#(,#

0N;d>E#*-4#5"-(*%#6&-<+,-$-/#4"(")$,)*("4#:5"4$*-#VL;KE#0Kth-90th#.")<"-+%"#V0L;K#(,#0d;K>#

*q")#*#5"*-#6,%%,3V&.#,6#d;2vK;L#X"*)';#S!"-#4$i")"-(#%,<*+,-'#,6#*(!"),'<%"),+<#4$'"*'"#

3")"# $4"-+D"4E#.!X'$<*%# 6&-<+,-$-/# $5.),9"4# $-#*%%# /),&.'# :D/&)"#0>;# !$'# $5.),9"5"-(#

3*'#'$/-$D<*-(%X#%,3")#$-#.*+"-('#3$(!#<")"I),9*'<&%*)#4$'"*'"#<,5.*)"4#(,#.*+"-('#3$(!#

,(!")# %,<*+,-'# ,6# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"# :[wVJ;MNE# 2Mf# UW# VL;J2# (,# VK;N1>;#

T"-(*%#6&-<+,-$-/#4"(")$,)*("4#$-#*%%#/),&.'E#3$(!,&(#*-X#'$/-$D<*-(#4$i")"-<"'#I"(3""-#

4$i")"-(#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#:D/&)"#0>;
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J;0

,(34%&G#[*'"%$-"#<!*)*<(")$'+<'

,1$(4&+('84%

]-^JLP_

B%*#8"%*(4&

(*$%*#(4&7#+%(+%&

]-^MV_‡

D1*1-(*N&

(*$%*N&7#+%(+%&

]-^IEL_‡

D%*%3*16(+0/5

4(*&7#+%(+%&

]-^EEH_‡

<371'#-(4&

(1*;0&(-%/5

*N+'&]-^GP_‡

\/"¥ (years) MN#v#2;d Me#v#0K;J MN#v#2;K M2#v#2;2 eJ#v#1;2

T*%"#/"-4")#:f> 80 66 86 76 96

85,=$-/† (pack-years) J0#:KVMd> Je#:0VMe> 0N#:KVM0> 22 (0-53) 32 (7-76)

Alcohol use

- Never 0d 0e 0J 0M 8

- Z,)5") 7 0K 8 L L

- Current 79 1L 80 82 89

YX.")("-'$,-#:f> 50 58 L1 e0 ML

7$*I"("'#5"%%$(&'#:f> 0e 01 0e 0N 27

ICV¥ (mL) 0Le1#v#0J1 0Ld1#v#0dJ 0L1L#v#0Jd 0Le1#v#0JN 0MK1#v#0JM

ST]#9,%&5"† (mL) 0;d#:K;LVM;N> 0;L#:K;MVL;e> 0;d#:K;dVL;1> J;J#:K;LV00;J> 0;N#:K;MV0K;d>

P!X'$<*%#6&-<+,-$-/† LL#:J2VMM> LK#:JKVMd> LL#:d0VMM> Le#:d0VMe> Ld#:dJVMM>

T"-(*%#6&-<+,-$-/† M0#:dJVeK> 50 (33-60) M0#:d0VeK> M0#:dLVM2> MJ#:dLVMN>

WU Ê#W-()*<)*-$*%#9,%&5"m#ST]E#S!$("#5*`")#%"'$,-
‡# !"#4$i")"-(#/),&.'#,6# 'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#4,#-,(#*44#&.# (,# (!"# (,(*%# '(&4X#'*5.%"#,6#LNeE#

I"<*&'"#9*)$,&'#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#<*-#,<<&)#3$(!$-#,-"#.*+"-(;
¥ T"*-#v#87

{#T"4$*-E#:0K(!V2K(!#.")<"-+%">

B*1:*%++#1-&12&!=K&614/'%

P*+"-('#3$(!# /)"*("'(# .),/)"''$,-#,6#ST]# 9,%&5"# :!$/!"'(# j&*)+%"E# yK;K1f# $-<)"*'"# $-#

ST]#9,%&5"#*'#f#,6#WU^>#'!,3"4#*#'$/-$D<*-(%X#'(),-/")#4"(")$,)*+,-#$-#5"-(*%#6&-<+,-$-/#

(!*-# .*+"-('#3$(!# %,3")#ST]# .),/)"''$,-# :[wV0;1eE# 2Mf# UW# Vd;00# (,# VK;LJm# D/&)"# J># $-#

5,4"%#W;#\44$+,-*%#*4A&'(5"-(#6,)#9*'<&%*)#)$'=#6*<(,)'#4$4#-,(#<!*-/"#(!"#)"'&%('#:4*(*#-,(#

'!,3->;#S!"-#*-*%X'"'#3")"#)"."*("4#3$(!$-#4$i")"-(#'()*(*#,6#%,<*+,-'#,6#'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"E# /)"*(")# ST]# .),/)"''$,-# 3*'# *'',<$*("4# 3$(!# *# '(),-/")#

4"(")$,)*+,-#$-#5"-(*%#6&-<+,-$-/#$-#*%%#.*+"-('#"h<".(#6,)#.*+"-('#3$(!#<")"I),9*'<&%*)#

4$'"*'"#:D/&)"#d>E#*%(!,&/!#(!"#4"(")$,)*+,-#3*'#'(*+'+<*%%X#'$/-$D<*-(#,-%X#$-#.*+"-('#3$(!#

<,),-*)X#*)(")X#4$'"*'"#:5,4"%#WE#[wVJ;KdE#2Mf#UW#Vd;e0#(,#VK;LM>;#\44$+,-*%#*4A&'(5"-(#6,)#

9*'<&%*)#)$'=#6*<(,)'#4$4#-,(#<!*-/"#(!"'"#*'',<$*+,-';

F)"*(")#.),/)"''$,-#,6#ST]#9,%&5"#3*'#-,(#'$/-$D<*-(%X#*'',<$*("4#3$(!#<!*-/"'#$-#.!X'$<*%#

6&-<+,-$-/#*(#6,%%,3V&.#$-#5,4"%#W#$-#(!"#(,(*%#'*5.%"#:[wVK;KLE#2Mf#UW#V0;12#(,#0;1Jm#D/&)"#

J>E#,)#3$(!$-#'()*(*#,6#.*+"-('#3$(!#<,),-*)X#*)(")X#4$'"*'"#:[wK;KJE#2Mf#UW#VJ;Je#(,#J;dK>E#

.")$.!")*%#*)(")$*%#4$'"*'"#:[w0;JeE#2Mf#UW#Vd;eM#(,#e;0e>E#<")"I),9*'<&%*)#4$'"*'"#:[wK;KKE#

2Mf#UW#Vd;Le#(,#d;Le>#,)#*I4,5$-*%#*,)+<#*-"&)X'5#:[wVK;dNE#2Mf#UW#V1;K1#(,#e;dJ>;
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`#:/*%& E&T"*-# <!*-/"'# $-# .!X'$<*%# *-4#5"-(*%# 6&-<+,-$-/# 6,)# 4$i")"-(# %,<*+,-'# ,6# 'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"E# *4A&'("4# 6,)# */"E# '"hE# I*'"%$-"# 6&-<+,-$-/# *-4# 6,%%,3V&.# +5";# 8$/-$D<*-(#

4$i")"-<"'E#<,5.*)"4#(,#,(!")#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#*)"#$-4$<*("4#3$(!#

*-#*'(")$h;

`#:/*%&G&T"*-#<!*-/"'#$-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#6,)#.*+"-('#3$(!#/)"*("'(#.),/)"''$,-#,6#

3!$("#5*`")#%"'$,-#:ST]>#9,%&5"#:!$/!"'(#j&*)+%"E#yK;K1f#$-<)"*'"#$-#ST]#9,%&5"#*'#f#,6# WU^>#

9")'&'#.*+"-('#$-#(!"#(!)""#%,3"'(#j&*)+%"'#,6#.),/)"''$,-E#*4A&'("4#6,)#*/"E#'"hE#I*'"%$-"#6&-<+,-$-/#

*-4#6,%%,3V&.#+5";#8$/-$D<*-(#4$i")"-<"'#*)"#$-4$<*("4#3$(!#*-#*'(")$h;
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J;0

`#:/*%&I&T"*-#<!*-/"'#$-#5"-(*%#6&-<+,-$-/#6,)#.*+"-('#3$(!#/)"*("'(#.),/)"''$,-#,6#3!$("#5*`")#

%"'$,-# :ST]># 9,%&5"# 9")'&'# .*+"-('# $-# (!"# (!)""# %,3"'(# j&*)+%"'# ,6# .),/)"''$,-E# 6,)# 4$i")"-(#

%,<*+,-'# ,6# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"E# *4A&'("4# 6,)# */"E# '"hE# I*'"%$-"# 6&-<+,-$-/# *-4#

6,%%,3V&.#+5";#8$/-$D<*-(#4$i")"-<"'#*)"#$-4$<*("4#3$(!#*-#*'(")$h;

Oh<%&4$-/# .*+"-('#3$(!#5,'(# '"9")"# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"# :-wLe># 4$4# -,(#

5*(")$*%%X# <!*-/"# (!"# )"'&%(';#F)"*(")#ST]#.),/)"''$,-#3*'# '+%%# '$/-$D<*-(%X# *'',<$*("4#

3$(!#*#'(),-/")#4"(")$,)*+,-#$-#5"-(*%#6&-<+,-$-/#:5,4"%#WE#[wV0;NJE#2Mf#Vd;JM#(,#VK;dN>;#

["(3""-# I*'"%$-"# *-4# 6,%%,3V&.E# 01# .*+"-('# "h.")$"-<"4# *# -,-V6*(*%# 9*'<&%*)# "9"-(;#

Oh<%&4$-/# (!"'"# .*+"-('# 4$4# -,(# <!*-/"# (!"# ,I'")9"4# *'',<$*+,-'# ,6# /)"*(")# ST]#

.),/)"''$,-#3$(!#*#'(),-/")#4"(")$,)*+,-#$-#5"-(*%#6&-<+,-$-/#:5,4"%#WE#[wV0;NdE#2Mf#UW#

Vd;JK#(,#VK;Le>;
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A#+0/++#1-

W-# *# <,!,)(# ,6# .*+"-('# 3$(!# 4$i")"-(# 5*-$6"'(*+,-'# ,6# 'X5.(,5*+<# *(!"),'<%"),+<#

4$'"*'"E# .!X'$<*%# 6&-<+,-$-/# '&I'(*-+*%%X# $5.),9"4# $-# *%%# .*+"-('# *q")# 6,&)# X"*)'# ,6#

6,%%,3V&.E# *%(!,&/!# (!"# $5.),9"5"-(#3*'# %"''# $-# .*+"-('#3$(!# <")"I),9*'<&%*)# 4$'"*'";#

T"-(*%# 6&-<+,-$-/#4"<%$-"4# $-# *%%# (X."'#,6# 'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#F)"*(")#

.),/)"''$,-#,6#ST]#9,%&5"#,9")# 6,&)#X"*)'#,6# 6,%%,3V&.#3*'#*'',<$*("4#3$(!#*#'(),-/")#

4"<%$-"#$-#5"-(*%#6&-<+,-$-/#$-#*%%#.*+"-('#"h<".(#6,)#(!,'"#3$(!#<")"I),9*'<&%*)#4$'"*'";

 ,# ,&)# =-,3%"4/"E# (!$'# $'# (!"# D)'(# '(&4X# 4$)"<(%X# $-9"'+/*+-/# (!"# $-c&"-<"# ,6# ST]#

.),/)"''$,-# ,-# (!"# <,&)'"# ,6# .!X'$<*%# *-4#5"-(*%# 6&-<+,-$-/# $-# .*+"-('# 3$(!# 4$i")"-(#

5*-$6"'(*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#\#'()"-/(!#,6#(!$'#'(&4X#$'#(!*(#IX#

$-<%&4$-/#.*+"-('#3$(!#4$i")"-(#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#3"#<,&%4#

$-9"'+/*("# 3!"(!")# (!"# "i"<(# ,6#ST]# .),/)"''$,-# ,-# .!X'$<*%# *-4#5"-(*%# 6&-<+,-$-/#

4"."-4"4# ,-# (!"# (X."# ,6# &-4")%X$-/# 9*'<&%*)# 4$'"*'";# Z&)(!")5,)"E# 9,%&5"()$<# ST]#

*''"''5"-(# .),9$4"4# "'+5*("'# (!*(# *)"# 5,)"# .)"<$'"# *-4# %"''# $-c&"-<"4# IX# ,I'")9")V

I$*'#(!*-#9$'&*%#)*+-/#'<*%"'#J2Vd0E#*-4#"-*I%"4#(!"#5"*'&)"5"-(#,6#)"%*+9"%X#'5*%%#9,%&5"#

<!*-/"'#,9")#+5";#W-#*44$+,-E#3"#$-<%&4"4#*#%*)/"#-&5I")#,6#.*+"-('E#*-4#(!"#"h("-'$9"#

$-6,)5*+,-#*9*$%*I%"#,-#<*)4$,9*'<&%*)#)$'=#6*<(,)'#*-4#(!"#"h("-(#,6#<%$-$<*%#*-4#'&I<%$-$<*%#

*(!"),'<%"),'$'#5*4"#$(#.,''$I%"#(,#*4A&'(#6,)#.,("-+*%#<,-6,&-4")';

\#%$5$(*+,-#,6#(!$'#'(&4X#$'#(!*(#4"'.$("#(!"#%*)/"#'*5.%"#'$C"E#)"%*+9"%X#6"3#.*+"-('#!*4#

.")$.!")*%#*)(")$*%#4$'"*'"E#<")"I),9*'<&%*)#4$'"*'"#,)#*I4,5$-*%#*,)+<#*-"&)X'5;#\%(!,&/!#

'$5$%*)#*'',<$*+,-'#3")"#6,&-4#$-#.*+"-('#3$(!#<,),-*)X#*)(")X#4$'"*'"E#.")$.!")*%#*)(")$*%#

4$'"*'"#*-4#*I4,5$-*%#*,)+<#*-"&)X'5E#(!"#)"%*+9"%X#%,3#-&5I")#,6#.*+"-('#3$(!#%,<*+,-'#

,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#,(!")#(!*-#<,),-*)X#*)(")X#4$'"*'"#<,-()$I&("4#(,#

%*)/"#<,-D4"-<"#$-(")9*%'#*-4#.,''$I%X#-,-#'$/-$D<*-(#)"%*+,-'#$-#(!"'"#.*+"-(';#Z&)(!")E#(!"#

%*)/"'(#$5.*<(#,-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#3,&%4#I"#"h."<("4#$-#.*+"-('#'&i")$-/#

5,'(#'"9")"#*(!"),'<%"),+<#"9"-(';#["<*&'"#(!"'"#.*+"-('#*)"#%"''#%$="%X#(,#.*)+<$.*("#$-#

,&)#'(&4XE#(!$'#<,&%4#!*9"#<,-()$I&("4#(,#*#)"%*+9"#&-4")"'+5*+,-#,6#(!"#"i"<(;#T,)",9")E#

.*+"-('#3!,#.*)+<$.*("4#*(#6,%%,3V&.#3")"#!"*%(!$")#*(#I*'"%$-"E#3$(!#6"3")#9*'<&%*)#)$'=#

6*<(,)'E#%,3")#ST]#9,%&5"#*-4#!$/!")#5"-(*%#6&-<+,-$-/#(!*-#.*+"-('#%,'(#(,#6,%%,3V&.;#

 !")"6,)"E#(!"#<!*-/"'#$-#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#5$/!(#!*9"#I""-#%"''#.),5$-"-(#

$-#(!"#(,(*%#<,!,)(;#\%',E#I"<*&'"#I*'"%$-"#5"-(*%#6&-<+,-$-/#3*'#!$/!")#$-#.*+"-('#3$(!#

<,5.%"("#4*(*#*(#6,%%,3V&.E#)"/)"''$,-#(,#(!"#5"*-#<,&%4#!*9"#<,-()$I&("4#(,#(!"#,I'")9"4#

4"<%$-"#$-#5"-(*%#6&-<+,-$-/#*q")#6,&)#X"*)';#b-#(!"#,(!")#!*-4E#(!"#'"%"<+,-#,6#)"%*+9"%X#

!"*%(!X#.*+"-('#<,&%4#!*9"#)"'&%("4#$-#*#4"<)"*'"4#<,-()*'(#I"(3""-#(!,'"#3$(!#/)"*("'(#

ST]#.),/)"''$,-#*-4#(!,'"#3$(!,&(E#3!$<!#<,&%4#!*9"# %"4#(,#*-#&-4")"'+5*+,-#,6#(!"#

"i"<(#,6#ST]#.),/)"''$,-#,-#<!*-/"'#$-#5"-(*%#6&-<+,-$-/;
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J;0

W-#)"<"-(#X"*)'E#Y_p,]#!*'#I"<,5"#*-#$-<)"*'$-/%X#$5.,)(*-(#<%$-$<*%#*-4#)"'"*)<!#,&(<,5"#

5"*'&)"# 3!"-# "9*%&*+-/# I&)4"-# ,6# 4$'"*'"# *-4# ()"*(5"-(# I"-"D('# $-# .*+"-('# 3$(!#

*(!"),'<%"),+<# 4$'"*'";# P,.&%*+,-VI*'"4# '(&4$"'# !*9"# '!,3-# (!*(# .*+"-('#3$(!# 9*)$,&'#

5*-$6"'(*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#!*9"#*#.,,)")#Y_p,]#<,5.*)"4#(,#

(!"#/"-")*%#.,.&%*+,-E#3$(!#5,'(#.),-,&-<"4#"i"<('#,-#.!X'$<*%# 6&-<+,-$-/# MV1E2E0K. It is 

&-<%"*)#3!"(!")#.!X'$<*%#*-4#5"-(*%#6&-<+,-$-/#)"(&)-#(,#.,.&%*+,-V%"9"%'#*q")#(!"#*<&("#

.!*'"#,6#)"<,9")XE#,)#3!"(!")#6&-<+,-$-/#)"5*$-'#%,3")E#,)#.")!*.'#"9"-#6&)(!")#4"<%$-"'#

*q")#(!"#$-$+*%#"9"-(;

b&)# 4*(*# '!,3"4# (!*(# .!X'$<*%# 6&-<+,-$-/# 3*'# '&I'(*-+*%%X# %,3")# $-# .*+"-('# 3$(!#

'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#$-#(!"#*<&("#.!*'"#,6#)"<,9")X#6),5#*-#*(!"),'<%"),+<#

"9"-(#<,5.*)"4# (,#.)"9$,&'%X#.&I%$'!"4#*/"V*4A&'("4#.,.&%*+,-#-,)5'# 32. In a previous 

.,.&%*+,-VI*'"4# '(&4XE# *# .),%,-/"4# 4"<%$-"# $-#Y_p,]#3*'# ,I'")9"4# $-# '(),="# '&)9$9,)'#

6)""#6),5#)"<&))"-(#'(),="#,)#5X,<*)4$*%#$-6*)<+,-#8;#\%(!,&/!#3"#6,&-4#*-#$5.),9"5"-(#

$-#.!X'$<*%# 6&-<+,-$-/# $-#,&)# '*5.%"#,6#.*+"-('#3$(!# <")"I),9*'<&%*)#4$'"*'"#*q")# 6,&)#

X"*)'#6,%%,3V&.E#(!$'#$5.),9"5"-(#3*'#'&I'(*-+*%%X#%,3")#<,5.*)"4#(,#.*+"-('#3$(!#,(!")#

%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";# W-# %$-"#3$(!#,&)#D-4$-/'E#*-,(!")#'(&4X#

*%',# )".,)("4#'$/-$D<*-(# $5.),9"5"-('# $-# 6&-<+,-$-/# $-#.,'(V,.")*+9"#*I4,5$-*%#*,)+<#

*-"&)X'5*#.*+"-('E#3!$<!#)"(&)-"4#(,#.,.&%*+,-#-,)5'#$-#%,-/V(")5#'&)9$9,)'#00.

W-# ,&)# '(&4XE#5"-(*%# 6&-<+,-$-/#3*'# '$5$%*)# (,# .,.&%*+,-# -,)5'# $-# (!"# *<&("# .!*'"# ,6#

)"<,9")X# 6),5#*# 9*'<&%*)# "9"-(E# I&(#4"<%$-"4#4&)$-/# *# 6,&)# X"*)# 6,%%,3V&.#.")$,4;#b(!")#

'(&4$"'#)".,)("4#*-#$-<)"*'"4#.)"9*%"-<"#,6#5,,4#4$'(&)I*-<"'#*%)"*4X#$-#(!"#*<&("#.!*'"#

$-#.*+"-('#!,'.$(*%$C"4#6,)#$'<!"5$<#<*)4$*<#,)#<")"I),9*'<&%*)#"9"-('#ddEdL;#b-"#"h.%*-*+,-#

6,)#,&)#D-4$-/'# <,&%4#I"# (!*(# $-# (!"#*<&("#.!*'"#,6# *-#*(!"),'<%"),+<#"9"-(E# '&IA"<+9"#

3"%%VI"$-/# $'#4,5$-*("4#IX# (!"# '&I'(*-+*%# $5.*$)5"-('# $-#.!X'$<*%# 6&-<+,-$-/E#3!")"*'#

*3*)"-"''# ,6# (!"# "5,+,-*%# <,-'"j&"-<"'# *)$'"'# *q")# )"<,9")X# ,6# .!X'$<*%# 6&-<+,-$-/;#

\-#*%(")-*+9"#"h.%*-*+,-#<,&%4#I"#(!*(#(!"#<,&)'"#,6#5"-(*%#6&-<+,-$-/#$-#.*+"-('#3$(!#

'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#4"."-4'#,-#(!"#'"9")$(X#,6#(!"#*(!"),'<%"),+<#"9"-(;#

_"%*+9"%X#6"3#.*+"-('#3")"#$-<%&4"4#3$(!#'"9")"#*(!"),'<%"),+<#4$'"*'"#$-#,&)#'(&4XE#3!$<!#

<,&%4#<,-()$I&("#(,#(!"#4$i")"-(#D-4$-/'#$-#(!"#<,&)'"#,6#5"-(*%#6&-<+,-$-/#I"(3""-#,&)#

study and others.

 !"#&-4")%X$-/#5"<!*-$'5'#<,-()$I&+-/#(,#*# %,3")#Y_p,]# $-#.*+"-('#3$(!#'X5.(,5*+<#

*(!"),'<%"),+<#4$'"*'"#*)"#&-<%"*);#W(#!*'#I""-#'&//"'("4#(!*(#*#%,3")#Y_p,]#<,&%4#)"'&%(#

6),5#4$)"<(#<,5.%$<*+,-'#,6#(!"#4$'"*'"#,)#()"*(5"-(#,6#&-4")%X$-/#9*'<&%*)#)$'=#6*<(,)'E#

,)# 6),5# )*$'"4# *3*)"-"''# ,6# (!"# 4$'"*'"# 35;# \-# *%(")-*+9"#5"<!*-$'5# <,-()$I&+-/# (,# *#

%,3")#.")<"$9"4#Y_p,]#<,&%4#I"#(!"#.)"'"-<"#,6#<,V,<<&))$-/#$-()*<")"I)*%#*(!"),'<%"),+<#

Grool.indd   29 29-02-12   13:22



Chapter 2.1

30

<!*-/"'E#<!*)*<(")$C"4#IX#ST]#,-#T_W;#ST]#*)"#'(),-/%X#*'',<$*("4#3$(!#(!"#.)"'"-<"#

,6# <,55,-# 9*'<&%*)# )$'=# 6*<(,)'E# $-<%&4$-/# $-<)"*'"4# */"E# !X.")("-'$,-# *-4# 4$*I"("'#

mellitus 36-38;#\%(!,&/!#(!"#"h*<(#&-4")%X$-/#.*(!,.!X'$,%,/$<*%#5"<!*-$'5'#)"5*$-#&-<%"*)E#

*)(")$,'<%"),+<# <!*-/"'# (,# (!"# <")"I)*%# '5*%%# 9*'<&%*(&)"E# 3$(!# <,-'"j&"-(# $'<!"5$*E#

*.,.(,'$'#*-4#I%,,4VI)*$-#I*))$")#*%(")*+,-'#*)"#(!,&/!(#(,#I"#$-9,%9"4#$-#(!"#6,)5*+,-#

*-4#.),/)"''$,-#,6#ST]#39;#\%(!,&/!#ST]#*)"#,q"-#*'X5.(,5*+<#T_W#D-4$-/'E#$-<)"*'"4#

9,%&5"#*-4#.),/)"''$,-#,6#ST]#!*9"#I""-#.)"9$,&'%X#*'',<$*("4#3$(!#*-# $-<)"*'"4# )$'=#

,6#6&-<+,-*%#4"<%$-"#0L, depression 0e#*-4#<,/-$+9"#$5.*$)5"-(#0NE02;#ST]#*)"#(!,&/!(#(,#

*<<,&-(# 6,)# (!"# $-<)"*'"4# )$'='# ,6# 6&-<+,-*%# 4"<%$-"# *-4# 5,,4# 4$',)4")'# IX# 4$')&.+-/#

I)*$-#.*(!3*X'#(!*(#*)"#$-9,%9"4#$-#(!"#)"/&%*+,-#,6#.!X'$<*%#*-4#"5,+,-*%#)"'.,-'"'#LK. 

\%(!,&/!#3"#4$4#-,(#6,)5*%%X#5"*'&)"#4".)"''$,-E#,&)#D-4$-/#(!*(#$-<)"*'"4#ST]#*<+9$(X#

3*'#*'',<$*("4#3$(!#*#/)"*(")#4"<%$-"# $-#5"-(*%# 6&-<+,-$-/#5*X#I"# $-(").)"("4#*'#I"$-/#

'&..,)+9"#,6#(!$'#k9*'<&%*)#4".)"''$,-l#!X.,(!"'$'#LK;#F)"*(")#.),/)"''$,-#,6#ST]#9,%&5"#

<,-()$I&("4#(,#*#'(),-/")#4"<%$-"#$-#5"-(*%#6&-<+,-$-/#$-#*%%#.*+"-('#"h<".(#6,)#.*+"-('#3$(!#

<")"I),9*'<&%*)#4$'"*'";# !$'#D-4$-/#$'#',5"3!*(#<,&-(")$-(&$+9"#I&(#5*X#I"#"h.%*$-"4#IX#

,&)#D-4$-/#,6# %$`%"# $5.),9"5"-(# $-#.!X'$<*%# 6&-<+,-$-/# $-#.*+"-('#3$(!#<")"I),9*'<&%*)#

4$'"*'";# W(#<,&%4#I"#(!*(#*'#*#)"'&%(#,6# (!"#'&I'(*-+*%# $5.*$)5"-('#*-4#4$'*I$%$(X#*%)"*4X#

*'',<$*("4#3$(!#'(),="#%"'$,-'E#$-<)"*'"4#.),/)"''$,-#,6#ST]#9,%&5"#4,"'#-,(#'&I'(*-+*%%X#

<,-()$I&("#(,#(!"#4"<%$-"#$-#5"-(*%#6&-<+,-$-/#$-#(!"'"#.*+"-(';

W-#'&55*)XE#$-#.*+"-('#3$(!#4$i")"-(#5*-$6"'(*+,-'#,6#*(!"),'<%"),+<#4$'"*'"#3"#6,&-4#

(!*(# .!X'$<*%# 6&-<+,-$-/# 3*'# 5*$-%X# $5.*$)"4# $-# (!"# *<&("# .!*'"# *q")# *# 'X5.(,5*+<#

*(!"),'<%"),+<#"9"-(#*-4#$5.),9"4#4&)$-/#6,&)#X"*)'#,6#6,%%,3V&.E#*%(!,&/!#$5.),9"5"-(#$-#

.!X'$<*%#6&-<+,-$-/#)"5*$-"4#'&I'(*-+*%%X#%,3")#$-#.*+"-('#3$(!#<")"I),9*'<&%*)#4$'"*'";#

T"-(*%#6&-<+,-$-/#3*'#)"%*+9"%X#&-$5.*$)"4#$-#(!"#"*)%X#.!*'"E#I&(#4"<%$-"4#$-#(!"#6,&)#

X"*)'#(!")"*q");#F)"*(")#.),/)"''$,-#,6#3!$("#5*`")#%"'$,-#9,%&5"#<,-()$I&("4#(,#*-#"9"-#

'(),-/")#4"<%$-"#$-#5"-(*%#6&-<+,-$-/#$-#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#

U,-'$4")$-/#(!"#'&I'(*-+*%#$5.*<(#,-#3"%%VI"$-/#*-4#.)"9$,&'%X#)".,)("4#$-<)"*'"4#)$'=#,6#

*49")'"# "9"-('# *'',<$*("4#3$(!# %,3")#5"-(*%# *-4# .!X'$<*%# 6&-<+,-$-/E# 6&)(!")# )"'"*)<!#

'!,&%4# $-9"'+/*("#3!"(!")#5,4$D<*+,-# ,6#ST]# (!),&/!# I"`")# <,-(),%# ,6# 9*'<&%*)# )$'=#

6*<(,)'#<,&%4#$-c&"-<"#(!"#<,&)'"#,6#Y_p,]#$-#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#

disease.
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[%2%*%-0%&K#+$
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J;# W4%")# O]E# ["-X*5$-$# R;# 8"%6V)*("4# !"*%(!# *-4# 5,)(*%$(XQ# *# )"9$"3# ,6# (3"-(XV'"9"-# <,55&-$(X#
'(&4$"';#G#Y"*%(!#8,<#["!*9#0221m#dNQJ0Vd1
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e2QL0KVL0L#

L;# TX$-(#PrE#8&)(""'#PFE#S*$-3)$/!(#@SE#]&I"-#_@E#S"%<!#\\E#[$-/!*5#8\#"(#*%;#P!X'$<*%#!"*%(!V
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JKKNm#00NQL20VL21
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00;# 7$<=#ZE#F),I"(X# Ê#W55")#ZZE#7,#77E#8*9,%*$-"-#YE#U*))"%# PE#8<!5$4%$#G;#b&(<,5"#*-4#j&*%$(X#,6#
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4$'"*'"#:-w02dd>#3")"#6,%%,3"4#6,)#*#5"4$*-#,6#L#X"*)'#6,)#(!"#,<<&))"-<"#,6#*#-"3 vascular 

"9"-(# ,)# 4"*(!;# 8"%6V)*("4# !"*%(!# '(*(&'# 3*'# *''"''"4# 3$(!# (!"# 8!,)(# Z,)5Vde# .!X'$<*%#

*-4#5"-(*%# <,5.,-"-(# '&55*)X# '<*%"';# U,h# )"/)"''$,-#5,4"%'# 3")"# &'"4# (,# "'+5*("#

*'',<$*+,-'#I"(3""-#!"*%(!#'(*(&'#*-4#9*'<&%*)#"9"-('#*-4#4"*(!E#*4A&'("4#6,)#*/"E#'"hE#

9*'<&%*)#)$'=#6*<(,)'#*-4#$-+5*#5"4$*#(!$<=-"'';

[%+/4$+

W-# (!"# (,(*%# .,.&%*+,-E# %,3")# '"%6V)*("4# .!X'$<*%# !"*%(!# '(*(&'# :.")# 0KV.,$-(# 4"<)"*'">#

$-<)"*'"4#(!"#)$'=#,6#9*'<&%*)#"9"-('#:Y_w0;d1E#2Mf#UW#0;JLV0;MJ>E#*%%V<*&'"#:Y_w0;LME#2Mf#

UW#0;J2V0;ed>#*-4#9*'<&%*)#5,)(*%$(X# :Y_w0;LKE#2Mf#UW#0;JKV0;eL>;#\#0KV.,$-(#4"<)"*'"# $-#

5"-(*%#!"*%(!#'(*(&'#3*'#*'',<$*("4#3$(!#*#5,4"'(#$-<)"*'"#$-#(!"#)$'=#,6#9*'<&%*)#"9"-('#
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P\7;#
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P,,)")# '"%6V)*("4# .!X'$<*%# *-4#5"-(*%# !"*%(!# '(*(&'# $-<)"*'"'# (!"# )$'=# ,6# 9*'<&%*)# "9"-('#
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\-$*17/0;1-

U*)4$,9*'<&%*)#4$'"*'"#$'#*#5*A,)#!"*%(!#.),I%"5#3,)%43$4"E#3$(!#$'<!*"5$<#!"*)(#4$'"*'"#

*-4#'(),="#*'#%"*4$-/#<*&'"'#,6#I&)4"-#,6#4$'"*'"#0;#P*+"-(V)*("4#!"*%(!#'(*(&'#!*'#I"<,5"#

$-<)"*'$-/%X# $5.,)(*-(E# 4&"# (,# )"<"-(# *49*-<"'# $-# ()"*(5"-(# '()*("/$"'# *-4# '"<,-4*)X#

.)"9"-+,-#5"*'&)"'# (!*(# !*9"# %"4# (,# $5.),9"4# '&)9$9*%# ,6# .*+"-('#3$(!# <*)4$,9*'<&%*)#

disease 2,3;#W-<)"*'$-/#"9$4"-<"E#!,3"9")E#!*'#'&//"'("4#(!*(#'"%6V)*("4#!"*%(!#'(*(&'#$'#-,(#

,-%X#*-# $5.,)(*-(#,&(<,5"#5"*'&)"# $-#.*+"-('#3$(!#<*)4$,9*'<&%*)#4$'"*'"E#I&(#*%',#*-#

$-4"."-4"-(#)$'=#6*<(,)#6,)#!,'.$(*%#)"*45$''$,-'#*-4#5,)(*%$(X#LVe.

W(# )"5*$-'# &-<%"*)# 3!"(!")# (!"# $5.*<(# ,6# '"%6V)*("4# !"*%(!# '(*(&'# ,-# (!"# .),/-,'$'# ,6#

.*+"-('#3$(!#<*)4$,9*'<&%*)#4$'"*'"#4"."-4'#5*$-%X#,-#.!X'$<*%#,)#5"-(*%#<,5.,-"-('#,6#

3"%%VI"$-/;#\%(!,&/!#(!"#5*A,)$(X#,6#'(&4$"'#!*9"#6,&-4#(!*(#%,3")#.!X'$<*%#!"*%(!#'(*(&'#

$'# *'',<$*("4# 3$(!# *-# $-<)"*'"4# )$'=# ,6# <*)4$,9*'<&%*)# "9"-('# *-4# 5,)(*%$(X# 1V0K, studies 

$-9"'+/*+-/#(!"# $5.*<(#,6#5"-(*%#!"*%(!#'(*(&'#!*9"#X$"%4"4# $-<,-'$'("-(#D-4$-/'# 1ENE0KE00. 

W-#*44$+,-E#6"3#'(&4$"'#"h*5$-$-/#(!"#"i"<('#,6#.!X'$<*%#*-4#5"-(*%#!"*%(!#'(*(&'#,-#(!"#

.),/-,'$'#,6#.*+"-('#3$(!#<*)4$,9*'<&%*)#4$'"*'"#!*9"#$-9"'+/*("4#3!$<!#,6#(!"#'".*)*("#

&-4")%X$-/#!"*%(!#4,5*$-'#*)"#(!"#'(),-/"'(#<,-()$I&(,)'#(,#(!"'"#*'',<$*+,-'#0K.

Z&)(!")5,)"E#.)"9$,&'#'(&4$"'#"h*5$-$-/#(!"#.),/-,'+<#),%"#,6#'"%6V)*("4#!"*%(!#'(*(&'#$-#

.*+"-('#3$(!#<*)4$,9*'<&%*)#4$'"*'"#!*9"#.)$5*)$%X#6,<&'"4#,-#.*+"-('#3$(!#<,),-*)X#*)(")X#

4$'"*'"#:U\7>#LE1V0J;#\%(!,&/!#U\7E#<")"I),9*'<&%*)#4$'"*'"E#.")$.!")*%#*)(")$*%#4$'"*'"#:P\7>#

*-4#*I4,5$-*%#*,)+<#*-"&)X'5#:\\\>#*)"#/"-")*%%X#<,-'$4")"4#(,#I"#4$i")"-(#"h.)"''$,-'#

,6#*#'$-/%"#&-4")%X$-/#4$'"*'"#:$;";#*(!"),'<%"),'$'#0dE0L>E#-,#'(&4$"'#!*9"#$-9"'+/*("4#3!"(!")#

%,3")#'"%6V)*("4#!"*%(!#'(*(&'#!*'#*#<,5.*)*I%"#$-c&"-<"#,-#(!"#.),/-,'$'#,6#.*+"-('#3$(!#

4$i")"-(#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#W-#*44$+,-E#$(#$'#&-<%"*)#3!"(!")#

%,3")#'"%6V)*("4#!"*%(!#'(*(&'#$-<)"*'"'#(!"#)$'=#,6#6&(&)"#9*'<&%*)#"9"-('#*-4#5,)(*%$(X#$-#

$-4$9$4&*%'#3$(!,&(#<%$-$<*%#5*-$6"'(*+,-'#,6#*(!"),'<%"),'$';

 !"#8"<,-4#T*-$6"'(*+,-'#,6#\_ ")$*%#4$'"*'"#:8T\_ >#'(&4XE#*# %*)/"#.),'."<+9"#<,!,)(#

'(&4X# $-# .*+"-('# 3$(!# 'X5.(,5*+<# *-4# *'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"E# ,i")'# *#

&-$j&"# ,..,)(&-$(X# (,# '(&4X# (!"# )"%*+,-# I"(3""-# '"%6V)*("4# !"*%(!# '(*(&'# *-4# <%$-$<*%#

"9"-('# $-#.*+"-('#3$(!#9*)$,&'#'(*/"'#*-4#5*-$6"'(*+,-'#,6#*(!"),'<%"),+<#4$'"*'";#Z$)'(#

3"#$-9"'+/*("4#3!"(!")#%,3")#'"%6V)*("4#.!X'$<*%#*-4#5"-(*%#!"*%(!#'(*(&'#*)"#$-4$9$4&*%#

)$'=#6*<(,)'#6,)#6&(&)"#9*'<&%*)#"9"-('E#*%%V<*&'"#5,)(*%$(X#*-4#9*'<&%*)#4"*(!#$-#(!"#8T\_ #

<,!,)(E#*'#3"%%#*'#3!$<!#&-4")%X$-/#4,5*$-'#,6#!"*%(!#'(*(&'#'!,3"4#(!"#'(),-/"'(#*'',<$*+,-#

3$(!#(!"#6&(&)"#)$'=#,6#(!"'"#,&(<,5"'#$-#(!$'#<,!,)(;#8"<,-4E#3"#$-9"'+/*("4#3!"(!")#(!"#

$5.*<(#,6#.!X'$<*%#*-4#5"-(*%#!"*%(!#'(*(&'#,-#(!"#)$'=#,6#6&(&)"#9*'<&%*)#"9"-('E#*%%V<*&'"#

5,)(*%$(X#*-4#9*'<&%*)#4"*(!#4$i")'#I"(3""-#.*+"-('#3$(!#U\7E#<")"I),9*'<&%*)#4$'"*'"E#

P\7E#\\\#*-4#*'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";
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,6# 'X5.(,5*+<# :5*-$6"'(# U\7E# <")"I),9*'<&%*)# 4$'"*'"E# P\7# ,)# \\\># ,)# *'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"E# 3")"# "-),%%"4# $-# (!"# 8T\_ # '(&4X;# Oh<%&'$,-# <)$(")$*# 3")"Q# */"#

zNK#X"*)'#*(#$-<%&'$,-E#4$*/-,'$'#,6#*#(")5$-*%#5*%$/-*-<XE#-,(#I"$-/#$-4"."-4"-(#$-#4*$%X#

*<+9$+"'#:_*-=$-#'<*%"#yd>E#-,(#I"$-/#'&|<$"-(%X#c&"-(#$-#7&(<!E#,)#I"$-/#)"6"))"4#I*<=#(,#(!"#

)"6"))$-/#'."<$*%$'(#0M;#U\7#3*'#4"D-"4#*'#*#!$'(,)X#,6#<,),-*)X#*)(")X#IX.*''#/)*q#'&)/")X#,)#

.")<&(*-",&'#()*-'%&5$-*%#<,),-*)X#*-/$,.%*'(XE#,)#5X,<*)4$*%#$-6*)<+,-#"$(!")#.)"9$,&'%X#

,)#*(#$-<%&'$,-;#P*+"-('#3$(!#*#()*-'$"-(#$'<!"5$<#*`*<=#,)#'(),="#*(#$-<%&'$,-#*-4#.*+"-('#

3!,#)".,)("4#'(),="#$-#(!"#.*'(#3")"#<,-'$4")"4#(,#!*9"#<")"I),9*'<&%*)#4$'"*'";#P\7#3*'#

4"D-"4#*'#*#!$'(,)X#,6#'&)/")X#,)#*-/$,.%*'(X#,6#(!"#*)(")$"'#'&..%X$-/#(!"#%,3")#"h()"5$+"'E#

,)# $-(")5$`"-(# <%*&4$<*+,-#,)# .*$-# *(# )"'(# *(# $-<%&'$,-;# \\\#3*'# 4"D-"4# *'#\\\# :4$'(*%#

*,)+<#4$*5"(")#zd#<5>#*(#$-<%&'$,-#,)#.)"9$,&'#'&)/")X#6,)#\\\;#P*+"-('#3$(!#*'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"E# 4"D-"4# *'# .)"'"-<"# ,6# )$'=# 6*<(,)'# 6,)# *(!"),'<%"),'$'E# $-<%&4$-/#

!X.")("-'$,-E#4$*I"("'#5"%%$(&'E#!X.")%$.$4"5$*#*-4#)"-*%# $-'&|<$"-<XE#*-4#-,#!$'(,)X#,6#

cardiovascular events 0ME#3")"#)"6"))"4#(,#(!"#B-$9")'$(X#T"4$<*%#U"-(")#B()"<!(#I"<*&'"#,6#

$-'&|<$"-(#)"'.,-'"#6,)#'(*-4*)4#()"*(5"-(#6,)#(!"'"#)$'=#6*<(,)'#,)#(!"#.)"'"-<"#,6#5&%+.%"#

)$'=#6*<(,)';#7&)$-/#*#0V4*X#9$'$(#(,#,&)#5"4$<*%#<"-(")E#.!X'$<*%#"h*5$-*+,-E#&%()*',-,/)*.!X#

,6#(!"#<*),+4#*)(")$"'E#I%,,4#*-4#&)$-"#'*5.%$-/#3")"#.")6,)5"4;#_$'=#6*<(,)'#*-4#5"4$<*%#

!$'(,)X#3")"#*''"''"4#3$(!#j&"'+,--*$)"';# !"#8!,)(VZ,)5#deV$("5#:8ZVde>#j&"'+,--*$)"#

3*'#*44"4#$-#b<(,I")#JKK0;# !"#8T\_ #'(&4X#3*'#*..),9"4#IX#(!"#"(!$<'#<,55$`""#,6#,&)#

$-'+(&+,-#*-4#3)$`"-#$-6,)5"4#<,-'"-(#3*'#,I(*$-"4#6),5#*%%#.*)+<$.*-(';#Z,)#(!"#<&))"-(#

'(&4XE#MN11#.*+"-('#3$(!#*9*$%*I%"#4*(*#6),5#(!"#8ZVde#j&"'+,--*$)"E#3")"#$-<%&4"4#I"6,)"#

0#T*)<!#JK0K;

@%425*($%7&8"N+#0(4&(-7&'%-$(4&"%(4$"&+$($/+

\(#I*'"%$-"E#.*+"-('#<,5.%"("4#(!"#8ZVdeE#*#3$4"%X#&'"4#*-4#3"%%V9*%$4*("4#j&"'+,--*$)"#

6,)#*''"''$-/#5&%+4$5"-'$,-*%#*'."<('#,6#'"%6V)*("4#!"*%(!#'(*(&'#0e;# !"#8ZVde#$'#,)/*-$C"4#

$-(,#"$/!(#5&%+V$("5#!"*%(!#4,5*$-'Q#.!X'$<*%#6&-<+,-$-/E#),%"# %$5$(*+,-'#4&"#(,#.!X'$<*%#

!"*%(!# .),I%"5'E# I,4$%X# .*$-E# /"-")*%# !"*%(!# .")<".+,-E# 9$(*%$(XE# ',<$*%# 6&-<+,-$-/E# ),%"#

%$5$(*+,-'#4&"#(,#"5,+,-*%#.),I%"5'#*-4#5"-(*%#!"*%(!;#_*3#'<*%"#'<,)"'#*)"#()*-'6,)5"4#

$-(,#*#9*)$*I%"#)*-/$-/#6),5#KV0KKE#3$(!#%,3")#'<,)"'#$-4$<*+-/#%,3")#%"9"%'#,6#3"%%VI"$-/;#

\'#5"*'&)"#,6#.!X'$<*%#!"*%(!#'(*(&'E#(!"#D)'(#6,&)#4,5*$-'#3")"#<,5I$-"4#$-(,#*#.!X'$<*%#

<,5.,-"-(#'&55*)X#'<*%";# !"#%*'(#6,&)#4,5*$-'#3")"#<,5I$-"4#$-(,#*#5"-(*%#<,5.,-"-(#

'&55*)X# '<*%"# *'#5"*'&)"# ,6#5"-(*%# !"*%(!# '(*(&'# 01;# U,5.,-"-(# '<*%"'#3")"# .,'$+9"%X#
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'<,)"4#*-4#-,)5*%$C"4#(,#*#/"-")*% .,.&%*+,-#5"*-#,6#MK#3$(!#'(*-4*)4#4"9$*+,-#,6#0KE#3$(!#

%,3")#'<,)"'#$-4$<*+-/#%,3")#%"9"%'#,6#3"%%VI"$-/;#\'#.)"9$,&'%X#)"<,55"-4"4E#*#0KV.,$-(#

4"<)"*'"#$-#(!"#.!X'$<*%#*-4#5"-(*%#<,5.,-"-(#'<,)"'#3*'#<,-'$4")"4#<%$-$<*%%X#)"%"9*-(#0NE02.

X/$01'%+

 !"#,<<&))"-<"#,6#-"3#9*'<&%*)#"9"-('#3*'#<,-+-&,&'%X#5,-$(,)"4#IX#*'=$-/#(!"#.*+"-('#

(,#<,5.%"("#*#j&"'+,--*$)"#"9")X#e#5,-(!'#(,#.),9$4"#$-6,)5*+,-#,-#!,'.$(*%$C*+,-#*-4#

,&(.*+"-(# <%$-$<# 9$'$(';# W6# *# <*)4$,9*'<&%*)# "9"-(#3*'# )".,)("4# $-# (!"# j&"'+,--*$)"# ,)# *#

4"*(!#3*'# )".,)("4#IX# *# 6*5$%X#5"5I")E# ,)$/$-*%# ',&)<"#4,<&5"-('#3")"# )"()$"9"4# *-4#

)"9$"3"4#(,#<,-D)5#(!"#,<<&))"-<"#,6#<*)4$,9*'<&%*)#4$'"*'"#,)#4"(")5$-"# (!"#<*&'"#,6#

4"*(!;#\%%#.,''$I%"#"9"-('#3")"#*&4$("4#$-4"."-4"-(%X#IX#(!)""#.!X'$<$*-'#,6#(!"#b&(<,5"#

O9"-(#U,55$`"";#P*+"-('#3")"#6,%%,3"4#&-+%#4"*(!#,)#)"6&'*%#,6#6&)(!")#.*)+<$.*+,-;# !"#

5*$-#,&(<,5"'#,6#$-(")"'(#6,)#(!$'#'(&4X#3")"#(!"#,<<&))"-<"#,6#:)"<&))"-(>#9*'<&%*)#"9"-('E#

*%%V<*&'"#5,)(*%$(X#*-4#9*'<&%*)#4"*(!#:(*I%"#0>;

W(+0/4(*&*#+T&2(0$1*+

7&)$-/#(!"#9$'$(#(,#(!"#5"4$<*%#<"-(")E#*-#,9")-$/!(#6*'+-/#9"-,&'#I%,,4#'*5.%"#3*'#(*="-#

(,#4"(")5$-"#/%&<,'"#*-4#%$.$4#%"9"%';#Y"$/!(#*-4#3"$/!(#3")"#5"*'&)"4#3$(!,&(#'!,"'#*-4#

!"*9X#<%,(!$-/E#*-4#(!"#I,4X#5*''#$-4"h#:[TW>#3*'#<*%<&%*("4#:=/n52). Systolic and diastolic 

I%,,4#.)"''&)"'#:55#Y/>#3")"#5"*'&)"4#(3$<"#3$(!#*#'.!X/5,5*-,5"(")#*-4#*9")*/"4;#

YX.")("-'$,-#3*'#4"D-"4#*'#5"*-# 'X'(,%$<#I%,,4#.)"''&)"#z0LK#55#Y/E#5"*-#4$*'(,%$<#

I%,,4#.)"''&)"#z2K#55#Y/E#,)#'"%6#)".,)("4#*-+!X.")("-'$9"#4)&/#&'";#7$*I"("'#5"%%$(&'#

3*'#4"D-"4#*'#6*'+-/#/%&<,'"#z00;0#55,%n]E#!$'(,)X#,6#4$*I"("'#5"%%$(&'E#,)#'"%6#)".,)("4#

&'"#,6#,)*%# *-+4$*I"+<#4)&/'#,)# $-'&%$-;#YX.")%$.$4"5$*#3*'#4"D-"4#*'# (,(*%# <!,%"'("),%#

yM;K#55,%n]E#%,3V4"-'$(X#%$.,.),("$-#<!,%"'("),%#yd;J#55,%n]E#,)#'"%6#)".,)("4#&'"#,6#%$.$4#

%,3")$-/#4)&/';#85,=$-/#!*I$('#*-4#*%<,!,%#$-(*="#3")"#*''"''"4#3$(!#j&"'+,--*$)"';#P*<=V

X"*)'#,6#'5,=$-/#3")"#<*%<&%*("4E#*-4#*%<,!,%#&'"#3*'#<*("/,)$C"4# $-(,#-,-"#,)#<&))"-(;#

P!X'$<*%#*<+9$(X#3*'#*''"''"4#*<<,)4$-/#(,#(!"#$-("-'$(X#*-4#*5,&-(#,6#"h")<$'"#:5"(*I,%$<#

"j&$9*%"-('#:TO >#!,&)'#.")#3""=>E#IX#5&%+.%X$-/#+5"#'."-(#,-#'.,)(#*<+9$+"'#.")#3""=#

IX#'.,)(V'."<$D<#"-")/X#"h."-4$(&)"E#*-4#3*'#<*("/,)$C"4#$-(,#-,#:K#TO #!,&)'#.")#3""=>E#

5,4")*("# :0V0M#TO # !,&)'# .")#3""=m# )"6")"-<"# <*("/,)X># *-4# 9$/,),&'# .!X'$<*%# *<+9$(X#

:y0M#TO #!,&)'#.")#3""=>#20;#B%()*',-,/)*.!X#3*'#.")6,)5"4#(,#5"*'&)"#(!"#$-+5*V5"4$*#

(!$<=-"''#:WT >#:55>#$-#(!"#%"q#*-4#)$/!(#<,55,-#<*),+4#*)(")$"'#*'#*#5"*'&)"#,6#'"9")$(X#

,6#'&I<%$-$<*%#*(!"),'<%"),'$'E#)".)"'"-("4#IX#(!"#5"*-#9*%&"#,6#'$h#5"*'&)"5"-(';

@%6%*#$N&12&($"%*1+04%*1;0&7#+%(+%&($&3(+%4#-%

W-#.*+"-('#3$(!#P\7E#'"9")$(X#,6#*(!"),'<%"),+<#4$'"*'"#*(#I*'"%$-"#3*'#*''"''"4#3$(!#(!"#

Z,-(*$-"#'<*%"#J0;#8(*/"#0#:.*$-V6)""#3*%=$-/#4$'(*-<"#yJKK#5>#*-4#'(*/"#J#:.*$-V6)""#3*%=$-/#

4$'(*-<"#gJKK#5>#3")"#4"D-"4#*'#5$%4#,)#5,4")*("# $'<!*"5$*E#3!")"*'#'(*/"#d#:.*$-#*(#
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)"'(>#*-4#'(*/"#L#:&%<")*+,-#,)#/*-/)"-">#3")"#4"D-"4#*'#'"9")"#$'<!*"5$*;#W-#.*+"-('#3$(!#

U\7E#4$'"*'"#'"9")$(X#3*'#)*("4#*<<,)4$-/#(,#(!"#-&5I")#,6#<,),-*)X#*)(")$"'#3$(!#5*)="4#

*(!"),'<%"),'$'#:y1Kf#'("-,'$'#,)#6)*<+,-*%#c,3#)"'")9"#gK;NK#,)#()"*(5"-(#,6#(!"#9"''"%>;#

b-"VE#(3,V#*-4#(!)""V9"''"%#4$'"*'"#*-4#%"q#5*$-#4$'"*'"#3$(!#,)#3$(!,&(#)$/!(#<,),-*)X#

*)(")X#$-9,%9"5"-(#3")"#*''"''"4#$-#*%%#U\7#.*+"-('#,-#(!"#I*'$'#,6#<,),-*)X#*-/$,/)*.!X#

)".,)(';# W-6,)5*+,-# 3*'# $-<,5.%"("# $-# ',5"# .*+"-('E# *-4# *44$+,-*%# $-6,)5*+,-# 3*'#

,I(*$-"4# 6),5# .")<&(*-",&'# <,),-*)X# $-(")9"-+,-# ,)# <,),-*)X# *)(")X# IX.*''# /)*q$-/#

)".,)(';# Z,)#.*+"-('#3$(!# <")"I),9*'<&%*)#4$'"*'"E#4$'"*'"# '"9")$(X#3*'# <%*''$D"4#3$(!#*#

!*-4$<*.#'<*%"E#(!"#5,4$D"4#_*-=$-#8<*%"#:5_8>#22;#Z,)#.*+"-('#3$(!#\\\E#'"9")"#4$'"*'"#

3*'#4"D-"4#*'#.)"9$,&'#'&)/")X#6,)#\\\;

A($(&(-(4N+#+

S"#&'"4#5&%+.%"#$5.&(*+,-#23#:0K#4*(*'"('>#(,#*44)"''#(!"#5$''$-/#I*'"%$-"#9*%&"'#$-#(!"#

'(&4X#'*5.%"#,6#MN11#.*+"-('E#3$(!#(!"#'(*+'+<*%#.),/)*55"#_#:\)"/W5.&(">;#7*(*#3")"#

*-*%XC"4#3$(!#8P88#9")'$,-#01;K#:U!$<*/,E#W]E#B8\>E#IX#.,,%$-/#(!"#0K#$5.&("4#4*(*'"(';# !"#

+5"#I"(3""-#(!"#4*("#,6#I*'"%$-"#'<)""-$-/#*-4#4"*(!E#%,''#(,#6,%%,3V&.#,)#"-4#,6#6,%%,3V

&.#I"6,)"#0#T*)<!#JK0KE#3!$<!"9")#<*5"#D)'(E#3*'#<*%<&%*("4#(,#"'(*I%$'!#(!"#6,%%,3V&.#

+5";#U,h#.),.,)+,-*%#!*C*)4#*-*%X'$'#3*'#&'"4#(,#"'+5*(" !*C*)4#)*+,'#:Y_'>#*-4#2Mf#

<,-D4"-<"#$-(")9*%'#:UW'>#6,)#*'',<$*+,-'#,6#'"%6V)*("4#.!X'$<*%#*-4#5"-(*%#!"*%(!#'(*(&'#:.")#

0KV.,$-(#4"<)"*'">#*-4#(!"#<,5.,'$("#9*'<&%*)#,&(<,5"E#*%%V<*&'"#5,)(*%$(X#*-4#9*'<&%*)#

4"*(!E#)"'."<+9"%X;#\'',<$*+,-'#3")"#*4A&'("4#6,)#*/"#*-4#'"h#$-#5,4"%#0;#S"#*44$+,-*%%X#

*4A&'("4# 6,)# .!X'$<*%# *<+9$(XE# '5,=$-/E# *%<,!,%# &'"E# [TWE# !X.")%$.$4"5$*E# !X.")("-'$,-E#

4$*I"("'#5"%%$(&'#*-4#WT #$-#5,4"%#J;#W-#5,4"%#dE#*'',<$*+,-'#,6#.!X'$<*%#!"*%(!#'(*(&'#3$(!#

,&(<,5"'#3")"#*4A&'("4#6,)#5"-(*%#!"*%(!#'(*(&'E#*-4#*'',<$*+,-'#I"(3""-#5"-(*%#!"*%(!#

'(*(&'#*-4#,&(<,5"'#3")"#*4A&'("4#6,)#.!X'$<*%#!"*%(!#'(*(&';

@"h(E#(,#"h*5$-"#3!$<!#$-4$9$4&*%#!"*%(!#4,5*$-'#'!,3"4#(!"#'(),-/"'(#*'',<$*+,-#3$(!#

(!"#)$'=#,6#6&(&)"#9*'<&%*)#"9"-('E#*%%V<*&'"#5,)(*%$(X#*-4#9*'<&%*)#4"*(!E#3"#$-9"'+/*("4#

*'',<$*+,-'# ,6# (!"# "$/!(# $-4$9$4&*%# !"*%(!# 4,5*$-'# *'# $-4"."-4"-(# 9*)$*I%"'E# *-4# (!"#

(!)""#,&(<,5"'#*'#4"."-4"-(#9*)$*I%"';# !"# $-4$9$4&*%#!"*%(!#4,5*$-'#3")"#*-*%XC"4#*'#

4$<!,(,5,&'#9*)$*I%"'#:%,3"'(#j&*)+%"#9';#(!)""#!$/!")#j&*)+%"'>E#(,# $-9"'+/*("#3!"(!")#

.*+"-('# 3$(!# 5,'(# $5.*$)5"-('# !*4# 3,)'"# .),/-,'$'# (!*-# .*+"-('# 3$(!# %"''# ,)# -,#

$5.*$)5"-(';#\4A&'(5"-(# 6,)#<,-6,&-4")'# $-#5,4"%'#0#*-4#J#3*'#*'#4"'<)$I"4#*I,9";# W-#

5,4"%#dE#*'',<$*+,-'#,6#.!X'$<*%#!"*%(!#4,5*$-'#3$(!#,&(<,5"'#3")"#*4A&'("4#6,)#(!"#6,&)#

5"-(*%#!"*%(!#4,5*$-'E#*-4#*'',<$*+,-'#I"(3""-#5"-(*%#!"*%(!#4,5*$-'#*-4#,&(<,5"'#

3")"#*4A&'("4#6,)#.!X'$<*%#!"*%(!#4,5*$-';

 !"-E#3"# )"."*("4# (!"#*-*%X'"'#*5,-/#.*+"-('#3$(!#4$i")"-(# %,<*+,-'#,6# 'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"# :U\7E# <")"I),9*'<&%*)# 4$'"*'"E# P\7# *-4# \\\># *-4# *'X5.(,5*+<#
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*(!"),'<%"),+<#4$'"*'"#(,#$-9"'+/*("#3!"(!")#(!"#"i"<(#,6#'"%6V)*("4#!"*%(!#'(*(&'#,-#(!"#

.),/-,'$'#4$i")'#I"(3""-#(!"'"#.*+"-(#/),&.';#T,4"%'#0#(,#d#3")"#*4A&'("4#6,)#<,-6,&-4")'#

*'#4"'<)$I"4#*I,9"E#3$(!# (!"#"h<".+,-#(!*(#5,4"%#J#3*'#*44$+,-*%%X#*4A&'("4# 6,)#5,)"#

(!*-#,-"# %,<*+,-#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#*'#9*)$,&'# %,<*+,-'#,6#4$'"*'"#

<*-#,<<&)#$-#$-4$9$4&*%#.*+"-(';#

Z$-*%%XE# 3"# .")6,)5"4# *# '"-'$+9$(X# *-*%X'$'# IX# )"."*+-/# *%%# *-*%X'"'# *q")# "h<%&'$,-# ,6#

.*+"-('# 3$(!# '"9")"# *(!"),'<%"),+<# 4$'"*'"# *(# I*'"%$-" :-w0JL>;# 8"9")"# *(!"),'<%"),+<#

4$'"*'"#3*'#4"D-"4#*'#<")"I),9*'<&%*)#4$'"*'"#3$(!#5_8#/)*4"#zJE#P\7#3$(!#Z,-(*$-"#/)*4"#

zd#,)#'&)/")X#6,)#\\\#}0L~;# !"#.),.,)+,-*%#!*C*)4'#*''&5.+,-#3*'#'*+'D"4#,-#(!"#I*'$'#

,6#%,/#9")'&'#V%,/#'&)9$9*%#.%,(';

[%+/4$+

\(#I*'"%$-"E#5"*-#*/"#3*'#Mev0J#X"*)'#*-4#e1f#,6# (!"# '*5.%"#3*'#5*%"# :(*I%"#J>;#  !"#

5"4$*-#'<,)"#3*'#LL#:0Kth-90th#.")<"-+%"#J1VMe>#6,)#.!X'$<*%#!"*%(!#'(*(&'E#3!$<!#$'#',5"3!*(#

%,3")#(!*-#(!"#*9")*/"#6,)#(!"#/"-")*%#.,.&%*+,-E#*-4#MJ#:0Kth-90th#.")<"-+%"#ddVe0>#6,)#

5"-(*%# !"*%(!# '(*(&';#S!"-# <,5.*)$-/# .*+"-('#3$(!# 4$i")"-(# %,<*+,-'# ,6# 'X5.(,5*+<#

*(!"),'<%"),+<#4$'"*'"E#(!,'"#3$(!#P\7#)".,)("4#3,)'"#.!X'$<*%#!"*%(!#'(*(&'#(!*-#,(!")#

.*+"-('#: *I%"#J>E#.*)+<&%*)%X#$-#(!"#4,5*$-'#,6#.!X'$<*%#6&-<+,-$-/#*-4#I,4$%X#.*$-#:Z$/&)"#

0>;#[X#<,-()*'(E#5"-(*%#!"*%(!#'(*(&'#4$4#-,(#'&I'(*-+*%%X#4$i")#I"(3""-#.*+"-(#/),&.';

,(34%&E&7"D-$+,-#,6#b&(<,5"' 

\+0"(%'#0&+$*1T% 

 

=N10(*7#(4&#-2(*0;1-

W(+0/4(*&'1*$(4#$N

 

D1'81+#$%&6(+0/4(*&1/$01'%

<4450(/+%&'1*$(4#$N

_"%"9*-(# <%$-$<*%# 6"*(&)"'# <*&'$-/# *-# $-<)"*'"# $-# $5.*$)5"-(# ,6#

*(# %"*'(#,-"#/)*4"#,-# (!"#5,4$D"4#_*-=$-# '<*%"E#3$(!,&(# '$/-'#,6#

!*"5,))!*/"#,-#)"."*(#I)*$-#$5*/$-/;#

\(#%"*'(#(3,#,6#(!"#6,%%,3$-/#<)$(")$*Q

:W>#U!"'(#.*$-#6,)#*(#%"*'(#JK#5$-E#-,(#4$'*.."*)$-/#*q")#*45$-$'()*+,-#

,6#-$()*("'m

:WW># 8 V"%"9*+,-# y# 0#55# $-# (3,# <,-+/&,&'# %"*4'# ,)# *# %"q# I&-4%"#

I)*-<!#I%,<=#,-#(!"#"%"<(),<*)4$,/)*5m

:WWW>#U)"*+-$-"#=$-*'"#:Ur>#"%"9*+,-#,6#*(#%"*'(#(3,#+5"'#(!"#-,)5*%#

9*%&"#,6#Ur#*-4#*#5X,<*)4$*%#I*-4V6)*<+,-#y#Mf#,6#(!"#(,(*%#Ur;

8&44"-# 4"*(!Q# &-"h."<("4# <*)4$*<# 4"*(!# ,<<&))$-/#3$(!$-# 0# !,&)#

*q")# ,-'"(# ,6# 'X5.(,5'E# ,)# 3$(!$-# JL# !,&)'# $-# (!"# .)"'"-<"# ,6#

6&)(!")#<,-9$-<$-/#"9$4"-<";

7"*(!#6),5#'(),="E#5X,<*)4$*%#$-6*)<+,-E#<,-/"'+9"#!"*)(#6*$%&)"E#,)#

)&.(&)"#,6#*I4,5$-*%#*,)+<#*-"&)X'5;

^*'<&%*)#4"*(!#6),5#,(!")#<*&'"';

\#<,5.,'$("#,6#'(),="E#5X,<*)4$*%#$-6*)<+,-E#)"+-*%#$-6*)<+,-E#*-4#

vascular mortality.

7"*(!#6),5#*-X#<*&'";
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8#9,"#-"'*2'1"&27$%)"+'4"%&)4'1)%),1'*#'-&(#(-%&':$*0#*1(1

Ld

2.2

`#:/*%&E&_*4*)#<!*)(#$%%&'()*+-/#5"*-#'<,)"'#,6#$-4$9$4&*%#!"*%(!#4,5*$-'E#6,)#.*+"-('#3$(!#4$i")"-(#

%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#:<,),-*)X#*)(")X#4$'"*'"E#<")"I),9*'<&%*)#4$'"*'"E#

.")$.!")*%# *)(")$*%# 4$'"*'"E# *-4# *I4,5$-*%# *,)+<# *-"&)X'5># *-4# *'X5.(,5*+<# *(!"),'<%"),+<#

4$'"*'"E#*4A&'("4#6,)#*/"#*-4#'"h;

B"N+#0(4&(-7&'%-$(4&"%(4$"&+$($/+9&6(+0/4(*&%6%-$+&(-7&'1*$(4#$N

7&)$-/#*#5"4$*-#6,%%,3V&.#+5"#,6#L;K#:)*-/"#K;0VN;L>#X"*)'E#JM0#:L;df>#.*+"-('#4$"4m#0dM#

,6#(!"'"#4"*(!'#3")"#4&"#(,#*#9*'<&%*)#<*&'";#W-#*44$+,-E#d0M#:M;Lf>#"h.")$"-<"4#*#9*'<&%*)#

"9"-(;#W-#(!"#(,(*%#<,!,)(E#*#0KV.,$-(#4"<)"*'"#$-#.!X'$<*%#!"*%(!#'(*(&'#$-<)"*'"4#(!"#)$'=#,6#

-"3#,)#)"<&))"-(#9*'<&%*)#"9"-('#:Y_w0;dME#2Mf#UW#0;JJV0;MK>E#*%%V<*&'"#5,)(*%$(X#:Y_w0;LJE#

2Mf#UW#0;JeV0;eK>#*-4#4"*(!#4&"#(,#*#9*'<&%*)#<*&'"#:Y_w0;deE#2Mf#UW#0;0eV0;M2>#: *I%"#dE#

5,4"%#J>;#\#0KV.,$-(#4"<)"*'"# $-#5"-(*%#!"*%(!#'(*(&'#*%',# $-<)"*'"4#(!"#)$'=#,6#9*'<&%*)#

"9"-('# :Y_w0;02E#2Mf#UW#0;KNV0;dJ>E# *%%V<*&'"#5,)(*%$(X# :Y_w0;02E#2Mf#UW#0;K1V0;d0># *-4#

9*'<&%*)#4"*(!#:Y_w0;J1E#2Mf#UW#0;K2V0;LN>#: *I%"#dE#5,4"%#J>;#\44$+,-*%#*4A&'(5"-(#6,)#

.!X'$<*%#,)#5"-(*%#!"*%(!#'(*(&'#4$4#-,(#'&I'(*-+*%%X#<!*-/"#(!"#Y_#9*%&"'#: *I%"#d>;

a-7%*4N#-:&"%(4$"&71'(#-+9&6(+0/4(*&%6%-$+&(-7&'1*$(4#$N

S!"-# '".*)*("# &-4")%X$-/# !"*%(!# 4,5*$-'# 3")"# 4$'+-/&$'!"4E# .*+"-('# $-# (!"# %,3"'(#

j&*)+%"#,6#*-X#,6#(!"#6,&)#4,5*$-'#,6#.!X'$<*%#!"*%(!#'(*(&'E#)".)"'"-+-/#(!"#5,'(#'"9")"#

$5.*$)5"-(#,6#.!X'$<*%#!"*%(!E#3")"#*(#'$/-$D<*-(%X#!$/!")#)$'=#,6#9*'<&%*)#"9"-('E#*%%V<*&'"#

5,)(*%$(X# *-4# 4"*(!# 4&"# (,# 9*'<&%*)# <*&'"'# (!*-# .*+"-('# $-# (!"# (!)""# !$/!"'(# j&*)+%"'#

: *I%"#LE#5,4"%#J>;#Z,)#*%%#,&(<,5"'E#*'',<$*+,-'#3")"#'(),-/")#6,)#(!"#4,5*$-'#,6#.!X'$<*%#

6&-<+,-$-/#*-4#/"-")*%#!"*%(!#.")<".+,-#(!*-#6,)#),%"#%$5$(*+,-'#4&"#(,#.!X'$<*%#!"*%(!#

.),I%"5'# *-4# I,4$%X# .*$-;# \'',<$*+,-'# 3")"# *`"-&*("4# *q")# *44$+,-*%# *4A&'(5"-(#

6,)#5"-(*%# !"*%(!# 4,5*$-'E# I&(# )"5*$-"4# '(*+'+<*%%X# '$/-$D<*-(# 6,)# 4,5*$-'# ,6# .!X'$<*%#

6&-<+,-$-/#*-4#/"-")*%#!"*%(!#.")<".+,-#:4*(*#-,(#'!,3->;
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,(34%&I&_"%*+,-'!$.#I"(3""-#'"%6V)*("4#.!X'$<*%#*-4#5"-(*%#!"*%(!#'(*(&'#*-4#,&(<,5"#"9"-(':-wMN11>

Y*C*)4#_*+,#:2Mf#UW>

@,;#,6

events

@,;#,6

person years T,4"%#0 T,4"%#J T,4"%#d

Vascular events

Physical health status*

T"-(*%#!"*%(!#'(*(&'* d0M 22798

0;LJ#:0;JN�0;Me>

0;J0#:0;K2�0;dL>

0;dM#:0;JJ�0;MK>

0;02#:0;KN�0;dJ>

0;d1#:0;JL�0;MJ>

0;J0#:0;0K�0;dL>

All-cause mortality

Physical health status*

T"-(*%#!"*%(!#'(*(&'* JM0 Jdd02

0;L1#:0;dJ�0;eM>

0;J0#:0;KN�0;de>

0;LJ#:0;Je�0;eK>

0;02#:0;K1�0;d0>

0;LM#:0;J2�0;ed>

0;J0#:0;K2�0;dd>

Vascular mortality

Physical health status*

T"-(*%#!"*%(!#'(*(&'* 0dM Jdd02

0;Le#:0;Je�0;1K>

0;dK#:0;00�0;MJ>

0;de#:0;0e�0;M2>

0;J1#:0;K2�0;LN>

0;d2#:0;0N�0;ed>

0;J2#:0;00�0;M0>

*#P")#0KV.,$-(#4"<)"*'"

T,4"%#0Q#\4A&'("4#6,)#*/"#*-4#'"h

T,4"%#JQ#\44$+,-*%%X#*4A&'("4#6,)#.!X'$<*%#*<+9$(XE#'5,=$-/#:.*<=VX"*)'>E#*%<,!,%#<,-'&5.+,-E#I,4X#5*''#$-4"hE#

!X.")%$.$4"5$*E#!X.")("-'$,-E#4$*I"("'#5"%%$(&'#*-4#$-+5*#5"4$*#(!$<=-"''

T,4"%# dQ# *44$+,-*%%X# *4A&'("4# 6,)# 5"-(*%# !"*%(!# '(*(&'# :6,)# *'',<$*+,-'# I"(3""-# .!X'$<*%# !"*%(!# '(*(&'# *-4#

,&(<,5"'>#,)#.!X'$<*%#!"*%(!#'(*(&'#:6,)#*'',<$*+,-'#I"(3""-#5"-(*%#!"*%(!#'(*(&'#*-4#,&(<,5"'>

W-# *44$+,-E# .*+"-('# $-# (!"# %,3"'(# j&*)+%"# ,6# *-X#,6# (!"# 6,&)# 4,5*$-'# ,6#5"-(*%# !"*%(!#

'(*(&'E# )".)"'"-+-/# (!"#5,'(# '"9")"# $5.*$)5"-(# ,6#5"-(*%# !"*%(!E#3")"# *(# '$/-$D<*-(%X#

!$/!")#)$'=#,6#9*'<&%*)#"9"-('E#*%%V<*&'"#5,)(*%$(X#*-4#9*'<&%*)#4"*(!#(!*-#.*+"-('# $-#(!"#

(!)""#!$/!"'(#j&*)+%"'#: *I%"#LE#5,4"%#J>;#\'',<$*+,-'#3")"#'%$/!(%X#'(),-/")#6,)#4,5*$-'#

,6#',<$*%# 6&-<+,-$-/#*-4#9$(*%$(X#(!*-#6,)#),%"# %$5$(*+,-'#4&"#(,#"5,+,-*%#.),I%"5'#*-4#

5"-(*%# !"*%(!E# *%(!,&/!# (!"'"# 4$i")"-<"'# $-#Y_# 9*%&"'#3")"# %"''# *..*)"-(# (!*-# 6,)# (!"#

4$i")"-(# 4,5*$-'# ,6# .!X'$<*%# 6&-<+,-$-/;# \'',<$*+,-'# 3")"# *`"-&*("4# *q")# *44$+,-*%#

*4A&'(5"-(#6,)#.!X'$<*%#!"*%(!#4,5*$-'E#I&(#)"5*$-"4#I,)4")%$-"#'$/-$D<*-(#6,)#(!"#4,5*$-#

,6#',<$*%#6&-<+,-$-/#:4*(*#-,(#'!,3->;

@%425*($%7&"%(4$"&+$($/+9&6(+0/4(*&%6%-$+&(-7&'1*$(4#$N&#-&7#b%*%-$&:*1/8+&12&8(;%-$+&U#$"&

+N'8$1'(;0&(-7&(+N'8$1'(;0&($"%*1+04%*1;0&7#+%(+%

W-#U,h#)"/)"''$,-#5,4"%'#*<),''#4$i")"-(#%,<*+,-'#,6#*(!"),'<%"),+<#4$'"*'"E#)$'=#"'+5*("'#

,6#(!"#)"%*+,-#I"(3""-#'"%6V)*("4#.!X'$<*%#!"*%(!#'(*(&'#*-4#9*'<&%*)#"9"-('#*-4#9*'<&%*)#

4"*(!#3")"#!$/!"'(#$-#.*+"-('#3$(!#*'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#*-4#(!"#%,3"'(#

)$'=#"'+5*("'#3")"#6,&-4#$-#.*+"-('#3$(!#P\7#: *I%"#M>;#\#'$5$%*)#()"-4#3*'#,I'")9"4#6,)#

5"-(*%#!"*%(!#'(*(&'#: *I%"#M>;
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8#9,"#-"'*2'1"&27$%)"+'4"%&)4'1)%),1'*#'-&(#(-%&':$*0#*1(1

LM

2.2

,(34%&J&_"%*+,-'#I"(3""-#'".*)*("#&-4")%X$-/#!"*%(!#4,5*$-'#*-4#,&(<,5"#"9"-('#:-wMN11>

W(+0/4(*&%6%-$+ <4450(/+%&7%($" W(+0/4(*&7%($"

Y*C*)4#_*+,†#:2Mf#UW> Y*C*)4#_*+,†#:2Mf#UW> Y*C*)4#_*+,†#:2Mf#UW>

Physical health domains*

P!X'$<*%#6&-<+,-$-/ 0;N2#:0;LN�J;L0> J;d2#:0;NJ�d;0J> J;02#:0;MK�d;J0>

_,%"#%$5$(*+,-Q#.!X'$<*% 0;Me#:0;JL�0;2e> 0;LM#:0;0d�0;NN> 0;M1#:0;00�J;Jd>

Bodily pain 0;d1#:0;KN�0;1d> 0;d2#:0;KM�0;Nd> 0;01#:K;NK�0;1K>

General health 0;2M#:0;MM�J;Le> J;02#:0;e2�J;NL> J;MK#:0;1L�d;eK>

Mental health domains*

8,<$*%#6&-<+,-$-/ 0;NM#:0;L1�J;dL> 0;2K#:0;Le�J;L1> J;0K#:0;LN�d;KK>

_,%"#%$5$(*+,-Q#"5,+,-*% 0;LN#:0;0e�0;2K> 0;LJ#:0;KN�0;Ne> 0;N2#:0;d0�J;1L>

T"-(*%#!"*%(! 0;dN#:0;KN�0;1e> 0;e2#:0;J2�J;J0> 0;ed#:0;00�J;d2>

Vitality 0;10#:0;dM�J;0N> 0;NK#:0;d1�J;de> 0;10#:0;0N�J;MK>

*#],3"'(#j&*)+%"#9")'&'#(!)""#!$/!"'(#j&*)+%"'
†# \4A&'("4# 6,)# */"E# '"hE# .!X'$<*%# *<+9$(XE# '5,=$-/# :.*<=VX"*)'>E# *%<,!,%# <,-'&5.+,-E# I,4X# 5*''# $-4"hE#

!X.")%$.$4"5$*E#!X.")("-'$,-E#4$*I"("'#5"%%$(&'#*-4#$-+5*#5"4$*#(!$<=-"''

cd04/+#1-&12&8(;%-$+&U#$"&+%6%*%&($"%*1+04%*1;0&7#+%(+%

Oh<%&4$-/#.*+"-('#3$(!# '"9")"#*(!"),'<%"),+<#4$'"*'"# :-w0JL> 4$4#-,(# <!*-/"#*-X#"i"<(#

"'+5*("'# ,)# '$/-$D<*-<"# %"9"%'# ,6# (!"# *'',<$*+,-'# I"(3""-# .!X'$<*%# *-4#5"-(*%# !"*%(!#

status and the composite vascular outcome, all-cause mortality and vascular death in the 

(,(*%#<,!,)(#,)#3$(!$-#4$i")"-(#.*+"-(#/),&.'#:4*(*#-,(#'!,3->;
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8#9,"#-"'*2'1"&27$%)"+'4"%&)4'1)%),1'*#'-&(#(-%&':$*0#*1(1

L1

2.2

7$'<&''$,-

 !"# )"'&%('# ,6# (!$'# '(&4X# '!,3# (!*(# %,3")# '"%6V)*("4# %"9"%'# ,6# .!X'$<*%# *'#3"%%# *'#5"-(*%#

!"*%(!# '(*(&'# *)"# '(),-/# $-4"."-4"-(# )$'=# 6*<(,)'# 6,)# 9*'<&%*)# "9"-('# *-4#5,)(*%$(X# $-# *#

<,!,)(#,6#.*+"-('#3$(!#'X5.(,5*+<#*-4#*'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#W5.*$)5"-(#

$-# 4,5*$-'# ,6# /"-")*%# !"*%(!# *-4# .!X'$<*%# *-4# ',<$*%# 6&-<+,-$-/# 3")"# (!"# '(),-/"'(#

<,-()$I&(,)'#(,#*#.,,)#.),/-,'$';#_$'=#"'+5*("'#,6#(!"#"i"<(#,6#%,3")#'"%6V)*("4#.!X'$<*%#*-4#

5"-(*%#!"*%(!#'(*(&'#,-#*49")'"#"9"-('#3")"#'%$/!(%X#!$/!")#6,)#.*+"-('#3$(!#*'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"# <,5.*)"4# 3$(!# ,(!")# .*+"-(# /),&.'E# 3!")"*'# (!"# %,3"'(# )$'=#

"'+5*("'#3")"#,I'")9"4#$-#.*+"-('#3$(!#P\7;

 !"#D-4$-/#(!*(#%,3")#'"%6V)*("4#.!X'$<*%#!"*%(!#'(*(&'#$-<)"*'"4#(!"#)$'=#,6#<*)4$,9*'<&%*)#

"9"-('#*-4#*%%V<*&'"#5,)(*%$(X# $'# $-# %$-"#3$(!#5,'(#'(&4$"'# $-#U\7#.*+"-('#LE1V00. Proposed 

5"<!*-$'5'# *<<,&-+-/# 6,)# (!"# )"%*+,-# I"(3""-# '"%6V)*("4# .!X'$<*%# !"*%(!# *-4# <%$-$<*%#

,&(<,5"# $-<%&4"# (!"# .)"'"-<"# ,6# &-4")%X$-/# 9*'<&%*)# )$'=# 6*<(,)'E# '&<!# *'# !X.")("-'$,-E#

4$*I"("'# 5"%%$(&'E# 4$"(*)X# .*`")-'E# *%<,!,%# &'"# *-4# '5,=$-/;# @"9")(!"%"''E# <,-'$'("-(#

3$(!#,(!")#'(&4$"'# 1EJLEJM#3"#,I'")9"4#(!*(#*4A&'(5"-(# 6,)# (!"'"#9*)$*I%"'#4$4#-,(#<!*-/"#

(!"#)"%*+,-#I"(3""-#'"%6V)".,)("4#.!X'$<*%#!"*%(!#'(*(&'#*-4#*49")'"#"9"-(';#\%(")-*+9"%XE#

%,3")#'"%6V)*("4#.!X'$<*%#!"*%(!#'(*(&'#<,&%4#"$(!")#I"#*-#$-4$<*(,)#,6#$-"|<$"-<X#,6#5"4$<*%#

()"*(5"-(#$-#.*+"-('#3$(!#<*)4$,9*'<&%*)#4$'"*'"#26E#,)#*#)"c"<+,-#,6#&-4"("<("4#I$,%,/$<*%#

.),<"''"'#4$)"<(%X#*i"<+-/#'&)9$9*%#L#'&<!#*'#'()"''E#3!$<!#<,&%4#%"*4#(,#$-<)"*'"4#5,)(*%$(X#

(!),&/!#*I-,)5*%#'X5.*(!"+<#*<+9$(XV$-4&<"4#<*)4$*<#*))!X(!5$*';#Y,3"9")E#,&)#4*(*#-,(#

'&..,)(#(!"#%*`")#!X.,(!"'$'E#*'#(!"#)"%*+,-#I"(3""-#.!X'$<*%#!"*%(!#'(*(&'#*-4#9*'<&%*)#

5,)(*%$(X#3*'#-,(#.)$5*)$%X#4)$9"-#IX#(!"#,<<&))"-<"#,6#'&44"-#4"*(!#:4*(*#-,(#'!,3->;#

b-#(!"#,(!")#!*-4E#$-#%$-"#3$(!#.)"9$,&'%X#,I'")9"4#)"%*+,-'#I"(3""-#.!X'$<*%#*<+9$(X#*-4#

mortality risk 27E# ,&)#D-4$-/# (!*(# $5.*$)5"-('# $-#.!X'$<*%# 6&-<+,-$-/#*-4#/"-")*%#!"*%(!#

.")<".+,-#3")"#(!"#5*$-#<,-()$I&(,)'#(,#(!"#)$'=#,6#9*'<&%*)#"9"-('#*-4#5,)(*%$(X#'&//"'('#

(!*(#.!X'$<*%#$-*<+9$(X#5*X#I"#*-#$5.,)(*-(#&-4")%X$-/#5"<!*-$'5#$-#(!"#)"%*+,-#I"(3""-#

%,3")#.!X'$<*%#!"*%(!#'(*(&'#*-4#*49")'"#"9"-(';#\%(!,&/!#*44$+,-*%#*4A&'(5"-(#6,)#.!X'$<*%#

*<+9$(X#)"'&%("4#$-#*#5,4"'(#*`"-&*+,-#,6#(!"#"i"<(E#(!$'#4$4#-,(#!,3"9")#$-c&"-<"#*-X#

'$/-$D<*-<"#%"9"%';

\%(!,&/!#*#)"%*+,-#I"(3""-#4".)"''$,-#*-4#5,)(*%$(X#!*'#I""-#3"%%#"'(*I%$'!"4#$-#.*+"-('#

3$(!# <*)4$,9*'<&%*)# 4$'"*'"# 28,29E# (!"# $5.*<(# ,6#5,)"# '&I(%"# $5.*$)5"-('# $-#5"-(*%#3"%%V

I"$-/#,-#(!"#.),/-,'$'#,6#(!"'"#.*+"-('#'""5'#%"''#'()*$/!�,)3*)4;#b6#(!"#'(&4$"'#$-#U\7#

.*+"-('E# ',5"# !*9"# 6,&-4# (!*(# %,3")# '"%6V)".,)("4# 5"-(*%# !"*%(!# '(*(&'# $-<)"*'"'# (!"#

mortality risk 0KE#3!")"*'#,(!")'#<,&%4#-,(#)".%$<*("#(!$'#)"%*+,-'!$.#1E00 or even reported 

*#.,'$+9"#"i"<(#,-#5,)(*%$(X#)$'=#8;#S"#,I'")9"4#(!*(#%,3")#'"%6V)*("4#5"-(*%#!"*%(!#'(*(&'#

3*'#*'',<$*("4#3$(!#*#5,4"'(#$-<)"*'"#$-#(!"#)$'=#,6#6&(&)"#9*'<&%*)#"9"-('#*-4#5,)(*%$(X;#
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Chapter 2.2

LN

Y,3"9")E#$(#!*'#I""-#'!,3-#(!*(#(!"#(3,#&-4")%X$-/#!"*%(!#4,5*$-'#:',<$*%#6&-<+,-$-/#*-4#

9$(*%$(X>#(!*(#<,-()$I&("4#5,'(#'(),-/%X#(,#(!$'#*'',<$*+,-#*)"#*%',#'(),-/%X#<,))"%*("4#3$(!#

physical health status 01E#*-4#*44$+,-*%#*4A&'(5"-(#6,)#.!X'$<*%#!"*%(!#'(*(&'#*`"-&*("4#(!"#

"i"<(#,6#(!"'"#4,5*$-'#,-#<%$-$<*%#,&(<,5";

b&)#'(&4X#$'#(!"#D)'(#(,#"h()*.,%*("#(!"#D-4$-/#(!*(#%,3")#'"%6V)*("4#!"*%(!#'(*(&'#$-<)"*'"'#

(!"#)$'=#,6#!,'.$(*%# )"*45$''$,-'#*-4#5,)(*%$(X# $-#U\7#.*+"-('# LENE0KE00# (,#*#5&<!#I),*4")#

.,.&%*+,-# ,6# .*+"-('# 3$(!# <*)4$,9*'<&%*)# 4$'"*'";# \-# $-(")"'+-/# D-4$-/# 3*'# (!*(# (!"#

)$'=#,6#I,(!#9*'<&%*)#*-4#*%%V<*&'"#4"*(!#3*'# $-<)"*'"4E# '&//"'+-/# (!*(# %,3")# '"%6V)*("4#

!"*%(!# '(*(&'# $'# -,(# ,-%X# *'',<$*("4# 3$(!# 6*(*%# *-4# -,-V6*(*%# 9*'<&%*)# "9"-('# I&(# *%',#

3$(!#4"*(!# 6),5#-,-V9*'<&%*)#<*&'"';#b&)#,I'")9*+,-#(!*(#)$'=#"'+5*("'#,6# (!"#)"%*+,-#

I"(3""-#'"%6V)*("4#!"*%(!#'(*(&'#*-4#,&(<,5"#3")"#!$/!")#6,)#.*+"-('#3$(!#*'X5.(,5*+<#

*(!"),'<%"),+<# 4$'"*'"# <,5.*)"4# (,# (!,'"# 3$(!# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"#

'!,&%4#I"#$-(").)"("4#3$(!#<*&+,-E#*'#(!"#'"%"<+,-#,6#.*+"-('#I*'"4#,-#(!"#,<<&))"-<"#

,6#<*)4$,9*'<&%*)#4$'"*'"#*(#I*'"%$-"#5*X#!*9"#$-(),4&<"4#k$-4"h#"9"-(l#I$*'E#<,-()$I&+-/#

(,# *-# &-4")"'+5*+,-# ,6# (!"# "i"<(# ,6# '"%6V)*("4# !"*%(!# '(*(&'# ,-# )"<&))"-(# 9*'<&%*)#

"9"-('#$-#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#30;#W-#*44$+,-E#(!"#'"9")$(X#,6#

*(!"),'<%"),+<#4$'"*'"#$-#,&)#<,!,)(#3*'#)"%*+9"%X#5$%4E#*'#6"3#:J;0f>#.*+"-('#3$(!#'"9")"#

*(!"),'<%"),+<#4$'"*'"#3")"#$-<%&4"4;#["<*&'"#)$'=#6*<(,)'#6,)#*(!"),'<%"),'$'#3$%%#I"#5,)"#

<,5.%"h#$-#*'X5.(,5*+<#.*+"-('#)"6"))"4#(,#*-#*<*4"5$<#<"-()"E#(!$'#5*X#!*9"#%"4#(,#*#

'5*%%")#4$i")"-<"#I"(3""-#.*+"-('#3$(!#'X5.(,5*+<#*-4#*'X5.(,5*+<#*(!"),'<%"),+<#

4$'"*'";#Z&)(!")5,)"E#3"#6,&-4#'&I'(*-+*%%X#%,3")#)$'=#"'+5*("'#,6#(!"#)"%*+,-#I"(3""-#

'"%6V)*("4#.!X'$<*%#!"*%(!#'(*(&'#*-4#*49")'"#"9"-('#$-#P\7#.*+"-('#<,5.*)"4#(,#.*+"-('#

3$(!#,(!")#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#b-"#.,''$I%"#"h.%*-*+,-#6,)#

(!$'#$'#(!*(#(!"#"i"<(#,6#*#0KV.,$-(#4"<)"*'"#$-#.!X'$<*%#!"*%(!#'(*(&'#5*X#I"#5,)"#%$5$("4#

$-#.*+"-('#3$(!#P\7#I"<*&'"#,6#(!"#5,)"#.),-,&-<"4#.!X'$<*%# $5.*$)5"-(#*-4#4$'*I$%$(X#

$-# (!"'"#.*+"-('E#*'# )"c"<("4#IX# %,3")#I*'"%$-"# %"9"%'#,6#.!X'$<*%#!"*%(!#'(*(&'# : *I%"#Jm#

Z$/&)"#0>;#\%(")-*+9"%XE#(!"#,9")%*.#$-#<,-D4"-<"#$-(")9*%'#I"(3""-#4$i")"-(#.*+"-(#/),&.'#

'&//"'('#(!*(#4$i")"-<"'#$-#)$'=#"'+5*("'#5*X#*%',#I"#.*)+*%%X#"h.%*$-"4#IX#<!*-<";

T*A,)# '()"-/(!'# ,6# ,&)# '(&4X# $-<%&4"# (!"# %*)/"# '*5.%"# '$C"E# "h("-'$9"# $-6,)5*+,-# ,-#

<*)4$,9*'<&%*)#)$'=#6*<(,)'#*-4#(!"#"h("-(#,6#<%$-$<*%#*-4#'&I<%$-$<*%#*(!"),'<%"),'$'E#)$/,),&'#

5,-$(,)$-/# ,6# <%$-$<*%# ,&(<,5"# *-4# '(*+'+<*%# *4A&'(5"-(# 6,)# <%$-$<*%# *-4# &-4")%X$-/#

'&I<%$-$<*%# *(!"),'<%"),+<# 4$'"*'";# W-# *44$+,-E# '".*)*("# &-4")%X$-/# 4,5*$-'# ,6# !"*%(!#

'(*(&'#3")"#*-*%X'"4#$-#,-%X#,-"#,(!")#'(&4X#$-#P\7#.*+"-('#0K. 

\# %$5$(*+,-#,6#,&)# '(&4X# $'# (!*(#4"'.$("# (!"# %*)/"# '*5.%"# '$C"E# (!")"#3")"# )"%*+9"%X# 6"3#

.*+"-('# 3$(!# P\7E# <")"I),9*'<&%*)# 4$'"*'"# ,)# \\\;# \%(!,&/!# '$5$%*)# *'',<$*+,-'# 3")"#
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8#9,"#-"'*2'1"&27$%)"+'4"%&)4'1)%),1'*#'-&(#(-%&':$*0#*1(1

L2

2.2

6,&-4#$-#.*+"-('#3$(!#U\7E#<")"I),9*'<&%*)#4$'"*'"#*-4#\\\E#(!"#)"%*+9"%X#%,3#-&5I")#,6#

.*+"-('#3$(!#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#,(!")#(!*-#U\7#<,-()$I&("4#

(,# %*)/"#<,-D4"-<"# $-(")9*%'#*-4#<,&%4#!*9"#)"'&%("4# $-#-,-V'$/-$D<*-(#)"%*+,-'# $-#(!"'"#

.*+"-(';#Z&)(!")5,)"E# $(# $'#&-<%"*)#3!"(!")#(!"#6,&)#4$i")"-(#<*("/,)$"'#,6#'X5.(,5*+<#

*(!"),'<%"),+<#4$'"*'"#'!*)"#(!"#'*5"#'"9")$(X;#Oh<%&4$-/#.*+"-('#3$(!#'"9")"#*(!"),'<%"),+<#

4$'"*'"# 4$4# -,(# !,3"9")# <!*-/"# (!"# )"%*+,-'!$.# I"(3""-# '"%6V)*("4# !"*%(!# '(*(&'# *-4#

,&(<,5";#T,)",9")E# <,5.*)$-/#P\7#3$(!#,(!")# %,<*+,-'#,6# 'X5.(,5*+<#*(!"),'<%"),+<#

4$'"*'"#$'#<,5.%$<*("4#I"<*&'"#(!"#Z,-(*$-"#<%*''$D<*+,-#$'#I*'"4#',%"%X#,-#.*$-#'X5.(,5'E#

3!")"*'#(!"'"#'X5.(,5'#4,#-,(#.%*X#*#),%"#$-#,(!")#4$'"*'"#'"9")$(X#<%*''$D<*+,-';#Z$-*%%XE#

'"%6V)*("4#!"*%(!#'(*(&'#3*'#,-%X#*''"''"4#*(#I*'"%$-"E#(!")"IX#.)"9"-+-/#&'#6),5#'(&4X$-/#

(!"#$-c&"-<"#,6#<!*-/"'#$-#3"%%VI"$-/#,-#<%$-$<*%#.),/-,'$';

\%(!,&/!#(!"#*..%$<*+,-#,6#.*+"-(V)*("4#$-'()&5"-('#,6#!"*%(!#'(*(&'#!*'#I""-#.),.,'"4#*'#

*#&'"6&%#(,,%#$-#(!"#)$'=#'()*+D<*+,-#*-4#'&)/$<*%#4"<$'$,-V5*=$-/#6,)#.*+"-('#3$(!#U\7#7,9, 

,&)#D-4$-/'#'&//"'(#$(#5*X#I"-"D(#*#5,)"#4$9")'"#.,.&%*+,-#,6#.*+"-('#3$(!#'X5.(,5*+<#

*'#3"%%#*'#*'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#\''"''5"-(#,6#'"%6V)*("4#!"*%(!#'(*(&'#$'#

*-#"*'X#*-4#-,-V$-9*'$9"#5"(!,4#6,)#(!"#$4"-+D<*+,-#,6#.*+"-('#*(#!$/!#)$'=#,6#*49")'"#

"9"-('E#*-4#5*X#I"#.*)+<&%*)%X#*..%$<*I%"#6,)#&'"#$-#.*+"-('#3$(!#*(!"),'<%"),+<#4$'"*'"#

<,-'$4")$-/# (!*(# (!"X# &-4")/,# )"/&%*)# ),&+-"# !"*%(!<*)"# 9$'$(';# \%(!,&/!# .)"%$5$-*)X#

'(&4$"'# !*9"# )".,)("4# .),5$'$-/# )"'&%('# JMEd0E# %,-/V(")5# '(&4$"'# *)"# -""4"4# (,# "h*5$-"#

3!"(!")#(!"#)"9")'*%#,6#.,,)#'"%6V)*("4#!"*%(!#'(*(&'E#(!),&/!#.,'$+9"#<!*-/"'#$-#%$6"'(X%"#

6*<(,)'# $-<%&4$-/#.!X'$<*%#*<+9$(XE#<,&%4# $5.),9"# (!"#.),/-,'$'#,6#.*+"-('#*(#!$/!# )$'=#,6#

adverse events.
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\I'()*<(

X3>%0;6%+

\# )"%*+,-# I"(3""-# 4".)"''$,-# *-4#5,)(*%$(X# !*'# I""-#3"%%V"'(*I%$'!"4E# I&(# &-4")%X$-/#

5"<!*-$'5'#*)"#.,,)%X#&-4")'(,,4;#S"#$-9"'+/*("4#(!"#$-c&"-<"#,6#<")"I)*%#'5*%%V9"''"%#

4$'"*'"#:U8^7>E#<!*)*<(")$C"4#IX#3!$("#5*`")#%"'$,-'#:ST]>#*-4#%*<&-*)#$-6*)<('E#,-#(!"#

)"%*+,-#I"(3""-#5,,4#.),I%"5'#*-4#5,)(*%$(X;

=%$"17+

T,,4# .),I%"5'#3")"# *''"''"4#3$(!# (!"#T"-(*%# U,5.,-"-(# 8&55*)X# :TU8># ,6# (!"# 8ZV

de# $-# 000K# .*+"-('#3$(!# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"# :M2v870K# X"*)'># 6),5# (!"#

8T\_ VT_#'(&4X;#^,%&5"()$<#ST]#"'+5*("'#3")"#,I(*$-"4#3$(!#0;M #T_Wm#%*<&-*)#$-6*)<('#

3")"# '<,)"4# 9$'&*%%X;# U,h# )"/)"''$,-# 5,4"%'# 3")"# *4A&'("4# 6,)# */"E# '"hE# 9*'<&%*)# )$'=#

6*<(,)'E#.!X'$<*%#6&-<+,-$-/E#*-+4".)"''*-(#&'"#*-4#$-6*)<(';#P*+"-('#3")"#6,%%,3"4#6,)#*#

5"4$*-#,6#e;K#:)*-/"#K;JVN;1>#X"*)';#S"#*4A&'("4#6,)#U8^7#(,#"h*5$-"#3!"(!")#$(#5*X#I"#

*-#$-(")5"4$*("#,)#<,-6,&-4$-/#6*<(,);#8"<,-4E#3"#*44"4#$-(")*<+,-#(")5'#(,#$-9"'+/*("#

3!"(!")#*'',<$*+,-'#4$i")"4#I"(3""-#.*+"-('#3$(!#U8^7#:*I'"-(n.)"'"-(>;

[%+/4$+

P*+"-('# $-# (!"# %,3"'(# j&*)+%"#,6#TU8# '<,)"E# )".)"'"-+-/#5,'(# '"9")" 5,,4#.),I%"5'E#

3")"#*(#!$/!")E#*%(!,&/!#-,(#'(*+'+<*%%X#'$/-$D<*-(E# )$'=#,6#4"*(!# :Y_w0;L1E#2Mf#UW#K;2LV

J;dK>#<,5.*)"4#(,#.*+"-('# $-#!$/!")#j&*)+%"';#\4A&'(5"-(# 6,)#U8^7#4$4#-,(#<!*-/"#(!$'#

*'',<$*+,-;# ]*<&-*)# $-6*)<('E# I&(# -,(#ST]E#5,4$D"4# (!"# *'',<$*+,-#,6#5,,4#.),I%"5'#

3$(!#5,)(*%$(X# :.V9*%&"# 6,)# $-(")*<+,-wK;K0>m#5,,4#.),I%"5'# '(),-/%X# $-<)"*'"4# (!"# )$'=#

,6#5,)(*%$(X#$-#.*+"-('#3$(!#%*<&-*)#$-6*)<('#:Y_wJ;1ME#2Mf#UW#0;L0VM;dN>E#I&(#-,(#$-#(!,'"#

3$(!,&(#%*<&-*)#$-6*)<('#:Y_wK;1NE#2Mf#UW#K;d2V0;M1>;

D1-04/+#1-+

P*+"-('#3$(!#%*<&-*)#$-6*)<('#5*X#I"#"'."<$*%%X#9&%-")*I%"#6,)#(!"#"i"<(#,6#5,,4#.),I%"5'#

on poor outcome.

Grool.indd   54 29-02-12   13:22



;"#)%&'2,#-.*#(#0<'-"$"=$%&'15%&&7>"11"&'+(1"%1"'%#+'5*$)%&()?

55

2.3

\-$*17/0;1-

\#)"%*+,-#I"(3""-#4".)"''$,-#*-4#5,)(*%$(X#!*'#I""-#3"%%V"'(*I%$'!"4#$-#.*+"-('#3$(!#0VM

*-4# 3$(!,&(# <*)4$,9*'<&%*)# 4$'"*'"# 6;# 8"9")*%# .*(!,.!X'$,%,/$<*%# 6*<(,)'# !*9"# I""-#

$-9"'+/*("4# *'# .,''$I%"# 5"<!*-$'5'# &-4")%X$-/# (!"# )"%*+,-# I"(3""-# <*)4$,9*'<&%*)#

4$'"*'"E# 4".)"''$,-# *-4#5,)(*%$(XE# $-<%&4$-/# *&(,-,5$<# -")9,&'# 'X'("5# 4X')"/&%*+,-# 7, 

$-<)"*'"4#.%*("%"(#*<+9*+,-# 8E# $-c*55*(,)X#.),<"''"'# 9E#.)"'"-<"#,6# <*)4$*<# )$'=# 6*<(,)'#
0KE00E#*-4#-,-*4!")"-<"#(,#<*)4$*<#.)"9"-+,-#*-4#()"*(5"-(#)"/$5"-'#0JE0d;#7"'.$("#(!"'"#

"i,)('E#$(#)"5*$-'#&-<")(*$-#3!$<!#,6#(!"'"#6*<(,)'E#$6#*-XE#<*-#"h.%*$-#(!"#)"%*+,-#I"(3""-#

cardiovascular disease, depression and mortality 0L.

\-# *%(")-*+9"#5"<!*-$'5# (!*(#5*X# .%*X# *# ),%"# $-# (!"# )"%*+,-# I"(3""-# 4".)"''$,-# *-4#

5,)(*%$(X# $'# (!"# .)"'"-<"# ,6# <")"I)*%# '5*%%V9"''"%# 4$'"*'"# :U8^7># 0M;# U8^7# $'# .*)+<&%*)%X#

<,55,-#$-#.*+"-('#3$(!#<*)4$,9*'<&%*)#4$'"*'"#0eE#*-4#$'#(!,&/!(#(,#)"'&%(#6),5#*)(")$,'<%"),+<#

<!*-/"'#(,#(!"#<")"I)*%#'5*%%#9*'<&%*(&)"E#%"*4$-/#(,#$'<!"5$*#*-4#<,-<,5$(*-(#$-<,5.%"("#

$-6*)<+,-#,)#-"<),'$'#01;#b-#I)*$-#5*/-"+<#)"',-*-<"#$5*/$-/#:T_W>E#U8^7#$'#<!*)*<(")$C"4#

IX#(!"#.)"'"-<"#,6#3!$("#5*`")#%"'$,-'#:ST]>#*-4#%*<&-*)#$-6*)<(';#

W-#%$-"#3$(!#<,55&-$(XVI*'"4#'(&4$"'#0NVJKE#3"#)"<"-(%X#4"5,-'()*("4#(!*(#ST]#*-4#%*<&-*)#

$-6*)<('#*)"# $-4"."-4"-(#)$'=#6*<(,)'#6,)#9*'<&%*)#*-4#-,-V9*'<&%*)#4"*(!# $-#.*+"-('#3$(!#

'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#J0;#@,#'(&4$"'#!,3"9")#4$)"<(%X#$-9"'+/*("4#3!"(!")#

ST]# *-4# %*<&-*)# $-6*)<('# $-c&"-<"# (!"# )"%*+,-# I"(3""-# 4".)"''$9"# 'X5.(,5'# *-4#

5,)(*%$(X;#\'#)"<"-(%X#'!,3-#22E#4".)"''$,-#$'#*'',<$*("4#3$(!#*-#$-<)"*'"4#.),/)"''$,-#,6#

U8^7E#'&//"'+-/#(!*(#*-#$-<)"*'"4#)$'=#,6#5,)(*%$(X#<,&%4#)"'&%(#*'#*#4$)"<(#<,-'"j&"-<"#,6#

U8^7;#\%(")-*+9"%XE#$-<)"*'$-/#"9$4"-<"#!*'#'&//"'("4#(!*(#U8^7#5$/!(#%"*4#(,#*-#$-<)"*'"4#

)$'=# ,6# 4".)"''$,-# 23E# (!),&/!# (!"# 4$')&.+,-# ,6# 5,,4V)"/&%*+-/# 6),-(*%V'&I<,)+<*%#

.*(!3*X'E#*'#.,'(&%*("4#IX#(!"#k9*'<&%*)#4".)"''$,-l#!X.,(!"'$'#JLEJM. ‘Vascular depression’ 

$'#(!,&/!(#(,#)".)"'"-(#*#&-$j&"#4$'"*'"#"-+(XE#3$(!#4$'+-<+9"#<%$-$<*%#<!*)*<(")$'+<'#*-4#*#

'&I'(*-+*%%X#.,,)")#.),/-,'$'#(!*-#-,-V9*'<&%*)#4".)"''$,-#26.

b&)#*$5#3*'#(,#"h*5$-"#3!"(!")#(!"#.)"'"-<"#,6#ST]#*-4#%*<&-*)#$-6*)<('#<,&%4#.%*X#*#),%"#

$-#(!"#)"%*+,-#I"(3""-#5,,4#.),I%"5'#*-4#(!"#)$'=#,6#4"*(!E#$-<%&4$-/#9*'<&%*)#*-4#-,-V

9*'<&%*)#4"*(!E#$-#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#S"#"h."<(#(!*(#*'#*#

)"'&%(#,6#(!"$)#!$/!#9*'<&%*)#I&)4"-E#(!"'"#.*+"-('#*)"#5,)"#9&%-")*I%"#6,)#(!"#.)"'"-<"#,6#

<")"I),9*'<&%*)#<!*-/"'#(!*-#(!"#/"-")*%#.,.&%*+,-;
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T*(")$*%'#*-4#5"(!,4'

B(*;0#8(-$+

7*(*#3")"#&'"4#6),5#(!"#8"<,-4#T*-$6"'(*+,-'#,6#\_ ")$*%#4$'"*'"VT*/-"+<#_"',-*-<"#

:8T\_ VT_>#'(&4XE#*#.),'."<+9"#<,!,)(#'(&4X#*$5"4#(,#$-9"'+/*("#I)*$-#<!*-/"'#,-#T_W#$-#

0dK2#$-4"."-4"-(%X#%$9$-/#.*+"-('E#-"3%X#)"6"))"4#(,#(!"#B-$9")'$(X#T"4$<*%#U"-(")#B()"<!(#

I"(3""-#T*X#JKK0#*-4#7"<"5I")#JKKM#3$(!#5*-$6"'(#.")$.!")*%#*)(")$*%#4$'"*'"E#<,),-*)X#

*)(")X# 4$'"*'"E# <")"I),9*'<&%*)# 4$'"*'"# ,)# *I4,5$-*%# *,)+<# *-"&)X'5# *-4# 3$(!,&(#T_#

<,-()*$-4$<*+,-';#7"(*$%'# ,6# (!"#4"'$/-# *-4#.*)+<$.*-('# !*9"#I""-#4"'<)$I"4# "%'"3!")"#
27;#7&)$-/#*#0V4*X#9$'$(#(,#,&)#5"4$<*%#<"-(")E#T_W#,6#(!"#I)*$-E#.!X'$<*%#"h*5$-*+,-E#I%,,4#

*-4#&)$-"# '*5.%$-/#3")"# .")6,)5"4;# _$'=# 6*<(,)'E#5"4$<*%# !$'(,)XE# *-4# 6&-<+,-$-/#3")"#

*''"''"4#3$(!#j&"'+,--*$)"';# !"#8T\_ VT_#'(&4X#3*'#*..),9"4#IX#(!"#"(!$<'#<,55$`""#

,6#,&)#$-'+(&+,-#*-4#3)$`"-#$-6,)5"4#<,-'"-(#3*'#,I(*$-"4#6),5#*%%#.*)+<$.*-(';#Z,)#(!"#

<&))"-(#'(&4XE#00L0#.*+"-('#3$(!#*9*$%*I%"#4*(*#,-#5,,4#.),I%"5'#3")"#$-<%&4"4E#I"<*&'"#

(!"#8ZVde#j&"'+,--*$)"#3*'#$-(),4&<"4#$-#G*-&*)X#JKKJ;

=117&8*134%'+

\(#I*'"%$-"E#.*+"-('#<,5.%"("4#(!"#8!,)(#Z,)5Vde#:8ZVde>#T"4$<*%#b&(<,5"'#8(&4X#Y"*%(!#

Survey 28;# !"#8ZVde#"-<,5.*''"'#de#$("5'#,)/*-$C"4#$-(,#"$/!(#!"*%(!#4$5"-'$,-'#,)#'<*%"'Q#

.!X'$<*%#6&-<+,-$-/E#),%"#%$5$(*+,-'#4&"#(,#.!X'$<*%#!"*%(!#.),I%"5'E#I,4$%X#.*$-E#/"-")*%#

!"*%(!#.")<".+,-E#9$(*%$(XE# ',<$*%# 6&-<+,-$-/E# ),%"# %$5$(*+,-'#4&"# (,#"5,+,-*%#.),I%"5'#

*-4#5"-(*%#!"*%(!;# !"#%*'(#6,&)#'<*%"'#3")"#*//)"/*("4#$-(,#*#T"-(*%#U,5.,-"-(#8&55*)X#

:TU8>#'<*%"E#3!$<!#3*'#.,'$+9"%X#'<,)"4#*-4#-,)5*%$C"4#(,#*#/"-")*% .,.&%*+,-#5"*-#,6#MK#

3$(!#'(*-4*)4#4"9$*+,-#,6#0KE#3$(!#%,3")#'<,)"'#$-4$<*+-/#%,3")#%"9"%'#,6#3"%%VI"$-/#29. The 

TU8#!*'#I""-#'!,3-#(,#I"#*#/,,4#$-4$<*(,)#,6#5,,4#.),I%"5'#I,(!#$-#/"-")*%#*-4#4$'"*'"4#

.,.&%*+,-'#30-32.

=(:-%;0&*%+1-(-0%&#'(:#-:&8*1$1014

T_# $-9"'+/*+,-'#3")"# .")6,)5"4#,-# *# 0;MV "'%*#3!,%"VI,4X# 'X'("5# :FX),'<*-#\U8V@ E#

P!$%$.'#T"4$<*%# 8X'("5'E# ["'(E# (!"#@"(!")%*-4'>;#  !"# .),(,<,%# <,-'$'("4# ,6# *# ()*-'9")'*%#

 0V3"$/!("4#/)*4$"-(V"<!,#'"j&"-<"# :)"."++,-#+5"#: _>n"<!,#+5"#: O>Q#JdMnJ#5'm#c$.#

*-/%"E#NKx>E#*#()*-'9")'*%# JV3"$/!("4#(&)I,#'.$-V"<!,#'"j&"-<"#: _n OQ#JJKKn00#5'#*-4#

JJKKn0KK#5'm#(&)I,#6*<(,)#0J>E#*#()*-'9")'*%# JV3"$/!("4#c&$4#*`"-&*+-/#$-9")'"#)"<,9")X#

:Z]\W_>#'"j&"-<"#: _n On$-9")'$,-#+5"#: W>Q#eKKKn0KKnJKKK#5'>#*-4#*#()*-'9")'*%#$-9")'$,-#

)"<,9")X#:W_>#'"j&"-<"#: _n On WQ#J2KKnJJnL0K#5'>#:D"%4#,6#9$"3#JdKhJdK#55m#5*()$h#'$C"E#

0NKhJMem#'%$<"#(!$<=-"''E#L;K#55m#-,#/*.m#dN#'%$<"'>;
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2.3

Q*(#-&+%:'%-$(;1-

S"# &'"4# (!"#  0V3"$/!("4# /)*4$"-(V"<!,E# W_# '"j&"-<"# *-4# Z]\W_# '"j&"-<"# 6,)# I)*$-#

'"/5"-(*+,-;# !"#.),I*I$%$'+<#'"/5"-(*+,-#("<!-$j&"#!*'#I""-#4"'<)$I"4#"%'"3!")"#ddEdL. 

 !"#'"/5"-(*+,-#.),/)*5#4$'+-/&$'!"'#/)*X#5*`")E#3!$("#5*`")E#'&%<*%#*-4#9"-()$<&%*)#

<")"I),'.$-*%#c&$4#:U8Z>E#*-4#%"'$,-';# !"#)"'&%('#,6#(!"#'"/5"-(*+,-#*-*%X'$'#3")"#9$'&*%%X#

<!"<="4#6,)#(!"#.)"'"-<"#,6#$-6*)<('#*-4#*4*.("4#$6#-"<"''*)X#(,#5*="#*#4$'+-<+,-#I"(3""-#

ST]#*-4#$-6*)<(#9,%&5"';# ,(*%#I)*$-#9,%&5"#3*'#<*%<&%*("4#IX#'&55$-/#(!"#9,%&5"'#,6#

/)*X#*-4#3!$("#5*`")#*-4E#$6#.)"'"-(E#(!"#9,%&5"'#,6#ST]#*-4#$-6*)<(';#\%%#9,%&5"'#<)*-$*%#

(,# (!"# 6,)*5"-#5*/-&5#3")"# $-<%&4"4;#\'#*# )"'&%(E# (!"# (,(*%#I)*$-#9,%&5"# $-<%&4"'# (!"#

<")"I)&5E# I)*$-'("5# *-4# <")"I"%%&5;#  ,(*%# $-()*<)*-$*%# 9,%&5"# :WU^># 3*'# <*%<&%*("4# IX#

'&55$-/#(!"#(,(*%#I)*$-#9,%&5"#*-4#(!"#9,%&5"'#,6#(!"#'&%<*%#*-4#9"-()$<&%*)#U8Z;

\-2(*0$+&(-7&U"#$%&'()%*&4%+#1-+

 !"# 3!,%"# I)*$-# 3*'# 9$'&*%%X# '"*)<!"4# 6,)# $-6*)<('# IX# *# ()*$-"4# $-9"'+/*(,)# *-4# *#

-"&),)*4$,%,/$'(;#_*(")'#3")"#I%$-4"4#(,#*%%#<%$-$<*%#$-6,)5*+,-;#7$'<)".*-<$"'#$-#)*+-/#3")"#

)"V"9*%&*("4#$-#*#<,-'"-'&'#5""+-/;#W-6*)<('#3")"#4"D-"4#*'#6,<*%#!X.")$-("-'$+"'#,-# JV

3"$/!("4#$5*/"'#,6#*(#%"*'(#d#55#$-#4$*5"(");#YX.")$-("-'$+"'#%,<*("4#$-#(!"#3!$("#5*`")#

*%',#!*4#(,#I"#!X.,$-("-'"#,-# 0V3"$/!("4#*-4#Z]\W_#$5*/"'#$-#,)4")#(,#4$'+-/&$'!#(!"5#

6),5#ST];#7$%*("4#.")$9*'<&%*)#'.*<"'#3")"#4$'+-/&$'!"4 6),5#$-6*)<('#,-#(!"#I*'$'#,6#(!"$)#

%,<*+,-E 6,)5E# *-4# (!"# *I'"-<"# ,6# /%$,'$';#  !"# %,<*+,-E# *i"<("4# c,3# ("))$(,)X# *-4# (X."#

3")"#'<,)"4#6,)#"9")X#$-6*)<(;#S"#4"D-"4#%*<&-*)#$-6*)<('#*'#$-6*)<('#'$C"4#d#(,#0M#55#$-#

4$*5"(")#*-4#%,<*("4#$-#(!"#'&I<,)+<*%#3!$("#5*`")E#(!*%*5&'E#I*'*%#/*-/%$*#,)#I)*$-'("5;#

ST]#9,%&5"'#,I(*$-"4#3$(!#(!"#'"/5"-(*+,-#.),/)*5#3")"#'&55"4#(,#,I(*$-#(,(*%#ST]#

9,%&5";#^,%&5"'#,6#ST]#3")"#-,)5*%$C"4#6,)#WU Ê#*-4#"h.)"''"4#*'#.")<"-(*/"#,6#WU ;̂

X/$01'%&(++%++'%-$

 !"#,&(<,5"#,6# $-(")"'(# 6,)# (!$'# '(&4X#3*'#4"*(!# 6),5#9*'<&%*)# <*&'"#,)#,(!");# P*+"-('#

3")"#'"-(#*#j&"'+,--*$)"#"9")X#'$h#5,-(!'#(,#.),9$4"#$-6,)5*+,-#,-#!,'.$(*%$C*+,-#*-4#

,&(.*+"-(#<%$-$<#9$'$(';#W6#6*5$%X#5"5I")'#)".,)("4#(!"#4"*(!#,6#*#.*+"-(E#,)$/$-*%#',&)<"#

4,<&5"-('#3")"# )"()$"9"4# *-4# )"9$"3"4# (,# 4"(")5$-"# (!"# 4*("# *-4# <*&'"# ,6# 4"*(!;# \%%#

"9"-('# 3")"# *&4$("4# $-4"."-4"-(%X# IX# (!)""# .!X'$<$*-'# ,6# (!"# O-4.,$-(# U,55$`"";#

P*+"-('#3")"#6,%%,3"4#&-+%#4"*(!#,)#)"6&'*%#,6#6&)(!")#.*)+<$.*+,-;#^*'<&%*)#4"*(!#3*'#

4"D-"4#*'#'&44"-#4"*(!#:&-"h."<("4#<*)4$*<#4"*(!#,<<&))$-/#3$(!$-#0#!,&)#*q")#,-'"(#,6#

'X5.(,5'E#,)#3$(!$-#JL#!,&)'#/$9"-#<,-9$-<$-/#<$)<&5'(*-+*%#"9$4"-<">m#4"*(!#6),5#'(),="E#

5X,<*)4$*%#$-6*)<+,-E#<,-/"'+9"#!"*)(#6*$%&)"E#,)#)&.(&)"#,6#*I4,5$-*%#*,)+<#*-"&)X'5m#,)#

9*'<&%*)#4"*(!#6),5#,(!")#<*&'"';#@,-V9*'<&%*)#4"*(!#3*'#4"D-"4#*'#6*(*%#5*%$/-*-<Xm#6*(*%#

$-6"<+,-m#-,-V-*(&)*%#4"*(!m#,)#-,-V9*'<&%*)#4"*(!#6),5#,(!")#<*&'"';
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X$"%*&6(*#(34%+

7&)$-/#(!"#9$'$(#(,#(!"#5"4$<*%#<"-(")E#*-#,9")-$/!(#6*'+-/#9"-,&'#I%,,4#'*5.%"#3*'#(*="-#

(,#4"(")5$-"#/%&<,'"#*-4#%$.$4#%"9"%';#Y"$/!(#*-4#3"$/!(#3")"#5"*'&)"4#3$(!,&(#'!,"'#*-4#

!"*9X#<%,(!$-/E#*-4#I,4X#5*''# $-4"h# :[TW>#3*'#<*%<&%*("4# :=/n52). Systolic and diastolic 

I%,,4#.)"''&)"'#:55#Y/>#3")"#5"*'&)"4#(3$<"#3$(!#*#'.!X/5,5*-,5"(")#*-4#*9")*/"4;#

YX.")("-'$,-#3*'#4"D-"4#*'#5"*-# 'X'(,%$<#I%,,4#.)"''&)"#z0eK#55#Y/E#5"*-#4$*'(,%$<#

I%,,4#.)"''&)"#z2M#55#Y/E#,)#'"%6V)".,)("4#*-+!X.")("-'$9"#4)&/#&'";#7$*I"("'#5"%%$(&'#

3*'#4"D-"4#*'#6*'+-/#/%&<,'"#z1;K#55,%n]E#,)#'"%6V)".,)("4#&'"#,6#,)*%#*-+4$*I"+<#4)&/'#

,)# $-'&%$-;# YX.")%$.$4"5$*# 3*'# 4"D-"4# *'# (,(*%# <!,%"'("),%# yM;K# 55,%n]E# %,3V4"-'$(X#

%$.,.),("$-#<!,%"'("),%#yd;J#55,%n]E#,)#'"%6V)".,)("4#&'"#,6#%$.$4#%,3")$-/#4)&/';#85,=$-/#

!*I$('E#*%<,!,%#$-(*="#*-4#*-+4".)"''*-(#&'"#3")"#*''"''"4#3$(!#j&"'+,--*$)"';#P*<=VX"*)'#

,6#'5,=$-/#3*'#<*%<&%*("4E#*-4#*%<,!,%#&'"#3*'#<*("/,)$C"4#$-(,#-"9")E#.*'(E#*-4#<&))"-(;#

P!X'$<*%#6&-<+,-$-/#3*'#*''"''"4#3$(!#(!"#P!X'$<*%#U,5.,-"-(#8&55*)X#'<*%"#,6#(!"#8ZVde#

j&"'+,--*$)"#29;#B%()*',-,/)*.!X#3*'#.")6,)5"4#(,#5"*'&)"#$-+5*V5"4$*#(!$<=-"''#:WT >#

:55>#$-#(!"#%"q#*-4#)$/!(#<,55,-#<*),+4#*)(")$"'#*'#*#5"*'&)"#,6#(!"#'"9")$(X#,6#'&I<%$-$<*%#

*(!"),'<%"),'$'E#*-4#3*'#)".)"'"-("4#IX#(!"#5"*-#9*%&"#,6#'$h#5"*'&)"5"-(';

@$/7N&+('84%

b6#(!"#00L0#.*+"-('#$-<%&4"4E#d0#3")"#"h<%&4"4#4&"#(,#5$''$-/#T_W#4*(*#:$))"()$"9*I%"#T_W#

4*(*#:-w02>E#5$''$-/#Z]\W_#$5*/"'#:-w0J>>E#%"*9$-/#000K#.*+"-('#6,)#*-*%X'$';

A($(&(-(4N+#+

S"#&'"4#5&%+.%"#$5.&(*+,-#35#:0K#4*(*'"('>#(,#*44)"''#(!"#5$''$-/#I*'"%$-"#9*%&"'#$-#(!"#

'(&4X#'*5.%"#,6#000K#.*+"-('E#&'$-/#(!"#'(*+'+<*%#.),/)*55"#_#:\)"/W5.&(">;#7*(*#3")"#

*-*%XC"4#&'$-/#8P88#9")'$,-#01;K#:U!$<*/,E#W]E#B8\>E#IX#.,,%$-/#(!"#0K#$5.&("4#4*(*'"(';#

 !"#+5"#I"(3""-#4*("#,6#T_WV'<*-#&-+%#4"*(!E# %,''# (,# 6,%%,3V&.#,)#"-4#,6# 6,%%,3V&.# $-#

T*)<!#JK0KE#3!$<!"9")#<*5"#D)'(E#3*'#<*%<&%*("4#(,#"'(*I%$'!#(!"#6,%%,3V&.#+5";#B-$9*)$*("#

*-*%X'"'#3")"# &'"4# (,# <,5.*)"# I*'"%$-"# <!*)*<(")$'+<'# I"(3""-# .*+"-('# $-# (!"# %,3"'(#

j&*)+%"# ,6#TU8# '<,)"E# )".)"'"-+-/#5,'(# '"9")"#5,,4#.),I%"5'E# *-4# (!"# (!)""#!$/!"'(#

j&*)+%"';

U,h# .),.,)+,-*%# !*C*)4# *-*%X'$'# 3*'# &'"4# (,# "'+5*(" !*C*)4# )*+,'# :Y_'># *-4# 2Mf#

<,-D4"-<"#$-(")9*%'#:UW'>#6,)#*'',<$*+,-'#,6#5,,4#.),I%"5'#3$(!#*%%V<*&'"#5,)(*%$(X;#T,,4#

.),I%"5'# 3")"# *-*%XC"4# *'# *# <*("/,)$<*%# 9*)$*I%"# :%,3"'(# j&*)+%"# :gLd;0># 9';# (!"# (!)""#

!$/!"'(#j&*)+%"'#,6#TU8#'<,)">E#*-4#*'#*#<,-+-&,&'#9*)$*I%"#(,#$-<)"*'"#.)"<$'$,-#:.")#87#

4"<)"*'"#$-#TU8#'<,)">;#\'',<$*+,-'#3")"#*4A&'("4#6,)#*/"#*-4#'"h#$-#5,4"%#0;#W-#5,4"%#

JE#3"#*44$+,-*%%X#*4A&'("4# 6,)# '5,=$-/E#*%<,!,%#&'"E#[TWE#!X.")%$.$4"5$*E#!X.")("-'$,-E#

4$*I"("'#5"%%$(&'E#WT #*-4#.!X'$<*%#6&-<+,-$-/E#I"<*&'"#$(#$'#-,(#<%"*)#(,#3!*(#"h("-(#(!"'"#
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2.3

6*<(,)'#*)"#<,-6,&-4")'#,)#.)"<"4$-/#6*<(,)'#$-#(!"#.*(!3*X#I"(3""-#5,,4#.),I%"5'#*-4#

5,)(*%$(XE#,)#I,(!;#S"#*44$+,-*%%X#*4A&'("4#6,)#*-+4".)"''*-(#&'"#*-4#.)"'"-<"#,6#<,)+<*%#

,)#%*)/"#'&I<,)+<*%#$-6*)<('#,-#T_W#$-#5,4"%#J;#W-#*44$+,-*%#*-*%X'"'E#3"#$-9"'+/*("4#(!"#

"i"<(#,6#5,,4#.),I%"5'#,-#5,)(*%$(X#6),5#9*'<&%*)#*-4#-,-V9*'<&%*)#4"*(!#'".*)*("%X;#

 ,#$-9"'+/*("#3!"(!")#U8^7#<,&%4#I"#*-#$-(")5"4$*("#,)#<,-6,&-4$-/#6*<(,)#$-#(!"#.*(!3*X#

I"(3""-#5,,4#.),I%"5'#*-4#5,)(*%$(XE#3"#*44$+,-*%%X#*4A&'("4#6,)#(,(*%#ST]#9,%&5"#:f#

,6#WU^>#*-4#(!"#.)"'"-<"#,6#%*<&-*)#$-6*)<('#$-#5,4"%#d;

W-# *44$+,-E# 3"# $-9"'+/*("4# 3!"(!")# (!"# *'',<$*+,-# ,6# 5,,4# .),I%"5'# 3$(!# *%%V<*&'"#

5,)(*%$(X# 3*'# 5,4$D"4# IX# U8^7# IX# *44$-/# $-(")*<+,-# (")5'# :5,,4# .),I%"5'�%*<&-*)#

$-6*)<('m# 5,,4# .),I%"5'�ST]># (,# 5,4"%# d;# W6# *# '$/-$D<*-(# $-(")*<+,-# 3*'# 6,&-4E# (!"#

*-*%X'"'# 3")"# )"."*("4# 3$(!$-# '()*(*# ,6# %*<&-*)# $-6*)<('# :.)"'"-(# 9';# *I'"-(># *-4#ST]#

9,%&5"# :!$/!"'(# j&*)+%"# 9';# (!"# (!)""# %,3"'(# j&*)+%"'>;# W-# *44$+,-E# <&5&%*+9"# !*C*)4#

<&)9"'# 6,)# *%%V<*&'"# 4"*(!# 3")"# <*%<&%*("4# 6,)# <,5I$-"4# <*("/,)$"'# ,6# 5,,4# .),I%"5'#

:%,3"'(#j&*)+%"#,6#TU8#'<,)"#9';#(!)""#!$/!"'(#j&*)+%"'>#*-4#%*<&-*)#$-6*)<('#:.)"'"-(#9';#

*I'"-(>E#*-4#6,)#<,5I$-"4#<*("/,)$"'#,6#5,,4#.),I%"5'#:%,3"'(#j&*)+%"#,6#TU8#'<,)"#9';#

(!)""#!$/!"'(#j&*)+%"'>#*-4#ST]#9,%&5"#:!$/!"'(#j&*)+%"#9';#(!)""#%,3"'(#j&*)+%"'>;# !"#

.),.,)+,-*%#!*C*)4'#*''&5.+,-#3*'#'*+'D"4#,-#(!"#I*'$'#,6#%,/V5$-&'V%,/#'&)9$9*%#.%,(';

\'#D-*%#'(".E#3"#"h*5$-"4#3!"(!")#(!"#$-c&"-<"#,6#%*<&-*)#$-6*)<('#,-#(!"#)"%*+,-#I"(3""-#

5,,4#.),I%"5'#*-4#5,)(*%$(X#4"."-4"4#,-#(!"#-&5I")#,6#%*<&-*)#$-6*)<('#:KE#0E#zJ>;

[%+/4$+

\(#I*'"%$-"E#5"*-#*/"#3*'#M2v0K#X"*)'#*-4#1Nf#,6#(!"#'*5.%"#3*'#5*%"#:(*I%"#0>;#T"*-#

TU8#'<,)"#3*'#MJ#:0Kth-90th#.")<"-+%"E#dLVe0>;#W-#(,(*%E#0K1#.*+"-('#4$"4E#,6#3!,5#MJ#,6#

9*'<&%*)#<*&'"E#4&)$-/#*#5"4$*-#6,%%,3V&.#+5"#,6#e;K#:)*-/"#K;JVN;1>#X"*)';# !"#<*&'"#,6#

4"*(!#3*'#X"(#&-4"D-"4#6,)#,-"#.*+"-(;#U,5.*)"4#(,#.*+"-('#$-#(!"#(!)""#!$/!"'(#j&*)+%"'#

,6#TU8#'<,)"E#.*+"-('# $-# (!"# %,3"'(#j&*)+%"E# )".)"'"-+-/#5,'(#'"9")"#5,,4#.),I%"5'E#

3")"#X,&-/")#:5"*-E#Me;N#9';#M2;0#X"*)'>#*-4#5,)"#,q"-#6"5*%"#:JNf#9';#02f>E#3$(!#%"''#

<&))"-(#*%<,!,%#&'"#:eNf#9';#11f>E#5,)"#*-+4".)"''*-(#&'"#:0Kf#9';#Lf>#*-4#%,3")#.!X'$<*%#

6&-<+,-$-/#:5"4$*-E#d2#9';#LJ>E#5,)"#,q"-#<")"I),9*'<&%*)#4$'"*'"#:J2f#9';#J0f>#*-4#%"''#

,q"-#<,),-*)X#*)(")X#4$'"*'"#:MLf#9';#eJf>#*(#$-<%&'$,-#:(*I%"#0>;

P*+"-('# $-# (!"# %,3"'(# j&*)+%"#,6#TU8# '<,)"E# )".)"'"-+-/#5,'(# '"9")"#5,,4#.),I%"5'E#

3")"#*(#!$/!")E#*%(!,&/!#-,(#'(*+'+<*%%X#'$/-$D<*-(E#)$'=#,6#5,)(*%$(X#:Y_w0;L1E#2Mf#UW#K;2LV

J;dKE#.wK;K2>#<,5.*)"4#(,#.*+"-('#$-#!$/!"'(#j&*)+%"'#:(*I%"#J>;#b-"#87#4"<)"*'"#$-#TU8#

'<,)"#3*'#*'',<$*("4#3$(!#*#0;0L#+5"'#$-<)"*'"4#)$'=#:2Mf#UW#K;2dV0;LKE#.wK;JK>#,6#5,)(*%$(X#
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:(*I%"#J>;#S!"-#<*&'"#,6#4"*(!#3*'#4$'+-/&$'!"4E#.*+"-('# $-#(!"# %,3"'(#j&*)+%"#,6#TU8#

'<,)"#'!,3"4#*#'$5$%*)#$-<)"*'"#$-#(!"#)$'=#,6#9*'<&%*)#:Y_w0;LeE#2Mf#UW#K;1eVJ;NJE#.wK;Je>#

*-4#-,-V9*'<&%*)#4"*(!#:Y_w0;MME#2Mf#UW#K;NdVJ;NNE#.wK;01>#<,5.*)"4#(,#.*+"-('#$-#!$/!"'(#

j&*)+%"';#8$5$%*)#*'',<$*+,-'#3")"#6,&-4#6,)#,-"#87#4"<)"*'"#$-#TU8#'<,)"#:(*I%"#J>;

,(34%&E&[*'"%$-"#<!*)*<(")$'+<'#,6#(!"#8T\_ VT_#'(&4X

,1$(4&+('84%&

]-^EEEV_

K1U%+$&Z/(*;4%&12&

=D@&+01*% ]-^GFL_

,"*%%&"#:"%+$&

Z/(*;4%+&12&=D@&

+01*%&]-^LIG_

B56(4/%

\/"¥ (years) M2#v#0K M1#v#0K M2#v#0K gK;K0

T*%"#/"-4")#:f> 869 (78) 022#:1J> e1K#:N0> gK;K0

],<*+,-#,6#'X5.(,5*+<#

*(!"),'<%"),+<#4$'"*'"£#:f>Q

- Coronary artery disease 663 (60) 0MK#:ML> M0d#:eJ> 0.03

- U")"I),9*'<&%*)#4$'"*'" 252 (23) N0#:J2> 010#:J0> gK;K0

- Peripheral arterial disease JLJ#:JJ> Md#:02> 0N2#:Jd> K;JL

- \I4,5$-*%#*,)+<#*-"&)X'5 20#:N> 20 (7) 10#:2> 0.53

85,=$-/† (pack-years) 02#:KVMK> 22 (0-53) 0N#:KVL2> K;00

[,4X#5*''#$-4"h¥#:=/n52) J1#v#d;N J1#v#d;2 J1#v#d;N 0.33

Alcohol use

- Never 012#:0e> Md#:02> 0J1#:0M> K;K0

- Past 0Kd#:2> d1#:0d> 66 (8)

- Current 828 (75) 0NN#:eN> eLK#:11>

YX.")("-'$,-#:f> eKd#:ML> 0MJ#:MM> LM0#:ML> 0.95

7$*I"("'#5"%%$(&'#:f> JdK#:J0> eM#:JL> 0eL#:JK> 0.20

YX.")%$.$4"5$*#:f> 865 (78) J0L#:11> eM0#:1N> 0.68

W-+5*#5"4$*#(!$<=-"''† (mm) K;2#:K;1V0;L> K;2#:K;1V0;J> K;2#:K;1V0;d> 0.30

Intracranial volume¥ (mL) 0LM1#v#0dK 0LMK#v#0JN 0LeK#v#0dK 0.23

\I',%&("#(,(*%#ST]#9,%&5"† (mL) 0;e#:K;MVN;1> 0;e#:K;MV2;0> 0;M#:K;LVN;L> K;dL

P)"'"-<"#,6#%*<&-*)#$-6*)<('#:f> JK2#:02> Md#:02> 0Me#:02> 0.93

P)"'"-<"#,6#<,)+<*%#,)#%*)/"#

'&I<,)+<*%#$-6*)<('#:f>
0dM#:0J> d2#:0L> 2e#:0J> 0.29

P!X'$<*%#6&-<+,-$-/† L0#:JeVMM> 39 (28-52) LJ#:JMVMe> K;K0

\-+4".)"''*-(#&'"#:f> 57 (5) J1#:0K> dK#:L> gK;K0

£# !"#4$i")"-(#/),&.'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#4,#-,(#*44#&.#(,#(!"#(,(*%#'(&4X#'*5.%"#,6#000KE#

I"<*&'"#9*)$,&'#%,<*+,-'#,6#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#<*-#,<<&)#3$(!$-#,-"#.*+"-(;

ST]E#S!$("#5*`")#%"'$,-
¥ T"*-#v#87
†#T"4$*-E#:0Kth-90th#.")<"-+%">

P")<"-(*/"# ,6# 5$''$-/# 9*%&"'# I"6,)"# $5.&(*+,-Q# !X.")%$.$4"5$*Q# 0;KfE# $-()*<)*-$*%# *-4# ST]# 9,%&5"Q# d;MfE#

.!X'$<*%#6&-<+,-$-/Q#M;1fE#*%%#,(!")#9*)$*I%"'Q#K;K#f
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2.3

D%*%3*(4&+'(4456%++%4&7#+%(+%&(+&#-$%*'%7#($%&1*&01-21/-7#-:&2(0$1*

\44$+,-*%#*4A&'(5"-(# 6,)#ST]#9,%&5"#*-4# %*<&-*)# $-6*)<('#4$4#-,(#*`"-&*("#(!"#"i"<(#

"'+5*("'#,6#(!"#)"%*+,-#I"(3""-#5,,4#.),I%"5'#*-4#*%%V<*&'"#5,)(*%$(X#:(*I%"#J>;#\%',E#

3!"-#(!"#)$'=#,6#5,)(*%$(X#6),5#9*'<&%*)#*-4#-,-V9*'<&%*)#<*&'"'#,6#4"*(!#3*'#4$'+-/&$'!"4E#

-,#'&I'(*-+*%#<!*-/"'#$-#(!"#"i"<(#"'+5*("'#3")"#6,&-4#:(*I%"#J>;

,(34%& G& U,h# .),.,)+,-*%# !*C*)4# 5,4"%'# ,6# (!"# )"%*+,-'!$.# I"(3""-# 5,,4# .),I%"5'# *-4# 4"*(!#

:-w000K>

Y*C*)4#_*+,#:2Mf#UW>

@,;#,6

deaths

@,;#,6#

person 

years
T,4"%#0 T,4"%#J T,4"%#d

=117&8*134%'+& 

Dichotomous (n=278)£

All-cause death

Vascular death

Non-vascular death

28

0d

0M

0ede

0ede

0ede

0;d1#:K;N2#�#J;0d>

0;dJ#:K;1K#�#J;L2>

0;LL#:K;12#�#J;eL>

0;L1#:K;2L#�#J;dK>

0;Le#:K;1e#�#J;NJ>

0;MM#:K;Nd#�#J;NN>

0;LM#:K;2J#�#J;JN>

0;MK#:K;11#�#J;2d>

0;M0#:K;N0#�#J;Nd>

!"#$#%"%&'(#)***+,†

All-cause death 

Vascular death

Non-vascular death

0K1

52

ML

6607

6607

6607

0;0K#:K;2K#�#0;dL>

0;KM#:K;1N#�#0;LK>

0;0M#:K;N1#�#0;MJ>

0;0L#:K;2d#�#0;LK>

0;K2#:K;N0#�#0;L1>

0;J0#:K;20#�#0;e0>

0;0M#:K;2L#�#0;LJ>

0;0J#:K;Nd#�#0;M1>

0;J0#:K;20#�#0;e0>

UWE#U,-D4"-<"# $-(")9*%m#87E#8(*-4*)4#4"9$*+,-m#TU8E#T"-(*%#<,5.,-"-(#'&55*)Xm#ST]E#S!$("#5*`")# %"'$,-m#

ICV, Intracranial volume
£#],3"'(#j&*)+%"#:gLd;0>#9';#(!)""#!$/!"'(#j&*)+%"'#,6#TU8#'<,)"
†#P")#87#4"<)"*'"#$-#TU8#'<,)"

T,4"%#0Q#*4A&'("4#6,)#*/"#*-4#'"h

T,4"%#JQ#*44$+,-*%%X#*4A&'("4#6,)#!X.")("-'$,-E#4$*I"("'#5"%%$(&'E#I,4X#5*''#$-4"hE#'5,=$-/#:.*<=VX"*)'>E#*%<,!,%#

<,-'&5.+,-E#$-+5*#5"4$*#(!$<=-"''E#.!X'$<*%#6&-<+,-$-/E#*-+4".)"''*-(#&'"#*-4#$-6*)<('#,-#T_W

T,4"%#dQ#*44$+,-*%%X#*4A&'("4#6,)#(,(*%#ST]#9,%&5"#:f#,6#WU^>#*-4#.)"'"-<"#,6#%*<&-*)#$-6*)<('

=17#O0(;1-&3N&0%*%3*(4&+'(4456%++%4&7#+%(+%

 !"#.)"'"-<"#,6#%*<&-*)#$-6*)<('#5,4$D"4#(!"#*'',<$*+,-#,6#5,,4#.),I%"5'#3$(!#5,)(*%$(X#

:5,,4#.),I%"5'#4$<!,(,5,&'�%*<&-*)#$-6*)<('#.wK;K0E#5,,4#.),I%"5'#<,-+-&,&'�%*<&-*)#

$-6*)<('#.wK;KJ>;#S$(!$-#.*+"-('#3$(!#%*<&-*)#$-6*)<('E#.*+"-('#$-#(!"#%,3"'(#j&*)+%"#,6#TU8#

'<,)"E#)".)"'"-+-/#5,'(#'"9")"#5,,4#.),I%"5'E#3")"#*(#'(),-/%X#$-<)"*'"4#)$'=#,6#*%%V<*&'"#

5,)(*%$(X# :Y_wJ;1ME#2Mf#UW#0;L0VM;dNE#.wK;K0># <,5.*)"4# (,# (!,'"# $-#!$/!"'(#j&*)+%"'#,6#

5,,4#.),I%"5'#:(*I%"#d>;#\%',E#,-"#87#4"<)"*'"#$-#TU8#'<,)"#$-<)"*'"4#(!"#)$'=#,6#*%%V<*&'"#

5,)(*%$(X# :(*I%"# d>;#S!"-# <*&'"#,6# 4"*(!#3*'#4$'+-/&$'!"4E# '$5$%*)# $-<)"*'"'# $-# (!"# )$'=#

,6#9*'<&%*)#*-4#-,-V9*'<&%*)#4"*(!#3")"#6,&-4#.")#87#4"<)"*'"#$-#TU8#'<,)"#:(*I%"#d>;#W-#

.*+"-('#3$(!,&(# %*<&-*)# $-6*)<('E# .*+"-('# $-# (!"# %,3"'(# j&*)+%"#,6#TU8# '<,)"#3")"#-,(#

*(# $-<)"*'"4#)$'=#,6#*%%V<*&'"#5,)(*%$(X# :Y_wK;1NE#2Mf#UW#K;d2V0;M1E#.wK;MK>#<,5.*)"4#(,#

.*+"-('#$-#!$/!"'(#j&*)+%"'E#-,)#3*'#,-"#87#4"<)"*'"#$-#TU8#'<,)"#*'',<$*("4#3$(!#(!"#)$'=#
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,6#*%%V<*&'"#,)#<*&'"V'."<$D<#4"*(!#:(*I%"#d>;#S!"-#<,5I$-"4#<*("/,)$"'#,6#5,,4#.),I%"5'#

*-4#%*<&-*)#$-6*)<('#3")"#4$'+-/&$'!"4E#.*+"-('#3$(!#*#<,5I$-*+,-#,6#%,3"'(#j&*)+%"#,6#

TU8#'<,)"E#)".)"'"-+-/#5,'(#'"9")"#5,,4#.),I%"5'E#*-4#%*<&-*)#$-6*)<('#3")"#*(#'(),-/%X#

$-<)"*'"4#)$'=#,6#*%%V<*&'"#5,)(*%$(X#:Y_wd;21E#2Mf#UW#J;0NV1;JJ>#<,5.*)"4#(,#.*+"-('# $-#

!$/!"'(#j&*)+%"'#,6#TU8#'<,)"#*-4#-,#%*<&-*)#$-6*)<('#:D/&)"#0*>;

,(34%&I&U,h#.),.,)+,-*%#!*C*)4#5,4"%'#,6# (!"#)"%*+,-'!$.#I"(3""-#5,,4#.),I%"5'#*-4#4"*(!# $-#

.*+"-('#3$(!#:-wJK2>#*-4#3$(!,&(#%*<&-*)#$-6*)<('#:-w2K0>

Y*C*)4#_*+,#:2Mf#UW>

@,;#,6

deaths

N,;#,6
person

years
T,4"%#0 T,4"%#J T,4"%#d

K(0/-(*&#-2(*0$+&8*%+%-$&]-^GVM_

=117&8*134%'+& 

Dichotomous (n=53)£

All-cause death‡ 0N 258 J;1J#:0;L2#�#L;21> J;1M#:0;L0#�#M;dN> J;ee#:0;dM#�#M;JL>

!"#$#%"%&'(#)-+.,†

All-cause death

Vascular death

Non-vascular death

L1

27

20

00eJ

00eJ

00eJ

0;MK#:0;00#�#J;KJ>

0;de#:K;2K#�#J;KM>

0;eN#:0;K1#�#J;ed>

0;Md#:0;0K#�#J;0d>

0;eK#:0;K0#�#J;ML>

0;eL#:0;KK#�#J;e2>

0;MJ#:0;K2#�#J;00>

0;eM#:0;KL#�#J;ed>

0;eL#:K;22#�#J;1L>

K(0/-(*&#-2(*0$+&(3+%-$&]-^MVE_

=117&8*134%'+& 

Dichotomous (n=225)£

All-cause death‡ 0K 0d1N K;1d#:K;d1#�#0;LL> K;1N#:K;d2#�#0;M1> K;12#:K;d2#�#0;MN>

!"#$#%"%&'(#).+*,†

All-cause death

Vascular death

Non-vascular death

60

25

dL

MLLM

MLLM

MLLM

K;NN#:K;ee#�#0;01>

K;NK#:K;Md#�#0;J0>

K;2d#:K;eL#�#0;dM>

K;2L#:K;10#�#0;JM>

K;NM#:K;MM#�#0;dd>

0;KJ#:K;1K#�#0;LN>

K;2e#:K;1J#�#0;J1>

K;Ne#:K;MM#�#0;dM>

0;KL#:K;1J#�#0;MJ>

UWE#U,-D4"-<"# $-(")9*%m#87E#8(*-4*)4#4"9$*+,-m#TU8E#T"-(*%#<,5.,-"-(#'&55*)Xm#ST]E#S!$("#5*`")# %"'$,-m#

ICV, Intracranial volume
£#],3"'(#j&*)+%"#:gLd;0>#9';#(!)""#!$/!"'(#j&*)+%"'#,6#TU8#'<,)"
†#P")#87#4"<)"*'"#$-#TU8#'<,)"
‡#["<*&'"#,6# (!"# %,3#-&5I")#,6#"9"-('# $-#4$i")"-(# '()*(*#,6# %*<&-*)# $-6*)<('E#3"#,-%X#*''"''"4#*'',<$*+,-'#,6#

4$<!,(,5$C"4#TU8#'<,)"#3$(!#*%%V<*&'"#4"*(!

T,4"%#0Q#*4A&'("4#6,)#*/"#*-4#'"h

T,4"%#JQ#*44$+,-*%%X#*4A&'("4#6,)#!X.")("-'$,-E#4$*I"("'#5"%%$(&'E#I,4X#5*''#$-4"hE#'5,=$-/#:.*<=VX"*)'>E#*%<,!,%#

<,-'&5.+,-E#$-+5*#5"4$*#(!$<=-"''E#.!X'$<*%#6&-<+,-$-/E#*-+4".)"''*-(#&'"#*-4#%*)/"#$-6*)<('#,-#T_W

T,4"%#dQ#*44$+,-*%%X#*4A&'("4#6,)#(,(*%#ST]#9,%&5"#:f#,6#WU^>

 !"#*'',<$*+,-#,6#5,,4#.),I%"5'#3$(!#5,)(*%$(X#3*'#-,(#5,4$D"4#IX#ST]#9,%&5"#:5,,4#

.),I%"5'#4$<!,(,5,&'�ST]#.wK;1JE#5,,4#.),I%"5'#<,-+-&,&'�ST]#.wK;LN>E#(!")"6,)"#

3"#4$4#-,(#)"."*(#(!"#*-*%X'$'#,6#5,,4#.),I%"5'#*-4#5,)(*%$(X#$-#'()*(*#,6#ST]#9,%&5";#

U&5&%*+9"#!*C*)4#<&)9"'#'!,3"4#(!*(#(!"#<,5I$-"4#"i"<(#,6#%,3"'(#j&*)+%"#,6#TU8#'<,)"E#

)".)"'"-+-/#5,'(#'"9")"#5,,4#.),I%"5'E#*-4#!$/!"'(#j&*)+%"#,6#ST]#9,%&5"#,-#*%%V<*&'"#
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2.3

5,)(*%$(X#:Y_wJ;LKE#2Mf#UW#0;dKVL;Ld>#3*'#<,5.*)*I%"#(,#(!"#'&5#,6#(!"#$-4$9$4&*%#"i"<('#

,6#%,3"'(#j&*)+%"#,6#TU8#'<,)"#*-4#!$/!"'(#j&*)+%"#,6#ST]#9,%&5"#,-#*%%V<*&'"#5,)(*%$(X#

:D/&)"#0I>;

S!"-# -&5I")# ,6# %*<&-*)# $-6*)<('# 3*'# 4$'+-/&$'!"4E# *4A&'(5"-(# 6,)# ,-"# %*<&-*)# $-6*)<(#

:-w2M># *-4# zJ# %*<&-*)# $-6*)<('# :-w00L># 4$4# -,(# *`"-&*("# (!"# "i"<(# "'+5*("'# ,6# (!"#

*'',<$*+,-#,6#5,,4#.),I%"5'#3$(!#*%%V<*&'"#5,)(*%$(XE#,)#3$(!#9*'<&%*)#*-4#-,-V9*'<&%*)#

<*&'"'#,6#4"*(!#:4*(*#-,(#'!,3->;# !"#.)"'"-<"#,6#,-"#%*<&-*)#$-6*)<(#*'#3"%%#*'#zJ#%*<&-*)#

$-6*)<('#I,(!#5,4$D"4#(!"#*'',<$*+,-#,6#5,,4#.),I%"5'#3$(!#5,)(*%$(X#:5,,4#.),I%"5'#

4$<!,(,5,&'�,-"# %*<&-*)# $-6*)<(# .wK;KJE# 5,,4# .),I%"5'# <,-+-&,&'�,-"# %*<&-*)#

$-6*)<(#.wK;KJm#5,,4#.),I%"5'#4$<!,(,5,&'�zJ# %*<&-*)# $-6*)<('#.wK;KJE#5,,4#.),I%"5'#

<,-+-&,&'�zJ# %*<&-*)# $-6*)<('#.wK;0L>;# !"# $-<)"*'"# $-#(!"#)$'=#,6#*%%V<*&'"#5,)(*%$(X#6,)#

.*+"-('# $-# (!"# %,3"'(#j&*)+%"#,6#TU8#'<,)"E#<,5.*)"4#(,#(!,'"# $-#!$/!")#j&*)+%"'E#3*'#

'%$/!(%X#%*)/")#$-#.*+"-('#3$(!#,-"#%*<&-*)#$-6*)<(#:Y_wd;0LE#2Mf#UW#0;JNV1;e2>#(!*-#$-#(!,'"#

3$(!#zJ#%*<&-*)#$-6*)<('#:Y_wJ;eLE#2Mf#UW#0;0MVe;K1>#$-#5,4"%#0;

`#:/*%&E(&U&5&%*+9"#!*C*)4#<&)9"# $%%&'()*+-/#(!"#<&5&%*+9"#'&)9$9*%# :f># 6,)#<,5I$-"4#<*("/,)$"'#

,6#T"-(*%#U,5.,-"-(#8&55*)X#:TU8>#'<,)"#:%,3"'(#j&*)+%"#9';#(!)""#!$/!"'(#j&*)+%"'>#*-4#%*<&-*)#

$-6*)<('# :.)"'"-(# 9';# *I'"-(>E# *4A&'("4# 6,)# */"E# '"hE# !X.")("-'$,-E# 4$*I"("'# 5"%%$(&'E# I,4X# 5*''#

$-4"hE# '5,=$-/# :.*<=VX"*)'>E# *%<,!,%# <,-'&5.+,-E# $-+5*# 5"4$*# (!$<=-"''E# .!X'$<*%# 6&-<+,-$-/E#

*-+4".)"''*-(#&'"E#%*)/"#$-6*)<('#,-#T_W#*-4#3!$("#5*`")#%"'$,-#9,%&5";
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`#:/*%&E3&U&5&%*+9"#!*C*)4#<&)9"# $%%&'()*+-/#(!"#<&5&%*+9"#'&)9$9*%# :f># 6,)#<,5I$-"4#<*("/,)$"'#

,6#T"-(*%#U,5.,-"-(#8&55*)X#:TU8>#'<,)"#:%,3"'(#j&*)+%"#9';#(!)""#!$/!"'(#j&*)+%"'>#*-4#3!$("#

5*`")# %"'$,-# :ST]># 9,%&5"# :!$/!"'(# j&*)+%"# 9';# (!)""# %,3")# j&*)+%"'>E# *4A&'("4# 6,)# */"E# '"hE#

!X.")("-'$,-E#4$*I"("'#5"%%$(&'E#I,4X#5*''#$-4"hE#'5,=$-/#:.*<=VX"*)'>E#*%<,!,%#<,-'&5.+,-E#$-+5*#

5"4$*#(!$<=-"''E#.!X'$<*%#6&-<+,-$-/E#*-+4".)"''*-(#&'"#*-4#$-6*)<('#,-#T_W;

7$'<&''$,-

W-#(!$'#<,!,)(#,6#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#5,,4#.),I%"5'#'(),-/%X#

$-<)"*'"4# (!"# )$'=#,6#5,)(*%$(X# $-#.*+"-('#3$(!# %*<&-*)# $-6*)<('#I&(#-,(# $-# (!,'"#3$(!,&(#

%*<&-*)# $-6*)<(';#  !$'# *'',<$*+,-# 3*'# $-4"."-4"-(# ,6# */"E# '"hE# <%$-$<*%# *-4# '&I<%$-$<*%#

*(!"),'<%"),'$'E#.!X'$<*%#6&-<+,-$-/E#*-+4".)"''*-(#&'"#*-4#<,-<&))"-(#T_W#%"'$,-';

P)"9$,&'#'(&4$"'#"h*5$-$-/#(!"#*'',<$*+,-#,6#4".)"''$,-#3$(!#)$'=#,6#5,)(*%$(XE#$-9"'+/*("4#

9*)$,&'#.,("-+*%#&-4")%X$-/#5"<!*-$'5'#IX#3!$<!#4".)"''$,-#5*X#%"*4#(,#*-#$-<)"*'"4#)$'=#

,6#5,)(*%$(X#0L;#7"'.$("#(!"#%*)/"#-&5I")#,6#<*-4$4*("#5"<!*-$'5'E#$-<%&4$-/#*-+4".)"''*-(#

<*)4$,(,h$<$(XE#9*'<&%*)#)$'=#6*<(,)'#0KE00E#-,-*4!")"-<"#(,#<*)4$*<#.)"9"-+,-#*-4#()"*(5"-(#

)"/$5"-'#0JE0dE#%,3")#!"*)(#)*("#9*)$*I$%$(X#7E#$-<)"*'"4#.%*("%"(#*//)"/*+,-#8#*-4#$-c*55*(,)X#

processes 9E#$(#)"5*$-'#&-=-,3-#3!$<!#,6#(!"'"E#$6#*-XE#<*-#"h.%*$-#(!$'#)"%*+,-#0L.

 ,#,&)#=-,3%"4/"E#3"#*)"#(!"#D)'(#(,#$-9"'+/*("#(!"#),%"#,6#U8^7#$-#(!"#)"%*+,-#I"(3""-#

5,,4#.),I%"5'#*-4#5,)(*%$(X#$-#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#_"<"-(%XE#

3"#6,&-4#(!*(#ST]#*-4#%*<&-*)#$-6*)<('#$-<)"*'"4#)$'=#,6#4"*(!#$-#(!$'#.,.&%*+,-#J0, and in 

(!"#.)"'"-(#'(&4X#3"#,I'")9"4#(!*(#(!"#<,5I$-*+,-#,6#5,,4#.),I%"5'#*-4#%*<&-*)#$-6*)<('#
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<,-()$I&("'# (,# *-# "9"-# /)"*(")# )$'=# ,6# 4"*(!;# \%(!,&/!# (!"# "i"<(# ,6# %*<&-*)# $-6*)<('# ,-#

<,/-$+9"#6&-<+,-$-/#!*'#I""-#6,&-4#(,#$-<)"*'"#3$(!#$-<)"*'$-/#-&5I")#,6#%*<&-*)#$-6*)<('#
36,37E#3"# 6,&-4#-,#'&<!#"i"<(#,-#(!"#)"%*+,-#I"(3""-#5,,4#.),I%"5'#*-4#5,)(*%$(X;#\-#

$-(")"'+-/#D-4$-/#$'#(!*(#5,,4#.),I%"5'#3")"#*'',<$*("4#3$(!#4"*(!#6),5#9*'<&%*)#*'#3"%%#

*'#-,-V9*'<&%*)#<*&'";#b&)#D-4$-/'#*)"#$-#%$-"#3$(!#(!"#"h$'+-/#%$(")*(&)"#(!*(#!*'#*'',<$*("4#

.,'(V'(),="#4".)"''$,-#3$(!#$-<)"*'"4#5,)(*%$(X#)$'='#LEME#$-#',#6*)#(!*(#3"#,I'")9"4#*#)"%*+,-#

I"(3""-#5,,4#.),I%"5'#*-4#5,)(*%$(X#$-#.*+"-('#3$(!#%*<&-*)#$-6*)<(';#U,-()*)X#(,#5,'(#

'(&4$"'#(!*(#<,&%4#-,(#4"5,-'()*("#*-#$-(")*<+,-#"i"<(#I"(3""-#4".)"''$9"#'X5.(,5'#*-4#

*#!$'(,)X#,6#'(),="#,)#<*)4$,9*'<&%*)#4$'"*'"#38,39E#3"#,I'")9"4#(!*(#(!"#<,5I$-"4#"i"<(#,6#

5,,4#.),I%"5'#*-4#%*<&-*)#$-6*)<('#,-#(!"#)$'=#,6#5,)(*%$(X#3*'#5&<!#/)"*(")#(!*-#(!"$)#

*44$+9"#"i"<(;

b-"#"h.%*-*+,-#6,)#,&)#D-4$-/'#<,&%4#I"#(!*(#(!"#/)"*(")#,9")*%%#9&%-")*I$%$(X#,6#.*+"-('#

3$(!#%*<&-*)#$-6*)<('#5*X#%"*4#(,#*-#$-<)"*'"4#"i"<(#,6#5,,4#.),I%"5'#,-#*49")'"#"9"-(';#

\-#*%(")-*+9"#"h.%*-*+,-#5*X#I"#(!*(#.*+"-('#3$(!#%*<&-*)#$-6*)<('#'&i")#6),5#*#4$i")"-(#

(X."#,6#5,,4#.),I%"5'#(!*(#$-<)"*'"#(!"#)$'=#,6#4"*(!;#\%(!,&/!#3"#4$4#-,(#6,)5*%%X#*''"''#

4".)"''$,-E#(!$'#D-4$-/#3,&%4#D(#3$(!#(!"#k9*'<&%*)#4".)"''$,-l#!X.,(!"'$';# !"#k9*'<&%*)#

4".)"''$,-l# !X.,(!"'$'# !*'# .),.,'"4# (!*(# 4$')&.+,-# ,6# 6),-(*%V'&I<,)+<*%# .*(!3*X'# IX#

'5*%%V9"''"%#%"'$,-'#<*-#.)"4$'.,'"#(,#*#'&I(X."#,6#4".)"''$,-#JLEJM#(!*(#$'#"''"-+*%%X#4$i")"-(#

6),5#-,-V9*'<&%*)#4".)"''$,-#26;#@,(#,-%X#$'#4$')&.+,-#,6#(!"'"#.*(!3*X'#*'',<$*("4#3$(!#

*#4$'+-<(#<%$-$<*%#.)"'"-(*+,-# LKEL0E# k9*'<&%*)#4".)"''$,-l#!*'#*%',#I""-#*'',<$*("4#3$(!#*#

'$/-$D<*-(%X#.,,)")#<%$-$<*%#,&(<,5"E#3$(!#3"*=")#)"'.,-'"#(,#.!*)5*<,%,/$<*%#()"*(5"-(E#

5,)"# *-4# %,-/")# !,'.$(*%$C*+,-'E# %,3")# )"5$''$,-# )*("'# *-4#5,)"# <,-<,5$(*-(# ',5*+<#

disease than non-vascular depression 26;#["<*&'"#3"#4$4#-,(#6,)5*%%X#*''"''#4".)"''$,-#$-#

(!$'#'(&4XE#3"#<,&%4#-,(#4"(")5$-"#(,#3!*(#"h("-(#(!"#5,,4#'X5.(,5'#3")"#<!*)*<(")$'+<#

,6#9*'<&%*)#4".)"''$,-;

\%(!,&/!# %*<&-*)# $-6*)<('# *-4#ST]#*)"#,q"-# <,-'$4")"4#*'#4$i")"-(#5*-$6"'(*+,-'#,6# *#

'$-/%"#&-4")%X$-/#4$'"*'"E#$;";#<")"I)*%#'5*%%V9"''"%#4$'"*'"E#,&)#D-4$-/'#'&//"'(#*#4$i")"-(#

),%"#,6#%*<&-*)#$-6*)<('#*-4#ST]#$-#(!"#)"%*+,-#I"(3""-#5,,4#.),I%"5'#*-4#5,)(*%$(X;# !$'#

$'#$-#%$-"#3$(!#,&)#.)"9$,&'#D-4$-/'#(!*(#%*<&-*)#$-6*)<('#I&(#-,(#ST]#9,%&5"#*)"#*'',<$*("4#

3$(!# (!"# )$'=# ,6# 4".)"''$9"# 'X5.(,5'# LJE# *-4# (!*(# %*<&-*)# $-6*)<('# *-4#ST]# '""5# (,# I"#

*'',<$*("4#3$(!#*#4$i")"-(#.),/-,'$'#$-#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"#J0.

8()"-/(!'# ,6# ,&)# '(&4X# $-<%&4"# (!"# %*)/"# -&5I")# ,6# .*+"-('# $-<%&4"4E# (!"# "h("-'$9"#

$-6,)5*+,-# ,-# <*)4$,9*'<&%*)# )$'=# 6*<(,)'# *-4# (!"# "h("-(# ,6# <%$-$<*%# *-4# '&I<%$-$<*%#

*(!"),'<%"),'$'E#(!"#'()$-/"-(#,&(<,5"#5,-$(,)$-/E#*-4#(!"#*&(,5*("4#I)*$-#'"/5"-(*+,-#

5"(!,4;#\#%$5$(*+,-#$'#(!*(#3"#4$4#-,(#&'"#*#'(*-4*)4$C"4#$-'()&5"-(#(,#5"*'&)"#4".)"''$,-;#
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\%(!,&/!#(!"#TU8#!*'#I""-#'!,3-#(,#I"#*#/,,4#$-4$<*(,)#,6#5,,4#.),I%"5'E#(!"#&'"#,6#(!$'#

'<*%"#5*X#!*9"# <,-()$I&("4# (,# *#4"<)"*'"4# <,-()*'(# I"(3""-#.*+"-('#3$(!# *-4#3$(!,&(#

5,,4#.),I%"5';#Y,3"9")E#(!$'#3$%%#5,'(#%$="%X#!*9"#)"'&%("4#$-#*#)"%*+9"#&-4")"'+5*+,-#

,6#(!"#"i"<(#"'+5*("';#\%',E#(!"#&'"#,6#(!$'#'<*%"#3$%%#!*9"#)"'&%("4#$-#*''"''5"-(#,6#5,)"#

*'."<$D<#'X5.(,5'#,6#5,,4#.),I%"5'#(!*-#*#6,)5*%#4".)"''$,-#*''"''5"-(#3,&%4#!*9";#

Z&)(!")E#4"'.$("#(!"#%*)/"#'*5.%"#'$C"#3"#4$4#-,(#!*9"#"-,&/!#.,3")#(,#4$'+-/&$'!#(!"#"i"<(#

,6#4$i")"-(#%,<*+,-'#,6#%*<&-*)#$-6*)<('#*-4#ST]E#$-<%&4$-/#6),-(*%V'&I<,)+<*%#.*(!3*X';#

Z$-*%%XE#I"<*&'"#,&)#'*5.%"#<,-'$'("4#,6#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#

3"#4,#-,(#=-,3#3!"(!")#(!"#D-4$-/'#<*-#I"#/"-")*%$C"4#(,#(!"#/"-")*%#.,.&%*+,-;

W-#'&5E#3"#6,&-4#*#5&<!#'(),-/")#"i"<(#,6#5,,4#.),I%"5'#,-#(!"#)$'=#,6#4"*(!#$-#.*+"-('#

3$(!#%*<&-*)#$-6*)<('#<,5.*)"4#(,#(!,'"#3$(!,&(#%*<&-*)#$-6*)<(';#Z),5#,&)#D-4$-/'#$(#<*--,(#

I"#<,-<%&4"4#3!"(!")#5,,4#.),I%"5'#5*X#I"#*#<*&'"#,)#*#<,-'"j&"-<"#,6#%*<&-*)#$-6*)<('E#

,)#3!"(!")#I,(!#*)"#<*&'"4#IX#*#<,55,-#&-4")%X$-/#5"<!*-$'5;#@"9")(!"%"''E#,&)#D-4$-/'#

-,(#,-%X#'!,3#(!*(#5,,4#.),I%"5'#*)"#*'',<$*("4#3$(!#*#3,)'"#.),/-,'$'#$-#.*+"-('#3$(!#

'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#(!"X#*%',#'&//"'(#(!*(#.*+"-('#3$(!#(!"#<,5I$-*+,-#

,6#%*<&-*)#$-6*)<('#*-4#5,,4#.),I%"5'#*)"#*(#.*)+<&%*)%X#!$/!#)$'=#,6#9*'<&%*)#*'#3"%%#*'#-,-V

9*'<&%*)#4"*(!;#P*+"-('#3$(!#%*<&-*)#$-6*)<('#5*X#I"#"'."<$*%%X#9&%-")*I%"#(,#(!"#"i"<(#,6#

5,,4#.),I%"5'#,-#.,,)#,&(<,5"E#*-4#5,,4#.),I%"5'#5*X#(!")"6,)"#3*))*-(#"h()*#<%,'"#

*`"-+,-#$-#(!"'"#.*+"-(';#\44$+,-*%#'(&4$"'#*)"#-""4"4#(,#)".%$<*("#,&)#D-4$-/'#*-4#(,#

$-9"'+/*("#3!"(!")#,&)#D-4$-/'#<*-#I"#/"-")*%$C"4#(,#(!"#/"-")*%#.,.&%*+,-;
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2.3

_"6")"-<"#]$'(

0;## ]"'.")*-<"#ZE#Z)*'&)"V85$(!#@;#7".)"''$,-#$-#.*+"-('#3$(!#<*)4$*<#4$'"*'"Q#*#.)*<+<*%#)"9$"3;#G#
P'X<!,',5#_"'#JKKKm#LNQd12Vd20

J;## [*)(!#GE#8<!&5*<!")#TE#Y"))5*--V]$-/"-#U;#7".)"''$,-#*'#*#)$'=#6*<(,)#6,)#5,)(*%$(X#$-#.*+"-('#
3$(!#<,),-*)X#!"*)(#4$'"*'"Q#*#5"(*V*-*%X'$';#P'X<!,',5#T"4#JKKLm#eeQNKJVN0d

d;## 9*-#T"%%"#GPE#4"#G,-/"#PE#8.$A=")5*-# \E# $A''"-#GFE#b)5"%#GE#9*-#^"%4!&$'"-#7G#"(#*%;#P),/-,'+<#
*'',<$*+,-# ,6# 4".)"''$,-# 6,%%,3$-/# 5X,<*)4$*%# $-6*)<+,-# 3$(!# 5,)(*%$(X# *-4# <*)4$,9*'<&%*)#
"9"-('Q#*#5"(*V*-*%X'$';#P'X<!,',5#T"4#JKKLm#eeQN0LVNJJ

L;## @*"''#YE#]&-4"#]E#[),//")# GE#S*A"V\-4)"*''"-#B;#7".)"''$,-#.)"4$<('#&-6*9,&)*I%"# 6&-<+,-*%#
,&(<,5"#*-4#!$/!")#5,)(*%$(X# $-# '(),="#.*+"-('Q# (!"#[")/"-#8(),="# 8(&4X;#\<(*#@"&),%# 8<*-4#
8&..%#JK0Km#02KQdLVdN

M;## _,I$-',-#_FE#8.*%%"`*#F;#P,'('(),="#4".)"''$,-Q#*#)"9$"3;#U*-#G#P'X<!$*()X#JK0Km#MMQdL0VdL2

e;## P"--$-h#[SE#[""=5*-#\ E#Y,-$/#\E#7""/#7GE#8<!,"9")'#_\E#9*-#O$A=#G E#9*-# $%I&)/#S;#7".)"''$,-#
*-4#<*)4$*<#5,)(*%$(XQ#)"'&%('#6),5#*#<,55&-$(XVI*'"4#%,-/$(&4$-*%#'(&4X;#\)<!#F"-#P'X<!$*()X#
JKK0m#MNQJJ0VJJ1

1;## r$5#UrE#T<F,))*X#8PE#[*)(!,%,5"3#[\E#T*)'!#TE#7$<="-# E#S*''")(!"$%V85,%%")#8#"(#*%;#7".)"''$9"#
'X5.(,5'#*-4#!"*)(#)*("#9*)$*I$%$(X#$-#.,'(5"-,.*&'*%#3,5"-;#\)<!#W-(")-#T"4#JKKMm#0eMQ0Jd2V
0JLL

N;## ]*/!)$''$V !,4"# ZE#S*/-")#S_E# P,%%,<=# [FE# G,!-',-# PUE# Z$-="%#T8;# O%"9*("4# .%*("%"(# 6*<(,)# L#
*-4#I"(*V(!),5I,/%,I&%$-#.%*'5*#%"9"%'#$-#4".)"''"4#.*+"-('#3$(!#$'<!"5$<#!"*)(#4$'"*'";#[$,%#
P'X<!$*()X#0221m#LJQJ2KVJ2M

2;## T*"'#TE#[,'5*-'#OE#7"#G,-/!#_E#r"-$'#FE#^*-4,,%*"/!"#OE#@""%'#Y;#W-<)"*'"4#'")&5#W]Ve#*-4#
W]V0#)"<".(,)#*-(*/,-$'(#<,-<"-()*+,-'#$-#5*A,)#4".)"''$,-#*-4#()"*(5"-(#)"'$'(*-(#4".)"''$,-;#
UX(,=$-"#0221m#2QNMdVNMN

0K;##S"%%'#r[E#F,%4$-/# GTE#[&)-*5#T\;#\i"<+9"E# '&I'(*-<"#&'"E#*-4#*-h$"(X#4$',)4")'# $-#.")',-'#
3$(!#*)(!)$+'E#4$*I"("'E#!"*)(#4$'"*'"E#!$/!#I%,,4#.)"''&)"E#,)#<!),-$<#%&-/#<,-4$+,-';#F"-#Y,'.#
P'X<!$*()X#02N2m#00QdJKVdJ1

00;##S!,,%"X#T\E#4"#G,-/"#PE#^$?-/!,i#OE#b`"#UE#T,,'#_E#U*)-"X#_T#"(#*%;#7".)"''$9"#'X5.(,5'E#
!"*%(!#I"!*9$,)'E#*-4#)$'=#,6#<*)4$,9*'<&%*)#"9"-('#$-#.*+"-('#3$(!#<,),-*)X#!"*)(#4$'"*'";#G\T\#
JKKNm#dKKQJd12VJdNN

0J;## U*)-"X# _TE# Z)""4%*-4# rOE# O$'"-# 8\E# _$<!# TSE# G*i"# \8;# T*A,)# 4".)"''$,-# *-4# 5"4$<*+,-#
*4!")"-<"#$-#"%4")%X#.*+"-('#3$(!#<,),-*)X#*)(")X#4$'"*'";#Y"*%(!#P'X<!,%#022Mm#0LQNNV2K

0d;## H$"/"%'("$-# _UE# Z*&")I*<!# G\E# 8("9"-'# 88E# _,5*-"%%$# GE# _$<!(")# 7PE# [&'!# 7O;# P*+"-('# 3$(!#
4".)"''$,-#*)"#%"''#%$="%X#(,#6,%%,3#)"<,55"-4*+,-'#(,#)"4&<"#<*)4$*<#)$'=#4&)$-/#)"<,9")X#6),5#
*#5X,<*)4$*%#$-6*)<+,-;#\)<!#W-(")-#T"4#JKKKm#0eKQ0N0NV0NJd

0L;## U*)-"X#_TE#Z)""4%*-4#rOE#T$%%")#FOE#G*i"#\8;#7".)"''$,-#*'#*#)$'=#6*<(,)#6,)#<*)4$*<#5,)(*%$(X#*-4#
5,)I$4$(XQ#*#)"9$"3#,6#.,("-+*%#5"<!*-$'5';#G#P'X<!,',5#_"'#JKKJm#MdQN21V2KJ

0M;## 8,5I")/# UE#\),)*#__;#7".)"''$,-#*-4#!"*)(#4$'"*'"Q#(!")*."&+<#$5.%$<*+,-';#U*)4$,%,/X#JKKNm#
000Q1MVN0

0e;## F"")%$-/'#TWE#\.."%5*-#\PE#^$-<="-#r]E#\%/)*#\E#S$(=*5.# 7E#T*%$#SPE#9*-#4")#F)**6#R;#[)*$-#
9,%&5"'#*-4#<")"I),9*'<&%*)#%"'$,-'#,-#T_W#$-#.*+"-('#3$(!#*(!"),'<%"),+<#4$'"*'";# !"#8T\_ V
T_#'(&4X;#\(!"),'<%"),'$'#JK0Km#J0KQ0dKV0de

01;## P*-(,-$#];#P*(!,.!X'$,%,/X#,6#*/"V)"%*("4#<")"I)*%#3!$("#5*`")#<!*-/"';#U")"I),9*'<#7$'#JKKJm#
0d#8&..%#JQ1V0K

0N;## [&X<=# GZE#7&6,&$%# UE#T*C,X")# [E#T*$%%*)4# PE#7&<$5"+")"# PE# \%."),9$(<!#\# "(# *%;# U")"I)*%#3!$("#
5*`")#%"'$,-'#*)"#*'',<$*("4#3$(!#(!"#)$'=#,6#'(),="#I&(#-,(#3$(!#,(!")#9*'<&%*)#"9"-('Q#(!"#dVU$(X#
7$A,-#8(&4X;#8(),="#JKK2m#LKQJdJ1VJdd0

Grool.indd   67 29-02-12   13:22



Chapter 2.3

68

02;## ^")5"")#8OE#Y,%%*-4")#TE#9*-#7$A=#OGE#Y,65*-#\E#r,&4'(**%#PGE#[)"("%")#TT;#8$%"-(#I)*$-#$-6*)<('#
*-4#3!$("#5*`")#%"'$,-'#$-<)"*'"#'(),="#)$'=#$-#(!"#/"-")*%#.,.&%*+,-Q#(!"#_,`")4*5#8<*-#8(&4X;#
8(),="#JKKdm#dLQ00JeV00J2

JK;## W=)*5#T\E#^")-,,$A#TSE#^),,5*-#Y\E#Y,65*-#\E#[)"("%")#TT;#[)*$-#+''&"#9,%&5"'#*-4#'5*%%#
9"''"%#4$'"*'"#$-#)"%*+,-#(,#(!"#)$'=#,6#5,)(*%$(X;#@"&),I$,%#\/$-/#JKK2m#dKQLMKVLMe

J0;## U,-$A-#TTE# r%,.."-I,)/# _PE# \%/)*# \E#T*%$#SPE# r*.."%%"# ]GE# ^$-<="-# r]# "(# *%;# U")"I)*%# 85*%%#
^"''"%#7$'"*'"#*-4#_$'=#,6#7"*(!E# W'<!"5$<#8(),="E#*-4#U*)4$*<#U,5.%$<*+,-'# $-#P*+"-('#S$(!#
\(!"),'<%"),+<# 7$'"*'"Q#  !"# 8"<,-4# T*-$6"'(*+,-'# ,6# \_ ")$*%# 4$'"*'"VT*/-"+<# _"',-*-<"#
:8T\_ VT_>#8(&4X;#8(),="#JK00m#LJQd0KMVd0K2

JJ;## F,4$-#bE#7&6,&$%#UE#T*$%%*)4#PE#7"%<),$h#@E#T*C,X")#[E#U)$9"%%,#ZE#\%."),9$(<!#\E# C,&)$,#U;#S!$("#
5*`")#%"'$,-'#*'#*#.)"4$<(,)#,6#4".)"''$,-#$-#(!"#"%4")%XQ#(!"#dUV7$A,-#'(&4X;#[$,%,/$<*%#P'X<!$*()X#
JKKNm#edQeedVee2

Jd;## 8("i"-'#7UE#r)$'!-*-#r_E#U)&5.#UE#[&)="#F];#U")"I),9*'<&%*)#4$'"*'"#*-4#"9,%&+,-#,6#4".)"''$9"#
'X5.(,5'#$-#(!"#<*)4$,9*'<&%*)#!"*%(!#'(&4X;#8(),="#JKKJm#ddQ0edeV0eLL

JL;## \%"h,.,&%,'# F8E# T"X")'# [8E# R,&-/# _UE# U*5.I"%%# 8E# 8$%I")'3"$/# 7E# U!*)%',-# T;# k^*'<&%*)#
4".)"''$,-l#!X.,(!"'$';#\)<!#F"-#P'X<!$*()X#0221m#MLQ20MV2JJ

JM;## r)$'!-*-#r_E#Y*X'#GUE#[%*C")#7F;#T_WV4"D-"4#9*'<&%*)#4".)"''$,-;#\5#G#P'X<!$*()X#0221m#0MLQL21V
MK0

Je;## @**)4$-/#PE#[""=5*-#\ ;#^*'<&%*)#4".)"''$,-Q#3!")"#4,#3"#/,#6),5#!")"s#Oh.")(#_"9#@"&),(!")#
JK00m#00Q11VNd

J1;## T&%%")#TE#\.."%5*-#\PE#9*-#4")#F)**6#RE#^$-<="-#r]E#T*%$#SPE#F"")%$-/'#TW;#[)*$-#*(),.!X#*-4#
<,/-$+,-Q#W-(")*<+,-#3$(!#<")"I),9*'<&%*)#.*(!,%,/Xs#@"&),I$,%#\/$-/#JK00m#dJQNNMVN2d

JN;##S*)"# GO# G)E# 8!")I,&)-"#U7;#  !"#Tb8#deV$("5# '!,)(V6,)5#!"*%(!# '&)9"X# :8ZVde>;# W;# U,-<".(&*%#
6)*5"3,)=#*-4#$("5#'"%"<+,-;#T"4#U*)"#022Jm#dKQL1dVLNd

J2;##S*)"#GOE#r,'$-=$#TE#r"%%")#87;#8ZVde#.!X'$<*%#*-4#5"-(*%#!"*(!#'&55*)X#'<*%"'Q#*#&'")l'#5*-&*%;#
W-Q#:L(!#.)$-+-/E#)"9$'"4>#"4;#Y"*%(!#\''"''5"-(#]*IE#@"3#O-/%*-4#T"4$<*%#U()E#[,'(,-Q#022L#

dK;##  *9"%%*#_E#\$)# E# &<=")#FE#\4*5'#_E#["%()*5"# GZE# 8<!)*4")#F;#B'$-/# (!"#8!,)(#Z,)5Vde#5"-(*%#
'&55*)X#'<,)"#*'#*-#$-4$<*(,)#,6#4".)"''$9"#'X5.(,5'#$-#.*+"-('#3$(!#<,),-*)X#!"*)(#4$'"*'";#
p&*%#]$6"#_"'#JK0Km#02Q00KMV000d

d0;## O%%$,`# OE#_"-$")#UTE#P*%<!")#G\;#U!),-$<#.*$-E#4".)"''$,-E#*-4#j&*%$(X#,6# %$6"Q#<,))"%*+,-'#*-4#
.)"4$<+9"#9*%&"#,6#(!"#8ZVde;#P*$-#T"4#JKKdm#LQdd0Vdd2

dJ;##S*%'!# ]E#Y,5*#rE#Y*-'<,5#[E#]&)$"#GE#8".&%9"4*#TFE#\I4&#S;#8<)""-$-/#6,)#4".)"''$9"#'X5.(,5'#
$-#.*+"-('#3$(!#<!),-$<#'.$-*%#.*$-#&'$-/#(!"#8ZVde#Y"*%(!#8&)9"X;#8.$-"#G#JKKem#eQd0eVdJK

dd;## \-I""=#PE#^$-<="-#r]E#9*-#b'<!#TGE#[$''<!,.'#_YE#9*-#4")#F),-4#G;#P),I*I$%$'+<#'"/5"-(*+,-#,6#
3!$("#5*`")#%"'$,-'#$-#T_#$5*/$-/;#@"&),$5*/"#JKKLm#J0Q0Kd1V0KLL

dL;## \-I""=#PE#^$-<="-#r]E#9*-#[,<!,9"#F8E#9*-#b'<!#TGE#9*-#4")#F),-4#G;#P),I*I$%$'+<#'"/5"-(*+,-#
,6#I)*$-#+''&"#$-#T_#$5*/$-/;#@"&),$5*/"#JKKMm#J1Q12MVNKL

dM;## _&I$-# 7[E# 8<!"-=")# @;#T&%+.%"# $5.&(*+,-# $-# !"*%(!V<*)"# 4*(*I*'"'Q# *-# ,9")9$"3# *-4# ',5"#
*..%$<*+,-';#8(*(#T"4#0220m#0KQMNMVM2N

de;## F"")%$-/'#TWE#\.."%5*-#\PE#^$-<="-#r]E#T*%$#SPE#9*-#4")#F)**6#R;#\'',<$*+,-#,6#3!$("#5*`")#
%"'$,-'# *-4# %*<&-*)# $-6*)<('#3$(!#"h"<&+9"# 6&-<+,-$-/Q# (!"# 8T\_ VT_# '(&4X;#\5# G# O.$4"5$,%#
JKK2m#01KQ00L1V00MM

d1;## G,=$-"-#YE#F,&3#\\E#T*4&)"$)*#8E#R%$=,'=$#_E#9*-#8()**("-#OUE#9*-#4")#Z%$")#ST#"(#*%;#W-<$4"-(#
%*<&-"'#$-c&"-<"#<,/-$+9"#4"<%$-"Q#(!"#]\7W8#'(&4X;#@"&),%,/X#JK00m#1eQ0N1JV0N1N

dN;## O%%$'#UE#H!*,#RE#O/"4"#]O;#7".)"''$,-#*-4#$-<)"*'"4#)$'=#,6#4"*(!#$-#*4&%('#3$(!#'(),=";#G#P'X<!,',5#
_"'#JK0Km#eNQMLMVMM0

Grool.indd   68 29-02-12   13:22



;"#)%&'2,#-.*#(#0<'-"$"=$%&'15%&&7>"11"&'+(1"%1"'%#+'5*$)%&()?

69

2.3

d2;## \%5"$4*# bPE# \%6,-',# YE# Z%$<=")# ]E# Y*-="X# FGE# @,)5*-# PO;# U*)4$,9*'<&%*)# 7$'"*'"E# 7".)"''$,-#
*-4# T,)(*%$(XQ#  !"# Y"*%(!# W-# T"-# 8(&4X;# \5# G# F")$*()# P'X<!$*()X# JK00m# 4,$Q# 0K;0K21n
GFP;KIK0d"d0NJ00<0"4

LK;## \%"h,.,&%,'# F8E# r$,''"'# 7@E# r%$5'()*# 8E# r*%*X*5# [E# [)&<"# T];# U%$-$<*%# .)"'"-(*+,-# ,6# (!"#
t4".)"''$,-V"h"<&+9"#4X'6&-<+,-#'X-4),5"u#,6#%*("#%$6";#\5#G#F")$*()#P'X<!$*()X#JKKJm#0KQ2NV0Ke

L0;## F),,%# \TE# 9*-# 4")# F)**6# RE# T*%$# SPE# S$(=*5.#  7E# ^$-<="-# r]E# F"")%$-/'# TW;# ],<*+,-# *-4#
.),/)"''$,-# ,6# <")"I)*%# '5*%%V9"''"%# 4$'"*'"# *-4# *(),.!XE# *-4# 4".)"''$9"# 'X5.(,5# .),D%"'Q#
 !"#8"<,-4#T*-$6"'(*+,-'#,6#\_ ")$*%#4$'"*'"# :8T\_ >VT"4"*#'(&4X;#P'X<!,%#T"4#JK00m#4,$Q#
0K;0K01n8KKddJ20100KK0dNd

LJ;## F),,%#\TE#9*-#4")#F)**6#RE#T*%$#SPE#F"")%$-/'#TW;#],<*+,-#,6#<")"I),9*'<&%*)#*-4#4"/"-")*+9"#
<!*-/"'E#4".)"''$9"#'X5.(,5'#*-4#<,/-$+9"#6&-<+,-$-/#$-#%*(")#%$6"Q#(!"#8T\_ VT"4"*#'(&4X;#G#
@"&),%#@"&),'&)/#P'X<!$*()X#JK00m#NJQ0K2dV00KK

Grool.indd   69 29-02-12   13:22



Grool.indd   70 29-02-12   13:22



D"(8$%*&I

<-;7%8*%++(-$&/+%&(-7&0%*%3*(4&

+'(4456%++%4&7#+%(+%

Grool.indd   71 29-02-12   13:22



 

Grool.indd   72 29-02-12   13:22



D"(8$%*&IYE

<-;7%8*%++(-$&/+%&#+&*%4($%7&$1&4(*:%*&U"#$%&

'()%*&4%+#1-&614/'%&#-&8(;%-$+&U#$"&

+N'8$1'(;0&($"%*1+04%*1;0&7#+%(+%Y&

,"%&@=<[,5=[&+$/7N

\--"#T;#F),,%E#R,%*-4*#9*-#4")#F)**6E#r,"-#];#^$-<="-E# !",#7;#S$(=*5.E#

S$%%"5#P; ;T;#T*%$#*-4#T$)A*5#W;#F"")%$-/' ,-#I"!*%6#,6#(!"#8T\_ #8(&4X#F),&.

G#@"&),%#JK0Jm#\)+<%"#'&I5$`"4

Grool.indd   73 29-02-12   13:22



Chapter 3.1

1L

<3+$*(0$

X3>%0;6%+

\%(!,&/!# *# )"%*+,-# I"(3""-# 4".)"''$,-# *-4# 3!$("# 5*`")# %"'$,-'# :ST]># $'# 6)"j&"-(%X#

,I'")9"4E#(!"#4$)"<+,-#,6#<*&'*+,-#)"5*$-'#&-=-,3-;#S"#$-9"'+/*("4#3!"(!")#4".)"''"4#

5,,4#3*'#*'',<$*("4#3$(!#$-<)"*'"4#.),/)"''$,-#,6#ST]#9,%&5"#4&)$-/#L#X"*)'#6,%%,3V&.E#

*-4#(!"#)"%*+9"#<,-()$I&+,-#,6#5,,4#'X5.(,5'#*-4#*-+4".)"''*-(#&'"#(,#(!$'#)"%*+,-;

=%$"17+

S$(!$-#(!"#8T\_ VT_#'(&4X#M2L#.*+"-('#:MNv0K#X"*)'>#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#

4$'"*'"# !*4# *''"''5"-('# ,6# 5,,4# 'X5.(,5'# *-4# *-+4".)"''*-(# &'"# *-4# 0;M # T_W# *(#

I*'"%$-"# *-4# *q")# d;2vK;L# X"*)'# 6,%%,3V&.;# T,,4# 'X5.(,5'# 3")"# *''"''"4# &'$-/# (!"#

T"-(*%#Y"*%(!#W-4"h#:TYWVM>;#7".)"''"4#5,,4#3*'#4"D-"4#*'#*-+4".)"''*-(#&'"#*-4n,)#

TYWVM#'<,)"#�MJ;#^,%&5"()$<#ST]#5"*'&)"'#:4"".#*-4#.")$9"-()$<&%*)>#3")"#,I(*$-"4#3$(!#

*&(,5*("4#'"/5"-(*+,-;#]$-"*)#)"/)"''$,-#*-*%X'"'#3")"#*4A&'("4#6,)#*/"E#'"hE#I*'"%$-"#

ST]#9,%&5"E#6,%%,3V&.#+5"E#9*'<&%*)#)$'=#6*<(,)'#*-4#$-6*)<(';

[%+/4$+

7".)"''"4#5,,4#3*'#-,(#*'',<$*("4#3$(!#%*)/")#ST]#9,%&5"#*(#I*'"%$-";#Y,3"9")E#3!"-#

'".*)*("#<,-()$I&+,-'#3")"#4$'+-/&$'!"4E#*-+4".)"''*-(#&'"#3*'#*'',<$*("4#3$(!#/)"*(")#

4"".#:[wK;MK5]E#2MfUW#K;KL#(,#K;2e>#*-4#.")$9"-()$<&%*)#ST]#9,%&5"#:[wK;L15]E#2MfUW#

K;KM#(,#K;N2>#*(#I*'"%$-"E#3!$%"#5,,4#'X5.(,5'#3")"#-,(;#\-+4".)"''*-('#3")"#*'',<$*("4#

3$(!#*#5,4"'(#I&(#-,-V'$/-$D<*-(#$-<)"*'"#$-#.),/)"''$,-#,6#.")$9"-()$<&%*)#ST]#9,%&5"#

,9")#L#X"*)'#,6#6,%%,3V&.#:[wK;J05]E#2MfUW#VK;KM#(,#K;L1>;

D1-04/+#1-+

\-+4".)"''*-('E#I&(#-,(#5,,4#'X5.(,5'E#3")"#*'',<$*("4#3$(!#/)"*(")#ST]#9,%&5"#$-#

.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'";#Z&(&)"#'(&4$"'#*)"#-""4"4#(,#4"(")5$-"#

3!"(!")# (!$'# 5*X# I"# *# 4$)"<(# "i"<(E# ,)# 3!"(!")# ,(!")# &-4")%X$-/# 4$'"*'"'# 6,)# 3!$<!#

*-+4".)"''*-('#*)"#.)"'<)$I"4#$-c&"-<"#(!$'#)"%*+,-;

Grool.indd   74 29-02-12   13:22



@#.+":$"11%#)',1"'%#+':$*0$"11(*#'*2'34()"'5%6"$'&"1(*#1

75

d;0

\-$*17/0;1-

W-<)"*'$-/# "9$4"-<"# !*'# '!,3-# (!*(# 4".)"''$,-# *-4# <*)4$,9*'<&%*)# 4$'"*'"# -,(# ,-%X#

<,55,-%X# <,V,<<&)E# I&(# *%',# $-c&"-<"# "*<!# ,(!")# 0;# \..),h$5*("%X# JKf# ,6# .*+"-('#

)"<,9")$-/#6),5#5X,<*)4$*%#$-6*)<+,-#,)#'(),="#6&%D%#(!"#<)$(")$*#6,)#4".)"''$,-#2,3E#I&(#*%',#

$-#.*+"-('#3$(!#'(*I%"#<*)4$,9*'<&%*)#4$'"*'"#4".)"''$,-#<,55,-%X#,<<&)'#0;#b-#(!"#,(!")#

!*-4E#4".)"''$,-#$'#*#)$'=#6*<(,)#6,)#6&(&)"#<*)4$,9*'<&%*)#"9"-('#*-4#5,)(*%$(X#I,(!#$-#(!"#

/"-")*%#.,.&%*+,-#L#*-4#$-#.*+"-('#3$(!#"h$'+-/#<*)4$,9*'<&%*)#4$'"*'"#2,5.

7"'.$("#(!"#%*)/"#-&5I")#,6#<*-4$4*("#5"<!*-$'5'#$-9"'+/*("4E#(!"#&-4")%X$-/#5"<!*-$'5#

%$-=$-/# 4".)"''$,-# *-4# <*)4$,9*'<&%*)# 4$'"*'"# )"5*$-'# &-<%"*)# 6;# b-"# ,6# (!"# .),.,'"4#

5"<!*-$'5'# $-<%&4"'# (!"# .)"'"-<"# ,6# *(!"),'<%"),+<# 4*5*/"# (,# (!"# <")"I)*%# '5*%%#

9*'<&%*(&)"E# <!*)*<(")$C"4# IX# 3!$("#5*`")# %"'$,-'# :ST]># ,-# I)*$-#5*/-"+<# )"',-*-<"#

$5*/$-/# :T_W># 7;# ST]# *)"# -,(# ,-%X# *# <,55,-# D-4$-/# ,-# I)*$-# T_W# $-# .*+"-('# 3$(!#

cardiovascular disease 8E#I&(#!*9"#*%',#I""-#$4"-+D"4#*'#)$'=#6*<(,)#6,)#)"<&))"-(#9*'<&%*)#

events and mortality 9;#b-#(!"#,(!")#!*-4E#'$/-$D<*-(%X#/)"*(")#ST]#9,%&5"'#!*9"#I""-#

6,&-4#$-#4".)"''"4#.")',-'#<,5.*)"4#(,#!"*%(!X#<,-(),%'#,6#'$5$%*)#*/"#*-4#'"h#0K;#\<<,)4$-/#

to the ‘vascular depression’ hypothesis 00E0JE#ST]#5*X# .)"4$'.,'"# (,# 4".)"''$,-# 4&"# (,#

$5.*$)"4#-")9"#<,-4&<+,-#$-#I)*$-#)"/$,-'#$-9,%9"4#$-#(!"#)"/&%*+,-#,6#"5,+,-'#*'#*#4$)"<(#

)"'&%(#,6#4$')&.+,-#,6#6),-(*%V'&I<,)+<*%#<$)<&$(';

\%(!,&/!# 9*)$,&'# '(&4$"'# <,-D)5"4# *# <),''V'"<+,-*%# )"%*+,-# I"(3""-# ST]# '"9")$(X#

and depression 0dE0LE#(!"#4$)"<+,-#,6#<*&'*+,-#)"5*$-'#&-<%"*);#T,'(#%,-/$(&4$-*%#'(&4$"'#

$-9"'+/*("4# (!"# $-c&"-<"# ,6# I*'"%$-"# ST]# '"9")$(X# ,-# (!"# 4"9"%,.5"-(# ,)# <!*-/"# $-#

4".)"''$9"#'X5.(,5'#4&)$-/#,-"#(,#6,&)#X"*)'#6,%%,3V&.E#*-4#)".,)("4#!$/!%X#4$9")'"#D-4$-/'#
0MV02;# \%(!,&/!# ,-"# '(&4X# )".,)("4# *# )"%*+,-# I"(3""-#ST]# 9,%&5"# *(# I*'"%$-"# *-4# *-#

$-<)"*'"4#)$'=#,6#$-<$4"-(#4".)"''$9"#'X5.(,5'#0ME#(3,#,(!")#'(&4$"'#)".,)("4#*-#*'',<$*+,-#

,6#I*'"%$-"#ST]#'"9")$(X#3$(!#*-# $-<)"*'"#,)#.")'"9")*-<"E#I&(#-,(# $-<$4"-(E#4".)"''$9"#

'X5.(,5'#4&)$-/#6,%%,3V&.#0eE01E#3!")"*'#(3,#,(!")'#<,&%4#-,(#4"5,-'()*("#*-X#'$/-$D<*-(#

)"%*+,-'!$.#0NE02. b-%X#,-"#'(&4X#,-#(!"#,(!")#!*-4#$-9"'+/*("4#(!"#)"%*+,-#I"(3""-#ST]#

*-4#4".)"''$9"#'X5.(,5'#$-#(!"#,..,'$("#4$)"<+,-E#'&//"'+-/#(!*(#.*+"-('#3$(!#4".)"''$,-#

*(# I*'"%$-"E# 4"D-"4# *'# %$6"+5"#5*A,)# 4".)"''$9"# ".$',4"# ,)# <&))"-(# *-+4".)"''*-(# &'"E#

'!,3#*-#$-<)"*'"4#.),/)"''$,-#,6#ST]#9,%&5"#0M;#W(#$'#!,3"9")#&-<%"*)#(,#3!*(#"h("-(#(!"#

,I'")9"4#*'',<$*+,-#5*X#!*9"#I""-#4)$9"-#IX#*-+4".)"''*-(#&'"E#'$-<"#,-%X#*#<,5.,'$("#

4"D-$+,-#,6#4".)"''$,-#3*'#&'"4;#\#)"<"-(#'(&4X#'&//"'("4#(!*(#*-+4".)"''*-(#5"4$<*+,-#

&'"#5*X# I"# *-# $-4"."-4"-(# )$'=# 6*<(,)# 6,)# .),/)"''$,-# ,6#ST]# 20,# I&(# I"<*&'"# *# 9$'&*%#

)*+-/#'<*%"#3*'#&'"4#(!"#"'+5*+,-#,6#ST]#.),/)"''$,-#3*'#)*(!")#),I&'(#*-4#5*X#-""4#

)".%$<*+,-;####

Grool.indd   75 29-02-12   13:22



Chapter 3.1

76

 !"#*$5#,6#,&)#'(&4X#3*'#(,#"h*5$-"#3!"(!")#4".)"''"4#5,,4E#4"D-"4#*'#<&))"-(#5,,4#

'X5.(,5'# ,)# *-+4".)"''*-(# &'"E# 3*'# *'',<$*("4# 3$(!# %*)/")# ST]# 9,%&5"# *(# I*'"%$-"#

*-4#3$(!#5,)"#.),/)"''$,-#,6#ST]#9,%&5"#4&)$-/# 6,&)# X"*)'# 6,%%,3V&.;# W-#*44$+,-E#3"#

$-9"'+/*("4# (!"# )"%*+9"# <,-()$I&+,-'# ,6# *-+4".)"''*-(# 5"4$<*+,-# $-(*="# *-4# 5,,4#

'X5.(,5'#(,#(!$'#*'',<$*+,-;

=($%*#(4+&(-7&'%$"17+

B(*;0#8(-$+

7*(*#3")"#&'"4#6),5#(!"#8"<,-4#T*-$6"'(*+,-'#,6#\_ ")$*%#4$'"*'"VT*/-"+<#_"',-*-<"#

:8T\_ VT_># '(&4XE# *# .),'."<+9"# <,!,)(# '(&4X# $-9"'+/*+-/# I)*$-# <!*-/"'# ,-# T_W# $-#

$-4"."-4"-(%X# %$9$-/# .*+"-('# 3$(!# 4$i")"-(# 5*-$6"'(*+,-'# ,6# *)(")$*%# 4$'"*'";# T"(!,4'#

6,)#I*'"%$-"#"h*5$-*+,-'#3")"#4"'<)$I"4#.)"9$,&'%X# J0;# W-#I)$"6E# I"(3""-#T*X#JKK0#*-4#

7"<"5I")#JKKME#0dK2#.*+"-('#3")"#$-<%&4"4#3!,#3")"#-"3%X#)"6"))"4#(,#(!"#B-$9")'$(X#

T"4$<*%#U"-(")#B()"<!(#3$(!#<,),-*)X#*)(")X#4$'"*'"E#<")"I),9*'<&%*)#4$'"*'"E#.")$.!")*%#

4$'"*'"# ,)# *I4,5$-*%# *,)+<# *-"&)X'5E# *-4# 3!,# !*4# -,# T_W# <,-()*$-4$<*+,-';# 7&)$-/#

*#0V4*X#9$'$(# (,#,&)#5"4$<*%# <"-(")E#.!X'$<*%# "h*5$-*+,-E#&%()*',-,/)*.!X#,6# (!"# <*),+4#

*)(")$"'E#*-4#I%,,4#*-4#&)$-"#'*5.%$-/#3")"#.")6,)5"4;#_$'=#6*<(,)'#*-4#5"4$<*%#!$'(,)X#

3")"# *''"''"4#3$(!# j&"'+,--*$)"';# \''"''5"-(# ,6#5,,4# .),I%"5'#3*'# *44"4# (,# (!"'"#

j&"'+,--*$)"'#$-#G*-&*)X#JKKJ;#Z,)#(!"#<&))"-(#'(&4XE#4*(*#3")"#&'"4#6),5#000K#.*+"-('#

3$(!#*9*$%*I%"#4*(*#,-#T_W#*-4#5,,4#'X5.(,5';

["(3""-#G*-&*)X#JKKe#*-4#T*X#JKK2E#*%%#.*)+<$.*-('#'+%%#*%$9"#3")"#$-9$("4#6,)#6,%%,3V&.#

5"*'&)"5"-('E#$-<%&4$-/#T_W#,6#(!"#I)*$-E#-"&),.'X<!,%,/$<*%#("'+-/E#.!X'$<*%#"h*5$-*+,-#

*-4#I%,,4#*-4#&)$-"#'*5.%$-/;# !"#8T\_ VT_#'(&4X#3*'#*..),9"4#IX#(!"#"(!$<'#<,55$`""#

,6#,&)#$-'+(&+,-#*-4#3)$`"-#$-6,)5"4#<,-'"-(#3*'#,I(*$-"4#6),5#*%%#.*)+<$.*-(';#W-#(,(*%E#

eLd# ,6# (!"# '&)9$9$-/# <,!,)(# :e0f#,6# -w0KMJ># /*9"#3)$`"-# $-6,)5"4# <,-'"-(m# d2L# :def>#

.")',-'#)"6&'"4E#*-4#0M#:0f>#3")"#%,'(#(,#6,%%,3V&.;

=(:-%;0&*%+1-(-0%&#'(:#-:&8*1$1014

T_W# $-9"'+/*+,-'#3")"#.")6,)5"4#,-#*#0;MV "'%*#3!,%"VI,4X#'X'("5#:FX),'<*-#\U8V@ E#

P!$%$.'#T"4$<*%# 8X'("5'E# ["'(E# (!"#@"(!")%*-4'>;#  !"# .),(,<,%# <,-'$'("4# ,6# *# ()*-'9")'*%#

 0V3"$/!("4#/)*4$"-(V"<!,#'"j&"-<"# :)"."++,-#+5"#: _>n"<!,#+5"#: O>Q#JdMnJ#5'm#c$.#

*-/%"E#NKx>E#*#()*-'9")'*%# JV3"$/!("4#(&)I,#'.$-V"<!,#'"j&"-<"#: _n OQ#JJKKn00#5'#*-4#

JJKKn0KK#5'm#(&)I,#6*<(,)#0J>E#*#()*-'9")'*%# JV3"$/!("4#c&$4#*`"-&*+-/#$-9")'"#)"<,9")X#

:Z]\W_>#'"j&"-<"#: _n On$-9")'$,-#+5"#: W>Q#eKKKn0KKnJKKK#5'>#*-4#*#()*-'9")'*%#$-9")'$,-#

)"<,9")X#:W_>#'"j&"-<"#: _n On WQ#J2KKnJJnL0K#5'>#:D"%4#,6#9$"3#JdKhJdK#55m#5*()$h#'$C"E#

0NKhJMem#'%$<"#(!$<=-"''E#L;K#55m#-,#/*.m#dN#'%$<"'>;
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d;0

Q*(#-&+%:'%-$(;1-

S"# &'"4# (!"#  0V3"$/!("4# /)*4$"-(V"<!,E# W_# '"j&"-<"# *-4# Z]\W_# '"j&"-<"# 6,)# I)*$-#

'"/5"-(*+,-;# !"#.),I*I$%$'+<#'"/5"-(*+,-#("<!-$j&"#3*'#4"'<)$I"4#"%'"3!")"#22,23. The 

'"/5"-(*+,-#.),/)*5#4$'+-/&$'!"'#<,)+<*%#/)*X#5*`")E#3!$("#5*`")E#'&%<*%#*-4#9"-()$<&%*)#

<")"I),'.$-*%#c&$4#:U8Z>E#*-4#%"'$,-';# !"#)"'&%('#,6#(!"#'"/5"-(*+,-#*-*%X'$'#3")"#9$'&*%%X#

<!"<="4#6,)#.)"'"-<"#,6# $-6*)<('#*-4#*4*.("4#$6#-"<"''*)X#(,#5*="#*#4$'+-<+,-#I"(3""-#

ST]#*-4#$-6*)<(#9,%&5"';# ,(*%#I)*$-#9,%&5"#3*'#<*%<&%*("4#IX#'&55$-/#(!"#9,%&5"'#,6#

/)*X#*-4#3!$("#5*`")#*-4E#$6#.)"'"-(E#(!"#9,%&5"'#,6#ST]#*-4#$-6*)<(';#\%%#9,%&5"'#<)*-$*%#

(,#(!"#6,)*5"-#5*/-&5#3")"#$-<%&4"4;# ,(*%# $-()*<)*-$*%#9,%&5"#:WU^>#3*'#<*%<&%*("4#IX#

'&55$-/#(!"#(,(*%#I)*$-#9,%&5"#*-4#9,%&5"'#,6#(!"#'&%<*%#*-4#9"-()$<&%*)#U8Z;

\-2(*0$+&(-7&U"#$%&'()%*&4%+#1-+

 !"# 3!,%"# I)*$-# 3*'# 9$'&*%%X# '"*)<!"4# 6,)# $-6*)<('# IX# *# ()*$-"4# $-9"'+/*(,)# *-4# *#

-"&),)*4$,%,/$'(;#_*(")'#3")"#I%$-4"4#(,#.*+"-(#!$'(,)X#*-4#4$*/-,'$';#7$'<)".*-<$"'#$-#)*+-/#

3")"#)"V"9*%&*("4#$-#*#<,-'"-'&'#5""+-/;#W-6*)<('#3")"#4"D-"4#*'#6,<*%#!X.")$-("-'$+"'#

,-# JV3"$/!("4#$5*/"'#,6#*(#%"*'(#d#55#$-#4$*5"(");#YX.")$-("-'$+"'#%,<*("4#$-#(!"#3!$("#

5*`")#*%',#!*4#(,#I"#!X.,$-("-'"#,-# 0V3"$/!("4#*-4#Z]\W_#$5*/"'#$-#,)4")#(,#4$'+-/&$'!#

(!"5# 6),5#ST];# 7$%*("4# .")$9*'<&%*)# '.*<"'#3")"# 4$'+-/&$'!"4 6),5# $-6*)<('# I*'"4# ,-#

(!"$)#%,<*+,-#:*%,-/#.")6,)*+-/#,)#5"4&%%*)X#*)(")$"'E#,q"-#'X55"()$<#I$%*(")*%%XE#&'&*%%X#$-#

(!"#%,3")#(!$)4#,6#(!"#I*'*%#/*-/%$*#,)#<"-()&5#'"5$,9*%">E 6,)5#:),&-4n,9*%>E#*-4#*I'"-<"#

,6#/%$,'$';#[)*$-#$-6*)<('#3")"#<*("/,)$C"4#*'#<,)+<*%VE#%*<&-*)VE#%*)/"#'&I<,)+<*%VE#%*)/"#I*'*%#

/*-/%$*VE#$-6)*("-(,)$*%E#*-4#'5*%%#I)*$-'("5#$-6*)<(';#P")$9"-()$<&%*)#ST]#3")"#4"D-"4#*'#

ST]#*4A*<"-(#(,#,)#3$(!$-#0#<5#,6#(!"#%*(")*%#9"-()$<%"'#$-#I,(!#!"5$'.!")"';#7"".#ST]#

3")"#%,<*("4#$-#4"".#3!$("#5*`")#()*<('#*-4#5*X#,)#5*X#-,(#!*9"#*4A,$-"4#.")$9"-()$<&%*)#

%"'$,-';#^,%&5"'#,6#.")$9"-()$<&%*)#*-4#4"".#ST]#3")"#'&55"4#(,#,I(*$-#(,(*%#9,%&5"#,6#

ST];

<++%++'%-$&12&7%8*%++%7&'117

T,,4#'X5.(,5'#3")"#*''"''"4#*(#I*'"%$-"#3$(!#(!"#D9"V$("5#T"-(*%#Y"*%(!#W-4"h#:TYWV

M>E# *# '&I'<*%"# ,6# (!"# 8!,)(VZ,)5# de#T"4$<*%# b&(<,5"'# 8(&4X# Y"*%(!# 8&)9"X# JL;# P*+"-('#

3")"#*'="4#!,3#5&<!#,6#(!"#+5"#,9")#(!"#.*'(#5,-(!#:*%%E#5,'(E#/,,4#I$(E#',5"E# %$`%"E#

,)# -,-"># (!"XQ# 0># 6"%(# -")9,&'m# J># 6"%(# 4,3-!"*)("4# *-4#I%&"m# d># 6"%(# <*%5#*-4#."*<"6&%m#

L># 6"%(# ',#4,3-#(!*(#-,(!$-/#<,&%4#<!"")# (!"5#&.m#M># 6"%(#!*..X;#8<,)"'#*)"#()*-'6,)5"4#

$-(,# *# 9*)$*I%"# )*-/$-/# 6),5#KV0KKE#3$(!# %,3")# '<,)"'# $-4$<*+-/#5,)"#5,,4# 'X5.(,5';#

 !"#TYWVM# .")6,)5'# 3"%%# $-# '<)""-$-/# 6,)# 4".)"''$,-# 25,26;# W-# *<<,)4*-<"# 3$(!# .)"9$,&'#

)"<,55"-4*+,-'E#*#<&(V,i#'<,)"#�MJ#3*'#&'"4#(,#4"D-"#(!"#.)"'"-<"#,6#5,,4#'X5.(,5'#27,28. 
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\-+4".)"''*-(#&'"#:'"%"<+9"#'"),-(,-$-#)"&.(*="#$-!$I$(,)'#:88_W>E#()$<X<%$<#*-+4".)"''*-('#

: U\>E#5,-,*5$-"#,h$4*'"#$-!$I$(,)'#,)#,(!")'>#3*'#*''"''"4#9$*#j&"'+,--*$)"'#*(#I*'"%$-"#

*-4#6,%%,3V&.;#7".)"''"4#5,,4#3*'#4"D-"4#*'#!*9$-/#"$(!")#5,,4#'X5.(,5'#:TYWVM#'<,)"#

�MJ>#,)#(*=$-/#*-+4".)"''*-('#28,29.

X$"%*&6(*#(34%+

7&)$-/# (!"# 9$'$(# (,# (!"# 5"4$<*%# <"-(")E# *-# ,9")-$/!(# 6*'+-/# 9"-,&'# I%,,4# '*5.%"# 3*'#

(*="-#(,#4"(")5$-"#/%&<,'"#%"9"%';#Y"$/!(#*-4#3"$/!(#3")"#5"*'&)"4#*-4#(!"#I,4X#5*''#

$-4"h# :[TW>#3*'#<*%<&%*("4# :=/n52>;#8X'(,%$<#*-4#4$*'(,%$<#I%,,4#.)"''&)"'# :55#Y/>#3")"#

5"*'&)"4#(3$<"#*-4#*9")*/"4;#YX.")("-'$,-#3*'#4"D-"4#*'#5"*-#'X'(,%$<#I%,,4#.)"''&)"#

z0eK#55#Y/E#5"*-#4$*'(,%$<#I%,,4#.)"''&)"#z2M#55#Y/#,)#'"%6#)".,)("4#*-+!X.")("-'$9"#

4)&/#&'";#7$*I"("'#5"%%$(&'#3*'#4"D-"4#*'#/%&<,'"#z1;K#55,%n]#,)#'"%6#)".,)("4#&'"#,6#,)*%#

*-+4$*I"+<#4)&/'#,)#$-'&%$-;#YX.")%$.$4"5$*#3*'#4"D-"4#*'#(,(*%#<!,%"'("),%#yM;K#55,%n]E#

%,3V4"-'$(X# %$.,.),("$-# <!,%"'("),%# yd;J# 55,%n]# ,)# '"%6# )".,)("4# &'"# ,6# %$.$4# %,3")$-/#

4)&/'; 85,=$-/#!*I$('# *-4# *%<,!,%# $-(*="#3")"# *''"''"4#3$(!# j&"'+,--*$)"';# P*<=VX"*)'#

,6#'5,=$-/#3*'#<*%<&%*("4m#*%<,!,%# $-(*="#3*'#<*("/,)$C"4# $-(,#-"9")E# 6,)5")E#,)#<&))"-(;#

\'#*#5"*'&)"#,6#(!"#'"9")$(X#,6#'&I<%$-$<*%#*(!"),'<%"),'$'E#&%()*',-,/)*.!X#3*'#.")6,)5"4#

(,#5"*'&)"#(!"# $-+5*V5"4$*#(!$<=-"''# :WT ># :55># $-# (!"# %"q#*-4#)$/!(#<,55,-#<*),+4#

*)(")$"'E#)".)"'"-("4#IX#(!"#5"*-#9*%&"#,6#'$h#5"*'&)"5"-(';

@$/7N&+('84%

b6#(!"#eLd#.*+"-('#.*)+<$.*+-/#*(#6,%%,3V&.E#T_W#9*)$*I%"'#*(#6,%%,3V&.#3")"#5$''$-/#$-#

L2#.*+"-('#:-,#T_W#:-wd1>E#,)#*)("6*<('#:-w0J>>E#)"'&%+-/#$-#*#(,(*%#'*5.%"#,6#M2L#.*+"-(';

A($(&(-(4N+#+&

S"#&'"4#5&%+.%"#$5.&(*+,-#30#:0K#4*(*'"('>#(,#*44)"''#5$''$-/#9*%&"'#$-#(!"#'(&4X#'*5.%"#

,6#M2L#.*+"-('E#&'$-/#(!"#'(*+'+<*%#.),/)*55"#_#:\)"/W5.&(">;#7*(*#3")"#*-*%XC"4#&'$-/#

P\8S#9")'$,-#01;K#:U!$<*/,E#WWWE#B8\>E#IX#.,,%$-/#(!"#0K#$5.&("4#4*(*'"(';#Z$)'(E#I*'"%$-"#

<!*)*<(")$'+<'# 3")"# <,5.*)"4# I"(3""-# .*+"-('# 3$(!# *-4# 3$(!,&(# 4".)"''"4# 5,,4;#

 !"-E# %$-"*)#)"/)"''$,-#*-*%X'$'#3*'#&'"4#(,# $-9"'+/*("#(!"#<),''V'"<+,-*%#*'',<$*+,-#,6#

4".)"''"4#5,,4#:*'# $-4"."-4"-(#9*)$*I%">#3$(!#ST]#9,%&5"#:*'#4"."-4"-(#9*)$*I%">#*(#

I*'"%$-";#ST]#9,%&5"#3*'#-*(&)*%# %,/V()*-'6,)5"4# :%-># (,#,I(*$-# *#-,)5*%#4$'()$I&+,-;#

@"h(E# 3"# $-9"'+/*("4# (!"# .),'."<+9"# *'',<$*+,-# ,6# 4".)"''"4# 5,,4# *(# I*'"%$-"# :*'#

$-4"."-4"-(#9*)$*I%">#3$(!#<!*-/"#$-#%-#ST]#9,%&5"#4&)$-/#6,%%,3V&.;#]-#ST]#9,%&5"#*(#

6,%%,3V&.#3*'#"-(")"4#*'#4"."-4"-(#9*)$*I%"E#*-4#*4A&'(5"-('#3")"#5*4"#6,)#*/"E#'"hE#%-#

ST]#9,%&5"#*(#I*'"%$-"E#6,%%,3V&.#+5"#*-4#$-()*<)*-$*%#9,%&5"#:5,4"%#0>E#*-4#*44$+,-*%%X#

6,)# '5,=$-/E# *%<,!,%# &'"E# [TWE# !X.")("-'$,-E# 4$*I"("'#5"%%$(&'E# !X.")%$.$4"5$*E# WT #*-4#

$-6*)<('#,-#T_W#:5,4"%#J>;#
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d;0

8"<,-4E#3"#)"."*("4#(!"#*-*%X'$'#4$'+-/&$'!$-/#4"".#*-4#.")$9"-()$<&%*)#ST]#9,%&5"'#(,#

"h*5$-"#3!"(!")#(!"#'()"-/(!#,6#(!"#)"%*+,-#I"(3""-#4".)"''"4#5,,4#*-4#ST]#9,%&5"#

3*'#$-c&"-<"4#IX#(!"#%,<*+,-#,6#ST];# !$)4E#(,#"h.%,)"#(!"#)"%*+9"#<,-()$I&+,-#,6#(!"'"#

9*)$*I%"'#$-#(!"#*'',<$*+,-'E#3"#)"."*("4#*%%#*-*%X'"'#3$(!#*-+4".)"''*-(#&'"#*-4#TYWVM#

'<,)"# �MJ# *'# '".*)*("# 9*)$*I%"'# $-# (!"# '*5"#5,4"%;# ["<*&'"#.)"9$,&'# '(&4$"'# '&//"'("4#

*#4$i")"-(#"i"<(#,6#88_W#*-4# U\#&'"#,-#ST]#9,%&5"#*-4#<%$-$<*%#.),/-,'$'#20,28E#3"#*%',#

"h*5$-"4#(!"#)"%*+9"#<,-()$I&+,-#,6#88_W#*-4# U\#&'"#'".*)*("%X;

,(34%&E#[*'"%$-"#<!*)*<(")$'+<'#,6#(!"#(,(*%#'*5.%"#*-4#*<<,)4$-/#(,#4".)"''"4#5,,4#'(*(&'

,1$(4&+('84%

]-^HMJ_

A%8*%++%7&'117* 

]-^EEJ_

R1&7%8*%++%7&'117* 

]-^JLV_

\/"#:X"*)'>† MN#v#2;M Me#v#N;2 MN#v#2;1

Z"5*%"#'"h#:f> 20 dL 01

[TW#:=/n52)† J1#v#d;e JN#v#d;2 J1#v#d;L

85,=$-/#:.*<=VX"*)'>‡ JK#:KVL2> 25 (0-55) 02#:KVLe>

Alcohol use

- Never 0M 20 0L

- Z,)5") 8 0d 6

- Current 78 67 80

YX.")("-'$,-#:f> 50 M0 50

7$*I"("'#5"%%$(&'#:f> 0e 0e 0e

YX.")%$.$4"5$*#:f> 75 1L 79

WT #:55>† K;2#v#K;d K;2#v#K;d K;2#v#K;d

Total intracranial volume (mL)† 0LeJ#v#0JN 0LLe#v#0JM 0Lee#v#0J2

\I',%&("#ST]#9,%&5"#:5]>‡ 0;d#:K;LVe;L> 0;d#:K;MVe;L> 0;d#:K;LVe;M>

- 7"". K;e#:K;0Vd;J> 0.6 (0.2-3.5) K;e#:K;0Vd;0>

- Periventricular 0.7 (0.2-3.6) K;1#:K;0VJ;2> K;1#:K;JVL;K>

U")"I)*%#$-6*)<(#:f> 25 JL 25

\-+4".)"''*-(#&'"#:f> 5 25 0

- SSRI 2 0J 0

- TCA 2 0K 0

- b(!") 0 5 0

b9")*%%#TYWVM#'<,)"‡ 76 (50-92) LN#:dJV1L> NK#:eLV2e>

- TYWVM#'<,)"#�MJ#:f> 0e 82 0

[TWE#[,4X#5*''#$-4"hm#WT E#W-+5*#5"4$*#(!$<=-"''m#ST]E#S!$("#5*`")#%"'$,-m#88_WE#8"%"<+9"#8"),(,-$-#_"&.(*="#

W-!$I$(,)m# U\E# )$<X<%$<#\-+4".)"''*-(m#TYWVME#MV$("5#T"-(*%#Y"*%(!#W-4"h
* 7".)"''"4#5,,4#4"D-"4#*'#TYWVM#'<,)"#�MJ#,)#*-+4".)"''*-(#&'"
† T"*-#v#87m ‡#T"4$*-E#:0Kth-90th#.")<"-+%">

P")<"-(*/"#,6#5$''$-/# 9*%&"'Q# $-()*<)*-$*%# 9,%&5"#*-4#ST]#9,%&5"'Q#J;2fE#TYWVMQ#J;1fE# WT Q#J;JfE#4$*I"("'Q#

0;MfE#!X.")("-'$,-#*-4#!X.")%$.$4"5$*Q#K;1fE#*%<,!,%#&'"Q#K;MfE#*%%#,(!")#9*)$*I%"'Q#K;K#f
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[%+/4$+

 !"# 5"*-# */"# ,6# (!"# '(&4X# .,.&%*+,-# 3*'# MNv2;M# X"*)'# *-4# NKf# 3*'# 5*%"# :(*I%"# 0>;#

U,5.*)"4#(,#(!,'"#3$(!,&(E#.*+"-('#3$(!#4".)"''"4#5,,4#3")"#5,)"#,q"-#6"5*%"#:dLf#

9';#01f>E#3$(!#/)"*(")#[TW#:5"*-E#JN#9';#J1#=/n52>E#5,)"#.*<=VX"*)'#,6#'5,=$-/#:5"4$*-E#

JM#9';#02>E#%"''#<&))"-(#*%<,!,%#&'"#:e1f#9';#NKf>#*-4#%,3")#TYWVM#'<,)"#:5"4$*-E#LN#9';#NK>;#

T"*-#6,%%,3V&.#3*'#d;2vK;L#X"*)';

A%8*%++%7&'117&(-7&!=K&614/'%&($&3(+%4#-%

7".)"''"4#5,,4#3*'#-,(#'$/-$D<*-(%X#*'',<$*("4#3$(!#(,(*%#ST]#9,%&5"#*(#I*'"%$-"#:(*I%"#

J>;#\%',#3!"-#4"".#*-4#.")$9"-()$<&%*)#ST]#9,%&5"'#3")"#4$'+-/&$'!"4E#-,# '$/-$D<*-(#

*'',<$*+,-'#,6#4".)"''"4#5,,4#3$(!#ST]#9,%&5"#3")"#6,&-4#:(*I%"#J>;

,(34%& G# U),''V'"<+,-*%# *'',<$*+,-'# *(# I*'"%$-"# ,6# 4".)"''"4#5,,4# *'# $-4"."-4"-(# 9*)$*I%"E# *-4#

3!$("#5*`")#%"'$,-#9,%&5"'#*'#4"."-4"-(#9*)$*I%"#:-wM2L>

K1:5$*(-+21*'%7&U"#$%&'()%*&4%+#1-&614/'%

,1$(4 A%%8 B%*#6%-$*#0/4(*

Q MHe&D\ Q MHe&D\ Q MHe&D\

A%8*%++%7&'117*

T,4"%#0 0.08 :VK;0L#(,#K;J2> VK;0d :VK;0d#(,#K;dN> VK;KL (-0.27 to 0.20)

T,4"%#J 0.07 :VK;0M#(,#K;J2> VK;0J :VK;0L#(,#K;dN> VK;KL :VK;J1#(,#K;02>

<-;7%8*%++(-$&/+%

T,4"%#0‡ 0.65 :K;Je#(,#0;KL> 0.57 :K;00#(,#0;Kd> 0.56 :K;0L#(,#K;2N>

T,4"%#J 0.57 :K;0N#(,#K;2M> 0.50 :K;KL#(,#K;2e> K;L1 (0.05 to 0.89)

=f\5H&+01*%&gHG

T,4"%#0† -0.07 :VK;d0#(,#K;0e> -0.03 :VK;JL#(,#K;d0> VK;02 :VK;LL#(,#K;Ke>

T,4"%#J -0.07 :VK;dK#(,#K;0e> VK;KL :VK;JL#(,#K;d0> VK;01 :VK;LJ#(,#K;KN>

ST]E#S!$("#5*`")#%"'$,-m#UWE#U,-D4"-<"#$-(")9*%m#T_Wm#T*/-"+<#)"',-*-<"#$5*/$-/
* 7".)"''"4#5,,4#4"D-"4#*'#TYWVM#'<,)"#�MJ#,)#*-+4".)"''*-(#&'"

T,4"%#0#\4A&'("4#6,)#*/"E#'"h#*-4#$-()*<)*-$*%#9,%&5"

T,4"%#J#\44$+,-*%%X#*4A&'("4#6,)#'5,=$-/E#*%<,!,%#&'"E#!X.")("-'$,-E#4$*I"("'#5"%%$(&'E#!X.")%$.$4"5$*E# $-+5*#

5"4$*#(!$<=-"''#*-4#$-6*)<('#,-#T_W
†#\44$+,-*%%X#*4A&'("4#6,)#TYWVM#'<,)"#�MJE#*-4#9$<"#9")'*

S!"-#3"#"h*5$-"4#(!"#$-4"."-4"-(#$-c&"-<"#,6#TYWVM#'<,)"#�MJ#*-4#*-+4".)"''*-(#&'"#

,-#ST]#9,%&5"E# (!"#&'"#,6#*-X#*-+4".)"''*-(#3*'#'$/-$D<*-(%X#*'',<$*("4#3$(!#/)"*(")#

(,(*%#ST]#9,%&5"#:[wK;eM5]E#2Mf#UW#K;Je#(,#0;KL>;#\44$+,-*%#*4A&'(5"-(#6,)#<,9*)$*("'#

4$4#-,(#*`"-&*("#(!$'#"i"<(#:(*I%"#J>;#S!"-#4"".#*-4#.")$9"-()$<&%*)#ST]#9,%&5"'#3")"#

4$'+-/&$'!"4E# *-+4".)"''*-(# &'"# 3*'# '$/-$D<*-(%X# *'',<$*("4# 3$(!# /)"*(")# 4"".# *-4#
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N0

d;0

.")$9"-()$<&%*)#ST]#9,%&5"#:(*I%"#Jm#D/&)"#0>;#S!"-#(!"#(X."#,6#*-+4".)"''*-(#5"4$<*+,-#

3*'#4$'+-/&$'!"4E#I,(!#88_W#:[wK;Ld5]E#2Mf#UW#VK;JL#(,#0;00>#*-4# U\#&'"#:[wK;L15]E#2Mf#

UW#VK;J1#(,#0;JK>#<,-()$I&("4#(,#(!"#*'',<$*+,-#3$(!#4"".#ST]#9,%&5"m#(!"#*'',<$*+,-#3$(!#

.")$9"-()$<&%*)#ST]#&'"#3*'#.)$5*)$%X#4)$9"-#IX#88_W#:[wK;eM5]E#2Mf#UW#K;KL#(,#0;Je>#*-4#

-,(#IX# U\#&'"#:[wK;K05]E#2Mf#UW#VK;ee#(,#K;eN>;

@,#'$/-$D<*-(#*'',<$*+,-'#,6#5,,4#'X5.(,5'#*'#$-4$<*("4#IX#TYWVM#'<,)"#�MJ#3$(!#(,(*%#,)#

)"/$,-*%#ST]#9,%&5"'#3")"#6,&-4#:(*I%"#J>;

`#:/*%& E&T"*-# 4"".# *-4# .")$9"-()$<&%*)#3!$("#5*`")# %"'$,-# :ST]># 9,%&5"'# :5]># *(# I*'"%$-"# 6,)#

.*+"-('# 3$(!# *-4# 3$(!,&(# *-+4".)"''*-(# 5"4$<*+,-# &'"E# *4A&'("4# 6,)# */"E# '"h# *-4# $-()*<)*-$*%#

9,%&5";#O)),)#I*)'#$-4$<*("#'(*-4*)4#")),)'m#'(*+'+<*%%X#'$/-$D<*-(#4$i")"-<"'#*)"#$-4$<*("4#3$(!#*-#

*'(")$h#:.V9*%&"wK;K0>;

A%8*%++%7&'117&(-7&0"(-:%&#-&!=K&614/'%

7".)"''"4# 5,,4# 3*'# -,(# '$/-$D<*-(%X# *'',<$*("4# 3$(!# *# <!*-/"# $-# (,(*%# ST]# 9,%&5"#

4&)$-/# 6,%%,3V&.# :[wVK;Ke5]E#2Mf#UW# VK;J0# (,#K;0K>;#\%',#3!"-#4"".#*-4#.")$9"-()$<&%*)#

ST]#9,%&5"'#3")"#4$'+-/&$'!"4E#-,#'$/-$D<*-(#*'',<$*+,-'#,6#4".)"''"4#5,,4#3$(!#ST]#

9,%&5"#3")"#6,&-4#:4*(*#-,(#'!,3->;

S!"-#3"#"h*5$-"4#(!"#$-4"."-4"-(#$-c&"-<"#,6#TYWVM#'<,)"#�MJ#*-4#*-+4".)"''*-(#&'"#

,-#ST]#.),/)"''$,-E#(!"#&'"#,6#*-X#*-+4".)"''*-(#3*'#-,(#*'',<$*("4#3$(!#*#/)"*(")#<!*-/"#

$-# (,(*%#ST]# 9,%&5"# :[wK;K15]E# 2Mf#UW# VK;J0# (,# K;dM>;#S!"-#4"".# *-4# .")$9"-()$<&%*)#

9,%&5"'#3")"#4$'+-/&$'!"4E# *-+4".)"''*-(#&'"#3*'# *'',<$*("4#3$(!# *#5,4"'(#I&(# -,-V

'$/-$D<*-(#/)"*(")#$-<)"*'"#$-#.")$9"-()$<&%*)#ST]#9,%&5"#:D/&)"#Jm#6&%%X#*4A&'("4Q#[wK;J0E#

2Mf#UW#VK;KM#(,#K;L1>E#I&(#-,(#4"".#ST]#9,%&5"#:[wVK;00E#2Mf#UW#VK;L1#(,#K;JM>;#S!"-#(!"#

(X."#,6#*-+4".)"''*-(#5"4$<*+,-#3*'#4$'+-/&$'!"4E#'$5$%*)#()"-4'#(,3*)4'#*-#$-<)"*'"4#

.),/)"''$,-#,6#.")$9"-()$<&%*)#ST]#9,%&5"#3")"#'""-#:D/&)"#d>;
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@,#'$/-$D<*-(#*'',<$*+,-'#,6#5,,4#'X5.(,5'#*'#$-4$<*("4#IX#TYWVM#'<,)"#�MJ#3$(!#<!*-/"#

$-#(,(*%#ST]#9,%&5"#[wVK;K1E#2Mf#UW#VK;Jd#(,#K;K2>#,)#)"/$,-*%#ST]#9,%&5"'#3")"#6,&-4#

:4*(*#-,(#'!,3->;

`#:/*%&G&T"*-#$-<)"*'"#$-#.")$9"-()$<&%*)#3!$("#5*`")#%"'$,-#:ST]>#9,%&5"#:5]>#4&)$-/#6,%%,3V&.#

6,)#.*+"-('#3$(!#*-4#3$(!,&(#*-X#*-+4".)"''*-(#5"4$<*+,-#&'"E#*4A&'("4#6,)#*/"E#'"hE#$-()*<)*-$*%#

9,%&5"#*-4#6,%%,3V&.#+5";#ST]#9,%&5"'#*-4#'(*-4*)4#")),)'#*)"#I*<=#()*-'6,)5"4#6),5#(!"#-*(&)*%#

%,/#()*-'6,)5*+,-;#O)),)#I*)'#$-4$<*("#'(*-4*)4#")),)';

`#:/*%&I&T"*-#$-<)"*'"#$-#.")$9"-()$<&%*)#3!$("#5*`")#%"'$,-#:ST]>#9,%&5"#:5]>#4&)$-/#6,%%,3V&.#6,)#

.*+"-('#3$(!#*-4#3$(!,&(#8"%"<+9"#8"),(,-$-#_"&.(*="#W-!$I$(,)#:88_W>#*-4# )$<X<%$<#\-+4".)"''*-(#

: U\>#&'"E#*4A&'("4#6,)#*/"E#'"hE#$-()*<)*-$*%#9,%&5"#*-4#6,%%,3V&.#+5";#ST]#9,%&5"'#*-4#'(*-4*)4#

")),)'#*)"#I*<=#()*-'6,)5"4#6),5#(!"#-*(&)*%#%,/#()*-'6,)5*+,-;#O)),)#I*)'#$-4$<*("#'(*-4*)4#")),)';
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d;0

7$'<&''$,-

W-# *# <,!,)(# ,6# .*+"-('# 3$(!# 'X5.(,5*+<# *(!"),'<%"),+<# 4$'"*'"E# 3"# ,I'")9"4# (!*(#

*-+4".)"''*-(#&'"#3*'#*'',<$*("4#3$(!#$-<)"*'"4#4"".#*-4#.")$9"-()$<&%*)#ST]#9,%&5"'#*(#

I*'"%$-"E#3!")"*'#5,,4#'X5.(,5'#3")"#-,(;#W-#*44$+,-E#*-+4".)"''*-('#3")"#*'',<$*("4#

3$(!#*#5,4"'(#I&(#-,-V'$/-$D<*-(#$-<)"*'"#$-#.),/)"''$,-#,6#.")$9"-()$<&%*)#ST]#9,%&5"#

4&)$-/#6,&)#X"*)'#6,%%,3V&.;

["6,)"#3"#$-(").)"(#,&)#D-4$-/'E#'"9")*%#'()"-/(!'#*-4#%$5$(*+,-'#!*9"#(,#I"#<,-'$4")"4;#

8()"-/(!'#,6#,&)#'(&4X#$-<%&4"#(!"#.),'."<+9"#4"'$/-m#(!"#%*)/"#'*5.%"#'$C"m#(!"#*&(,5*("4#

'"/5"-(*+,-# ("<!-$j&"# &'"4# (,# ,I(*$-# 9,%&5"()$<# 5"*'&)"'# ,6# ST]# 3!$<!# .),9$4"'#

5,)"# .)"<$'"# *-4# ,IA"<+9"# "'+5*("'# (!*-# 9$'&*%# )*+-/# '<*%"'# d0# *-4# "-*I%"4# *<<&)*("#

5"*'&)"5"-(# ,6# '5*%%# 9,%&5"# <!*-/"'# ,9")# +5"# 32m# *-4# (!"# "h("-'$9"# $-6,)5*+,-# ,-#

<*)4$,9*'<&%*)#)$'=#6*<(,)'#*-4#'&I<%$-$<*%#*(!"),'<%"),'$'E#6,)#3!$<!#3"#<,&%4#*4A&'(#$-#,&)#

*-*%X'"';#\#%$5$(*+,-#$'#(!*(#3"#4$4#-,(#!*9"#*#6,)5*%#4$*/-,'$'#,6#5*A,)#4".)"''$9"#4$',)4")E#

*%(!,&/!#3"#()$"4#(,#4"D-"#*#<%$-$<*%%X#)"%"9*-(#/),&.#IX#<,5I$-$-/#!$/!#5,,4#'X5.(,5#

'<,)"'#*-4#*-+4".)"''*-(#&'";#\-,(!")#%$5$(*+,-#$'#(!*(#$-6,)5*+,-#,-#*-+4".)"''*-(#&'"#

3*'#*<j&$)"4#(!),&/!#'"%6V)".,)(#j&"'+,--*$)"'#)*(!")#(!*-#&'$-/#4*(*#6),5#.!X'$<$*-#,)#

.!*)5*<X#)"/$'()$"'E#*-4#(!*(#3"#4$4#-,(#!*9"#$-6,)5*+,-#,-#(!"#$-4$<*+,-E#4&)*+,-#*-4#

4,'"#,6#*-+4".)"''*-(#&'"#3!$%"#(!$'#5*X#I"#)"%"9*-(#6,)#(!"#<%$-$<*%#.),/-,'$'#33.

\%(!,&/!#*#<),''V'"<+,-*%# )"%*+,-#I"(3""-#4".)"''$9"#'X5.(,5'#*-4#ST]#9,%&5"#!*'#

6)"j&"-(%X#I""-#,I'")9"4#0dE0LE#3"#4$4#-,(#D-4#*-#*'',<$*+,-#,6#4".)"''"4#5,,4E#4"D-"4#*'#

TYWVM#'<,)"#�MJ#,)#*-+4".)"''*-(#&'"E#3$(!#/)"*(")#ST]#9,%&5";#\%',E#3!"-#3"#"h*5$-"4#

(!"# )"%*+9"#<,-()$I&+,-#,6#5,,4#'X5.(,5'#*-4#*-+4".)"''*-(#&'"E#3"#4$4#-,(#D-4#*-#

*'',<$*+,-#,6#5,,4#'X5.(,5'#3$(!#/)"*(")#ST]#9,%&5";#\#.,''$I%"#"h.%*-*+,-#6,)#(!$'#

D-4$-/#5*X# I"# (!*(# (!"#TYWVM# 4,"'# -,(# *''"''#5,+9*+,-*%# 'X5.(,5'E# 3!")"*'# ,(!")#

4".)"''$,-#'<)""-$-/#$-'()&5"-('#*''"''#I,(!#5,,4#*-4#5,+9*+,-*%#'X5.(,5';#\<<,)4$-/#

(,#(!"#k9*'<&%*)#4".)"''$,-l#!X.,(!"'$'E#ST]#5*X#.)"4$'.,'"#(,#,)#.")."(&*("#4".)"''$,-#

*'#*#)"'&%(#,6#(!"#4$')&.+,-#,6#6),-(*%V'&I<,)+<*%#<$)<&$('#00E0J;#["<*&'"#6),-(*%V'&I<,)+<*%#

4X'6&-<+,-#$'#.)$5*)$%X#<!*)*<(")$C"4#IX#(!"#.)"'"-<"#,6#5,+9*+,-*%#'X5.(,5'#dL, these 

'X5.(,5'#*)"#(!,&/!(#(,#I"#4,5$-*-(#$-#.")',-'#3$(!#ST]V)"%*("4#4".)"''$,-;

\-+4".)"''*-(#&'"E#!,3"9")E#3*'#*'',<$*("4#3$(!# %*)/")#ST]#9,%&5"# $-#,&)#'(&4X;#b-"#

"h.%*-*+,-# 6,)# (!$'# )"%*+,-# $'# (!*(# (!"# &'"# ,6# *-+4".)"''*-('# )"c"<('# (!"# '"9")$(X# ,6#

4".)"''$,-;#Y,3"9")E#*%,-/#3$(!#*-,(!")#'(&4X#20#3"#,I'")9"4#(!*(#(!"#)"%*+,-#I"(3""-#

*-+4".)"''*-(#&'"#*-4#ST]#9,%&5"#3*'#$-4"."-4"-(#,6#(!"#.)"'"-<"#,6#5,,4#'X5.(,5'#

*(#I*'"%$-";#Z&)(!")E#*-,(!")#'(&4X#6,&-4#(!*(#(!"#)"%*+,-#I"(3""-#4".)"''$,-#*-4#'(),="#

3*'#.)$5*)$%X#"h.%*$-"4#IX#*-+4".)"''*-(#&'"#*-4#-,(#IX#4".)"''$9"#'X5.(,5'E#3!$<!#*%',#
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<,-()*4$<('# (!"#!X.,(!"'$'# (!*(#*-+4".)"''*-(#&'"#'$5.%X# $'#*#5*)=")# 6,)# (!"#'"9")$(X#,6#

depression 28.

\%(")-*+9"%XE#,-"#<,&%4#!X.,(!"'$C"#(!*(#*#/)"*(")#ST]#9,%&5"#5*X#I"#*#4$)"<(#)"'&%(#,6#

(!"'"#*-+4".)"''*-(#4)&/#(X."';#88_W#*'#3"%%#*'# U\#&'"#!*9"#I""-#.)"9$,&'%X# $4"-+D"4#

*'# $-4"."-4"-(# )$'=# 6*<(,)'# 6,)# <*)4$,9*'<&%*)# 4$'"*'"E# $-<%&4$-/# <,),-*)X# *)(")X# 4$'"*'"#

and stroke 28,29,33,35-38;#W(#!*'#I""-#'&//"'("4#(!*(#88_W#&'"#5*X#.)"4$'.,'"#(,#ST]'#(!),&/!#

*-+4".)"''*-(V$-4&<"4# 9*',<,-'()$<+,-E# 3!$<!# $'# 5"4$*("4# IX# '"),(,-$-# )"<".(,)'# ,-#

'5,,(!#5&'<%"#<"%%'E#.),5.+-/#(!),5I,"5I,%$<#"9"-('#$-#*(!"),'<%"),+<#<")"I)*%#*)(")$"'#
33;# W-# *44$+,-E#  U\'# !*9"# I""-# *'',<$*("4#3$(!# 9*)$,&'# <*)4$,9*'<&%*)# "i"<('E# $-<%&4$-/#

$-<)"*'"4#!"*)(# )*("#*-4#,)(!,'(*+<#!X.,("-'$,-# 20E#3!$<!#5*X#.)"4$'.,'"# (,#4"<)"*'"4#

<")"I)*%#.")6&'$,-;

R"(#*-,(!")#"h.%*-*+,-#5*X#I"#(!*(#*-+4".)"''*-('#3")"#.)"'<)$I"4#6,)#<,5.%*$-('#)"%*("4#

(,# ,)# )"'&%+-/# 6),5# 3!$("# 5*`")# %"'$,-';# \(# ,%4")# */"E# *-+4".)"''*-('# *)"# *%',# ,q"-#

.)"'<)$I"4#6,)#<,-4$+,-'#,(!")#(!*-#4".)"''$,-E#$-<%&4$-/#!"*4*<!"E#*-h$"(X#*-4#'%"".$-/#

.),I%"5'# 38;# ["<*&'"#3"# 4$4# -,(# !*9"# $-6,)5*+,-# ,-# (!"# $-4$<*+,-# 6,)# *-+4".)"''*-(#

()"*(5"-(E# $(# $'# .,''$I%"# (!*(# (!"# ,I'")9"4# )"%*+,-# I"(3""-# *-+4".)"''*-('# *-4#ST]#

9,%&5"#5*X#-,(#)"c"<(#*-#*'',<$*+,-#3$(!#4".)"''$,-#I&(#3$(!#*-,(!")#&-4")%X$-/#4$'"*'";#

\# '."<&%*+9"#*%(")-*+9"#!X.,(!"'$'# (,# "h.%*$-#,&)#D-4$-/'# $'# (!*(# *-+4".)"''*-('#3")"#

.)"'<)$I"4# 6,)# .")',-'#3$(!# 4".)"''$9"# ,)#5"5,)X# <,5.%*$-('# )"%*("4# (,#5$%4# <,/-$+9"#

$5.*$)5"-(#,)#.)"<%$-$<*%#4"5"-+*;#P)"9$,&'#'(&4$"'#!*9"#*'',<$*("4#*-#$-<)"*'"4#'"9")$(X#

*-4#.),/)"''$,-#,6#.")$9"-()$<&%*)#ST]#9,%&5"E#*-4#(,#*#%"''")#"h("-(#4"".#ST]#9,%&5"E#

3$(!#5$%4#<,/-$+9"#$5.*$)5"-(#*-4#<,/-$+9"#4"<%$-"#d2VLd;#T$%4#<,/-$+9"#$5.*$)5"-(#<*-#

%"*4#(,#5"5,)X#<,5.%*$-('#*-4#4".)"''$9"#'X5.(,5'E#*-4#(!"'"#<,5.%*$-('#5*X#!*9"#I""-#

*-#$-4$<*+,-#6,)#.)"'<)$I$-/#*-+4".)"''*-(';

 !"# k9*'<&%*)# 4".)"''$,-l# !X.,(!"'$'# '(*("'# (!*(#ST]#5*X# .)"4$'.,'"# (,# ,)# .")."(&*("#

4".)"''$,-# *-4# *'# '&<!E# (!"# 4$)"<+,-# ,6# <*&'*%$(X# $'# (!*(# 4".)"''$,-# )"'&%('# 6),5#ST];#

Y,3"9")E# I"<*&'"# <*)4$,9*'<&%*)# 4$'"*'"# <*-# *%',# %"*4# (,# 4".)"''$,-E# $(# !*'# *%',# I""-#

!X.,(!"'$C"4# (!*(# 4".)"''$,-# $-<)"*'"'# (!"# )$'=# 6,)# ST]# 0M. Because studies that 

$-9"'+/*("4#(!"#.),'."<+9"#)"%*+,-'!$.#I"(3""-#<%$-$<*%%X#)"%"9*-(#4".)"''$9"#'X5.(,5'#

*-4#ST]#'"9")$(X#X$"%4"4#!$/!%X#$-<,-'$'("-(#D-4$-/'#0MV02E#$(#)"5*$-'#&-<%"*)#3!"(!")#ST]#

$'# *# <*&'"# ,6# 4".)"''$9"# 'X5.(,5'E# *# <,-'"j&"-<"E# ,)#3!"(!")# I,(!#5*X# )"'&%(# 6),5# *#
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W-6)*("-(,)$*%#$-6*)<('#3")"#%,<*("4#$-#(!"#I)*$-'("5#,)#<")"I"%%&5;

P")$9"-()$<&%*)# %"'$,-'# 3")"# 4"D-"4# *'#ST]# *4A*<"-(# (,# ,)# 3$(!$-# 0# <5# ,6# (!"# %*(")*%#

9"-()$<%"';#7"".#%"'$,-'#3")"#%,<*("4#$-#4"".#3!$("#5*`")#()*<('#3$(!#,)#3$(!,&(#*4A,$-"4#

.")$9"-()$<&%*)#%"'$,-';#^,%&5"'#,6#.")$9"-()$<&%*)#*-4#4"".#ST]#3")"#'&55"4#(,#,I(*$-#

(,(*%#ST]#9,%&5";#^,%&5"'#,6#ST]#3")"#-,)5*%$C"4#6,)#WU Ê#*-4#"h.)"''"4#*'#.")<"-(*/"#

,6#WU ;̂

Q*(#-&614/'%+

\%%#I)*$-#9,%&5"'#:(,(*%#I)*$-#9,%&5"E#9"-()$<&%*)#9,%&5"#*-4#<,)+<*%#/)*X#5*`")#9,%&5">#

3")"#"h.)"''"4#)"%*+9"#(,#WU ;̂#[)*$-#.*)"-<!X5*%#6)*<+,-#:[PZ>#3*'#&'"4#*'#*-#$-4$<*(,)#6,)#

/%,I*%#I)*$-#*(),.!XE#*-4#<,)+<*%#/)*X#5*`")#6)*<+,-#6,)#<,)+<*%#I)*$-#*(),.!X;
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A%8*%++#6%&+N'8$1'+

7".)"''$9"# 'X5.(,5'# $-# (!"# .*'(# (3,# 3""='# 3")"# 5"*'&)"4# 3$(!# (!"# P*+"-(# Y"*%(!#

p&"'+,--*$)"V2# :PYpV2># 26E#3!$<!# *''"''"'# (!"#.)"'"-<"#,6# (!"#-$-"#78TVW^# <)$(")$*# 6,)#

5*A,)#4".)"''$9"#4$',)4")#,-#*#LV.,$-(# '<*%"# :(,(*%# '<,)"# )*-/"#KVJ1>;#S"#&'"4#*# <&(V,i#

'<,)"#ze#(,#4"D-"#.)"'"-<"#,6#4".)"''$9"#'X5.(,5'#I"<*&'"#(3,#)"<"-(#'(&4$"'E#,-"#,6#

3!$<!#3*'#.")6,)5"4#$-#.*+"-('#3$(!#<,),-*)X#!"*)(#4$'"*'"E#'!,3"4#/,,4#.")6,)5*-<"#

&'$-/#(!$'#<&(V,i#'<,)"#:'"-'$+9$(X#NJVNdfE#'."<$D<$(X#12VNJf>#$-#'<)""-$-/#6,)#*#4".)"''$9"#

episode 27,28. 

Y$'(,)X#,6#4".)"''$9"#".$',4"'#3*'#I*'"4#,-#*|)5*+9"#*-'3")'#(,#,-"#,6#(!"#(3,#78TV

W^# <,)"# 'X5.(,5'# ,-# (!"# %$6"+5"# 4".)"''$,-# '"<+,-# $-# (!"# j&"'+,--*$)"# :"9")# !*9$-/#

"h.")$"-<"4# 4".)"''"4# 5,,4# ,)# %,''# ,6# $-(")"'(# 6,)# *(# %"*'(# 0L# <,-'"<&+9"# 4*X'>E# *-4#

(!"#*/"#,6#D)'(#4".)"''$9"#".$',4"#3*'#*''"''"4;#P*)+<$.*-('#3!,#"h.")$"-<"4#(!"$)#D)'(#

".$',4"#*(#MK#X"*)'#,)#,%4")#3")"#<%*''$D"4#*'#!*9$-/#*#D)'(#4".)"''$9"#".$',4"#$-#%*(")#%$6";#

 !$'#<&(V,i#3*'#<!,'"-#I"<*&'"#,6#(!"#)"%*+9"%X#X,&-/#*/"#,6#,&)#'*5.%"#*-4 I"<*&'"#(!$'#

<&(V,i#3*'#.),9"-#*..),.)$*("#$-#4"("<+-/#4$i")"-<"'#I"(3""-#*/"#,6#,-'"(#/),&.'#$-#*#

previous study 29.

R%/*18+N0"141:#0(4&(++%++'%-$

S"#*''"''"4#5"5,)XE#"h"<&+9"#6&-<+,-$-/E#*-4#.),<"''$-/#'.""4#*-4#*`"-+,-;#Z,)#"*<!#

,6#(!"'"#(!)""#<,/-$+9"#4,5*$-'#<,5.,'$("#CV'<,)"'#3")"#<,5.&("4#IX#*9")*/$-/#CV'<,)"'#

,6#*%%#'&I("'('#.")#4,5*$-;

^")I*%# 5"5,)X# 3*'# *''"''"4# 3$(!# M# <,-'"<&+9"# ()$*%'# ,6# (!"# 0MV3,)4# %"*)-$-/# ("'(# :*#

5,4$D<*+,-#,6#(!"#_"X#\&4$(,)X#̂ ")I*%#]"*)-$-/#("'(>#30;#W55"4$*("#*-4#4"%*X"4#)"<*%%#3")"#

*''"''"4;#@,-V9")I*%#5"5,)X#3*'#*''"''"4#3$(!#(!"#4"%*X"4#)"<*%%#,6#(!"#_"XVb'("))$"(!#

U,5.%"h#Z$/&)"#("'(#d0.

Oh"<&+9"#6&-<+,-$-/#3*'#*''"''"4#3$(!#(!)""#("'(';# !"#9$'&*%#"%"9*(,)#("'(#:'&I("'(#,6#(!"#

 "'(#,6#O9")X4*X#\`"-+,-#32>#$'#*#+5"4#("'(#,6#0K#()$*%'#(!*(#5"*'&)"'#5"-(*%#c"h$I$%$(X#*-4#

'!$q$-/#,6#*`"-+,-;# !"#[)$h(,-#8.*+*%#\-+<$.*+,-#("'(#33#3*'#&'"4#(,#*''"''#(!"#<*.*<$(X#

(,#4$'<,9")# %,/$<*%# )&%"'# *-4#5"-(*%# $-!$I$+,-#*-4#c"h$I$%$(X;#  !"# (,(*%# -&5I")#,6# ")),)'#

5*4"#3*'#'<,)"4;# !"#^")I*%#Z%&"-<X#("'(#:%"`")#\E#,-"#5$-&("#+5"#6)*5">#3*'#&'"4#(,#

*''"''#5"-(*%#c"h$I$%$(X#*-4#"5.%,X5"-(#,6#'()*("/$"';#["6,)"#<*%<&%*+-/#(!"#CV'<,)"'E#(!"#

'<,)"'#,6#(!"#^$'&*%#O%"9*(,)#("'(#*-4#[)$h(,-#8.*+*%#\-+<$.*+,-#("'(#3")"#5&%+.%$"4#IX#

5$-&'#,-"E#',#(!*(#%,3")#'<,)"'#)".)"'"-("4#.,,)")#.")6,)5*-<";

\`"-+,-#3*'#5"*'&)"4#3$(!# (!"#7$/$(# 8.*-# Z,)3*)4#*-4#7$/$(# 8.*-#[*<=3*)4;# W-# (,(*%E#

(!")"#3")"#0e#()$*%'#*-4#(!"#5*h$5&5#,6#<,))"<(#()$*%'#3*'#'<,)"4;# !"#8X5I,%#'&I'+(&+,-#
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L;0

("'(# :'&I("'(# 6),5# (!"#S"<!'%")# \4&%(# W-("%%$/"-<"# 8<*%"># 3*'# *45$-$'(")"4# (,# 5"*'&)"#

.),<"''$-/#'.""4E#*-4#(!"#-&5I")#,6#<,))"<(#)"'.,-'"'#4&)$-/#*#(3,#5$-&("#+5"#6)*5"#3*'#

'<,)"4;#F%,I*%#<,/-$+9"#6&-<+,-$-/#3*'#5"*'&)"4#3$(!#(!"#T$-$VT"-(*%#8(*("#Oh*5$-*+,-#

:TT8O>#dL;#P*)+<$.*-('#3$(!#*#TT8O#'<,)"#gJ1#3")"#"h*5$-"4#IX#*#.!X'$<$*-#3!,#<,-4&<("4#

*-# *44$+,-*%# $-V!,&'"# '(*-4*)4$C"4# 4"5"-+*# $-(")9$"3# *-4# .!X'$<*%# "h*5$-*+,-;#  !"#

)"'&%('#,6#(!"'"#$-9"'+/*+,-'#(,/"(!")#3$(!#(!"#,&(<,5"#,6#(!"#-"&),.'X<!,%,/$<*%#("'+-/#

3")"#4$'<&''"4#$-#*#<,-'"-'&'#5""+-/#3$(!#*#/")$*()$<$*-#(,#4$*/-,'"#4"5"-+*;

O4&<*+,-*%#%"9"%#3*'#4$9$4"4#$-(,#"$/!(#<*("/,)$"'E#/)*4"4#6),5#.)$5*)X#'<!,,%#(,#*<*4"5$<#

4"/)""E# *<<,)4$-/# (,# (!"# 7&(<!# "4&<*+,-*%# 'X'("5;# W-("%%$/"-<"#3*'# *''"''"4# &'$-/# (!"#

9*%$4*("4#7&(<!#\4&%(#_"*4$-/# "'(#:7\_ ) 35. 

X$"%*&6(*#(34%+

7&)$-/#(!"#9$'$(#(,#(!"#5"4$<*%#<"-(")E#*-#,9")-$/!(#6*'+-/#9"-,&'#I%,,4#'*5.%"#3*'#(*="-#

(,#4"(")5$-"#/%&<,'"#%"9"%';#8X'(,%$<#*-4#4$*'(,%$<#I%,,4#.)"''&)"'#:55#Y/>#3")"#5"*'&)"4#

(!)""#+5"'#3$(!#*#'.!X/5,5*-,5"(")#*-4#*9")*/"4;#YX.")("-'$,-#3*'#4"D-"4#*'#5"*-#

'X'(,%$<# I%,,4# .)"''&)"# z0eK#55#Y/E#5"*-# 4$*'(,%$<# I%,,4# .)"''&)"# z2M#55#Y/# ,)# '"%6#

)".,)("4#*-+!X.")("-'$9"#4)&/#&'";#7$*I"("'#5"%%$(&'#3*'#4"D-"4#*'#!$'(,)X#,6#4$*I"("'#

5"%%$(&'E# /%&<,'"# z1;K#55,%n]# ,)# '"%6# )".,)("4# &'"# ,6# ,)*%# *-+4$*I"+<# 4)&/'# ,)# $-'&%$-;#

P!X'$<*%#6&-<+,-$-/#3*'#*''"''"4#3$(!#(!"#P!X'$<*%#U,5.,-"-(#8&55*)X#'<*%"#,6#(!"#8!,)(#

Z,)5V0J# :8ZV0J># 36E# *# '!,)("-"4#9")'$,-#,6# (!"#8!,)(# Z,)5Vde# :8ZVde>#T"4$<*%#b&(<,5"'#

8(&4X#Y"*%(!#8&)9"X#37.

@$/7N&+('84%

b6#(!"#1ML#.*+"-('#$-$+*%%X#$-<%&4"4#$-#(!"#6,%%,3V&.#'(&4XE#3"#'"%"<("4#*%%#.*+"-('#*/"4#

MK#X"*)'#,)#,%4")#:-weNK>;#b6#(!"'"E#L#!*4#4"5"-+*#*-4#3")"#"h<%&4"4;#b6#(!"#)"5*$-$-/#

.*+"-('E#4*(*#,-#T_W#9*)$*I%"'#3")"#5$''$-/#$-#Me#.*+"-('#:-,#T_WQ#LKE#5,+,-#,)#*)("6*<('Q#

0e>;#b6#(!"'"E#4*(*#,-#(!"#PYpV2#j&"'+,--*$)"#3")"#5$''$-/#$-#e#.*+"-('E#*-4#<,/-$+,-#4*(*#

3")"#5$''$-/#$-#J2#.*+"-('#:-,#<,/-$+,-#("'('#4&"#(,#%,/$'+<*%#.),I%"5'Q#0KE#$-<,5.%"("#

("'(#4*(*#4&"#(,#'"9")"#<,/-$+9"#,)#I"!*9$,&)*%#$5.*$)5"-(E#,)#"h()"5"#9$'&*%#,)#!"*)$-/#

!*-4$<*.'Q#02>;# !$'#)"'&%("4#$-#*-#*-*%X+<*%#'*5.%"#,6#MNM#.*+"-(';

A($(&(-(4N+#+

B":$"11(>"'1?5:)*51

],/VI$-,5$*%# *-4# P,$'',-# )"/)"''$,-# 5,4"%'# 3$(!# ),I&'(# '(*-4*)4# ")),)'# 3")"# &'"4# (,#

$-9"'+/*("#<),''V'"<+,-*%# )"%*+,-'!$.'#I"(3""-#.)"'"-<"#*-4# %,<*+,-#,6# $-6*)<('E#ST]#

9,%&5"# *-4# *(),.!X# *'# $-4"."-4"-(# 9*)$*I%"'# *-4# .)"'"-<"# ,6# 4".)"''$9"# 'X5.(,5'# *'#

4"."-4"-(#9*)$*I%";#S"#"'+5*("4#)"%*+9"#)$'='#*-4#*<<,5.*-X$-/#<,-D4"-<"#$-(")9*%'#:UW>#
38#)*(!")#(!*-#,44'#)*+,'#3!$<!#,9")"'+5*("#(!"#)"%*+9"#)$'=E#.*)+<&%*)%X#6,)#,&(<,5"'#(!*(#
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*)"#<,55,-#:y0Kf>#39;#ST]#9,%&5"#:f#,6#WU^>#*-4#*(),.!X#3")"#"-(")"4#.")#87#$-<)"*'";#

W-#5,4"%#WE#*'',<$*+,-'#3")"#*4A&'("4#6,)#*/"E#'"h#*-4#"4&<*+,-;#S"#*44$+,-*%%X#*4A&'("4#

6,)#!X.")("-'$,-E#4$*I"("'#5"%%$(&'#*-4#.!X'$<*%#6&-<+,-$-/#$-#5,4"%#WW;#["<*&'"#,6#.,''$I%"#

$-(")V<,))"%*+,-#,6#T_W# 9*)$*I%"'E#3"# *44$+,-*%%X# *4A&'("4# 6,)# <,V,<<&))"-(# $-6*)<('# *-4#

ST]#$-#5,4"%#WWW;#["<*&'"#I)*$-#<!*-/"'#*)"#(!,&/!(#(,#.*)+<&%*)%X#$-<)"*'"#(!"#)$'=#,6#D)'(#

,-'"(#,6#4".)"''$9"#'X5.(,5'#$-#%*(")#%$6"E#3"#)"."*("4#*%%#*-*%X'"'#"h<%&4$-/#.*+"-('#3$(!#

!$'(,)X#,6#*#4".)"''$9"#".$',4"#I"6,)"#*/"#MK;

C*0#(.>"'2,#-.*#(#0

]$-"*)#)"/)"''$,-#*-*%X'$'#3*'#&'"4#(,#"'+5*("#<),''V'"<+,-*%#*'',<$*+,-'#,6#4".)"''$9"#

'X5.(,5'#:PYpV2#'<,)"#ze>#3$(!#CV'<,)"'#,6#"h"<&+9"#6&-<+,-$-/E#5"5,)X#*-4#.),<"''$-/#

'.""4E#I"<*&'"#CV'<,)"'#3")"#<,-+-&,&'#,&(<,5"'#*-4#*''&5.+,-'#6,)#%$-"*)#)"/)"''$,-#

3")"# -,(# 9$,%*("4;# \'',<$*+,-'# 3")"# *4A&'("4# 6,)# */"E# '"hE# 7\_ # '<,)"# *-4# "4&<*+,-#

$-# 5,4"%# W;# S"# *44$+,-*%%X# *4A&'("4# 6,)# !X.")("-'$,-E# 4$*I"("'# 5"%%$(&'# *-4# .!X'$<*%#

6&-<+,-$-/#$-#5,4"%#WW;#

@"h(E#3"#"'+5*("4#<),''V'"<+,-*%#*'',<$*+,-'#,6#.)"'"-<"#*-4#%,<*+,-#,6#$-6*)<('E#ST]#

9,%&5"#*-4#*(),.!X#3$(!#CV'<,)"'#,6#"h"<&+9"#6&-<+,-$-/E#5"5,)X#*-4#.),<"''$-/#'.""4#

$-#*#'$5$%*)#3*X;#S"#*44$+,-*%%X#*4A&'("4#6,)#<,V,<<&))"-(#$-6*)<('#*-4#ST]#$-#5,4"%#WWW;#S"#

<!,'"#-,(#(,#<,))"<(#6,)#5&%+.%"#<,5.*)$',-'#LK.

Results

b6#(!"#MNM#.*+"-('#$-<%&4"4E#0KJ#:01f>#!*4#*#PYpV2#'<,)"#ze#:(*I%"#0>;#W-#(,(*%E#001#.*+"-('#

:JKf>#3")"#$-<%&4"4#$-#(!"#8T\_ VT_#'(&4X#*(#I*'"%$-"#3$(!#<")"I),9*'<&%*)#4$'"*'";

A%8*%++#6%&+N'8$1'+

["6,)"#4$'+-/&$'!$-/#%,<*+,-E#,-%X#%*)/"#'&I<,)+<*%#$-6*)<('#$-<)"*'"4#(!"#)$'=#,6#4".)"''$9"#

'X5.(,5'#:(*I%"#J>;#\%%#'&I<,)+<*%#$-6*)<('#3")"#%,<*("4#5"4$*%%XE#,6#3!$<!#D9"#3")"#%,<*("4#

$-#(!"#)$/!(E#*-4#(3,#$-#(!"#%"q#!"5$'.!")";

]*<&-*)#$-6*)<('#%,<*("4#$-#(!"#<,),-*#)*4$*(*#*-4#$-(")-*%#<*.'&%"E#*-4#<,)+<*%#$-6*)<('#$-#

(!"#*-(")$,)#c,3# )"/$,-#3")"#*'',<$*("4#3$(!#*-# $-<)"*'"4# )$'=#,6#4".)"''$9"# 'X5.(,5'#

:D/&)"#0>;#\'',<$*+,-'#*`"-&*("4#*q")#*4A&'(5"-(#6,)#*%%#<,9*)$*("'#:__wJ;KJE#2Mf#UW#0;0LV

d;M2m#__wJ;JME#2Mf#UW#K;2NVM;JK>E#.*)+<&%*)%X# 6,)# <,)+<*%# $-6*)<('# :__w0;N2E#2Mf#UW#K;2LV

d;Nd>;#\'',<$*+,-'#3$(!#%,<*+,-'#,6#ST]#*-4#*(),.!X#3")"#-,(#'$/-$D<*-(#:D/&)"#0>;
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L;0

,(34%&E#U!*)*<(")$'+<'#,6#.*+"-('#MK#X"*)'#,)#,%4")#3$(!#*-4#3$(!,&(#4".)"''$9"#'X5.(,5'

,1$(4&+('84%

]-^HLH_

A%8*%++#6%&

+N'8$1'+

]-^EVG_

R1&7%8*%++#6%&

+N'8$1'+&]-^JLI_

B56(4/%

\/"¥ (years) ed#v#1;2 e0#v#1;N eL#v#1;2 gK;K0

Z"5*%"#/"-4")#:f> 0N 28 0e gK;K0

7\_ #'<,)"† NL#:MNV2N> NL#:MNV2e> NL#:MNV2N> 0.80

O4&<*+,-#<%*''† L#:JV1> L#:0V1> L#:JV1> K;1L

TT8O#'<,)"† 29 (27-30) 29 (26-30) 29 (27-30) 0.20

YX.")("-'$,-#:f> 63 63 62 K;20

7$*I"("'#5"%%$(&'#:f> 22 d0 20 0.02

P!X'$<*%#6&-<+,-$-/† MJ#:dLVM1> Ld#:JNVMe> 53 (36-57) gK;K0

Total intracranial volume¥ (mL) 0LM1#v#0J2 0Ld1#v#0d1 0Le0#v#0J1 0.09

[)*$-#.*)"-<!X5*%#6)*<+,-¥#:f> 1N#v#J;N 1N#v#J;e 1N#v#J;N 0.20

^"-()$<&%*)#6)*<+,-¥#:f> J;d#v#0;K J;J#v#0;K J;d#v#K;2 K;LN

U,)+<*%#/)*X#5*`")#6)*<+,-¥#:f># dL#v#d;L dM#v#d;L dL#v#d;d K;dL

 ,(*%#ST]#9,%&5"† (mL) 0;M#:K;LV2;2> 0;L#:K;LVN;d> 0;e#:K;LV0K;J> K;L1

P")$9"-()$<&%*)#ST]#9,%&5"† 

(mL)

0;K#:K;JVM;2> K;N#:K;0VM;1> 0;K#:K;JVe;K> 0.60

7"".#ST]#9,%&5"† (mL) 0.5 (0.2-3.9) K;M#:K;0VJ;2> K;M#:K;JVL;d> 0.67

P)"'"-<"#,6#<")"I)*%#$-6*)<('#:f>

V#U,)+<*%#$-6*)<(# 0L 01 0L K;Ld

V#8&I<,)+<*%#$-6*)<( 0 L 0 0.02

V#]*<&-*)#$-6*)<( 23 22 23 0.80

PYpV2#'<,)"† 0#:KVN> N#:eV0d> 0#:KVL> gK;K0

Y$'(,)X#,6#4".)"''$9"#".$',4"#

I"6,)"#*/"#MK#:f>

29 LM 26 gK;K0

P)"'"-<"#,6#4".)"''$9"#'X5.(,5'#$'#4"D-"4#*'#PYpV2#'<,)"#ze;

7\_ E#7&(<!#*4&%(#)"*4$-/#("'(m#TT8OE#T$-$V5"-(*%#'(*("#"h*5$-*+,-m#ST]E#S!$("#5*`")#%"'$,-m#PYpV2E#P*+"-(#

!"*%(!#j&"'+,--*$)"V2
¥ T"*-#v#87
†#T"4$*-E#:0Kth-90th#.")<"-+%">
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,(34%&G#_"%*+9"#)$'='#:__>#,6#4".)"''$9"#'X5.(,5'#*'',<$*("4#3$(!#$-4$<*(,)'#,6#<")"I)*%#'5*%%V9"''"%#

*-4#%*)/"V9"''"%#4$'"*'"#*-4#/%,I*%#I)*$-#*(),.!X;

A%8*%++#6%&+N'8$1'+

RR (95% CI)

@'(4456%++%4&7#+%(+%

7'D%-,#%$'(#2%$-)1'E#FGHHI

T,4"%#Wa 0;K2 :K;10V0;e1>

T,4"%#WWI 0.86 :K;MeV0;d0>

T,4"%#WWWc 0.83 :K;MdV0;J2>

7'J*)%&'K;D£

T,4"%#Wa 0;K1 :K;NNV0;d0>

T,4"%#WWI 0;K1 :K;NMV0;dL>

T,4"%#WWWc 0;K1 :K;NMV0;dM>

K(*:%56%++%4&7#+%(+%

7'C*$.-%&''(#2%$-)1'E#FLMI

T,4"%#Wa 0;JJ :K;1NV0;2J>

T,4"%#WWI 0.99 :K;edV0;M1>

T,4"%#WWWc 0.98 :K;M1V0;eN>

7'D%$0"'1,=-*$.-%&'(#2%$-)1'E#FNI

T,4"%#Wa d;LN :0;1eVe;N2>

T,4"%#WWI 2.56 :0;J2VM;KM>

T,4"%#WWWc 2.66 :0;JNVM;ML>

Q*(#-&($*18"N£

T,4"%#Wa 0;JJ :K;21V0;Md>

T,4"%#WWI 0;00 :K;NMV0;LL>

T,4"%#WWWc 0;0K :K;NMV0;LL>

P)"'"-<"#,6#4".)"''$9"#'X5.(,5'#$'#4"D-"4#*'#*#PYpV2#'<,)"#ze

ST]E#S!$("#5*`")#%"'$,-'m#UWE#<,-D4"-<"#$-(")9*%m#87E#'(*-4*)4#4"9$*+,-#
£#P")#87#$-<)"*'"#:ST]E#87wK;LLfm#F%,I*%#I)*$-#*(),.!XE#87wJ;11f>
a \4A&'("4#6,)#*/"E#'"h#*-4#"4&<*+,-;
I#\44$+,-*%%X#*4A&'("4#6,)#!X.")("-'$,-E#4$*I"("'#5"%%$(&'#*-4#.!X'$<*%#6&-<+,-$-/;
c#\44$+,-*%%X#*4A&'("4#6,)#<,V,<<&))"-(#$-6*)<('#*-4#ST]#9,%&5"
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0K0

L;0

`#:/*%&E&_"%*+9"#)$'='#,6# %*("V%$6"#4".)"''$,-E#6,)#4$i")"-(# %,<*+,-'#,6# %*<&-*)V#*-4#<,)+<*%# $-6*)<('#

:.)"'"-(#9")'&'#*I'"-(>E#3!$("#5*`")#%"'$,-#:ST]>#9,%&5"#*-4#/%,I*%#I)*$-#*(),.!X#:.")#87#$-<)"*'">E#

*4A&'("4#6,)#*/"E#'"h#*-4#"4&<*+,-;#O)),)#I*)'#$-4$<*("#2Mf#<,-D4"-<"#$-(")9*%';

Oh<%&4$-/# .*+"-('# 3$(!# D)'(# 4".)"''$9"# ".$',4"# I"6,)"# */"# MK# :-w0e2>E# 4$4# -,(# <!*-/"#

*'',<$*+,-'# 3$(!# %*)/"# '&I<,)+<*%# $-6*)<('# $-# 5,4"%'# WVWWW# :6&%%X# *4A&'("4E# __wL;d1E# 2Mf#

UW# J;dKVN;J2>;# ]*<&-*)# $-6*)<('# %,<*("4# $-# (!"# <,),-*# )*4$*(*# *-4# $-(")-*%# <*.'&%"# 3")"#

*'',<$*("4# 3$(!# *# '$5$%*)%X# $-<)"*'"4# )$'=# ,6# 4".)"''$9"# 'X5.(,5'# $-# 5,4"%'# WVWWW# :6&%%X#

*4A&'("4E#__wJ;KLE#2Mf#UW#K;NeVL;N0m#__wL;L2E#2Mf#UW#0;eMV0J;J0>E#*%(!,&/!#(!"#D)'(#3*'#-,#

%,-/")#'(*+'+<*%%X#'$/-$D<*-(;#\'',<$*+,-'#3$(!#<,)+<*%#$-6*)<('#$-#(!"#*-(")$,)#c,3#)"/$,-#

3")"#-,(#'$/-$D<*-(#$-#5,4"%'#WVWWW#:6&%%X#*4A&'("4E#__w0;MME#2Mf#UW#K;e0Vd;2L>;

D1:-#;6%&2/-0;1-#-:

P)"'"-<"# ,6# 4".)"''$9"# 'X5.(,5'# 3*'# '$/-$D<*-(%X# *'',<$*("4# 3$(!# .,,)")# 5"5,)X# $-#

5,4"%'#WVWW#:5,4"%#WWE#[wVK;JeE#2Mf#UW#VK;L1#(,#VK;Ke>E#I&(#-,(#3$(!#"h"<&+9"#6&-<+,-$-/#:[wV

K;K2E#2Mf#UW#VK;dK#(,#K;0J>#,)#.),<"''$-/#'.""4#:[wVK;00E#2Mf#UW#VK;dK#(,#K;KN>;

P)"'"-<"#,6#%*<&-*)#$-6*)<('#*-4#*(),.!X#3")"#'$/-$D<*-(%X#*'',<$*("4#3$(!#3,)'"#.")6,)5*-<"#

$-#*%%#4,5*$-'#$-#5,4"%'#WVWW;#\'',<$*+,-'#*`"-&*("4#*q")#*4A&'(5"-(#6,)#$-6*)<('#*-4#ST]#

:5,4"%# WWW>#*-4#3")"#-,# %,-/")#'(*+'+<*%%X#'$/-$D<*-(E#"h<".(# 6,)#.),<"''$-/#'.""4# :(*I%"#

d>;#F)"*(")#ST]# 9,%&5"#3*'# '$/-$D<*-(%X# *'',<$*("4#3$(!# .,,)")# "h"<&+9"# 6&-<+,-$-/m#

.)"'"-<"#,6#%*)/"#'&I<,)+<*%#$-6*)<('#3$(!#.,,)")#"h"<&+9"#6&-<+,-$-/#*-4#5"5,)Xm#*-4#

<,)+<*%#$-6*)<('#3$(!#'%,3"4#.),<"''$-/#'.""4#$-#5,4"%'#WVWWW#:(*I%"#d>;
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Chapter 4.1

0KJ

,(34%&I# \-*%X'"'#3$(!# $-4$<*(,)'#,6# <")"I)*%# '5*%%V9"''"%# *-4# %*)/"V9"''"%# 4$'"*'"#*-4#/%,I*%# I)*$-#

*(),.!X#*'#4"(")5$-*-('E#*-4#CV'<,)"'#,6#<,/-$+9"#4,5*$-'#*'#,&(<,5"#9*)$*I%"';

cd%0/;6%&2/-0;1-#-: =%'1*N B*10%++#-:&+8%%7

Beta (95 % CI) Beta (95 % CI) Beta (95 % CI)

@'(4456%++%4&7#+%(+%

7'D%-,#"1'E#FGHHI

T,4"%#Wa -0.25 :VK;Ld#(,#VK;Ke> VK;J0 (-0.39 to -0.03) -0.23 (-0.39 to -0.06)

T,4"%#WWI VK;JL :VK;LJ#(,#VK;KM> VK;02 :VK;dN#(,#VK;K0> -0.22 (-0.38 to -0.05)

T,4"%#WWWc VK;0d (-0.33 to 0.06) VK;0d (-0.32 to 0.07) VK;02 :VK;d1#(,#VK;K0>

7'J*)%&'K;D£

T,4"%#Wa VK;0d :VK;J0#(,#VK;KM> -0.08 :VK;0e#(,#VK;KK> VK;KL :VK;0J#(,#K;Kd>

T,4"%#WWI VK;0d :VK;J0#(,#VK;KM> -0.09 :VK;01#(,#VK;K0> VK;KL :VK;00#(,#K;Kd>

T,4"%#WWWc VK;0K :VK;0N#(,#VK;KJ> -0.06 :VK;0L#(,#K;KJ> -0.02 :VK;0K#(,#K;KM>

K(*:%56%++%4&7#+%(+%

7'C*$.-%&'(#2%$-)1'E#FLMI

T,4"%#Wa VK;0J :VK;dd#(,#K;0K> -0.09 :VK;d0#(,#K;0J> VK;JL :VK;LL#(,#VK;KM>

T,4"%#WWI VK;0J :VK;dL#(,#K;0K> -0.08 :VK;dK#(,#K;0d> VK;JL :VK;LL#(,#VK;KM>

T,4"%#WWWc -0.05 :VK;J1#(,#K;01> -0.03 :VK;JL#(,#K;02> -0.20 :VK;LK#(,#VK;KK>

7'A,=-*$.-%&'(#2%$-)1'E#FNI

T,4"%#Wa -0.95 :V0;eJ#(,#VK;J2> -0.76 :V0;LJ#(,#VK;0K> -0.60 :V0;J0#(,#K;K0>

T,4"%#WWI -0.93 :V0;eK#(,#VK;Je> -0.72 :V0;d2#(,#VK;Ke> -0.59 :V0;JK#(,#K;Kd>

T,4"%#WWWc -0.88 :V0;MM#(,#VK;J0> -0.68 :V0;dM#(,#VK;KJ> VK;L1 :V0;KN#(,#K;0L>

?413(4&3*(#-&($*18"N£

T,4"%#Wa VK;0K :VK;02#(,#K;KK> VK;0d (-0.23 to -0.03) VK;02 :VK;JN#(,#VK;00>

T,4"%#WWI VK;0K (-0.20 to 0.00) VK;0J (-0.22 to -0.02) -0.20 :VK;J2#(,#VK;00>

T,4"%#WWWc -0.07 :VK;01#(,#K;Kd> VK;0K (-0.20 to 0.00) VK;02 :VK;JN#(,#VK;0K>

ST]E#S!$("#5*`")#%"'$,-'m#UWE#<,-D4"-<"#$-(")9*%m#87E#'(*-4*)4#4"9$*+,-m#7\_ E#7&(<!#\4&%(#_"*4$-/# "'(
£#P")#87#$-<)"*'"#:ST]E#87wK;LLfm#F%,I*%#I)*$-#*(),.!XE#87wJ;11f>
a#\4A&'("4#6,)#*/"E#'"hE#7\_ #'<,)"#*-4#"4&<*+,-;
I#\44$+,-*%%X#*4A&'("4#6,)#!X.")("-'$,-E#4$*I"("'#5"%%$(&'#*-4#.!X'$<*%#6&-<+,-$-/;
c#\44$+,-*%%X#*4A&'("4#6,)#<,V,<<&))"-(#$-6*)<('#*-4#ST]#9,%&5"

S!"-# %,<*+,-#3*'#4$'+-/&$'!"4E# %*<&-*)# $-6*)<('# $-# (!"# %"q#!"5$'.!")"E#<,),-*#)*4$*(*E#

'"5$,9*%#<"-(")#*-4#(!*%*5&'#3")"#'$/-$D<*-(%X#*'',<$*("4#3$(!#.,,)")#"h"<&+9"#6&-<+,-$-/#

*-4#5"5,)X# $-#5,4"%# W# :D/&)"'#J*VI>E#*-4# %*<&-*)# $-6*)<('# %,<*("4# $-#I,(!#!"5$'.!")"'E#

6),-(*%#%,I"E#<,),-*#)*4$*(*#*-4#'"5$,9*%#<"-(")#3$(!#'%,3"4#.),<"''$-/#'.""4#:D/&)"#J<>;#

\4A&'(5"-(#6,)#9*'<&%*)#)$'=#6*<(,)'#*-4#.!X'$<*%#6&-<+,-$-/#4$4#-,(#<!*-/"#(!"'"#)"'&%(';#

\'',<$*+,-'#*`"-&*("4#$-#5,4"%#WWWm#*'',<$*+,-'#,6#%*<&-*)#$-6*)<('#%,<*("4#$-#(!"#'"5$,9*%#
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0Kd

L;0

<"-(")#3$(!#.,,)")#"h"<&+9"#6&-<+,-$-/# :[wVK;LLE#2Mf#UW# VK;1d#(,# VK;0M>#*-4#.),<"''$-/#

'.""4#:[wVK;JNE#2Mf#UW#VK;MM#(,#VK;K0>E#*-4#%*<&-*)#$-6*)<('#%,<*("4#$-#(!"#%"q#!"5$'.!")"#

*-4#<,),-*#)*4$*(*#3$(!#.,,)")#5"5,)X#:[wVK;JME#2Mf#UW#VK;L1#(,#VK;Kdm#[wVK;dME#2Mf#UW#

VK;eN#(,#VK;KJ>#)"5*$-"4#'(*+'+<*%%X#'$/-$D<*-(;#F)"*(")#.")$9"-()$<&%*)#ST]#9,%&5"#3*'#

'$/-$D<*-(%X#*'',<$*("4#3$(!#.,,)")#6&-<+,-$-/#$-#*%%#4,5*$-'#*-4#4"".#ST]#9,%&5"#3$(!#

"h"<&+9"#6&-<+,-$-/#$-#5,4"%#W;#b-%X#(!"#*'',<$*+,-#,6#.")$9"-()$<&%*)#ST]#3$(!#"h"<&+9"#

6&-<+,-$-/#)"5*$-"4#'$/-$D<*-(#$-#5,4"%#WWW#:[wVK;01E#2Mf#UW#VK;JM#(,#VK;K2>;#U,)+<*%#$-6*)<('#

$-# (!"# *-(")$,)# c,3# )"/$,-# 3")"# *'',<$*("4# 3$(!# .,,)")# "h"<&+9"# 6&-<+,-$-/E# <,)+<*%#

$-6*)<('# $-# (!"# %"q# !"5$'.!")"# *-4#5"4$*# c,3# )"/$,-# *-4# <,)+<*%# *(),.!X#3$(!# '%,3"4#

.),<"''$-/#'.""4E#*-4#/)"*(")#9"-()$<&%*)#9,%&5"#3$(!#.,,)")#.")6,)5*-<"#$-#*%%#<,/-$+9"#

4,5*$-'#$-#5,4"%#W#:D/&)"'#J*V<>;#b-%X#*'',<$*+,-'#,6#%"q#'$4"4#*-4#5"4$*#<,)+<*%#$-6*)<('E#

9"-()$<&%*)#9,%&5"#*-4#<,)+<*%#*(),.!X#3$(!#'%,3"4#.),<"''$-/#'.""4#)"5*$-"4#'$/-$D<*-(#

*q")#*4A&'(5"-(#6,)#,(!")#$-6*)<('#*-4#ST]#:4*(*#-,(#'!,3->;

`#:/*%& G(& HV'<,)"' ,6# "h"<&+9"# 6&-<+,-$-/# 6,)# 4$i")"-(# %,<*+,-'# ,6# %*<&-*)# *-4# <,)+<*%# $-6*)<('#

:.)"'"-(#9")'&'#*I'"-(>E#3!$("#5*`")#%"'$,-#:ST]>#9,%&5"#*-4#/%,I*%#I)*$-#*(),.!X#:.")#87#$-<)"*'">E#

*4A&'("4# 6,)# */"E# '"hE# 7\_ # '<,)"# *-4# "4&<*+,-;# O)),)# I*)'# $-4$<*("# '(*-4*)4# ")),)';# 8(*+'+<*%%X#

'$/-$D<*-(#*'',<$*+,-'#*)"#$%%&'()*("4#3$(!#*-#*'(")$h;
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Chapter 4.1

0KL

`#:/*%&G3&HV'<,)"' ,6#5"5,)X#6,)#4$i")"-(#%,<*+,-'#,6#%*<&-*)#*-4#<,)+<*%#$-6*)<('#:.)"'"-(#9")'&'#

*I'"-(>E# 3!$("#5*`")# %"'$,-# :ST]># 9,%&5"# *-4# /%,I*%# I)*$-# *(),.!X# :.")# 87# $-<)"*'">E# *4A&'("4#

6,)#*/"E# '"hE#7\_ # '<,)"#*-4#"4&<*+,-;#O)),)#I*)'# $-4$<*("# '(*-4*)4#")),)';# 8(*+'+<*%%X# '$/-$D<*-(#

*'',<$*+,-'#*)"#$%%&'()*("4#3$(!#*-#*'(")$h;

`#:/*%&G0&HV'<,)"' ,6#.),<"''$-/#'.""4#6,)#4$i")"-(#%,<*+,-'#,6#%*<&-*)#*-4#<,)+<*%#$-6*)<('#:.)"'"-(#

9")'&'#*I'"-(>E#3!$("#5*`")#%"'$,-#:ST]>#9,%&5"#*-4#/%,I*%#I)*$-#*(),.!X#:.")#87#$-<)"*'">E#*4A&'("4#

6,)#*/"E# '"hE#7\_ # '<,)"#*-4#"4&<*+,-;#O)),)#I*)'# $-4$<*("# '(*-4*)4#")),)';# 8(*+'+<*%%X# '$/-$D<*-(#

*'',<$*+,-'#*)"#$%%&'()*("4#3$(!#*-#*'(")$h;
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0KM

L;0

7$'<&''$,-

W-#*#<,!,)(#,6#-,-V4"5"-("4#"%4")%X#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#4$'"*'"E#3"#,I'")9"4#

(!*(#5"5,)X#6&-<+,-'#3")"#'$/-$D<*-(%X#%,3")#$-#.*+"-('#3$(!#4".)"''$9"#'X5.(,5';#\'#

!X.,(!"'$C"4E#'5*%%#*-4# %*)/"V9"''"%#'&I<,)+<*%# $-6*)<('# %,<*("4# $-#.),A"<+-/#4"".#3!$("#

5*`")# ()*<('#3")"# *'',<$*("4#3$(!# *-# $-<)"*'"4# )$'=# ,6# 4".)"''$9"# 'X5.(,5'# *'#3"%%# *'#

.,,)")# "h"<&+9"# 6&-<+,-$-/# *-4#5"5,)X;# P")$9"-()$<&%*)#ST]# 9,%&5"# 3*'# *'',<$*("4#

3$(!# .,,)")# "h"<&+9"# 6&-<+,-$-/E# I&(# -,(# 3$(!# 4".)"''$9"# 'X5.(,5';#  !"# D-4$-/# (!*(#

<,)+<*%#$-6*)<('#$-#(!"#%"q#!"5$'.!")"#*-4#5"4$*#c,3#)"/$,-#*-4#*(),.!X#3")"#*'',<$*("4#

3$(!#'%,3"4#.),<"''$-/#'.""4#3*'#$-#%$-"#3$(!#,&)#'"<,-4#!X.,(!"'$';

T*$-# '()"-/(!'# ,6# ,&)# '(&4X# $-<%&4"# (!"# "h("-'$9"# $-6,)5*+,-# ,-# 4$i")"-(# (X."'# *-4#

%,<*+,-'# ,6# I)*$-# <!*-/"'# ,-# T_WE# *-4# (!"# "%*I,)*("# <,/-$+9"# ("'(# I*`")XE# *''"''$-/#

4$i")"-(# 4,5*$-'# ,6# <,/-$+9"# 6&-<+,-$-/;# W-# *44$+,-E# 9,%&5"()$<# T_W# 5"*'&)"5"-('#

"-*I%"4#5,)"#*<<&)*("#ST]#*-4#*(),.!X#"'+5*+,-'E#*-4#*)"#%"''#$-c&"-<"4#IX#,I'")9")V

I$*'#(!*-#9$'&*%#)*+-/#5"(!,4'#L0;#\%',E#*'',<$*+,-'#3")"#*4A&'("4#6,)#9*)$,&'#.,("-+*%%X#

$5.,)(*-(#<,-6,&-4")';

P)"9$,&'%XE#*#%*)/"#<,55&-$(XVI*'"4#'(&4X#6,&-4#(!*(#%*<&-*)#$-6*)<('#$-#(!"#I*'*%#/*-/%$*#

*-4#'"9")"#ST]#3")"#*'',<$*("4#3$(!#*-# $-<)"*'"4#)$'=#,6#4".)"''$9"#'X5.(,5'#$-# %*(")#

%$6"#01;#\-,(!")#'(&4X#)".,)("4#',5"3!*(#<,-()*4$<(,)X#D-4$-/'E#'&//"'+-/#(!*(#4"".#ST]#

I&(#-,(#%*<&-*)#$-6*)<('#3")"#*'',<$*("4#3$(!#4".)"''$9"#'X5.(,5'#0NEJK;#b(!")'#<,&%4#-,(#

4"5,-'()*("#*-X#"i"<(#,6#ST]#'"9")$(X#,)#%,<*+,-#,-#4".)"''$9"#'X5.(,5'#8,22;#7$i")"-<"'#

$-#D-4$-/'#I"(3""-#,&)# '(&4X#*-4#,(!")# '(&4$"'#5*X#I"#"h.%*$-"4#IX#4$i")"-<"'# $-# (!"#

<%*''$D<*+,-#,6# (!"# %,<*+,-#,6# %*<&-*)# $-6*)<(';# W-#*44$+,-E#.)"9$,&'#'(&4$"'#,q"-#)"%$"4#

&.,-#9$'&*%#*''"''5"-(#,6#I)*$-#%"'$,-'E#<,5.%$<*+-/#(!"#<,5.*)$',-#,6#"'+5*("'#,I(*$-"4#

3$(!# 9,%&5"()$<# 5"(!,4';# Z&)(!")5,)"E# 5,'(# <,!,)(# '(&4$"'# $-<%&4"4# .,.&%*+,-VI*'"4#

'*5.%"'E#3!")"*'#,&)#'(&4X#'*5.%"#<,-'$'("4#,6#.*+"-('#3$(!#'X5.(,5*+<#*(!"),'<%"),+<#

4$'"*'";# !"#$-c&"-<"#,6#'5*%%V9"''"%#<!*-/"'#,-#4".)"''$9"#'X5.(,5'#5$/!(#I"#*`"-&*("4#

$-#.*+"-('#*(#!$/!#9*'<&%*)#)$'=#,)#3$(!#"h$'+-/#*(!"),'<%"),+<#4$'"*'";# !$'#!X.,(!"'$'#$'#

'&..,)("4#IX#,&)#D-4$-/#(!*(#*4A&'(5"-(#6,)#9*'<&%*)#)$'=#6*<(,)'#*`"-&*("4#*'',<$*+,-'#,6#

T_W#9*)$*I%"'#3$(!#4".)"''$9"#'X5.(,5';

P)"9$,&'%XE# (!"#'()*("/$<# %,<*+,-#,6# %*<&-*)# $-6*)<('# $-# (!"#I*'*%#/*-/%$*#*-4#(!*%*5&'#!*'#

I""-# *'',<$*("4# 3$(!# .,,)")# "h"<&+9"# 6&-<+,-$-/# *-4# 5"5,)X# $-# (!"# ]\7W8# '(&4X# 0e. 

Z&)(!")E#*#'(&4X#$-#-,-V4$'*I%"4#"%4")%X#)".,)("4#(!*(#/)"*(")#.")$9"-()$<&%*)#ST]#'"9")$(X#
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5*`")#()*<('#3")"#5,'(#'(),-/%X#*'',<$*("4#3$(!#.,,)")#"h"<&+9"#6&-<+,-$-/#*-4#5"5,)XE#

3!")"*'# ST]# 9,%&5"# 3*'# *'',<$*("4# 3$(!# .,,)")# "h"<&+9"# 6&-<+,-$-/# ,-%X;# U,)+<*%#

$-6*)<('#*i"<+-/#(!"#6),-(*%#%,I"#3")"#*%',#*'',<$*("4#3$(!#.,,)")#"h"<&+9"#6&-<+,-$-/E#

*%(!,&/!#-,(#'(*+'+<*%%X#'$/-$D<*-(;#U,-'$'("-(#3$(!#,&)#!X.,(!"'$'E#<,)+<*%#$-6*)<('#$-#(!"#

.*)$"(,("5.,)*%#c,3#)"/$,-#3")"#*'',<$*("4#3$(!#'%,3"4#.),<"''$-/#'.""4;#7$i")"-<"'#$-#

.*+"-(#<!*)*<(")$'+<'#*-4#,9")*%%#<,/-$+9"#.")6,)5*-<"#I"(3""-#,&)#'(&4X#*-4#.)"9$,&'#

'(&4$"'# <,&%4# !*9"# <,-()$I&("4# (,# 4$i")"-(# D-4$-/';# Z"3# '&IA"<('# :0;Lf># $-# ,&)# '*5.%"#

'<,)"4# I"%,3# (!"# -,)5*%# )*-/"# ,6# /%,I*%# <,/-$+9"# 6&-<+,-# :TT8O# gJL># dL. Also, crude 

'<,)"'#6,)#$55"4$*("#*-4#4"%*X"4#)"<*%%E#5"-(*%#c"h$I$%$(XE#*`"-+,-E#.),<"''$-/#'.""4#*-4#

$-("%%$/"-<"#,6#,&)#'(&4X#.,.&%*+,-#3")"#<,5.*)*I%"#(,#*/"V#*-4#"4&<*+,-#*4A&'("4#'<,)"'#

$-#*-,(!")#'(&4X#(!*(# $-<%&4"4#$-4"."-4"-(%X# %$9$-/#5"-#,6#'$5$%*)#*/"#LJ. In this respect, 

,&)#.,.&%*+,-#!*4E#,-#*9")*/"E#-,)5*%#*/"V*4A&'("4#<,/-$+9"#.")6,)5*-<";#Z&)(!")E#(!"#

5*A,)$(X#,6#'(&4$"'#4$4#-,(#*4A&'(#(!"$)#*-*%X'"'#6,)#<,V,<<&))"-(#$-6*)<('#,)#ST];#b&)#4*(*#

$%%&'()*("# (!*(#',5"#,6# (!"#D-4$-/'#3")"#"h.%*$-"4#IX#,(!")# $-6*)<('#,)#ST]E#"5.!*'$C$-/#

(!"#$5.,)(*-<"#,6#'(*+'+<*%#*4A&'(5"-(#6,)#,(!")#'()&<(&)*%#<!*-/"';#Z$-*%%XE#*'',<$*+,-'#,6#
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6&-<+,-$-/;#Z&)(!")E#(,#*''"''#4".)"''$9"#'X5.(,5'E#*#<&(V,i#9*%&"#ze#,-#(!"#P*+"-(#Y"*%(!#
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'&i")$-/#5,'(#'"9")"#'(),="';#["<*&'"# (!"'"#.*+"-('#*)"# %"''# %$="%X# (,#.*)+<$.*("# $-#,&)#

'(&4XE#(!$'#<,&%4#!*9"#<,-()$I&("4#(,#*#)"%*+9"#&-4")"'+5*+,-#,6#(!"#"i"<(';#W-#*44$+,-E#
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%$5$("4E#<,-()$I&+-/#(,#)"%*+9"%X#3$4"#<,-D4"-<"#$-(")9*%'#*-4#.,''$I%X#(,#-,-V'$/-$D<*-(#

*'',<$*+,-';

W-#'&55*)XE#3"#6,&-4#(!*(#'&I<,)+<*%#$-6*)<('#<,-()$I&("4#(,#*-#$-<)"*'"4#)$'=#,6#4".)"''$9"#

'X5.(,5'#*'#3"%%#*'#.,,)")#"h"<&+9"#6&-<+,-$-/#*-4#5"5,)X;# !$'#4"."-4"4#,-#%,<*+,-#
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4".)"''$9"#'X5.(,5';#],-/$(&4$-*%#'(&4$"'#*)"#-""4"4#(,#*''"''#3!"(!")#<")"I)*%#<!*-/"'#

4$)"<(%X# <,-()$I&("# (,# (!"# 4"9"%,.5"-(# ,6# 4".)"''$9"# 'X5.(,5'# *-4# $5.*$)"4# <,/-$+9"#

6&-<+,-$-/;
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3*'#<*%<&%*("4#:=/n52>;#8X'(,%$<#*-4#4$*'(,%$<#I%,,4#.)"''&)"'#:55#Y/>#3")"#5"*'&)"4#(!)""#

+5"'#3$(!#*#'.!X/5,5*-,5"(")#*-4#*9")*/"4;#YX.")("-'$,-#3*'#4"D-"4#*'#5"*-#'X'(,%$<#

I%,,4#.)"''&)"#z0eK#55#Y/E#5"*-#4$*'(,%$<#I%,,4#.)"''&)"#z2M#55#Y/#,)#'"%6# )".,)("4#

*-+!X.")("-'$9"#4)&/#&'";#YX.")%$.$4"5$*#3*'#4"D-"4#*'# (,(*%#<!,%"'("),%#yM;K#55,%n]E#

%,3V4"-'$(X#%$.,.),("$-#<!,%"'("),%#yd;J#55,%n]#,)#'"%6#)".,)("4#&'"#,6#%$.$4#%,3")$-/#4)&/';#

7$*I"("'#5"%%$(&'#3*'# 4"D-"4# *'# *# !$'(,)X# ,6# 4$*I"("'#5"%%$(&'E# /%&<,'"# z1;K#55,%n]# ,)#

'"%6# )".,)("4# &'"# ,6# ,)*%# *-+4$*I"+<# 4)&/'# ,)# $-'&%$-;#  X."# *-4# 4,'"# ,6# *-+4".)"''*-(#

5"4$<*+,-E# '5,=$-/#!*I$('# *-4#*%<,!,%# $-(*="#3")"#*''"''"4#3$(!#j&"'+,--*$)"';# P*<=V
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'!$q$-/#,6#*`"-+,-;# !"#[)$h(,-#8.*+*%#\-+<$.*+,-#("'(#29#3*'#&'"4#(,#*''"''#(!"#<*.*<$(X#

(,#4$'<,9")# %,/$<*%#)&%"'#*-4#5"-(*%# $-!$I$+,-#*-4#c"h$I$%$(X;# !"#^")I*%#Z%&"-<X#("'(#3*'#

&'"4#(,#*''"''#5"-(*%#c"h$I$%$(X#*-4#"5.%,X5"-(#,6#'()*("/$"';#["6,)"#<*%<&%*+-/#CV'<,)"'E#

'<,)"'#,6#(!"#^$'&*%#O%"9*(,)#("'(#*-4#[)$h(,-#8.*+*%#\-+<$.*+,-#("'(#3")"#5&%+.%$"4#IX#

5$-&'#,-"E#',#(!*(#%,3")#'<,)"'#)".)"'"-("4#.,,)")#.")6,)5*-<";#\#<,5.,'$("#CV'<,)"#3*'#

<,5.&("4#IX#*9")*/$-/#CV'<,)"'#,6#(!"#(!)""#'&I("'(';

@$/7N&+('84%

b6#(!"#1ML#.*+"-('#.*)+<$.*+-/#*(#6,%%,3V&.E#*%%#.*+"-('#*/"4#MK#X"*)'#,)#,%4")#:-weNK>#3")"#

$-<%&4"4#$-#(!"#<&))"-(#'(&4X;#b6#(!"'"E#4*(*#,-#T_W#9*)$*I%"'#3*'#5$''$-/#$-#Me#.*+"-('#:-,#

T_WQ#LKE#5,+,-#,)#*)("6*<('Q#0e>;#b6#(!"#)"5*$-$-/#eJL#.*+"-('E#(!"#PYpV2#j&"'+,--*$)"#

3*'#5$''$-/#$-#00#.*+"-('E#*-4#4*(*#,-#<,9*)$*("'#$-#dM#.*+"-(';# !$'#)"'&%("4#$-#*#<),''V

'"<+,-*%#*-*%X+<*%#'*5.%"#,6#M1N#.*+"-('#:D/&)"#0>;#Z,)#*-*%X'"'#,-#%"'$,-#.),/)"''$,-#3"#

&'"4#4*(*#,6#MMd#.*+"-('E#I"<*&'"#4*(*#,-#I*'"%$-"#T_W#9*)$*I%"'#3*'#5$''$-/#$-#JM#.*+"-('#

:-,#T_WQ#LE#5,+,-#,)#*)("6*<('Q#J0>;

@,# '$/-$D<*-(# 4$i")"-<"'# $-# .*+"-(# <!*)*<(")$'+<'# 3")"# 6,&-4# I"(3""-# .*+"-('# 3$(!#

5$''$-/#4*(*#*-4#,&)#<),''V'"<+,-*%#'*5.%"E#"h<".(#6,)#%,3")#TT8O#'<,)"#:5"4$*-E#JN;M#

:JeVdK>#9")'&'#J2;K#:J1VdK>E#.wK;K0>;

A($(&(-(4N+#+

["<*&'"#,6#,9")4$'.")'$,-#,6# (!"#.,'$+9"%X#'="3"4#<,5.,-"-(#'<,)"'E#3"#&'"4#-"/*+9"#

I$-,5$*%#)"/)"''$,-#*-*%X'$'#(,#$-9"'+/*("#(!"#<),''V'"<+,-*%#)"%*+,-'!$.'#I"(3""-#%,<*+,-#

,6#ST]#9,%&5"E#%*<&-*)#$-6*)<('#*-4#*(),.!X#*'#$-4"."-4"-(#9*)$*I%"'E#*-4#5,+9*+,-*%#

*-4#5,,4#<,5.,-"-(#'<,)"'#*'#4"."-4"-(#9*)$*I%"';#B'$-/#-"/*+9"#I$-,5$*%#)"/)"''$,-#

*-*%X'$'E#$-<$4"-<"#)*("#)*+,'#<*-#I"#<*%<&%*("4;#W-#*44$+,-E#3"#$-9"'+/*("4#)"%*+,-'!$.'#

I"(3""-#%,<*+,-#,6#ST]#9,%&5"E#%*<&-*)#$-6*)<('#*-4#*(),.!X#3$(!#$-4$9$4&*%#4".)"''$9"#

'X5.(,5'#&'$-/#%,/#I$-,5$*%#5,4"%'#*-4#P,$'',-#)"/)"''$,-#5,4"%'#3$(!#),I&'(#'(*-4*)4#

")),)';#S"#"'+5*("4#)"%*+9"#)$'='#*-4#*<<,5.*-X$-/#<,-D4"-<"#$-(")9*%'#:UW>#dKEd0 rather 

(!*-#,44'# )*+,'E#3!$<!#,9")"'+5*("# (!"#)"%*+9"#)$'=E#.*)+<&%*)%X# 6,)#,&(<,5"'#(!*(#*)"#
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*-4#(!"-#"-(")"4#,-#*#<,-+-&,&'#'<*%"#:.")#87#$-<)"*'"># $6#(!"#*'',<$*+,-#3*'#%$-"*)#(,#

$-<)"*'"#.)"<$'$,-;#],<*+,-'#,6#%*<&-*)#$-6*)<('#3")"#4$9$4"4#$-(,#6),-(*%E#4"".#3!$("#5*`")#

:<,),-*#)*4$*(*E#'"5$,9*%#<"-(")#,)#$-(")-*%#<*.'&%">E#,(!")#3!$("#5*`")#:.*)$"(*%E#("5.,)*%#

,)#,<<$.$(*%# %,I">E# (!*%*5&'#*-4#I*'*%#/*-/%$*;# W-#5,4"%# WE#*'',<$*+,-'#3")"#*4A&'("4# 6,)#

*/"E# '"hE# "4&<*+,-# *-4#TT8O# '<,)";#S"# *44$+,-*%%X# *4A&'("4# 6,)# .!X'$<*%# 6&-<+,-$-/E#

*-+4".)"''*-(#&'"E#'5,=$-/E#*%<,!,%#&'"E#[TWE#!X.")%$.$4"5$*E#!X.")("-'$,-#*-4#4$*I"("'#

5"%%$(&'#$-#*#'".*)*("#5,4"%#:5,4"%#WW>E#I"<*&'"#$(#$'#-,(#<%"*)#(,#3!*(#"h("-(#(!"'"#9*'<&%*)#

)$'=# 6*<(,)'# *)"# <,-6,&-4")'# ,)# .)"<"4$-/# 6*<(,)'# $-# (!"# .*(!3*X# I"(3""-# '5*%%V9"''"%#

%"'$,-'#,)#*(),.!X#*-4#4".)"''$9"#'X5.(,5'E#,)#I,(!;

@"h(E# 3"# $-9"'+/*("4# (!"# )"%*+,-'!$.# I"(3""-# .),/)"''$,-# ,6# <")"I)*%# <!*-/"'# 4&)$-/#

d;2vK;L# X"*)'# ,6# 6,%%,3V&.# *-4# 4".)"''$9"# 'X5.(,5'# *(# 6,%%,3V&.;# P),/)"''$,-# ,6#ST]#

9,%&5"# *-4# *(),.!X# 3*'# 4"D-"4# *'# 4$i")"-<"# $-# ST]# 9,%&5"# :f# ,6# WU^># *-4# I)*$-#

.*)"-<!X5*%# 6)*<+,-# I"(3""-# I*'"%$-"# *-4# 6,%%,3V&.E# *-4# 3*'# 4$<!,(,5$C"4# $-(,# (!"#

!$/!"'(# j&*)+%"# 9")'&'# (!"# (!)""# %,3"'(# j&*)+%"';# P),/)"''$,-# ,6# %*<&-*)# $-6*)<('# 3*'#

4"D-"4#*'#*-X#-"3#%*<&-*)#$-6*)<(#I"(3""-#I*'"%$-"#*-4#6,%%,3V&.;#\%%#(!)""#.),/)"''$,-#

5"*'&)"'#3")"#"-(")"4# $-# (!"#'*5"#5,4"%m#*4A&'(5"-(# 6,)#<,9*)$*("'#3*'#.")6,)5"4#*'#

4"'<)$I"4#*I,9";#

\'#D-*%#'(".E#*%%#(!"#*I,9"#4"'<)$I"4#*-*%X'"'#3")"#*44$+,-*%%X#*4A&'("4#6,)#(!"#4$*/-,'$'#

,6#*(!"),'<%"),+<#4$'"*'"#*(#$-<%&'$,-#:5,4"%#WWW>;

W-#*44$+,-*%#*-*%X'"'E#3"#"h*5$-"4#*'',<$*+,-'#,6#"h"<&+9"#6&-<+,-$-/#3$(!#5,+9*+,-*%#

*-4#5,,4#.),D%"#'<,)"'#*-4#$-4$9$4&*%#'X5.(,5';# ,#$-9"'+/*("#3!"(!")#.,,)")#"h"<&+9"#

6&-<+,-$-/#<,&%4#I"#*#<,-6,&-4")#,)#$-(")5"4$*("#6*<(,)#$-#(!"#.*(!3*X#I"(3""-#<")"I)*%#

<!*-/"'#*-4#4".)"''$9"#'X5.(,5'E#3"#*44$+,-*%%X#*4A&'("4#5,4"%#WW#6,)#CV'<,)"#,6#"h"<&+9"#

6&-<+,-$-/;

 ,# $-9"'+/*("#3!"(!")# *'',<$*+,-'# ,6# 4"/"-")*+9"# *-4# '5*%%V9"''"%# <!*-/"'# $-# 6),-(,V

'&I<,)+<*%# )"/$,-'# 3$(!# 'X5.(,5# .),D%"'# 3")"# $-4"."-4"-(# ,6# 4".)"''$9"# '(*(&'E# 3"#

)"."*("4#(!"#*-*%X'"'#,6#%,<*+,-#*-4#.),/)"''$,-#,6#<")"I)*%#<!*-/"'#3$(!#.),D%"#'<,)"'#

*-4#$-4$9$4&*%#'X5.(,5'E#*q")#"h<%&4$-/#.*+"-('#3$(!#5*A,)#4".)"''$9"#4$',)4")#:-wdM>;#

Z$-*%%XE# 3"# )"."*("4# (!"# *-*%X'"'# ,6# %,<*+,-# *-4# .),/)"''$,-# ,6# <")"I)*%# <!*-/"'# 3$(!#

.),D%"# '<,)"'# *-4# $-4$9$4&*%# 'X5.(,5'# *q")# "h<%&'$,-# ,6# .*+"-('#3$(!# *# <,)+<*%# $-6*)<(#

:-wNL>#,)#%*)/"#'&I<,)+<*%#$-6*)<(#:-wd>E#(,#"h*5$-"#3!"(!")#*'',<$*+,-'#3")"#$-c&"-<"4#

IX#(!"#.)"'"-<"#,6#(!"'"#$-6*)<(';
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Results
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4$'"*'"m#deJ#:edf>#3")"#$-<%&4"4#3$(!#<,),-*)X#*)(")X#4$'"*'"m#0KL#:0Nf>#3")"#$-<%&4"4#
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3")"#6)"j&"-(%X#)".,)("4;

K10(;1-&12&0%*%3*(4&0"(-:%+

K4()"'5%6"$'&"1(*#'>*&,5"

W-<)"*'"4#.")$9"-()$<&%*)# *-4#4"".#ST]#9,%&5"'#3")"#-,(# '$/-$D<*-(%X# *'',<$*("4#3$(!#

/)"*(")#5,+9*+,-*%#*-4#5,,4#.),D%"#'<,)"'#*q")#*4A&'(5"-(#6,)#*/"E#'"hE#"4&<*+,-#*-4#

TT8O#:(*I%"#J>;#S!"-#$-4$9$4&*%#'X5.(,5'#3")"#4$'+-/&$'!"4E#%*)/")#.")$9"-()$<&%*)#ST]#
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*-4#*.."+("#4$'(&)I*-<"#:__w0;02E#2Mf#UW#0;K0V0;LK>E#*-4#%*)/")#4"".#ST]#9,%&5"#3$(!#

*-!"4,-$*#:__w0;0NE#2Mf#UW#0;K2V0;J1>E#"-")/X#%,''#:__w0;KNE#2Mf#UW#0;KJV0;0M>E#*.."+("#

4$'(&)I*-<"# :__w0;JKE# 2Mf# UW# 0;K2V0;dJ># *-4# <,-<"-()*+,-# .),I%"5'# :__w0;0ME# 2Mf# UW#

0;KMV0;Je>#$-#5,4"%#WW;
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<44&+/3>%0$+&]-^HFL_

\/"¥ (years) ed#v#1;2

Z"5*%"#/"-4")# 01

85,=$-/† (pack-years) JK#:KVM0>

\%<,!,%#&'"#:f>

V#g0#4)$-=#.n3""= 29

V#0VJK#4)$-='#.n3""= 60

V#yJK#4)$-='#.n3""= 00

[TW¥#:=/n52) J1#v#d;N

YX.")%$.$4"5$*#:f> 83

YX.")("-'$,-#:f> 63

7$*I"("'#5"%%$(&'#:f> 23

Total intracranial volume¥ (mL) 0LM2#v#0J2

\I',%&("#(,(*%#ST]#9,%&5"† (mL) 0;M#:K;LV2;e>

V#P")$9"-()$<&%*)#ST]#9,%&5"† (mL) 0;K#:K;JVM;2>

V#7"".#ST]#9,%&5"† (mL) 0.5 (0.2-3.8)

]*<&-*)#$-6*)<('#:f> 23

[)*$-#.*)"-<!X5*%#6)*<+,-¥#:f># 1N#v#J;N

V#^"-()$<&%*)#6)*<+,-¥#:f> J;d#v#0;K

V#F)*X#5*`")#6)*<+,-¥#:f> dL#v#d;M

TT8O#'<,)"† 29 (27-30)

P!X'$<*%#6&-<+,-$-/† MJ#:dLVM1>

PYpV2#'<,)"† 0#:KVN>

V#T,+9*+,-*%#.),D%"#'<,)"† 0#:KVL>

V#T,,4#.),D%"#'<,)"† 0#:KVJ>

W-4$9$4&*%#'X5.(,5'#:f>

- Anhedonia 26

V#7".)"''"4#5,,4 02

V#8%"".#4$'(&)I*-<" LJ

V#],''#,6#"-")/X# L2

V#U!*-/"#,6#*.."+("# 01

V#Z""%$-/'#,6#/&$%(# 0J

V#U,-<"-()*+,-#.),I%"5' 26

V#P'X<!,5,(,)#)"(*)4*+,-# 9

V#8&$<$4*%#(!,&/!('# L

\-+4".)"''*-(#&'"#:f> 7

ST]E#S!$("#T*`")#]"'$,-m#TT8OE#T$-$VT"-(*%#8(*("#Oh*5$-*+,-m#PYpV2E#P*+"-(#Y"*%(!#p&"'+,--*$)"V2
!#P)"'"-<"#,6#$-4$9$4&*%#'X5.(,5'#3*'#4"D-"4#*'#*#'<,)"#,6#t'"9")*%#4*X'u#(,#t-"*)%X#"9")X#4*Xu
¥ T"*-#v#87
†#T"4$*-E#:0Kth-90th#.")<"-+%">
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\'',<$*+,-'#,6#/)"*(")#'&I<,)+<*%#,)#<,)+<*%#*(),.!X#3$(!#5,+9*+,-*%#*-4#5,,4#.),D%"#

'<,)"'# 3")"# -,(# '$/-$D<*-(# :(*I%"# J>;# S!"-# $-4$9$4&*%# 'X5.(,5'# 3")"# 4$'+-/&$'!"4E#

'&I<,)+<*%#*(),.!X#$-<)"*'"4#(!"#)$'=#,6#"-")/X#%,''#:__w0;0JE#2Mf#UW#0;KdV0;JJ>#*-4#6""%$-/'#
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@$/7N&+('84%

_T%=K#%4')%N<>#8=F%N<;>9:N<>8U%:8%C R6\- #"#<7%"<=<%!8% 6&%B<;:<1$#F%J<F%E:FF:8U%:8%/)%

N<>#8=F%+8!% 6&M%557%E!>!8%!;%<;=#T<9=FM%'/.7%;#FP$>8U%:8%<%=!=<$%F<EN$#%!T%/3)%N<>#8=F(

A($(&(-(4N+#+

b:;F=7%1<F#$:8#%9K<;<9=#;:F>9F%J#;#%9<$9P$<=#"%T!;%=K#%F=P"Q%N!NP$<>!8(%\K#87%Hac-,%F9!;#F%

<=% 1<F#$:8#% J#;#% 9!EN<;#"% 1#=J##8% N<>#8=F% J:=K!P=% $<9P8<;% :8T<;9=F% <8"% =K!F#% J:=K%

$<9P8<;%:8T<;9=F%:8%":^#;#8=%1;<:8%;#U:!8F%+"##N%JK:=#-E<L#;7%$!1<;%JK:=#-E<L#;%!;%"##N%

U;<Q%E<L#;.%PF:8U%$:8#<;%;#U;#FF:!8%<8<$QF:F%J:=K%;!1PF=%F=<8"<;"%#;;!;F7%<"SPF=#"%T!;%<U#7%

F#G%<8"%#"P9<>!8(%X#%=K#8%9!EN<;#"%P8"#;$Q:8U%E!>B<>!8<$%<8"%E!!"%F9!;#F%1#=J##8%

N<>#8=F%J:=K!P=%$<9P8<;%:8T<;9=F%<8"%N<>#8=F%J:=K%$<9P8<;%:8T<;9=F%:8%":^#;#8=%1;<:8%;#U:!8F(%

R8<$QF#F% J#;#% ;#N#<=#"% T!;% "##N% <8"% N#;:B#8=;:9P$<;%X Y% B!$PE#% +O% &@[.(% i#9<PF#% !T%

FV#J#"%":F=;:1P>!8F7%X Y%B!$PE#%J<F%<8<$Q`#"%<F%":9K!=!E!PF%B<;:<1$#%+K:UK#F=%WP<;>$#%

BF(%=K;##%$!J#F=%WP<;>$#F.7%=!%9!EN<;#%N<>#8=F%J:=K%E!F=%F#B#;#%X Y%=!%=K!F#%J:=K%8!%!;%

E:8:E<$%X Y(

C#9!8"7%=!%"#=#;E:8#%JK#=K#;%$<9P8<;%:8T<;9=F%:8vP#89#"%=K#%9!P;F#%!T%"#N;#FF:B#%FQEN=!EF%

!B#;%>E#7%m#8#;<$:`#"%DF>E<>8U%DWP<>!8%+mDD.%E!"#$F%J:=K%;!1PF=%F=<8"<;"%#;;!;F%J#;#%

PF#"%=!%:8B#F>U<=#%<FF!9:<>!8F%!T%$<9P8<;%:8T<;9=F%:8%":^#;#8=%1;<:8%;#U:!8F%+<F%:8"#N#8"#8=%

B<;:<1$#.% J:=K% Hac-,% F9!;#% +;<8U#% )-04.% <=% EP$>N$#% >E#% N!:8=F% "P;:8U% T!$$!J-PN% +<F%

"#N#8"#8=%B<;:<1$#.(%\:E#%1#=J##8%1<F#$:8#%<8"%;#N#<=#"%Hac-,%<FF#FFE#8=F%J<F%":B:"#"%

:8=!%:8=#;B<$F%!T%F:G%E!8=KF(%R8<$QF#F%J#;#%<"SPF=#"%T!;%<U#7%F#G7%#"P9<>!8%<8"%T!$$!J-PN%

>E#%+E!"#$%'.(%&8%<"":>!87%J#%<""#"%=K#%:8=#;<9>!8%=#;E%$<9P8<;%:8T<;9=FxT!$$!J-PN%>E#%

=!%E!"#$%'%=!%:8B#F>U<=#%JK#=K#;%$<9P8<;%:8T<;9=F%J#;#%<FF!9:<=#"%J:=K%<%":^#;#8=%9!P;F#%

!T%"#N;#FF:B#%FQEN=!EF%!B#;%>E#(%X#%<"":>!8<$$Q%<"SPF=#"%T!;%FE!V:8U7%<$9!K!$%PF#7%i &7%
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KQN#;=#8F:!8%<8"%":<1#=#F%E#$$:=PF%:8%E!"#$%07%<8"%T!;%<8>"#N;#FF<8=%PF#7%#G#9P>B#%TP89>!8%

<8"%=!=<$%X Y%B!$PE#%:8%E!"#$%2(%b!;%F:U8:A9<8=%<FF!9:<>!8F7%J#%;#N#<=#"%=K#%<8<$QF#F%

PF:8U%E!>B<>!8<$%<8"%E!!"%FPEF9!;#F%+;<8U#%)-'0.7%;#FN#9>B#$Q7%<F%"#N#8"#8=%B<;:<1$#7%

=!%#G<E:8#%=!%JK<=%#G=#8=%=K#%!1F#;B#"%;#$<>!8%J<F%";:B#8%1Q%E!>B<>!8<$%FQEN=!EF(%X#%

;#N#<=#"%<$$%<8<$QF#F%J:=K%"##N%<8"%N#;:B#8=;:9P$<;%X Y%B!$PE#%<F%:8"#N#8"#8=%B<;:<1$#F(

RF%<%A8<$%F=#N7%<$$%<8<$QF#F%J#;#%;#N#<=#"%<y#;%#G9$P":8U%N<>#8=F%J:=K%<%":<U8!F:F%!T%E<S!;%

"#N;#FF:B#%":F!;"#;%+8]52.%=!%:8B#F>U<=#%JK#=K#;%<FF!9:<>!8F%!T%$<9P8<;%:8T<;9=F%<8"%X Y%

J:=K%"#N;#FF:B#%FQEN=!EF%J#;#%:8"#N#8"#8=%!T%9$:8:9<$%"#N;#FF:!8(

,(34%&E%i<F#$:8#%9K<;<9=#;:F>9F%!T%=K#%C R6\- #"#<%9!K!;=%+8]/3).

RU#¥ (years) /0%w%,(5

b#E<$#%U#8"#;%+O. '',%+',.

CE!V:8U† (pack-years) ',%+)-5,.

i!"Q%E<FF%:8"#G¥%+VUgE2) 04%w%2(*

R$9!K!$%PF#%+O.

-%h'%";:8V%N#;%J##V ,*%+'3.

-%'-0)%";:8VF%N#;%J##V 545%+45.

-%Z0)%";:8VF%N#;%J##V 40%+''.

aQN#;=#8F:!8%+O. 2,5%+/'.

I:<1#=#F%E#$$:=PF%+O. '2*%+0'.

  CD† 29 (27-30)

Total intracranial volume¥ (mL) '53*%w%'04

H;#F#89#%!T%$<9P8<;%:8T<;9=F%+O. '2*%+00.

-%I##N%JK:=#-E<L#;% /,%+''.

-%Y!1<;%JK:=#-E<L#;% 54%+4.

-%I##N%U;<Q%E<L#; 40%+''.

\!=<$%X Y%B!$PE#† (mL) '(5%+)(5-,(3.

-%I##N%X Y%B!$PE# )(3%+)('-2(4.

-%H#;:B#8=;:9P$<;%X Y%B!$PE# 0.8 (0.2-5.8)

H;#F#89#%!T%8!8-$<9P8<;%:8T<;9=F%+O. '05%+',.

R8>"#N;#FF<8=%PF#%+O. 50 (8)

H<>#8=%a#<$=K%cP#F>!88<:;#-,%F9!;#%+;<8U#%)-04.† 2 (0-8)

-% !>B<>!8<$%FPEF9!;#%+;<8U#%)-'0. '%+)-5.

-% !!"%FPEF9!;#%+;<8U#%)-'0. 0 (0-2)

  CD7% :8:-E#8=<$%F=<=#%#G<E:8<>!8?%X Y7%XK:=#%E<L#;%$#F:!8?%Hac-,7%H<>#8=%a#<$=K%cP#F>!88<:;#-,?%¥  #<8%

w%CI?%†% #":<87%+')th%N#;9#8>$#-,)th%N#;9#8>$#.
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5.2

Results

\K#%E#<8%<U#%!T%=K#%F=P"Q%F<EN$#%<=%1<F#$:8#%J<F%/0w,%Q#<;F%<8"%',O%!T%=K#%F<EN$#%J<F%

T#E<$#% +=<1$#%'.(% \K#%1<F#$:8#%E#":<8%Hac-,% F9!;#%J<F%0% +')th-90th% N#;9#8>$#7%)-*.(% \K#%

E#":<8%8PE1#;%!T%Hac-,%<FF#FFE#8=F%J<F%3% +')th-90th%N#;9#8>$#7%)-,.7%"P;:8U%<%E#":<8%

T!$$!J-PN% >E#% !T% 52% E!8=KF% +')th-90th% N#;9#8>$#7% 05-34.(% \K#% !B#;<$$% ;#FN!8F#% !8% =K#%

;#N#<=#"%Hac-,%<FF#FFE#8=F%B<;:#"%1#=J##8%*3O%<8"%,3O(

H<>#8=F% J:=K% $<9P8<;% :8T<;9=F% :8% "##N% JK:=#-E<L#;% K<"% F:U8:A9<8=$Q% E!;#% "#N;#FF:B#%

FQEN=!EF%<=%1<F#$:8#7%JK:$#%$<9P8<;%:8T<;9=F%:8%$!1<;%JK:=#%E<L#;%!;%:8%"##N%U;<Q%E<L#;%

J#;#%8!=%<FF!9:<=#"%J:=K%1<F#$:8#%"#N;#FF:B#%FQEN=!EF%+=<1$#%0.(%XK#8%P8"#;$Q:8U%FQEN=!E%

N;!A$#F% J#;#% ":F>8UP:FK#"7% $<9P8<;% :8T<;9=F% :8% "##N% JK:=#-E<L#;% J#;#% N;#"!E:8<8=$Q%

<FF!9:<=#"%J:=K%E!;#%F#B#;#%E!>B<>!8<$%FQEN=!EF%+=<1$#%0.(

,(34%&G&@;!FF-F#9>!8<$%<FF!9:<>!8F%<=%1<F#$:8#%!T%$<9P8<;%:8T<;9=F%:8%=!=<$%<8"%":^#;#8=%1;<:8%;#U:!8F7%

<8"%"#N;#FF:B#%FQEN=!EF%+8]/3).

K(0/-(*&#-2(*0$+&

(3+%-$&]-^HEG_*

K(0/-(*&#-2(*0$+&

7%%8&U"#$%5'()%*&

]-^PM_

K(0/-(*&#-2(*0$+&

413(*&U"#$%5'()%*&

]-^JF_

K(0/-(*&#-2(*0$+&

7%%8&:*(N&'()%*&

]-^FG_

 #<8%F9!;#

+CD.

 #<8%":^#;#89#

+,3O%@&.

 #<8%":^#;#89#

+,3O%@&.

 #<8%":^#;#89#

+,3O%@&.

Hac-,%F9!;#%+)-04. 0(43%+)('3. '(3/%+)(52%=!%0(4). )()/%+-'('2%=!%'(05. )(52%+-)(5*%=!%'(22.

 !>B<>!8<$%F9!;#%

+)-'0.

'(3)%+)()*. )(,3%+)(0*%=!%'(/'. 0.06 (-0.63 to 0.75) )(00%+-)(2)%=!%)(45.

 !!"%F9!;#%+)-'0. )(/5%+)()3. )(55%+)())%=!%)(**. )(')%+-)(2,%=!%)(3*. )('2%+-)(02%=!%)(5,.

Hac-,7%H<>#8=%a#<$=K%cP#F>!88<:;#-,?%CD7%C=<8"<;"%#;;!;?%@&7%@!8A"#89#%:8=#;B<$
*%6#T#;#89#%U;!PN?%R"SPF=#"%T!;%<U#7%F#G%<8"%#"P9<>!8

H<>#8=F%J:=K%$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-E<L#;%<$F!%K<"%F:U8:A9<8=$Q%E!;#%"#N;#FF:B#%

FQEN=!EF% "P;:8U% =K#% 9!P;F#% !T% T!$$!J-PN% 9!EN<;#"% =!% =K!F#% J:=K!P=% $<9P8<;% :8T<;9=F%

+E#<8%":^#;#89#%!B#;%<$$%T!$$!J-PN%E#<FP;#FM%'(547%,3O%@&%)(22%=!%0(/).%+AUP;#%0<.(%\K:F%

<FF!9:<>!8% <L#8P<=#"% :8% E!"#$F% 0% <8"% 27% 1P=% ;#E<:8#"% F=<>F>9<$$Q% F:U8:A9<8=% +E#<8%

":^#;#89#%'('57%,3O%@&%)()2%=!%0(03.(% !;#!B#;7%=K:F%":^#;#89#%J<F%8!=%F=<1$#%1P=%vP9=P<=#"%

!B#;% >E#% +N-B<$P#% :8=#;<9>!8% $<9P8<;% :8T<;9=Fx>E#])()5?% AUP;#% 0<.(% XK#8% P8"#;$Q:8U%

FQEN=!E%N;!A$#F%J#;#%":F>8UP:FK#"7%N<>#8=F%J:=K% $<9P8<;% :8T<;9=F% :8%"##N%JK:=#-E<L#;%

K<"% F:U8:A9<8=$Q%E!;#% F#B#;#%E!>B<>!8<$% FQEN=!EF% "P;:8U% T!$$!J-PN% +E#<8%":^#;#89#%

)(4'7%,3O%@&%)()*%=!%'(25.%<F%J#$$%<F%E!;#%vP9=P<>!8F%:8%E!>B<>!8<$%FQEN=!EF%!B#;%>E#%

+N%T!;% :8=#;<9>!8])()5?%AUP;#%01.(%R$=K!PUK%N<>#8=F%J:=K% $<9P8<;% :8T<;9=F% :8%"##N%JK:=#-

E<L#;%FK!J#"%E!;#%vP9=P<>!8F%:8%E!!"%FQEN=!EF%!B#;%>E#%+N-B<$P#%:8=#;<9>!8%$<9P8<;%

:8T<;9=Fx>E#%])(').7%8!%F:U8:A9<8=%":^#;#89#F%:8%!B#;<$$%F#B#;:=Q%!T%E!!"%FQEN=!EF%+E#<8%
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":^#;#89#?% )(207% ,3O% @&% -)(''% =!% )(43.% J#;#% T!P8"% 1#=J##8% N<>#8=F% J:=K% <8"% J:=K!P=%

$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-E<L#;(

 

`#:/*%& G(& #<8% H<>#8=% a#<$=K% cP#F>!88<:;#-,% +Hac-,.% F9!;#% "P;:8U% T!$$!J-PN% +;<8U#% )-04.% T!;%

N<>#8=F%J:=K%<8"%J:=K!P=%$<9P8<;%:8T<;9=F%:8%=K#%"##N%JK:=#-E<L#;7%<"SPF=#"%T!;%<U#7%F#G7%#"P9<>!8%

<8"%T!$$!J-PN%>E#%+8]/3).(

`#:/*%&G3& #<8%E!>B<>!8<$%F9!;#%"P;:8U%T!$$!J-PN%+;<8U#%)-'0.%T!;%N<>#8=F%J:=K%<8"%J:=K!P=%$<9P8<;%

:8T<;9=F%:8%=K#%"##N%JK:=#-E<L#;7%<"SPF=#"%T!;%<U#7%F#G7%#"P9<>!8%<8"%T!$$!J-PN%>E#%+8]/3).(

j!%F:U8:A9<8=%":^#;#89#F%:8%=K#%F#B#;:=Q%!;%9!P;F#%!T%"#N;#FF:B#%FQEN=!EF%"P;:8U%T!$$!J-PN%

J#;#%T!P8"%1#=J##8%N<>#8=F%J:=K%<8"%J:=K!P=%$<9P8<;%:8T<;9=F%:8%$!1<;%JK:=#-E<L#;%+E#<8%

":^#;#89#?%-)()27%,3O%@&% -'(0)%=!%'('5?%N-B<$P#% :8=#;<9>!8%$<9P8<;% :8T<;9=Fx>E#])(4/.%!;%

"##N%U;<Q%E<L#;%+E#<8%":^#;#89#?%)(2)7%,3O%@&%-)(/'%=!%'(00?%N-B<$P#%:8=#;<9>!8%$<9P8<;%

:8T<;9=Fx>E#])(''.(
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5.2

XK:=#%E<L#;%$#F:!8F%:8%"##N%!;%N#;:B#8=;:9P$<;%;#U:!8F%J#;#%8!=%<FF!9:<=#"%J:=K%"#N;#FF:B#%

FQEN=!EF7%!;%J:=K%P8"#;$Q:8U%E!>B<>!8<$%!;%E!!"%FQEN=!EF%<=%1<F#$:8#%+=<1$#%2.(%R$F!7%

N<>#8=F%:8%=K#%K:UK#F=%WP<;>$#%!T%"##N%!;%N#;:B#8=;:9P$<;%X Y%B!$PE#%":"%8!=%":^#;%:8%=K#%

F#B#;:=Q%!T%"#N;#FF:B#%FQEN=!EF%"P;:8U%T!$$!J-PN%+E#<8%":^#;#89#%)(),7%,3O%@&%-)(32%=!%

)(4)?%i])(207%,3O%@&%-)(25%=!%)(,*%;#FN#9>B#$Q.(%a!J#B#;7%N<>#8=F%J:=K%E!F=%F#B#;#%"##N%

X Y%K<"%<%F:U8:A9<8=$Q%":^#;#8=%9!P;F#%!T%"#N;#FF:B#%FQEN=!EF%"P;:8U%T!$$!J-PN%+N-B<$P#%

:8=#;<9>!8%X Yx>E#])()5.7%J:=K%E!;#%vP9=P<>!8F%+AUP;#%2.%9!EN<;#"%=!%=K!F#%J:=K%T#J%

!;%8!%"##N%X Y(%XK#8%P8"#;$Q:8U%E!>B<>!8<$%<8"%E!!"%FQEN=!EF%J#;#%":F>8UP:FK#"7%

8!%F:U8:A9<8=%":^#;#89#F%:8%=K#%F#B#;:=Q%!;%9!P;F#%!T%E!>B<>!8<$%+E#<8%":^#;#89#%)()*7%

,3O% @&% -)(04% =!% )(52?% N-B<$P#% :8=#;<9>!8% X Yx>E#])(2).% !;% E!!"% FQEN=!EF% "P;:8U%

T!$$!J-PN%+E#<8%":^#;#89#%)()37%,3O%@&%-)(',%=!%)(0,?%N-B<$P#%:8=#;<9>!8%X Yx>E#])(03.%

J#;#%T!P8"%1#=J##8%N<>#8=F%:8%=K#%K:UK#F=%WP<;>$#%!T%"##N%X Y%B!$PE#%<8"%=K!F#%:8%=K#%

$!J#F=%WP<;>$#F(

,(34%&I&@;!FF-F#9>!8<$%<FF!9:<>!8F%<=%1<F#$:8#%!T%JK:=#%E<L#;%$#F:!8%B!$PE#%:8%=!=<$%<8"%":^#;#8=%

1;<:8%;#U:!8F7%<8"%"#N;#FF:B#%FQEN=!EF%+8]/3).

,"*%%&41U%+$&Z/(*5

;4%+&12&!=K&614/'%&

]-^JFJ_*

f#:"%+$&Z/(*;4%&12&

7%%8&!=K&614/'%

]-^EFJ_†

f#:"%+$&Z/(*;4%&12&8%*#6%-5

$*#0/4(*&!=K&614/'%&

]-^EFP_†

 #<8%F9!;#

+CD.

 #<8%":^#;#89#%

+,3O%@&.

 #<8%":^#;#89#%

+,3O%@&.

Hac-,%F9!;#%+)-04. 0(/,%+)('3. )('/%+-)(53%=!%)(4*. )(52%+-)(05%=!%'(').

 !>B<>!8<$%F9!;#%+)-'0. '(54%+)(),. )('3%+-)(0)%=!%)(3). )(0,%+-)(')%=!%)(/*.

 !!"%F9!;#%+)-'0. )(/'%+)()/. )()5%+-)(0'%=!%)(0*. )(0'%+-)()3%=!%)(5/.

X Y7%XK:=#%E<L#;%$#F:!8? Hac-,7%H<>#8=%a#<$=K%cP#F>!88<:;#-,?%CD7%C=<8"<;"%#;;!;?%@&7%@!8A"#89#%:8=#;B<$
†%I#A8#"%<F%|)()*O%"##N%X Y%B!$PE#%+O%&@[.?%|)('3O%N#;:B#8=;:9P$<;%X Y%B!$PE#%+O%&@[.
*%6#T#;#89#%U;!PN?%R"SPF=#"%T!;%<U#7%F#G%<8"%#"P9<>!8

DG9$P":8U% N<>#8=F%J:=K%E<S!;% "#N;#FF:B#% ":F!;"#;% +8]52.% ":"% 8!=%E<=#;:<$$Q% 9K<8U#% =K#%

#^#9=%#F>E<=#F%!;%F:U8:A9<89#%$#B#$F%+"<=<%8!=%FK!J8.(

I:F9PFF:!8

&8%=K:F%9!K!;=%!T%N<>#8=F%J:=K%FQEN=!E<>9%<=K#;!F9$#;!>9%":F#<F#7%!P;%E<:8%A8":8U%J<F%=K<=%

=K#%N;#F#89#%!T%$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-E<L#;%J<F%<FF!9:<=#"%J:=K%E!;#%"#N;#FF:B#%

FQEN=!EF%!B#;%=K#%9!P;F#%!T%=K;##%Q#<;F%T!$$!J-PN7%<8"%=K<=%=K#F#%FQEN=!EF%J#;#%E<:8$Q%

";:B#8%1Q%E!>B<>!8<$%N;!1$#EF(% !;#!B#;7%=K#%F#B#;:=Q%!T%E!>B<>!8<$%N;!1$#EF%:8%=K#F#%

N<>#8=F%J<F%8!=%F=<1$#%1P=%vP9=P<=#"%!B#;%>E#(
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`#:/*%&I& #<8%H<>#8=%a#<$=K%cP#F>!88<:;#-,%+Hac-,.%F9!;#%"P;:8U%T!$$!J-PN%+;<8U#%)-04.%T!;%N<>#8=F%

:8%=K#%K:UK#F=%WP<;>$#%BF(%=K#%=K;##%$!J#F=%WP<;>$#F%!T%"##N%JK:=#%E<L#;%$#F:!8%+X Y.%B!$PE#%+O%!T%

:8=;<9;<8:<$%B!$PE#.7%<"SPF=#"%T!;%<U#7%F#G7%#"P9<>!8%<8"%T!$$!J-PN%>E#%+8]/3).(

i#T!;#%J#%:8=#;N;#=%!P;%A8":8UF7%F#B#;<$%F=;#8U=KF%<8"%$:E:=<>!8F%K<B#%=!%1#%9!8F:"#;#"(%

C=;#8U=KF%!T%!P;%F=P"Q%:89$P"#%=K#%$<;U#%F<EN$#%F:`#7%=K#%T;#WP#8=%<FF#FFE#8=F%!T%"#N;#FF:B#%

FQEN=!EF%J:=K%;#$<>B#$Q%FK!;=%:8=#;B<$F%"P;:8U%=K;##%Q#<;F%T!$$!J-PN7%<8"%=K#%K:UK%;#FN!8F#%

;<=#F%<=%=K#%T!$$!J-PN%#G<EF(%_=K#;%F=;#8U=KF%<;#%=K#%#G=#8F:B#%:8T!;E<>!8%!8%$!9<>!8%!T%

$<9P8<;%:8T<;9=F7%<P=!E<=#"%<FF#FFE#8=%!T%X Y%B!$PE#F7%<8"%E#<FP;#F%!T%9<;":!B<F9P$<;%

;:FV%T<9=!;F%T!;%JK:9K%J#%9!P$"%<"SPF=%:8%!P;%<8<$QF#F(%R%$:E:=<>!8%!T%!P;%F=P"Q%:F%=K<=%J#%

":"%8!=%K<B#%T!$$!J-PN% 6&%<8"%=K#;#T!;#%9!P$"%8!=%:8B#F>U<=#%=K#%:8vP#89#%!T%8#J%$<9P8<;%

:8T<;9=F%<8"%N;!U;#FF:!8%!T%X Y%!8%=K#%9!P;F#%!T%"#N;#FF:B#%FQEN=!EF%"P;:8U%T!$$!J-PN(%

bP;=K#;7%=K#%;#$<>B#$Q%$!J%Hac-,%F9!;#F%E<Q%K<B#%$#"%=!%<%"#9;#<F#"%9!8=;<F=%:8%"#N;#FF:B#%

FQEN=!E% F#B#;:=Q7% <8"% E<Q% K<B#% 9!8=;:1P=#"% =!% <8% P8"#;#F>E<>!8% !T% =K#% !1F#;B#"%

<FF!9:<>!8F(%b:8<$$Q7%<$=K!PUK%"##N%<8"%N#;:B#8=;:9P$<;%X Y%B!$PE#F%J#;#%":F>8UP:FK#"7%

P8"#;$Q:8U%1;<:8%;#U:!8F%9!P$"%8!=%1#%<FF#FF#"%:8%U;#<=#;%"#=<:$(

I:^#;#8=%F=P":#F% =;:#"% =!%9$<;:TQ% =K#%":;#9>!8%!T%9<PF<>!8%1#=J##8%9#;#1;<$% FE<$$-B#FF#$%

":F#<F#%<8"%"#N;#FF:B#%FQEN=!EF(%_8#%!T%=K#F#%T!P8"%U;#<=#;%X Y%B!$PE#%<=%1<F#$:8#%=!%

1#%<FF!9:<=#"%J:=K%=K#%;:FV%!T%:89:"#8=%"#N;#FF:B#%FQEN=!EF%<y#;%T!P;%Q#<;F%T!$$!J-PN%'', 

FPUU#F>8U%=K<=%X Y%E<Q%1#%<%9<PF<$%E#9K<8:FE%$#<":8U%=!%"#N;#FF:B#%FQEN=!EF(%_=K#;F%

9!P$"%K!J#B#;%8!=%"#E!8F=;<=#%=K:F%;#$<>!87%<8"%#:=K#;%T!P8"%<8%<FF!9:<>!8%!T%$<9P8<;%:8T<;9=F%

<8"%X Y%<=%1<F#$:8#%J:=K%<8%:89;#<F#%:8%=K#%F#B#;:=Q%!;%N#;F#B#;<89#%!T%"#N;#FF:B#%FQEN=!EF%

<y#;% !8#% <8"% T!P;% Q#<;F% '07'2% !;% 9!P$"% 8!=% "#E!8F=;<=#% <8Q% F:U8:A9<8=% ;#$<>!8FK:NF% '57'3.

X#%T!P8"%8!=%!8$Q%<%9;!FF-F#9>!8<$%;#$<>!8FK:N%1#=J##8%$<9P8<;% :8T<;9=F% :8%"##N%JK:=#-

E<L#;%<8"%:89;#<F#"%"#N;#FF:!8%F9!;#F7%1P=%<$F!%=K<=%=K#%:8vP#89#%!T%=K#F#%$<9P8<;%:8T<;9=F%

!8% "#N;#FF:B#% FQEN=!EF% 9!8>8P#"% "P;:8U% =K;##% Q#<;F% T!$$!J-PN(% R$=K!PUK% J#% ":"% 8!=%
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5.2

#G<E:8#% JK#=K#;% $<9P8<;% :8T<;9=F% <9=P<$$Q% N;#9#"#"% "#N;#FF:B#% FQEN=!EF7% !P;% A8":8UF%

"!%FPUU#F=%=K<=%$<9P8<;%:8T<;9=F%:8%"##N-JK:=#%E<L#;%<;#%<FF!9:<=#"%J:=K%<%N#;F#B#;<89#%

!T%"#N;#FF:B#%FQEN=!EF%"P;:8U%=K;##%Q#<;F%T!$$!J-PN7%9K<;<9=#;:`#"%1Q%;#N#<=#"%#N:F!"#F%

!T%#G<9#;1<>!8F% :8%=K#%F#B#;:=Q%!T%"#N;#FF:B#%FQEN=!EF(%_P;%A8":8UF%FPUU#F=%=K<=%=K#F#%

N;!8!P89#"%vP9=P<>!8F% :8% =K#%F#B#;:=Q%!T%"#N;#FF:B#% FQEN=!EF% :8%N#;F!8F%J:=K% $<9P8<;%

:8T<;9=F% :8% "##N%JK:=#-E<L#;% =;<9=F%E<Q% <$F!% N<;><$$Q% #GN$<:8% =K#% :89!8F:F=#89:#F% :8% =K#%

#G:F>8U%$:=#;<=P;#(%RF%E<Q%1#%F##8%:8%AUP;#%0<7%=K#%":^#;#89#%:8%"#N;#FF:!8%F9!;#F%1#=J##8%

1<F#$:8#% <8"% T!$$!J-PN% :8% N#;F!8F% J:=K% $<9P8<;% :8T<;9=F% :8% "##N% JK:=#-E<L#;% F=;!8U$Q%

"#N#8"F%!8%=K#%>E:8U%!T%1!=K%E#<FP;#E#8=F7%N<;>9P$<;$Q%JK#8%!8$Q%!8#%!;%T#J%T!$$!J-PN%

measurements are used.

\K#%eB<F9P$<;%"#N;#FF:!8f%KQN!=K#F:F%N;!N!F#"%":F;PN>!8%!T%T;!8=<$-FP19!;>9<$%9:;9P:=F%<F%<%

E#9K<8:FE%1Q%JK:9K%$<9P8<;%:8T<;9=F%<8"%X Y%E<Q%N;#":FN!F#%=!%"#N;#FF:B#%FQEN=!EF%5,6.

 !>B<>!8<$% N;!1$#EF% <;#% 9K<;<9=#;:F>9% T#<=P;#F% !T% T;!8=<$-FP19!;>9<$% "QFTP89>!8% 32,33, 

<8"% K<B#% =K#;#T!;#% 1##8% N;!N!F#"% <F% "!E:8<8=% T#<=P;#F% !T% eB<F9P$<;% "#N;#FF:!8f% 25.

H;#B:!PF% F=P":#F% K<B#% FK!J8% =K<=% N<>#8=F% J:=K% eB<F9P$<;% "#N;#FF:!8f% FK!J% <% J#<V#;%

;#FN!8F#%=!%NK<;E<9!$!U:9<$%=;#<=E#8=%357%J:=K%$!J#;%;#E:FF:!8%;<=#F%<8"%E!;#%<8"%$!8U#;%

K!FN:=<$:`<>!8F%9!EN<;#"%=!%"#N;#FF#"%N#;F!8F%J:=K!P=%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%36-38. 

&8%$:8#%J:=K%=K#%eB<F9P$<;%"#N;#FF:!8f%KQN!=K#F:F7%J#%T!P8"%=K<=%=K#%"#N;#FF:B#%FQEN=!EF%

<FF!9:<=#"%J:=K%$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-E<L#;%J#;#%N;#"!E:8<8=$Q%9K<;<9=#;:`#"%1Q%

E!>B<>!8<$%N;!1$#EF(%j#B#;=K#$#FF7%<8%:EN!;=<8=%":^#;#89#%J<F%=K<=%=K#%;#$<>!8%1#=J##8%

$<9P8<;% :8T<;9=F% :8% "##N% JK:=#-E<L#;% <8"% E!>B<>!8<$% FQEN=!EF% J<F% :8"#N#8"#8=% !T%

E<S!;%"#N;#FF:B#%":F!;"#;(%\K:F%A8":8U%FPUU#F=F%=K<=%=K#%E!>B<>!8<$%FQEN=!EF%<FF!9:<=#"%

J:=K%$<9P8<;%:8T<;9=F%<;#%8!=%8#9#FF<;:$Q%N<;=%!T%+B<F9P$<;.%"#N;#FF:!87%1P=%;#v#9=%<%1;!<"#;%

9<=#U!;Q%!T%<N<=KQ-;#$<=#"%FQEN=!EF%:;;#FN#9>B#%!T%"#N;#FF:!8(%i#9<PF#%<N<=KQ%;#WP:;#F%

<% ":^#;#8=% NK<;E<9!$!U:9<$% <NN;!<9K% =K<8% "#N;#FF:!8% <8"% FQEN=!EF%E<Q%J!;F#8%J:=K%

;#9!EE#8"#"% <8>"#N;#FF<8=% =;#<=E#8=% 357% =K:F% E<Q% N#;K<NF% <$F!% #GN$<:8% =K#% J#<V#;%

;#FN!8F#%=!%<8>"#N;#FF<8=%E#":9<>!8%:8%=K#F#%N<>#8=F(

i#9<PF#% $<9P8<;% :8T<;9=F%<8"%X Y%<;#%=K!PUK=% =!%1#%":^#;#8=%E<8:T#F=<>!8F%!T%<%F:8U$#%

P8"#;$Q:8U%":F#<F#7%:(#(%<=K#;!F9$#;!F:F7%:=%E<Q%K<B#%1##8%#GN#9=#"%=!%A8"%<%F:E:$<;%:8vP#89#%

!T%$<9P8<;%:8T<;9=F%<8"%X Y%!8%=K#%9!P;F#%!T%"#N;#FF:B#%FQEN=!EF(%j#B#;=K#$#FF7%J#%9!P$"%

8!=%"#E!8F=;<=#%<%;#$<>!8%1#=J##8%"##N%X Y%<8"%=K#%F#B#;:=Q%!T%"#N;#FF:B#%FQEN=!EF%

"P;:8U%=K;##%Q#<;F%T!$$!J-PN(%R%N!FF:1$#%#GN$<8<>!8%E<Q%1#%=K<=%J#%":F>8UP:FK#"%"##N%<8"%

N#;:B#8=;:9P$<;%X Y%B!$PE#(%i#9<PF#%;#9#8=%F=P":#F%T!P8"%=K#%;#$<>!8%1#=J##8%X Y%<8"%

"#N;#FF:B#%FQEN=!EF%=!%1#%N;:E<;:$Q%";:B#8%1Q%X Y%:8%=K#%T;!8=<$%$!1#%397%=K#%9!E1:8<>!8%

!T% X Y% :8% ":^#;#8=% $!1#F% :8=!% "##N% X Y% E<Q% K<B#% 9;#<=#"% :8FPd9:#8=% 9!8=;<F=(% R8%

<$=#;8<>B#% #GN$<8<>!8% T!;% =K#% A8":8U% =K<=% $<9P8<;% :8T<;9=F% :8% "##N% JK:=#-E<L#;% =;<9=F%
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K<B#%<%F=;!8U#;%:8vP#89#%!8%=K#%F#B#;:=Q%!T%"#N;#FF:B#%FQEN=!EF%=K<8%X Y7%E<Q%1#%=K<=%

9<B:=<>!8%!T%<%$<9P8<;%:8T<;9=%!8%1;<:8% 6&%!99P;F%;#$<>B#$Q%$<=#%:8%=K#%":F#<F#%N;!9#FF%5) and 

=K#;#T!;#%E<Q%;#v#9=%<%E!;#%F#B#;#%<8"%<"B<89#"%F=<=#%!T%9#;#1;<$%FE<$$-B#FF#$%":F#<F#(

&8%9!89$PF:!87%J#%!1F#;B#"%=K<=%=K#%N;#F#89#%!T%$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-E<L#;%J<F%

<FF!9:<=#"%J:=K%E!;#%F#B#;#%<8"%<%E!;#%vP9=P<>8U%9!P;F#%!T%E!>B<>!8<$%FQEN=!EF%"P;:8U%

=K;##%Q#<;F%T!$$!J-PN(%\K#%A8":8U%=K<=%=K#F#%FQEN=!EF%J#;#%8!=%F=<1$#%1P=%vP9=P<=#"%!B#;%

>E#7% #ENK<F:`#F% =K#% :EN!;=<89#% !T% ;#N#<=#"% E#<FP;#E#8=F% !T% "#N;#FF:B#% FQEN=!EF%

"P;:8U% T!$$!J-PN(%R$=K!PUK%!P;%A8":8UF%E<Q%1#% :8% $:8#%J:=K% =K#%9!89#N=%!T%":F;PN>!8%!T%

T;!8=<$-FP19!;>9<$%9:;9P:=F7%!P;%;#FP$=F%FPUU#F=%=K<=%=K#%E!>B<>!8<$%FQEN=!EF%<FF!9:<=#"%

J:=K% $<9P8<;% :8T<;9=F% :8%"##N%JK:=#-E<L#;%E<Q%1#%<N<=KQ-;#$<=#"%FQEN=!EF% ;<=K#;% =K<8%

+B<F9P$<;.%"#N;#FF:!8%9K<;<9=#;:F>9F(%
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'3'

5.2

6#T#;#89#%Y:F=

'(% "#%m;!!=%k@7%"#%Y##PJ%bD7%_P"V#;V% 7%a!TE<8%R7%k!$$#F%k7%i;#=#$#;%  (%@#;#1;<$%JK:=#%E<L#;%
$#F:!8F%<8"%"#N;#FF:B#%FQEN=!EF%:8%#$"#;$Q%<"P$=F(%R;9K%m#8%HFQ9K:<=;Q%0)))?%34M')4'-',4/

0(% C=#^#8F%I@7%a#$EF% k7%n;:FK8<8%n67%iP;V#%mY(%@#;#1;!B<F9P$<;%":F#<F#%<8"%"#N;#FF:!8%FQEN=!EF%
:8%=K#%9<;":!B<F9P$<;%K#<$=K%F=P"Q(%C=;!V#%',,,?%2)M0'3,-0'//

2(% n;:FK8<8% C7%_fi;:#8%k\7%b:;1<8V% k7%H<8=!8:%Y7%@<;$P99:%m7%D;V:8SP8u%\%#=%<$(%6#$<>!8FK:N%1#=J##8%
N#;:B#8=;:9P$<;% <8"%"##N%JK:=#%E<L#;% $#F:!8F% <8"%"#N;#FF:B#% FQEN=!EF% :8%!$"#;%N#!N$#(% \K#%
YRI&C%C=P"Q(%&8=%k%m#;:<=;%HFQ9K:<=;Q%0))/?%0'M%,*2-,*,

5(% b:;1<8V%  k7% _fi;:#8% k\7% H<V;<F:% C7% H<8=!8:% Y7% C:E!8:%  7% D;V:8SP8u% \% #=% <$(% XK:=#% E<L#;%
KQN#;:8=#8F:>#F%<8"%"#N;#FF:!8--N;#$:E:8<;Q%;#FP$=F%T;!E%=K#%YRI&C%F=P"Q(%&8=%k%m#;:<=;%HFQ9K:<=;Q%
0))3?%0)M/45-/4,

3(% R$#G!N!P$!F% mC7%  #Q#;F% iC7% o!P8U% 6@7% @<EN1#$$% C7% C:$1#;FJ#:U% I7% @K<;$F!8%  (% e[<F9P$<;%
"#N;#FF:!8f%KQN!=K#F:F(%R;9K%m#8%HFQ9K:<=;Q%',,4?%35M,'3-,00

/(%% n;:FK8<8%n67%a<QF%k@7%i$<`#;%Im(% 6&-"#A8#"%B<F9P$<;%"#N;#FF:!8(%RE%k%HFQ9K:<=;Q%',,4?%'35M5,4-
3)'

4(%% R$#G!N!P$!F% mC7% n:!FF#F% Ij7% n$:EF=;<% C7% n<$<Q<E% i7% i;P9#%  Y(% @$:8:9<$% N;#F#8=<>!8% !T% =K#%
p"#N;#FF:!8-#G#9P>B#%"QFTP89>!8%FQ8";!E#q%!T%$<=#%$:T#(%RE%k%m#;:<=;%HFQ9K:<=;Q%0))0?%')M,*-')/

*(%% n;:FK8<8%n67%\<Q$!;%XI7% 9cP!:"%I67% <9b<$$%k67%H<Q8#% D7%H;!B#8`<$#%k 7%C=#^#8F%I@(%@$:8:9<$%
9K<;<9=#;:F>9F% !T% E<U8#>9% ;#F!8<89#% :E<U:8U-"#A8#"% FP19!;>9<$% :F9K#E:9% "#N;#FF:!8(% i:!$%
HFQ9K:<=;Q%0))5?%33M2,)-2,4

,(%% m;!!$% R 7% B<8% "#;% m;<<T% o7%  <$:% XH7% X:=V<EN% \I7% [:89V#8% nY7% m##;$:8UF%  &(% Y!9<>!8% <8"%
N;!U;#FF:!8% !T% 9#;#1;<$% FE<$$-B#FF#$% ":F#<F#% <8"% <=;!NKQ7% <8"% "#N;#FF:B#% FQEN=!E% N;!A$#FM%
\K#% C#9!8"%  <8:T#F=<>!8F% !T% R6\#;:<$% ":F#<F#% +C R6\.- #"#<% F=P"Q(% HFQ9K!$%  #"% 0)''?%
"!:M')(')'4gC))220,'4''))'2*2

')(%% j#1#F%6I7%[!;<% &k7% #$=`#;%@@7%bPVP:% i7%X:$$:<EF%6Y7%n<E1!K% &%#=%<$(%6#$<>!8FK:N%!T%"##N%
JK:=#%E<L#;%KQN#;:8=#8F:>#F%<8"%<N!$:N!N;!=#:8%D%U#8!=QN#%=!%"#N;#FF:B#%FQEN=!EF%:8%!$"#;%
<"P$=F%J:=K!P=%9$:8:9<$%"#N;#FF:!8(%RE%k%HFQ9K:<=;Q%0))'?%'3*M*4*-**5

''(%% m!":8%_7%IPT!P:$%@7% <:$$<;"%H7%I#$9;!:G%j7% <`!Q#;%i7%@;:B#$$!%b%#=%<$(%XK:=#%E<L#;%$#F:!8F%<F%<%
N;#":9=!;%!T%"#N;#FF:!8%:8%=K#%#$"#;$QM%=K#%2@-I:S!8%F=P"Q(%i:!$%HFQ9K:<=;Q%0))*?%/2M%//2-//,

'0(%% \#!"!;9`PV% R7% _fi;:#8% k\7% b:;1<8V% k7% H<8=!8:% Y7% H!UU#F:% R7% D;V:8SP8u% \% #=% <$(%XK:=#%E<L#;%
9K<8U#F%<8"%$<=#-$:T#%"#N;#FF:B#%FQEN=!EFM%$!8U:=P":8<$%F=P"Q(%i;%k%HFQ9K:<=;Q%0))4?%','M0'0-0'4

'2(%% C=#^#8F%I@7%n;:FK8<8%n67%@;PEN%@7%iP;V#%mY(%@#;#1;!B<F9P$<;%":F#<F#%<8"%#B!$P>!8%!T%"#N;#FF:B#%
FQEN=!EF%:8%=K#%9<;":!B<F9P$<;%K#<$=K%F=P"Q(%C=;!V#%0))0?%22M%'/2/-'/55

'5(%% &V;<E% R7%YP:S#8":SV%ak7%[#;8!!:S% X7%a!TE<8%R7%j:#FF#8%Xk7%B<8%"#;%YPU=%R%#=%<$(%[<F9P$<;%1;<:8%
":F#<F#%<8"%"#N;#FF:!8%:8%=K#%#$"#;$Q(%DN:"#E:!$!UQ%0)')?%0'M4*-*'

'3(%% [#;F$P:F%@D7%B<8%"#;% <F=%6@7%B<8%iP9K#E% R7%i!$$#8%DY7%i$<PJ%mk7%D#VK!T%kR%#=%<$(%H;!U;#FF:!8%
!T% 9#;#1;<$%JK:=#%E<L#;% $#F:!8F% :F% 8!=% <FF!9:<=#"%J:=K% "#B#$!NE#8=% !T% "#N;#FF:B#% FQEN=!EF%
:8%#$"#;$Q%FP1S#9=F%<=%;:FV%!T%9<;":!B<F9P$<;%":F#<F#M%\K#%H6_CHD6%C=P"Q(%&8=%k%m#;:<=;%HFQ9K:<=;Q%
0))/?%0'M243-*'

'/(% C=#U#8U<%i\7%n<ENKP:F% a7%n:8U% 7%j<`<;#=K%&7%m##;$:8UF% &(%\K#%8<=P;<$%9!P;F#%<8"%!P=9!E#%
!T%E<S!;% "#N;#FF:B#% ":F!;"#;% :8% N;:E<;Q% 9<;#M% =K#% H6DI&@\-jY% F=P"Q(% C!9% HFQ9K:<=;Q% HFQ9K:<=;%
DN:"#E:!$%0)'0?%54M*4-,3

'4(%% @!8:S8%  7% n$!NN#81!;U% 6H7% R$U;<% R7% <$:%XH7% n<NN#$$#% Yk7% [:89V#8% nY% #=% <$(% @#;#1;<$% FE<$$%
B#FF#$% ":F#<F#% <8"% ;:FV% !T% "#<=K7% :F9K#E:9% F=;!V#7% <8"% 9<;":<9% 9!EN$:9<>!8F% :8% N<>#8=F% J:=K%
<=K#;!F9$#;!>9% ":F#<F#M% =K#% C#9!8"%  <8:T#F=<>!8F% !T% R6\#;:<$% ":F#<F#- <U8#>9% 6#F!8<89#%
+C R6\- 6.%F=P"Q(%C=;!V#%0)''?%50M%2')3-2'),
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'30

'*(%% m##;$:8UF% &7%RNN#$E<8%RH7%[:89V#8%nY7%R$U;<%R7%X:=V<EN%\I7% <$:%XH7%B<8%"#;%m;<<T%o(%i;<:8%
B!$PE#F%<8"%9#;#1;!B<F9P$<;%$#F:!8F%!8% 6&%:8%N<>#8=F%J:=K%<=K#;!F9$#;!>9%":F#<F#(%\K#%C R6\-
 6%F=P"Q(%R=K#;!F9$#;!F:F%0)')?%0')M'2)-'2/

',(%% m#;;:=F#8% Y7% @!E:SF% a@7% B<8% "#;% m;<<T% o7% n8!!NF% Rk7% H#88:8G% iX7% m##;$:8UF%  &(% I#N;#FF:!87%
KQN!=K<$<E:9%N:=P:=<;Q%<";#8<$%<G:F7%<8"%K:NN!9<EN<$%<8"%#8=!;K:8<$%9!;=#G%B!$PE#F--=K#%C R6\%
 #"#<%F=P"Q(%i:!$%HFQ9K:<=;Q%0)''?%4)M242-2*)

0)(%% R81##V%H7%[:89V#8%nY7%B<8%_F9K% k7%i:FF9K!NF%6a7%B<8%"#;%m;!8"%k(%H;!1<1:$:F>9%F#UE#8=<>!8%!T%
JK:=#%E<L#;%$#F:!8F%:8% 6%:E<U:8U(%j#P;!:E<U#%0))5?%0'M')24-')55

0'(%% R81##V%H7%[:89V#8%nY7%B<8%i!9K!B#%mC7%B<8%_F9K% k7%B<8%"#;%m;!8"%k(%H;!1<1:$:F>9%F#UE#8=<>!8%
!T%1;<:8%>FFP#%:8% 6%:E<U:8U(%j#P;!:E<U#%0))3?%04M4,3-*)5

00(%% n;!#8V#%n7%CN:=`#;%6Y7%X:$$:<EF%ki(%\K#%Hac-,M%B<$:":=Q%!T%<%1;:#T%"#N;#FF:!8%F#B#;:=Q%E#<FP;#(%k%
m#8%&8=#;8% #"%0))'?%'/M/)/-/'2

02(%% \K!E1F% iI7% s:#U#$F=#:8% 6@7% XK!!$#Q%  R(% _N>E:`:8U% "#=#9>!8% !T% E<S!;% "#N;#FF:!8% <E!8U%
N<>#8=F%J:=K%9!;!8<;Q%<;=#;Q%":F#<F#%PF:8U%=K#%N<>#8=%K#<$=K%WP#F>!88<:;#M%"<=<%T;!E%=K#%K#<;=%
<8"%F!P$%F=P"Q(%k%m#8%&8=#;8% #"%0))*?%02M0)'5-0)'4

05(%% k<8`:8U%k7%\#P8:FF#%67%i!PJ#8F%H7%B<8%e=%a!T% 7%s:=E<8%b(% !!"%<8"%E!>B<>!8%":F=P;1<89#%:8%
#$"#;$Q%FP1S#9=F%J:=K%<8"%J:=K!P=%"#E#8><M%<%;#N$:9<>!8%F=P"Q(%k%j#;B% #8=%I:F%',,,?%'*4M''4-
'',

03(%% b!;F#$$% o7% k!;E%Rb7%b;<>U$:!8:% Y7%m;P=% 7%X:81$<"%i(%RNN$:9<>!8%!T%IC -&&&-6% 9;:=#;:<% T!;%E<S!;%
"#N;#FF:B#% #N:F!"#% =!% #$"#;$Q% FP1S#9=F% J:=K% <8"% J:=K!P=% "#E#8><(% RE% k% HFQ9K:<=;Q% ',,2?%
'3)M'',,-'0)0

0/(%% RE#;:9<8% HFQ9K:<=;:9% RFF!9:<>!8(% RE#;:9<8% HFQ9K:<=;:9% RFF!9:<>!87% I:<U8!F>9% <8"% C=<>F>9<$%
 <8P<$%!T% #8=<$%I:F!;"#;F7%IC -&[?%',,5%+5th%#":>!8.

04(%% 6!1:8F%Yj7%X:8U%k7%X:L9K#8%at7%a#$`#;%kD7%i<1!;%\b7%iP;V#%k%#=%<$(%\K#%@!EN!F:=#%&8=#;8<>!8<$%
I:<U8!F>9%&8=#;B:#J(%R8%#N:"#E:!$!U:9%&8F=;PE#8=%FP:=<1$#%T!;%PF#%:8%9!8SP89>!8%J:=K%":^#;#8=%
":<U8!F>9%FQF=#EF%<8"%:8%":^#;#8=%9P$=P;#F(%R;9K%m#8%HFQ9K:<=;Q%',**?%53M')/,-')44

0*(%% b!$F=#:8% b7% b!$F=#:8% CD7% 9aPUK%H6(% p :8:-E#8=<$% F=<=#q(%R%N;<9>9<$%E#=K!"% T!;% U;<":8U% =K#%
9!U8:>B#%F=<=#%!T%N<>#8=F%T!;%=K#%9$:8:9:<8(%k%HFQ9K:<=;%6#F%',43?%'0M'*,-',*

0,(%% 6!1#;=F!8%&a7%X<;"%\7%6:"U#J<Q%[7%j:EE!-CE:=K%&(%\K#%F=;P9=P;#%!T%8!;E<$%KPE<8%<L#8>!8M%\K#%
=#F=%!T%#B#;Q"<Q%<L#8>!8(%k%&8=%j#P;!NFQ9K!$%C!9%',,/?%0M303-325

2)(%% iP;U#FF%HX7%CK<$$:9#%\(%i:`<;;#%;#FN!8F#F7%;P$#%"#=#9>!8%<8"%T;!8=<$% $!1#%$#F:!8F(%@!;=#G%',,/?%
20M05'-03,

2'(%%X<;#%kD7%n!F:8FV:% 7%n#$$#;%CI(%R%'0-&=#E%CK!;=-b!;E%a#<$=K%CP;B#QM%@!8F=;P9>!8%!T%F9<$#F%<8"%
N;#$:E:8<;Q%=#F=F%!T%;#$:<1:$:=Q%<8"%B<$:":=Q(% #"%@<;#%',,/?%25M00)-022

20(%% sU<$S<;":9%Ik7%i!;!"%k@7%b!$":%jC7% <uF%H(%R%;#B:#J%!T%=K#%9!U8:>B#%<8"%1#K<B:!;<$%F#WP#$<#%!T%
H<;V:8F!8fF%":F#<F#M%;#$<>!8FK:N%=!%T;!8=!F=;:<=<$%9:;9P:=;Q(%@!U8%i#K<B%j#P;!$%0))2?%'/M',2-0')

22(%% Y#BQ% 67% IP1!:F% i(% RN<=KQ% <8"% =K#% TP89>!8<$% <8<=!EQ% !T% =K#% N;#T;!8=<$% 9!;=#G-1<F<$% U<8U$:<%
9:;9P:=F(%@#;#1%@!;=#G%0))/?%'/M,'/-,0*

25(%% R$#G!N!P$!F%mC(%p\K#%"#N;#FF:!8-#G#9P>B#%"QFTP89>!8%FQ8";!E#%!T%$<=#%$:T#qM%<%FN#9:A9%=<;U#=%
T!;%I2%<U!8:F=Fr%RE%k%m#;:<=;%HFQ9K:<=;Q%0))'?%,M00-0,

23(%% Y#BQ% Y7% @PEE:8UF% kY7% b<:;1<8VF% YR7% <F=#;E<8% I7% :$$#;% iY7% @;<:U% Ra% #=% <$(% RN<=KQ% :F% 8!=%
"#N;#FF:!8(%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%',,*?%')M2'5-2',

2/(%% o<8<:% &7% bPS:V<J<% \7% a!;:UP9K:% k7% o<E<J<V:% C7% \!PK!P"<% o(% \K#% 2-Q#<;% 9!P;F#% <8"% !P=9!E#% !T%
N<>#8=F%J:=K%E<S!;%"#N;#FF:!8%<8"%F:$#8=%9#;#1;<$%:8T<;9>!8(%k%R^#9=%I:F!;"%',,*?%54M03-2)

24(%% o<E<FK:=<% a7% bPS:V<J<% \7% o<8<:% &7%  !;:8!1P% C7% o<E<J<V:% C(% @$:8:9<$% T#<=P;#F% <8"% =;#<=E#8=%
;#FN!8F#%!T%N<>#8=F%J:=K%E<S!;%"#N;#FF:!8%<8"%F:$#8=%9#;#1;<$% :8T<;9>!8(%j#P;!NFQ9K!1:!$!UQ%
0))'?%55M'4/-'*0
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2*(%% j<<;":8U%H7%i##VE<8%R\(%[<F9P$<;%"#N;#FF:!8M%JK#;#%"!%J#%U!%T;!E%K#;#r%DGN#;=%6#B%j#P;!=K#;%
0)''?%''M44-*2

2,(%%  P#$$#;%Cm7% <9V%Xk7% P8U<F%I7%n;<E#;%ka7%@<;"#8<F-j:9!$F!8%[7%Y<B;#=FVQ%a%#=%<$(%&8vP#89#F%
!T%$!1<;%U;<Q%E<L#;%<8"%JK:=#%E<L#;%$#F:!8%$!<"%!8%9!U8:>!8%<8"%E!!"(%HFQ9K:<=;Q%6#F%0)')?%
'*'M,)-,/

5)(%% H!L#;%m 7%I!P1<$%bj7%k<9VF!8%@R7%@K<NN#$$%b 7%CP"$!J%@Y7%I#88:F% C7%X<;"$<J%k (%@!P8>8U%
9<B:=<>8U%$<9P8#F%P8"#;#F>E<=#F%=K#%1P;"#8%!T%$<9P8<;%:8T<;9>!8(%C=;!V#%0)')?%5'M0/4-040
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Chapter 6.1

'3*

R1F=;<9=

X3>%0;6%+

&8%"#E#8><7%<N<=KQ%9!EE!8$Q%!99P;F%<8"%:F%<FF!9:<=#"%J:=K%F=;P9=P;<$%1;<:8%<18!;E<$:>#F(%

R$=K!PUK% <N<=KQ% :F% <$F!% 9!EE!8% :8% 8!8-"#E#8=#"% N#;F!8F7% :=F% <FF!9:<>!8% J:=K% 1;<:8%

9K<8U#F%:F%P89$#<;(%X#%#G<E:8#"%JK#=K#;%<N<=KQ-;#$<=#"%FQEN=!EF%J#;#%<FF!9:<=#"%J:=K%

1;<:8% B!$PE#F7% JK:=#% E<L#;% $#F:!8F% +X Y.% <8"% :8T<;9=F% :8% ":^#;#8=% 1;<:8% ;#U:!8F% :8% <%

N!NP$<>!8-1<F#"%9!K!;=%!T%!$"#;%N#;F!8F%J:=K!P=%"#E#8><(

=%$"17+

X:=K:8% =K#%RmDC-6#QVS<B:V% C=P"Q7% 9;!FF-F#9>!8<$% <8<$QF#F%J#;#% N#;T!;E#"% :8% 5235%8!8-

"#E#8=#"%FP1S#9=F%+4/w3%Q#<;F.(%\K#%m#;:<=;:9%I#N;#FF:!8%C9<$#-'3%J<F%PF#"%=!%":F>8UP:FK%

<N<=KQ-;#$<=#"% +;<8U#% )-2.% <8"% "#N;#FF:B#% FQEN=!EF% +;<8U#% )-'0.(% \!=<$% <8"% ;#U:!8<$%

1;<:8% B!$PE#F% <8"% =!=<$%X Y%B!$PE#%J#;#%#F>E<=#"%!8%'(3\% 6&% PF:8U% <8% <P=!E<=#"%

F#UE#8=<>!8%N;!U;<EE#?%X Y%$!<"%:8%":^#;#8=%1;<:8%;#U:!8F%J<F%9<$9P$<=#"%PF:8U%<%F#E:-

WP<8>=<>B#%F9<$#?%:8T<;9=F%J#;#%;<=#"%B:FP<$$Q(%6#U;#FF:!8%<8<$QF#F%J#;#%<"SPF=#"%T!;%<U#7%

F#G7%#"P9<>!87%:8=;<9;<8:<$%B!$PE#7%B<F9P$<;%;:FV7%U<:=%FN##"%<8"%<8>"#N;#FF<8=F(

[%+/4$+

&8%=K#%9!K!;=7%5O%K<"%0%!;%E!;#%"#N;#FF:B#%FQEN=!EF%!8$Q?%23O%K<"%0%!;%E!;#%<N<=KQ-

;#$<=#"% FQEN=!EF% !8$Q?% <8"% '5O% K<"% <% 9!E1:8<>!8% !T% <N<=KQ-;#$<=#"% <8"% "#N;#FF:B#%

FQEN=!EF(% @!EN<;#"% =!% =K!F#% J:=K!P=% FQEN=!EF7% N#;F!8F% J:=K% !8$Q% <N<=KQ-;#$<=#"%

FQEN=!EF%K<"% FE<$$#;% U;<Q%E<L#;% B!$PE#F% :8% <$$% $!1#F% +E#<8%!B#;<$$% ":^#;#89#% :8% U;<Q%

E<L#;%B!$PE#%-5('*%EY7%,3O@&%-/(*'%=!%-'(33.?%<8"%J#;#%<=%:89;#<F#"%;:FV%!T%U;#<=#;%T;!8=<$%

X Y%$!<"%+_6]'('*7%,3O@&%)(,,-'(5'.(%H#;F!8F%J:=K%<%9!E1:8<>!8%!T%<N<=KQ-;#$<=#"%<8"%

"#N;#FF:B#%FQEN=!EF%K<"%F:U8:A9<8=$Q%FE<$$#;%U;<Q%<F%J#$$%<F%JK:=#%E<L#;%B!$PE#F%:8%<$$%

$!1#F7%FE<$$#;%F=;:<=PE7%K:NN!9<ENPF%9!EN$#G%<8"%=K<$<EPF%B!$PE#F7%<8"%<8%:89;#<F#"%;:FV%

!T%U;#<=#;%T;!8=<$%X Y%$!<"(%DG9$P":8U%N<;>9:N<8=F%J:=K%E<S!;%"#N;#FF:!8%":"%8!=%9K<8U#%

=K#%<FF!9:<>!8F(

D1-04/+#1-+

&8% =K:F% U#8#;<$% !$"#;% N!NP$<>!8% J:=K!P=% "#E#8><7% <N<=KQ-;#$<=#"% FQEN=!EF7% J:=K% !;%

J:=K!P=%"#N;#FF:!87%<;#%B#;Q%9!EE!8%<8"%<;#%<FF!9:<=#"%J:=K%<8%:89;#<F#"%X Y%$!<"%:8%

=K#%T;!8=<$%;#U:!87%1P=%<$F!%J:=K%<%E!;#%":^PF#%<8"%J:"#FN;#<"%$!FF%!T%U;<Q%E<L#;%B!$PE#(%

\K#F#% A8":8UF% FPUU#F=% =K<=% 8!=% !8$Q% B<F9P$<;% N<=K!$!UQ% 9!8=;:1P=#F% =!% <N<=KQ7% 1P=% <$F!%

8#P;!"#U#8#;<>!8(
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A)$,-),$%&';U8'-*$$"&%)"1'*2'%:%)4?'1?5:)*51'(#'*&+"$':"$1*#1

'3,

/('

\-$*17/0;1-

Y<=#-$:T#%"#N;#FF:!8%K<F%1##8%$:8V#"%=!%":^#;#8=%#>!$!U:9<$%N<=KJ<QF%'7% :89$P":8U%9#;#1;<$%

small-vessel disease 2,3(%\K#%E!F=%9!EE!8%E<8:T#F=<>!8%!T%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%!8%

1;<:8%E<U8#>9%;#F!8<89#%:E<U:8U%+ 6&.%:F%=K#%N;#F#89#%!T%JK:=#%E<L#;%$#F:!8F%+X Y.%5.

R99!;":8U% =!% =K#% eB<F9P$<;% "#N;#FF:!8f% KQN!=K#F:F7% ":F;PN>!8% !T% N;#T;!8=<$% 9!;=#G-1<F<$%

U<8U$:<%9:;9P:=F7%$#<":8U%=!%:EN<:;#"%8#;B#%9!8"P9>!8%:8%#E!>!8-;#UP$<>8U%1;<:8%;#U:!8F%
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RU#7%F#G7%#"P9<>!8%+9<=#U!;:`#"%:8=!%N;:E<;Q7%F#9!8"<;Q7%<8"%9!$$#U#gP8:B#;F:=Q%#"P9<>!8.7%

FE!V:8U% K:F=!;Q% +#B#;% BF(% 8#B#;.7% K:F=!;Q% !T% 9!;!8<;Q% <;=#;Q% ":F#<F#% +N;#F#8=% BF(% <1F#8=.%

<8"%<$9!K!$% :8=<V#%+=QN#%<8"%8PE1#;%!T%P8:=F%N#;%"<Q.%J#;#%<FF#FF#"%B:<%WP#F>!88<:;#F(%

\!=<$% <$9!K!$% :8=<V#% +U;<EF.%J<F% 9<$9P$<=#"%<F% =K#%8PE1#;%!T%P8:=F%>E#F%'5%U;<EF% +!8#%

P8:=.(% i!"Q%E<FF% :8"#G% +i &.%J<F% 9<$9P$<=#"% <F%E#<FP;#"%J#:UK=% +VU.% ":B:"#"% 1Q% K#:UK=%

+E.%FWP<;#"(%CQF=!$:9%<8"%":<F=!$:9%1$!!"%N;#FFP;#%J<F%E#<FP;#"%J:=K%<%F=<8"<;"%E#;9P;Q%

FNKQUE!E<8!E#=#;% <8"% =K#%E#<8% !T% =J!%E#<FP;#E#8=F%J<F% 9<$9P$<=#"(% aQN#;=#8F:!8%

J<F%"#A8#"%<F%FQF=!$:9%1$!!"%N;#FFP;#%Z'5)%EE%aU7%":<F=!$:9%1$!!"%N;#FFP;#%Z,)%EE%aU7%!;%

PF#%!T%<8>KQN#;=#8F:B#%E#":9<>!8(%I:<1#=#F%E#$$:=PF%J<F%"#A8#"%<F%F#$T-;#N!;=#"%K:F=!;Q%

!T%":<1#=#F7%PF#%!T%1$!!"%U$P9!F#-$!J#;:8U%";PUF%!;%T<F>8U%1$!!"%U$P9!F#%$#B#$%|4()%EE!$gY(%

m<:=% FN##"%J<F%#B<$P<=#"%<F% =K#%>E#% :8% F#9!8"F%8##"#"% =!%J<$V%/E%<=%PFP<$%N<9#%<F%<%

E#<FP;#%!T%!B#;<$$%E!1:$:=Q%39.

<-(4N;0(4&+('84%

_T%=K#%34/5%N#;F!8F% :89$P"#"7%4/'%K<"%8!% 6&%+9!8=;<:8":9<>!8F%8]04,7%;#TPF<$F%8]0*57%

K!E#%B:F:=%8]',*.%<8"%J#;#%#G9$P"#"(%_T%=K#%3))2%N#;F!8F%J:=K% 6&7%2*,%J#;#%#G9$P"#"%

"P#%=!%:E<U#%<9WP:F:>!8%<;=#T<9=F%<8"%;#U:F=;<>!8%T<:$P;#F%:8%N!F=-N;!9#FF:8U(%b;!E%=K#F#7%

<$$%N<;>9:N<8=F%J:=K%<%"#E#8><%":<U8!F:F%+8]0/).%J#;#%#G9$P"#"7%$#<B:8U%5235%N<;>9:N<8=F%

T!;%<8<$QF:F(

A($(&(-(4N+#+

X#%PF#"%EP$>N$#%:ENP=<>!8%+R;#U&ENP=#.%5)%+')%"<=<F#=F.%=!%<"";#FF%E:FF:8U%B<$P#F%:8%=K#%

F=P"Q%F<EN$#%!T%5235%N#;F!8F7%PF:8U%=K#%F=<>F>9<$%N;!U;<EE#%6%+B#;F:!8%0('2('.(%I<=<%J#;#%

<8<$Q`#"%PF:8U%HRCX%B#;F:!8%'4()%+@K:9<U!7%&&&7%tCR.7%1Q%N!!$:8U%=K#%')%:ENP=#"%"<=<F#=F(%

b:;F=7%1<F#$:8#%9K<;<9=#;:F>9F%J#;#%9!EN<;#"%1#=J##8%=K#%5%EP=P<$$Q%#G9$PF:B#%9<=#U!;:#F%

!T% <N<=KQ-;#$<=#"% <8"% "#N;#FF:B#% FQEN=!EF% +J:=K% 8!% <N<=KQ-;#$<=#"% <8"% 8!% "#N;#FF:B#%

FQEN=!EF%<F%;#T#;#89#%9<=#U!;Q.(
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A)$,-),$%&';U8'-*$$"&%)"1'*2'%:%)4?'1?5:)*51'(#'*&+"$':"$1*#1

'/2

/('

\K#87% =!% 9!8A;E% <% ;#$<>!8% 1#=J##8% =K#% U#8#;<$$Q% PF#"% "#A8:>!8% !T% 9$:8:9<$$Q% ;#$#B<8=%

"#N;#FF:B#%FQEN=!EF%<8"%1;<:8%B!$PE#F7%=K#%<FF!9:<>!8%!T%=K#%9P=-!^%|/%!8%=K#%mIC-'3%<8"%

=!=<$%1;<:8%B!$PE#7%:89$P":8U%=!=<$%U;<Q%<8"%8!;E<$%JK:=#%E<L#;7%J<F%#F>E<=#"%PF:8U%$:8#<;%

;#U;#FF:!8%<8<$QF:F(%R"SPF=E#8=F%J#;#%E<"#%T!;%<U#7%F#G7%#"P9<>!8%<8"%&@[%+E!"#$%'.7%<8"%

<"":>!8<$$Q%T!;%FE!V:8U%K:F=!;Q7%<$9!K!$%:8=<V#7%i &7%KQN#;=#8F:!87%":<1#=#F%E#$$:=PF7%U<:=%

FN##"7%K:F=!;Q%!T%9!;!8<;Q%<;=#;Q%":F#<F#7%:8T<;9=F%!8% 6&%<8"%<8>"#N;#FF<8=%PF#%+E!"#$%0.(

j#G=7%=!%:8B#F>U<=#%=K#%;#$<>B#%9!8=;:1P>!8F%!T%P8"#;$Q:8U%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%

FQEN=!EF7%<8<$QF#F%J#;#%;#N#<=#"%J:=K%=K#%5%9<=#U!;:#F%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%

FQEN=!EF%<F% :8"#N#8"#8=%B<;:<1$#F(%R$F!7% =!% :8B#F>U<=#%JK#=K#;% =K#%9!E1:8#"%#^#9=%!T%

<N<=KQ-;#$<=#"% <8"% "#N;#FF:B#% FQEN=!EF% #G9##"#"% =K#:;% <"":>B#% #^#9=F% <8% :8=#;<9>!8%

=#;E%<N<=KQx"#N;#FF:B#%FQEN=!EF%J<F%<""#"%=!%E!"#$%0(%X#%;#N#<=#"%=K#%<8<$QF#F%<y#;%

":F>8UP:FK:8U%U;<Q%<8"%JK:=#%E<L#;%B!$PE#F%:8%":^#;#8=%1;<:8%;#U:!8F%+T;!8=<$7%=#EN!;<$%

<8"%!99:N:=!N<;:#=<$%;#U:!8F7%F=;:<=PE7%K:NN!9<ENPF%9!EN$#G%<8"%=K<$<EPF.%<F%"#N#8"#8=%

B<;:<1$#F%=!%:8B#F>U<=#%JK:9K%1;<:8%F=;P9=P;#F%J#;#%E!F=%F=;!8U$Q%<FF!9:<=#"%J:=K%<N<=KQ-

related symptoms.

X#% ;#N#<=#"% <$$% <8<$QF#F%J:=K%X Y% B!$PE#% <F% "#N#8"#8=% B<;:<1$#(% \!=<$%X Y% B!$PE#%

J<F%8<=P;<$% $!U%=;<8FT!;E#"%=!%!1=<:8%<%8!;E<$%":F=;:1P>!8(%C#E:-WP<8>=<>B#%E#<FP;#F%

!T%X Y%$!<"%:8%":^#;#8=%1;<:8%;#U:!8F%+T;!8=<$7%=#EN!;<$%<8"%!99:N:=!N<;:#=<$%$!1#F.%J#;#%

":9K!=!E:`#"%:8=!%=K#%K:UK#F=%WP:8>$#%BF(%=K#%T!P;%$!J#F=%WP:8>$#F7%<8"%$!U:F>9%;#U;#FF:!8%

<8<$QF:F%J<F%PF#"%=!%#G<E:8#%<FF!9:<>!8F%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%+<F%

:8"#N#8"#8=%B<;:<1$#F.%J:=K%X Y%$!<"%:8%":^#;#8=%1;<:8%;#U:!8F%+<F%"#N#8"#8=%B<;:<1$#F.(%

R"SPF=E#8=% T!;% 9!B<;:<=#F%J<F% <F% "#F9;:1#"% <1!B#(% &8% <"":>!87% <8<$QF#F%J#;#% ;#N#<=#"%

PF:8U%$!U:F>9%;#U;#FF:!8%<8<$QF:F%J:=K%9!;>9<$%<8"%FP19!;>9<$%:8T<;9=F%+N;#F#8=%BF(%<1F#8=.%

:8% ":^#;#8=% 1;<:8% ;#U:!8F% +T;!8=<$7% =#EN!;<$% <8"% !99:N:=!N<;:#=<$% ;#U:!8F7% F=;:<=PE% <8"%

=K<$<EPF.%<F%"#N#8"#8=%B<;:<1$#F(%R"SPF=E#8=%T!;%9!B<;:<=#F%J<F%<F%"#F9;:1#"%<1!B#(

X#% ;#N#<=#"% <$$% <8<$QF#F% <y#;% #G9$P":8U% N<;>9:N<8=F%J:=K% <% $:T#>E#% ":<U8!F:F% !T%E<S!;%

"#N;#FF:B#%":F!;"#;%+8]'*,.(

Results

\K#%E#<8%<U#%!T%=K#%F=P"Q%N!NP$<>!8%J<F%4/w3%Q#<;F7%3,O%J<F%T#E<$#7%<8"%/O%F9!;#"%<1!B#%

=K#%9P=-!^%|/%!8%=K#%mIC-'3(%b!;=Q-F#B#8%N#;9#8=%!T%=K#%N!NP$<>!8%K<"%8!%FQEN=!EF?%5O%

K<"%0%!;%E!;#%"#N;#FF:B#%FQEN=!EF%!8$Q?%23O%K<"%0%!;%E!;#%<N<=KQ-;#$<=#"%FQEN=!EF%

!8$Q?%<8"%'5O%K<"%<%9!E1:8<>!8%!T%"#N;#FF:B#%<8"%<N<=KQ%FQEN=!EF(%_T%=K#%N#;F!8F%J:=K%

<N<=KQ-;#$<=#"%FQEN=!EF%<$!8#7%)O%F9!;#"%<1!B#%=K#%mIC-'3%9P=-! 7̂%<8"%!8$Q%55O%":"%F!%:8%

=K#%U;!PN%J:=K%1!=K%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%+=<1$#%'.(%&8%=K#%=!=<$%9!K!;=7%

<N<=KQ-;#$<=#"%FQEN=!EF%J#;#%E!F=%T;#WP#8=$Q%;#N!;=#"7%J:=K%#<9K%FQEN=!E%;<8U:8U%T;!E%

2*O%=!%3*O7%<8"%"#N;#FF:B#%FQEN=!EF%;<8U:8U%T;!E%'O%=!%'3O%+FPNN$#E#8=<;Q%=<1$#%'.(
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Chapter 6.1

'/5

,(34%&E%i<F#$:8#%9K<;<9=#;:F>9F%!T%=K#%RU#7%m#8#gD8B:;!8E#8=%CPF9#N>1:$:=Q%+RmDC.-6#QVS<B:V%C=P"Q7%

F=;<>A#"%=!%=K#%N;#F#89#%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%+8]5235.

,1$(4&

+('84%&

]-^JIHJ_

R1&

+N'8$1'+&

]-^GVHH_*

A%8*%++#6%&

+N'8$1'+&

]-^EME_

<8($"N5

*%4($%7&

+N'8$1'+&

]-^EHVH_

<8($"N5*%4($%7&

(-7&7%8*%++#6%&

+N'8$1'+&

]-^PVI_

RU#%+Q#<;F.† 4/%w%3(5 43%w%3(' 4/%w%3(0 44%w%3(3 44%w%3(3

b#E<$#%F#G%+O. 035*%+3,. ''3,%+3/. '',%+/0. 890 (59) 380 (63)

D"P9<>!8%+O.M

- Primary 986 (23) 5''%+0). 52%+02. 25,%+02. '*5%+2'.

- Secondary 0'/4%+3). ')0/%+3). ')'%+32. 753 (50) 0*4%+5*.

-%@!$$#U# 4)4%+'/. 25,%+'4. 05%+'2. 05'%+'/. ,0%+'3.

-%t8:B#;F:=Q 5,5%+''. 0/*%+'2. 02%+'0. '/2%+''. 5)%+4.

i!"Q%E<FF%:8"#G%+VUgE2)† 04%w%5(2 04%w%5(0 04%w%2(, 04%w%5(3 04%w%5(3

CE!V:8U%+O. 0543%+34. '),4%+32. '),%+34. ,)'%+/). 2/*%+/'.

R$9!K!$%+U;<EF%N#;%J##V.‡ 2%+)-5). 2%+)-5). 2%+)-5). 2%+)-5). 2 (0-33)

aQN#;=#8F:!8%+O. 25,'%+*). '/'0%+4*. '50%+45. '050%+*2. 5,3%+*0.

I:<1#=#F%+O. 5*3%+''. 005%+''. '/%+*. '4'%+''. 45%+'0.

Gait speed (seconds)‡ 6 (5-9) 6 (5-8) 6 (5-8) 7 (5-9) 4%+3-').

@!;!8<;Q%<;=#;Q%":F#<F#%+O. 890 (20) 2*3%+',. 5'%+00. 200%+0'. '23%+00.

  CD‡ 04%+05-2). 0*%+05-2). 27 (23-29) 04%+05-0,. 27 (23-29)

H;#F#89#%!T%9#;#1;<$%:8T<;9=%+O. '2'4%+2). 35'%+0/. 5/%+05. 522 (35) 208 (35)

R8>"#N;#FF<8=%PF#%+O.M /52%+'3. 0')%+'). 25%+'*. 02*%+'/. '/'%+04.

- TCA '55%+2. 50 (3) 4%+5. 53%+2. 52%+4.

- SSRI 375 (9) ''2%+/. 05%+'2. '53%+'). ,0%+'3.

- _=K#; '4/%+5. 60 (3) 6 (3) /3%+5. 5/%+*.

mIC-'3%F9!;#M

- _B#;<$$%F9!;#‡ 2 (0-5) '%+)-0. 3 (2-5) 2%+0-5. 3%+5-,.

- C9!;#%|/%+O. 278 (6) 0 (0) '3%+*. 0 (0) 0/2%+55.

  CD7% :8:- #8=<$%C=<=#%DG<E:8<>!8?%\@R7%\;:9Q9$:9%R8>"#N;#FF<8=?%CC6&7%C#$#9>B#%C#;!=!8:8%6#PN=<V#%&8K:1:=!;?%

mIC-'37%'3-:=#E%m#;:<=;:9%I#N;#FF:!8%C9<$#?%CI7%C=<8"<;"%I#B:<>!8
*%6#T#;#89#%9<=#U!;Q
†% #<8%w%F=<8"<;"%"#B:<>!8?%‡  #":<8%+')th-90th%N#;9#8>$#.

H#;9#8=<U#%!T%E:FF:8U%B<$P#FM%#"P9<>!8M%)(*O7% FE!V:8UM%)('O7%<$9!K!$%PF#M%)(3O7%U<:=% FN##"M%0(0O7%"#N;#FF:B#%

FQEN=!EFM%3(0O7%<8>"#N;#FF<8=%PF#M%*(,O7%<$$%!=K#;%B<;:<1$#FM%)()%O

\K#% mIC-'3% |/% J<F% F:U8:A9<8=$Q% <FF!9:<=#"% J:=K% FE<$$#;% =!=<$% 1;<:8% +E!"#$% 07% E#<8%

":^#;#89#%-')(/0%EY7%,3O%@&%-'/(45%=!%-5(/5.7%=!=<$%U;<Q%E<L#;%+E#<8%":^#;#89#%-3(5'%EY7%

,3O%@&%-')(22%=!%-)(/0.%<8"%=!=<$%8!;E<$%JK:=#%E<L#;%B!$PE#%+E#<8%":^#;#89#%-3(**%EY7%

,3O%@&%-,()/%=!%-0(/*.(%R$F!7%mIC-'3%|/%J<F%<FF!9:<=#"%J:=K%F:U8:A9<8=$Q%U;#<=#;%=!=<$%X Y%
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B!$PE#%+E#<8%":^#;#89#%'('2%EY7%,3O%@&%'()0%=!%'(03.(%j!%F:U8:A9<8=%<FF!9:<>!8F%J:=K%=K#%

N;#F#89#%!T%9!;>9<$%!;%FP19!;>9<$%:8T<;9=F%J#;#%T!P8"%+"<=<%8!=%FK!J8.(

D($%:1*#%+&12&(8($"N5*%4($%7&(-7&7%8*%++#6%&+N'8$1'+9&(-7&3*(#-&614/'%+

XK#8% =K#% 9!8=;:1P>!8% !T% <N<=KQ-;#$<=#"% <8"% "#N;#FF:B#% FQEN=!EF% J<F% ":F>8UP:FK#"7%

"#N;#FF:B#% FQEN=!EF% <$!8#%J#;#% 8!=% F:U8:A9<8=$Q% <FF!9:<=#"%J:=K% =!=<$% 1;<:87% =!=<$% U;<Q%

E<L#;7%!;%=!=<$%8!;E<$%JK:=#%E<L#;%B!$PE#%<y#;%<"SPF=E#8=%T!;%9!B<;:<=#F%+=<1$#%0.(%R$F!%

JK#8%":^#;#8=%1;<:8%;#U:!8F%J#;#%":F>8UP:FK#"7%8!%F:U8:A9<8=%<FF!9:<>!8F%J#;#%!1F#;B#"%

+=<1$#%2.(

RN<=KQ-;#$<=#"%FQEN=!EF%<$!8#%J#;#7%K!J#B#;7%F:U8:A9<8=$Q%<FF!9:<=#"%J:=K%FE<$$#;%=!=<$%

1;<:87% =!=<$% U;<Q% E<L#;7% <8"% =!=<$% 8!;E<$% JK:=#% E<L#;% B!$PE#F% +=<1$#% 0.(% H<;=% !T% =K:F%

<FF!9:<>!8%J<F%#GN$<:8#"%1Q%9!B<;:<=#F7%1P=%<$$%<FF!9:<>!8F%;#E<:8#"%F:U8:A9<8=%:8%=K#%TP$$Q%

<"SPF=#"%E!"#$(%XK#8%":^#;#8=%1;<:8%;#U:!8F%J#;#%":F>8UP:FK#"7%<N<=KQ-;#$<=#"%FQEN=!EF%

<$!8#%J#;#%F:U8:A9<8=$Q%<FF!9:<=#"%J:=K%FE<$$#;%U;<Q%E<L#;%B!$PE#F%:8%T;!8=<$7%=#EN!;<$%

<8"%!99:N:=!N<;:#=<$%;#U:!8F%+=<1$#%2.(

H#;F!8F%J:=K%1!=K%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%<$F!%K<"%F:U8:A9<8=$Q%FE<$$#;%

=!=<$% 1;<:87% =!=<$% U;<Q% E<L#;7% <8"% 8!;E<$% =!=<$% JK:=#% E<L#;% B!$PE#F% +=<1$#% 0.(% XK#8%

":^#;#8=% 1;<:8% ;#U:!8F% J#;#% ":F>8UP:FK#"7% <N<=KQ-;#$<=#"% N$PF% "#N;#FF:B#% FQEN=!EF%

J#;#%F:U8:A9<8=$Q%<FF!9:<=#"%J:=K%FE<$$#;%U;<Q%E<L#;%<8"%FE<$$#;%JK:=#%E<L#;%B!$PE#F%

:8% T;!8=<$7% =#EN!;<$% <8"% !99:N:=!N<;:#=<$% ;#U:!8F7% F=;:<=PE7% K:NN!9<ENPF% 9!EN$#G% <8"%

=K<$<EPF(%bP;=K#;E!;#7%=K#%9!E1:8#"%#^#9=%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%!8%

T;!8=<$%JK:=#-E<L#;%B!$PE#%<8"%B!$PE#F%!T%F=;:<=PE7%K:NN!9<ENPF%9!EN$#G%<8"%=K<$<EPF%

J<F%F:U8:A9<8=$Q%U;#<=#;%=K<8%=K#:;%<"":>B#%#^#9=F%+=<1$#%2.(

D($%:1*#%+&12&(8($"N5*%4($%7&(-7&7%8*%++#6%&+N'8$1'+9&(-7&U"#$%&'()%*&4%+#1-&614/'%
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F:U8:A9<8=$Q%:89;#<F#"%;:FV%!T%U;#<=#;%X Y%$!<"%:8%=K#%T;!8=<$%$!1#7%<8"%=!%<%$#FF#;%#G=#8=%

:8%=K#%=#EN!;<$%$!1#%+AUP;#%'.(%R"":>!8<$%<"SPF=E#8=%T!;%9!B<;:<=#F%F!E#JK<=%<L#8P<=#"%

=K#F#%#^#9=F%+_6]'(0,7%,3O%@&%'()0-'(/3?%_6]'('57%,3O%@&%)(,)-'(53%;#FN#9>B#$Q.(

,(34%&G&RFF!9:<>!8F%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%<F% :8"#N#8"#8=7%<8"%WP<8>=<>B#%
E#<FP;#F% !T% =!=<$% 1;<:87% U;<Q% <8"% JK:=#% E<L#;7% <8"% JK:=#% E<L#;% $#F:!8% B!$PE#F% <F% "#N#8"#8=%

B<;:<1$#F%+8]5235.

X6%*(44&

]-^JIHJ_

R1&

+N'8$1'+&

]-^GVHH_*

A%8*%++#6% 

+N'8$1'+&

]-^EME_

<8($"N5*%4($%7&

+N'8$1'+&

]-^EHVH_

<8($"N5*%4($%7&

(-7&7%8*%++#6% 

+N'8$1'+&

]-^PVI_

t8<"SPF=#"%

total volume 

(mL)

 #<8%

B!$PE#%+CD.

 #<8%

":^#;#89#

+,3O%@&.

 #<8%

":^#;#89#

+,3O%@&.

 #<8%":^#;#89#

+,3O%@&.

\!=<$%1;<:8%

volume
')*5%w%*)†

-  !"#$%' ')**%+'(),.
-3('/%

+-'0(55%=!%0('2.

-9.26 

+-'0(3/%=!%-3(,3.

-0'(2/%

+-03(*4%=!%-'/(*3.

-  !"#$%0 ')*/%+'()*.
-2(')%

+-')(2)%=!%5('5.

-3('4%

+-*(52%=!%-'(**.

-'2('0%

+-'4(4/%=!%-*(3/.

m;<Q%E<L#;%

volume
/4/%w%/2†

-  !"#$%' /*'%+)(*,.
-3('4%

+-''(''%=!%)(4/.

-7.65 

+-')(25%=!%-5(,/.

-'3(52%

+-',('0%=!%-''(4/.

-  !"#$%0 679 (0.87)
-2.82 

(-8.60 to 2.97)

-5('*%

+-/(*'%=!%-'(33.

-*(50%

+-'0('3%=!%-5(4*.

XK:=#%E<L#;%

volume
2*/%w%5*†

-  !"#$%' 389 (0.58)
-'(44%

+-3(/2%=!%0(').

-5(53%

(-6.20 to -2.70)

-')(30%

+-'0(,)%=!%-*('0.

-  !"#$%0 388 (0.57)
-'(05%

+-3()5%=!%0(34.

-2.28 

+-5())%=!%-)(33.

-6.90 

+-,(20%=!%-5(5*.

XK:=#%E<L#;%

lesion volume

'2(3%

+5(2-55(2.‡

-  !"#$%' '0(2*%+)(05.
'()5%

+)(,0%=!%'('*.

'('5%

+'()*%=!%'(0'.

'(04%

+'('*%=!%'(2*.

-  !"#$%0 '0(*0%+)(02.
'()'%

+)(,)%=!%'('3.

'()/%

+'())%=!%'('0.

'('5%

+'()3%=!%'(02.

*%6#T#;#89#%9<=#U!;Q
†% #<8%w%F=<8"<;"%"#B:<>!8?%‡  #":<8%+')th-90th%N#;9#8>$#.

 !"#$%'M%R"SPF=#"%T!;%<U#7%F#G7%#"P9<>!8%<8"%:8=;<9;<8:<$%B!$PE#

 !"#$%0M%R"":>!8<$$Q%<"SPF=#"%T!;%FE!V:8U7%<$9!K!$%PF#7%1!"Q%E<FF%:8"#G7%KQN#;=#8F:!87%":<1#=#F%E#$$:=PF7%U<:=%

FN##"7%9!;!8<;Q%<;=#;Q%":F#<F#7%9#;#1;<$%:8T<;9=F%!8% 6&%<8"%<8>"#N;#FF<8=%PF#
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E<S!;%A8":8UF%J#;#%=K<=%'.%<N<=KQ-;#$<=#"%FQEN=!EF%<;#%K:UK$Q%N;#B<$#8=% :8% =K#%U#8#;<$%
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"#N;#FF:!8%F9;##8:8U%=K;#FK!$"%FP9K%<F%<%mIC-'3%F9!;#%|/%:F%PF#"?%0.%9!EN<;#"%=!%=K!F#%
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$:T#>E#%K:F=!;Q%!T%E<S!;%"#N;#FF:B#%":F!;"#;(

&EN!;=<8=%F=;#8U=KF%!T%!P;%F=P"Q%:89$P"#%=K#%N!NP$<>!8-1<F#"%"#F:U87%=K#%$<;U#%F<EN$#%F:`#7%

=K#%F=<8"<;":`#"%<FF#FFE#8=%<8"%#G9$PF:!8%!T%"#E#8><%<8"%E<S!;%"#N;#FF:B#%":F!;"#;7%=K#%
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B!$PE#=;:9%E#<FP;#E#8=F%!T%;#U:!8<$%U;<Q%<8"%JK:=#%E<L#;%<8"%X Y7%<8"%=K#%#G=#8F:B#%

<FF#FFE#8=%!T%B<F9P$<;%<8"%1#K<B:!P;<$%T<9=!;F%T!;%JK:9K%J#%9!P$"%<"SPF=%:8%!P;%<8<$QF#F(

R%$:E:=<>!8%:F%=K#%9;!FF-F#9>!8<$%"#F:U87%JK:9K%N;#B#8=#"%PF%T;!E%#G<E:8:8U%JK#=K#;%1;<:8%

<=;!NKQ%<8"%$#F:!8F%N;#9#"#%<N<=KQ-;#$<=#"%FQEN=!EF%!;%JK#=K#;%1!=K%E<Q%;#FP$=%T;!E%<%

EP=P<$%P8"#;$Q:8U%E#9K<8:FE(%&8%<"":>!87%J#%K<"%8!%T!;E<$%":<U8!F:F%!T%<N<=KQ%<8"%9<8%

=KPF%!8$Q% FN#<V%!T%<N<=KQ-;#$<=#"%FQEN=!EF(%a!J#B#;7%B<;:!PF%N!NP$<>!8-1<F#"%F=P":#F%

K<B#%FK!J8%=K<=%=K#%mIC-'3%:=#EF%PF#"%=!%"#A8#%<N<=KQ%FQEN=!EF%:8%!P;%F=P"Q%<;#%:8"##"%

;#N;#F#8=<>B#%!T%<N<=KQ%!;%J:=K";<J<$%2'-22, <8"%K<B#%=K#;#T!;#%<$F!%1##8%PF#"%<F%<%E#<FP;#%

!T%<N<=KQ%:8%!=K#;%F=P":#F%2)7%25.

&8% !P;% 9!K!;=7% |0% <N<=KQ-;#$<=#"% <8"% 8!% "#N;#FF:B#% FQEN=!EF% J#;#% N;#F#8=% :8% 23O% !T%

N<;>9:N<8=F7%<8"%<%9!E1:8<>!8%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%J<F%T!P8"%:8%

'5O%!T%N<;>9:N<8=F(%_P;%A8":8UF%<;#%:8%$:8#%J:=K%!=K#;%F=P":#F%:8%=K#%U#8#;<$%!$"#;%N!NP$<>!8%

=K<=% <$F!% T!P8"% <N<=KQ-;#$<=#"% FQEN=!EF% =!% 1#% <E!8U% =K#% E!F=% 9!EE!8$Q% ;#N!;=#"%

FQEN=!EF%:8%=K#%mIC-'3%WP#F>!88<:;#7%;<8U:8U%T;!E%20O%=!%3,O%2075'(%R8%:EN!;=<8=%A8":8U%

J<F%=K<=%=K#%E<S!;:=Q%!T%N#;F!8F%J:=K%=J!%!;%E!;#%<N<=KQ-;#$<=#"%FQEN=!EF%F9!;#"%1#$!J%

=K#%=;<":>!8<$%F9;##8:8U%=K;#FK!$"%!8%=K#%mIC-'37%:8":9<>8U%=K<=%=K#F#%N#;F!8F%J!P$"%8!=%

K<B#%1##8%TP;=K#;%F9;##8#"%T!;%"#N;#FF:!8%!;%!=K#;%1#K<B:!P;<$%9!8":>!8F(% !;#!B#;7%!P;%

A8":8U%=K<=%3*O%!T%N<;>9:N<8=F%N;#T#;;#"%=!%F=<Q%<=%K!E#%FPUU#F=F%=K<=%=K#F#%N#;F!8F%E<Q%

1#%$#FF%$:V#$Q%=!%U!%!P=%<8"%F##V%K#$N7%JK:9K%E<Q%9!8=;:1P=#%=!%<8%P8"#;"#=#9>!8%!T%<N<=KQ-

;#$<=#"%FQEN=!EF%:8%9$:8:9<$%N;<9>9#(

[<;:!PF% F=P":#F% :8% N<>#8=F%J:=K%R$`K#:E#;fF% ":F#<F#% T!P8"% <N<=KQ% =!% 1#% <FF!9:<=#"%J:=K%

X Y%:8%=K#%T;!8=<$%;#U:!8%',70)750%<8"%<$F!%J:=K%U;<Q%E<L#;%<=;!NKQ%:8%E#":<$%T;!8=<$%;#U:!8F%
0'700, striatum and thalamus 23(% i#9<PF#% U;<Q%E<L#;% <=;!NKQ% :8% =K#F#% ;#U:!8F% :F% F=;!8U$Q%

;#$<=#"%=!%9!U8:>B#%N#;T!;E<89#%057%A8":8UF%:8%"#E#8=#"%N#;F!8F%E<Q%8!=%<$=!U#=K#;%1#%

U#8#;<$:`#"%=!%=K#%U#8#;<$%!$"#;%N!NP$<>!8(%C!%T<;7%J#%V8!J%!T%!8$Q%!8#%!=K#;%F=P"Q%=K<=%

:8B#F>U<=#"%=K#%;#$<>!8%1#=J##8%F=;P9=P;<$%1;<:8%9K<8U#F%<8"%<N<=KQ%:8%<%8!8-"#E#8=#"%

N!NP$<>!8-1<F#"%F<EN$#(%\K:F%F=P"Q%;#N!;=#"%<%;#$<>!8%1#=J##8%U;#<=#;%F#B#;:=Q%!T%"##N%

X Y%<8"%<N<=KQ%52(%\J!%!=K#;%F=P":#F%=K<=%<FF#FF#"%E!>B<>!8<$%FQEN=!EF%T!P8"%=K#F#%=!%

1#%<FF!9:<=#"%J:=K%"##N%X Y%55753.

\!%!P;%V8!J$#"U#%=K:F%:F%=K#%A;F=%F=P"Q%:8%#$"#;F%J:=K!P=%"#E#8><%=!%:8B#F>U<=#%<FF!9:<>!8F%

!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%J:=K%":^#;#8=%;#U:!8<$%1;<:8%B!$PE#F(%X#%T!P8"%

=K<=%:8%N<;>9P$<;%U<:=%FN##"%<8"%B<F9P$<;%;:FV%T<9=!;F%#GN$<:8#"%N<;=%!T%=K#%;#$<>!8%1#=J##8%

<N<=KQ-;#$<=#"% FQEN=!EF% <8"% 1;<:8% B!$PE#F7% 1P=% 1;<:8% B!$PE#F% ;#E<:8#"% F:U8:A9<8=$Q%

FE<$$#;% <y#;% <"SPF=E#8=% T!;% 9!B<;:<=#F(% _P;% A8":8U% =K<=% <N<=KQ-;#$<=#"% FQEN=!EF%
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'4'

/('

J#;#%N;#"!E:8<8=$Q% <FF!9:<=#"%J:=K% <=;!NKQ% <8"% $#F:!8F% !T% =K#% T;!8=<$% ;#U:!87% F=;:<=PE7%

K:NN!9<ENPFg<EQU"<$<7% <8"% =K<$<EPF% U;#<=$Q% ;#F#E1$#F% N;#B:!PF% A8":8UF% :8% N<>#8=F%

J:=K%R$`K#:E#;fF%":F#<F#(%RFF!9:<>!8F%!T%<N<=KQ%J:=K%$#F:!8F%:8%F:E:$<;%1;<:8%;#U:!8F%K<B#%

<$F!%1##8% ;#N!;=#"% :8%N<>#8=F% ;#9!B#;:8U% T;!E%F=;!V#% '*(%R8% :8=#;#F>8U%A8":8U%J<F% =K<=%

=K#%9!E1:8#"%#^#9=%!T%<N<=KQ-;#$<=#"%<8"%"#N;#FF:B#%FQEN=!EF%!8%T;!8=<$%JK:=#-E<L#;7%

F=;:<=PE7%K:NN!9<ENPFg<EQU"<$<7%<8"%=K<$<EPF%B!$PE#%J<F%F:U8:A9<8=$Q%U;#<=#;%=K<8%=K#:;%

<"":>B#%#^#9=(%X#%"!%8!=%K<B#%<%9$#<;%#GN$<8<>!8%T!;%=K:F%A8":8U7%<8"%E!;#%F=P":#F%<;#%

8##"#"%=!%;#N$:9<=#%=K:F%A8":8U(

_P;%F=P"Q%K!J#B#;%<$F!%<""F%=!%=K#%9P;;#8=%$:=#;<=P;#%:8%FK!J:8U%=K<=%U;<Q%E<L#;%<=;!NKQ%

<8"%$#F:!8F%<FF!9:<=#"%J:=K%<N<=KQ%<;#%<$;#<"Q%N;#F#8=%:8%!$"#;%9!EEP8:=Q-"J#$$:8U%N#;F!8F%

J:=K!P=%"#E#8><%<8"%:8"#N#8"#8=%!T%<%K:F=!;Q%!T%F=;!V#(%\K#F#%A8":8UF%FPUU#F=%=K<=%<N<=KQ%

E<Q%1#%<%B#;Q%#<;$Q%FQEN=!E%!T%"#E#8><7%<8"%=K<=%<N<=KQ%FQEN=!EF%<;#%=KPF%<8%#<;$Q%

E<8:T#F=<>!8%!T% 9!U8:>B#%"#9$:8#(%\K:F%KQN!=K#F:F% :F% FPNN!;=#"%1Q%N;#B:!PF% F=P":#F% =K<=%

:"#8>A#"%<N<=KQ%<F%!8#%!T%=K#%A;F=%8#P;!NFQ9K:<=;:9%FQEN=!EF%:8%N<>#8=F%J:=K% @&%<8"%

"#E#8><%5/7%1P=%<$F!%<F%<8%:8"#N#8"#8=%;:FV%T<9=!;%T!;%N;!U;#FF:!8%=!%"#E#8><%:8%N<>#8=F%

J:=K%FP1S#9>B#%E#E!;Q%N;!1$#EF%<8"% @&%54-5,(%H;!FN#9>B#%F=P":#F%<;#%K!J#B#;%8##"#"%=!%

9!8A;E%=K:F%KQN!=K#F:F(

XK#8%J#%#G<E:8#"%;#U:!8<$%X Y%$!<"7%J#%!1F#;B#"%=K<=%<N<=KQ-;#$<=#"%FQEN=!EF%J#;#%

N;:E<;:$Q%<FF!9:<=#"%J:=K%=K#% $!9<$:`<>!8%!T%U;#<=#;%X Y% $!<"% :8% =K#% T;!8=<$% ;#U:!8(%\K:F%

$!9<$:`<>!8%:F% :8% $:8#%J:=K%=K#%9!89#N=%!T%":F;PN>!8%!T%T;!8=<$-FP19!;>9<$%N<=KJ<QF%<F%<8%

P8"#;$Q:8U%E#9K<8:FE%!T%$<=#-$:T#%"#N;#FF:B#%FQEN=!EF7%<8"%9!P$"%=KPF%1#%:8=#;N;#=#"%<F%

FPNN!;=% T!;% =K#% eB<F9P$<;%"#N;#FF:!8f%KQN!=K#F:F(%j#B#;=K#$#FF7%<8% :EN!;=<8=%A8":8U%J<F%

=K<=% =K#% ;#$<>!8% 1#=J##8% <N<=KQ% FQEN=!EF% <8"% T;!8=<$%X Y% $!<"%J<F% :8"#N#8"#8=% !T%

<% $:T#>E#%":<U8!F:F%!T%E<S!;%"#N;#FF:B#%":F!;"#;(%_8%=K#%!8#%K<8"7% =K:F%A8":8U%FPUU#F=F%

=K<=%X Y%:8%T;!8=<$-FP19!;>9<$%N<=KJ<QF%E<Q%1#%;#$<=#"%=!%eB<F9P$<;%<N<=KQf%;<=K#;%=K<8%

‘vascular depression’ 3)73'(%_8%=K#%!=K#;%K<8"7%=K:F%A8":8U%<$F!%K<F% :EN!;=<8=%=K#;<N#P>9%

9!8F#WP#89#F(%XK#;#<F%F#;!=!8#;U:9%";PUF%<;#%T;#WP#8=$Q%N;#F9;:1#"%<8"%E<Q%1#%#^#9>B#%

=!% ;#$:#B#% "#N;#FF:!87% =K#F#% 9<8% 9<PF#% !;% <UU;<B<=#% FQEN=!EF% !T% <N<=KQ(% @!8=;<;Q7%

"!N<E:8#;U:9% <U#8=F%E<Q% ;#$:#B#% <N<=KQ% 1P=% <;#% :8#^#9>B#% <F% <8>"#N;#FF<8=% '3. In our 

9!K!;=%')-'3O%!T%N<;>9:N<8=F%J:=K%<N<=KQ-;#$<=#"%FQEN=!EF%PF#"%CC6&fF(%i#9<PF#%J#%"!%

8!=%K<B#%:8T!;E<>!8%!8%=K#%N;#F9;:N>!8%:8":9<>!87%J#%9<8%8!=%":F>8UP:FK%JK#=K#;%CC6&%

PF#%E<Q%K<B#%<UU;<B<=#"%<N<=KQ%FQEN=!EF%:8%=K#F#%N#;F!8F7%!;%JK#=K#;%F#;!=!8#;U:9%";PUF%

E<Q%F!E#>E#F%1#%N;#F9;:1#"%=!%N#;F!8F%J:=K%<N<=KQ%:8%JK!E%!=K#;%";PU%9$<FF#F%FP9K%<F%

"!N<E:8#;U:9%<U#8=F%<;#%E!;#%<NN;!N;:<=#(
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\!%9!89$P"#7%<N<=KQ-;#$<=#"%FQEN=!EF%<;#%9!EE!8%:8%9!EEP8:=Q-"J#$$:8U%!$"#;%N#;F!8F%

J:=K!P=%"#E#8><%<8"%!y#8%;#E<:8%P8;#9!U8:`#"%JK#8%<%=;<":>!8<$%"#N;#FF:!8%F9;##8:8U%

=K;#FK!$"%:F%PF#"(%\K#Q%<;#%<FF!9:<=#"%J:=K%<8%:89;#<F#"%X Y%$!<"%:8%=K#%T;!8=<$%;#U:!87%1P=%

<$F!%J:=K%<%E!;#%":^PF#%<8"%J:"#FN;#<"%$!FF%!T%U;<Q%E<L#;%B!$PE#(%\K#F#%A8":8UF%FPUU#F=%

=K<=%8!=%!8$Q%B<F9P$<;%N<=K!$!UQ%9!8=;:1P=#F%=!%<N<=KQ7%1P=%<$F!%8#P;!"#U#8#;<>!8(
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/('

6#T#;#89#%$:F=

'(%% B<8%"#8%i#;U% I7%_$"#K:8V#$%Rk7%i!PKPQF%RY7%i;:$E<8%D&7%i##VE<8%R\7%_;E#$%k(%I#N;#FF:!8%:8%$<=#;%
$:T#M%=K;##%#>!$!U:9<$$Q%":^#;#8=%FP1U;!PNF(%k%R^#9=%I:F!;"%0))'?%/3M',-0/

0(%% @<EPF%[7%n;<#K#81PK$%a7%H;#:F:U% 7%iP$<%@k7%X<#1#;%m(%m#;:<=;:9%"#N;#FF:!8%<8"%B<F9P$<;%":F#<F#FM%
JK<=%<;#%=K#%$:8VFr%k%R^#9=%I:F!;"%0))5?%*'M'-'/

2(%% a#;;E<88%YY7%Y#% <FP;:#;% 7%D1E#:#;%nH(%XK:=#%E<L#;%KQN#;:8=#8F:>#F%:8%$<=#%$:T#%"#N;#FF:!8M%<%
FQF=#E<>9%;#B:#J(%k%j#P;!$%j#P;!FP;U%HFQ9K:<=;Q%0))*?%4,M/',-/05

5(%% H<8=!8:%Y(%H<=K!NKQF:!$!UQ%!T%<U#-;#$<=#"%9#;#1;<$%JK:=#%E<L#;%9K<8U#F(%@#;#1;!B<F9%I:F%0))0?%
'2M4-')

3(%% R$#G!N!P$!F% mC7%  #Q#;F% iC7% o!P8U% 6@7% @<EN1#$$% C7% C:$1#;FJ#:U% I7% @K<;$F!8%  (% e[<F9P$<;%
"#N;#FF:!8f%KQN!=K#F:F(%R;9K%m#8%HFQ9K:<=;Q%',,4?%35M,'3-,00

/(%% n;:FK8<8%n67%a<QF%k@7%i$<`#;%Im(% 6&-"#A8#"%B<F9P$<;%"#N;#FF:!8(%RE%k%HFQ9K:<=;Q%',,4?%'35M5,4-
3)'

4(%% n;:FK8<8%n67%\<Q$!;%XI7% 9cP!:"%I67% <9b<$$%k67%H<Q8#% D7%H;!B#8`<$#%k 7%C=#^#8F%I@(%@$:8:9<$%
9K<;<9=#;:F>9F% !T% E<U8#>9% ;#F!8<89#% :E<U:8U-"#A8#"% FP19!;>9<$% :F9K#E:9% "#N;#FF:!8(% i:!$%
HFQ9K:<=;Q%0))5?%33M2,)-2,4

*(%% R$#G!N!P$!F% mC7% n:!FF#F% Ij7% n$:EF=;<% C7% n<$<Q<E% i7% i;P9#%  Y(% @$:8:9<$% N;#F#8=<>!8% !T% =K#%
p"#N;#FF:!8-#G#9P>B#%"QFTP89>!8%FQ8";!E#q%!T%$<=#%$:T#(%RE%k%m#;:<=;%HFQ9K:<=;Q%0))0?%')M,*-')/

,(%%  <;:8%6C(%RN<=KQM%<%8#P;!NFQ9K:<=;:9%FQ8";!E#(%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%',,'?%2M052-035

')(%% "#%m;!!=%k@7%"#%Y##PJ%bD7%_P"V#;V% 7%a!TE<8%R7%k!$$#F%k7%i;#=#$#;%  (%@#;#1;<$%JK:=#%E<L#;%
$#F:!8F%<8"%"#N;#FF:B#%FQEN=!EF%:8%#$"#;$Q%<"P$=F(%R;9K%m#8%HFQ9K:<=;Q%0)))?%34M')4'-')4/

''(%% C=#^#8F%I@7%a#$EF% k7%n;:FK8<8%n67%iP;V#%mY(%@#;#1;!B<F9P$<;%":F#<F#%<8"%"#N;#FF:!8%FQEN=!EF%
:8%=K#%9<;":!B<F9P$<;%K#<$=K%F=P"Q(%C=;!V#%',,,?%2)M0'3,-0'//

'0(%% C=<;VF=#:8% CD7% <Q1#;U%aC7% H;#`:!F:% \k7%R8";#`#S#JFV:% H7% Y#:UP<;"<%67% 6!1:8F!8%6m(%6#$:<1:$:=Q7%
B<$:":=Q7%<8"%9$:8:9<$%9!;;#$<=#F%!T%<N<=KQ%:8%H<;V:8F!8fF%":F#<F#(%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%
',,0?%5M'25-'2,

'2(%%  <;:8%6C7%b:;:89:!UP$$<;:%C7%i:#";`Q9V:%6@(%m;!PN%":^#;#89#F%:8%=K#%;#$<>!8FK:N%1#=J##8%<N<=KQ%
<8"%"#N;#FF:!8(%k%j#;B% #8=%I:F%',,5?%'*0M023-02,

'5(%% I;:SU#;F%6Y7%R<$=#8%H7% Y##8=S#8F%Rb7%[#;K#Q%b6(% �RN<=KQM% T;!E%FQEN=!E%=!% FQ8";!E#�(%\:S"F9K;%
HFQ9K:<=;%0)')?%30M2,4-5)3

'3(%% Y#BQ% Y7% @PEE:8UF% kY7% b<:;1<8VF% YR7% <F=#;E<8% I7% :$$#;% iY7% @;<:U% Ra% #=% <$(% RN<=KQ% :F% 8!=%
"#N;#FF:!8(%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%',,*?%')M2'5-2',

'/(%% Y#BQ% 67% IP1!:F% i(% RN<=KQ% <8"% =K#% TP89>!8<$% <8<=!EQ% !T% =K#% N;#T;!8=<$% 9!;=#G-1<F<$% U<8U$:<%
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General discussion

General discussion

&8% =K:F% =K#F:F%J#% :8B#F>U<=#"% =K#% :8vP#89#% !T% 9#;#1;<$% FE<$$-B#FF#$% ":F#<F#% <8"% <=;!NKQ%

!8% F#$T-;<=#"% TP89>!8:8U7% "#N;#FF:B#% FQEN=!EF7% 9!U8:>B#% N#;T!;E<89#% <8"% E!;=<$:=Q?%

JK#=K#;%FN#9:A9%"#N;#FF:!8%<8"%9!U8:>!8%9K<;<9=#;:F>9F%J#;#%;#$<=#"%=!%F=;<=#U:9%$!9<>!8%

!T% 9#;#1;<$% FE<$$-B#FF#$% ":F#<F#% :8% ":^#;#8=% 1;<:8% ;#U:!8F?% <8"% =K#% N!FF:1$#% ":;#9>!8% !T%

9<PF<>!8%1#=J##8%9#;#1;<$%FE<$$-B#FF#$%":F#<F#7%TP89>!8:8U%<8"%"#N;#FF:B#%FQEN=!EF(

D%*%3*(4&+'(4456%++%4&7#+%(+%&(-7&04#-#0(4&8*%+%-$(;1-

R$=K!PUK%9#;#1;<$%FE<$$-B#FF#$%":F#<F#7%9K<;<9=#;:`#"%1Q%JK:=#%E<L#;% $#F:!8F%+X Y.%<8"%

$<9P8<;% :8T<;9=F7% :F% <8% !y#8% <FQEN=!E<>9% A8":8U% !8% 1;<:8%E<U8#>9% ;#F!8<89#% :E<U:8U%

+ 6&.%'707%:=%K<F%1##8%<FF!9:<=#"%J:=K%<8%:89;#<F#"%;:FV%!T%NKQF:9<$%<8"%9!U8:>B#%"#9$:8#%3-5, 

$<=#-$:T#%"#N;#FF:!8%6,77%TP=P;#%9<;":!B<F9P$<;%#B#8=F%<8"%E!;=<$:=Q%8(%&8%9K<N=#;%0('%J#%T!P8"%

=K<=% N;!U;#FF:!8% !T%X Y% B!$PE#%J<F% <$F!% <FF!9:<=#"%J:=K% <% "#9$:8#% :8%E!;#% FP1S#9>B#%

E#<FP;#F%!T%F#$T-;<=#"%E#8=<$%TP89>!8:8U(%\K:F%A8":8U%:F%9$:8:9<$$Q%;#$#B<8=%1#9<PF#%$!J#;%

F#$T-;<=#"%E#8=<$%<8"%NKQF:9<$% TP89>!8:8U%<;#%8!=%!8$Q% :EN!;=<8=%!P=9!E#%E#<FP;#F%!8%

<8%:8":B:"P<$%N<>#8=%$#B#$7%1P=%<$F!%:8"#N#8"#8=%;:FV%T<9=!;F%T!;%9<;":!B<F9P$<;%#B#8=F%<8"%

mortality ,7')%+9K<N=#;%0(0.(% !;#!B#;7%:8%9K<N=#;%0(2%J#%T!P8"%=K<=%=K#%9!E1:8#"%#^#9=%!T%

$<9P8<;% :8T<;9=F%<8"% $!J#;% F#$T-;<=#"%E#8=<$% TP89>!8:8U%!8% =K#% ;:FV%!T%E!;=<$:=Q%#G9##"F%

=K#:;%<"":>B#%#^#9=F(

&89;#<F:8U%#B:"#89#%FPNN!;=F%<%9<PF<$% ;#$<>!8FK:N%1#=J##8%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%

<8"%:EN<:;E#8=F%:8%NKQF:9<$7%E#8=<$%<8"%9!U8:>B#%TP89>!8:8U(%C#B#;<$%F=P":#F%K<B#%FK!J8%

=K<=%!1S#9>B#%:EN<:;E#8=F%:8%E#8=<$7%NKQF:9<$%<8"%9!U8:>B#%TP89>!8:8U%<;#%F=;!8U$Q%;#$<=#"%

=!%=K#%N;#F#89#%!T%9#;#1;<$%FE<$$-B#FF#$%":F#<F#% :8%F=;<=#U:9%1;<:8%;#U:!8F% :8B!$B#"% :8%=K#%

;#UP$<>!8%!T%=K#F#%":^#;#8=%TP89>!8F%''-'3(%&8%9K<N=#;%5('%J#%:8"##"%T!P8"%=K<=%<FF!9:<>!8F%

!T% FP19!;>9<$% :8T<;9=F% J:=K% "#N;#FF:B#% FQEN=!EF7% #G#9P>B#% TP89>!8:8U% <8"% E#E!;Q%

"#N#8"#"%!8% :8T<;9=% $!9<>!8%:8%"##N%JK:=#%E<L#;%=;<9=F%<8"%8!=%!8%F:`#(%\K#F#%A8":8UF%

N;!B:"#%FPNN!;=%T!;%=K#%KQN!=K#F:F%=K<=%"#N;#FF:!8%<8"%NKQF:9<$%!;%9!U8:>B#%:EN<:;E#8=F%

E<Q%1#%":;#9=%E<8:T#F=<>!8F%!T% "QFTP89>!8%!T% 9#;#1;<$% 8#=J!;VF% :8% =K#F#%1;<:8% ;#U:!8F%

9<PF#"%1Q%9#;#1;<$%FE<$$-B#FF#$%":F#<F#(

&8% ;#9#8=% Q#<;F7% =K#% eB<F9P$<;% "#N;#FF:!8f% KQN!=K#F:F% :8% N<;>9P$<;% K<F% ";<J8% <L#8>!8%

=!% =K#% :EN!;=<89#% !T% $#F:!8% $!9<>!8% :8% ;#$<>!8% =!% $<=#-$:T#% "#N;#FF:!8% '/7'4(% R99!;":8U% =!%

=K#% eB<F9P$<;% "#N;#FF:!8f% KQN!=K#F:F7% ":F;PN>!8% !T% N;#T;!8=<$% F=;P9=P;#F% !;% 9!88#9>8U%

FP19!;>9<$% N<=KJ<QF% 1Q% 9#;#1;<$% FE<$$-B#FF#$% ":F#<F#% E<Q% N;#":FN!F#7% N;#9:N:=<=#% !;%

N#;N#=P<=#%$<=#-$:T#%"#N;#FF:!8%'/(%R$=K!PUK%F!E#%$:=#;<=P;#%K<F%FPNN!;=#"%=K#%9!89#N=%!T%

‘vascular depression’ '57'*7',7% :=%K<F%1##8% :89;#<F:8U$Q%WP#F>!8#"%JK#=K#;% =K#%1#K<B:!P;<$%

N;!1$#EF%<FF!9:<=#"%J:=K%":F;PN>!8%!T%T;!8=<$-FP19!;>9<$%9:;9P:=F%1Q%9#;#1;<$%FE<$$-B#FF#$%
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":F#<F#%FK!P$"%1#%=;P$Q%9!8F:"#;#"%<F%9K<;<9=#;:F>9F%!T%+B<F9P$<;.%"#N;#FF:!8(%&8F=#<"7%=K#F#%

E!>B<>!8<$%FQEN=!EF%E<Q%1#%F##8%<F%E<8:T#F=<>!8F%!T%<%1#K<B:!P;<$%FQ8";!E#%:8%<%EP9K%

1;!<"#;%F#8F#(%&8%<"":>!87%:=%:F%P89$#<;%JK#=K#;%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%E<Q%<9=P<$$Q%

1#% <% 9<PF#% !;% <% 9!8F#WP#89#% !T% $<=#-$:T#% "#N;#FF:!8(% R$=K!PUK% E!F=% F=P":#F% :"#8>A#"%

9#;#1;<$%FE<$$-B#FF#$%":F#<F#%<F%<%;:FV%T<9=!;%T!;%NKQF:9<$%<8"%9!U8:>B#%"#9$:8#7%=K#%":;#9>!8%

!T%9<PF<>!8%F##EF% $#FF%9$#<;% T!;% $<=#-$:T#%"#N;#FF:!8(%\K#;#T!;#7%J#%J:$$%8!J%":F9PFF% =K#%

9!8=;!B#;F:#F%:8%=K#%$:=#;<=P;#%!8%eB<F9P$<;%"#N;#FF:!8f%<8"%K!J%=K#%A8":8UF%"#F9;:1#"%:8%

=K:F%=K#F:F%E<Q%9!8=;:1P=#%=!%<%1#L#;%P8"#;F=<8":8U%!T%=K#%:8vP#89#%!T%9#;#1;<$%FE<$$-B#FF#$%

":F#<F#%!8%1#K<B:!P;<$%N;!1$#EF(

,"%&j6(+0/4(*&7%8*%++#1-j&"N81$"%+#+

The ‘vascular depression’ hypothesis '/7'4% N;!N!F#"% ":F;PN>!8% !T% T;!8=<$-FP19!;>9<$%

9:;9P:=F7% $#<":8U% =!% :EN<:;#"%8#;B#%9!8"P9>!8% :8%1;<:8% ;#U:!8F% :8B!$B#"% :8% =K#%;#UP$<>!8%

!T%#E!>!8F7%<F%<%E#9K<8:FE%1Q%JK:9K%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%N;#":FN!F#F%=!% $<=#-

$:T#% "#N;#FF:!8(% \K#;#T!;#7% FQEN=!EF% <FF!9:<=#"% J:=K% "QF;#UP$<>!8% !T% 1#K<B:!P;<$% <8"%

#E!>!8<$%TP89>!8F%:8%=K#F#%1;<:8%;#U:!8F%K<B#%1##8%9!8F:"#;#"%<F%9K<;<9=#;:F>9%T#<=P;#F%

!T%eB<F9P$<;%"#N;#FF:!8f%'3(%\K#F#%FQEN=!EF%<;#%N;:E<;:$Q%9K<;<9=#;:`#"%1Q%=K#%N;#F#89#%!T%

E!>B<>!8<$%N;!1$#EF7%:89$P":8U%":E:8:FK#"%:8=#;#F=%<8"%#8#;UQ7%NFQ9K!E!=!;%;#=<;"<>!8%

<8"%N!!;#;%#G#9P>B#%TP89>!8:8U%''.

&8%FPNN!;=%!T%=K#%eB<F9P$<;%"#N;#FF:!8f%KQN!=K#F:F7%B<;:!PF%9;!FF-F#9>!8<$%F=P":#F%!1F#;B#"%

<% ;#$<>!8FK:N%1#=J##8%E!;#% F#B#;#%X Y%<8"%N;#F#89#%!T% 9$:8:9<$$Q% ;#$#B<8=%"#N;#FF:B#%

symptoms 0)70'7%JK:9K%E<:8$Q%"#N#8"#"%!8%"##N%X Y%'5. Nevertheless, contradictory results 

K<B#%<$F!%1##8%;#N!;=#"7%FPUU#F>8U%#:=K#;%<%;#$<>!8%1#=J##8%"#N;#FF:B#%FQEN=!EF%<8"%

$<9P8<;% :8T<;9=F%1P=%8!=%X Y% 22,237%!;%8!%F:U8:A9<8=% ;#$<>!8FK:N%<=%<$$% 05(% !;#!B#;7% F:89#%

$!8U:=P":8<$%F=P":#F%Q:#$"#"%K:UK$Q%:89!8F:F=#8=%A8":8UF%0'703-0*7%:=%;#E<:8F%P89#;=<:8%JK#=K#;%

X Y%<8"%$<9P8<;%:8T<;9=F%<;#%9<PF<$$Q%;#$<=#"%=!%"#N;#FF:!87%!;%JK#=K#;%1!=K%E<Q%;#FP$=%

T;!E%<%EP=P<$%P8"#;$Q:8U%E#9K<8:FE(

\K#%:89!8F:F=#89:#F%:8%A8":8UF%T;!E%$!8U:=P":8<$%F=P":#F%E<Q%1#%#GN$<:8#"%:8%":^#;#8=%J<QF(%

b:;F=7%:8%9K<N=#;%3(0%J#%"#E!8F=;<=#"%=K<=%=K#%N;#F#89#%!T%$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-

E<L#;%J<F%<FF!9:<=#"%J:=K%E!;#%F#B#;#%"#N;#FF:B#%FQEN=!EF%"P;:8U%=K;##%Q#<;F%T!$$!J-

PN(%\K#%F#B#;:=Q%!T%"#N;#FF:B#%FQEN=!EF% :8%=K#F#%N<>#8=F%J<F%8!=%9!8F=<8=%1P=%FK!J#"%

<%N<L#;8%!T%;#N#<=#"%#G<9#;1<>!8F%!B#;%>E#(%@!8F:"#;:8U%=K#%vP9=P<>!8F%:8%"#N;#FF:B#%

FQEN=!E%F#B#;:=Q%!B#;%>E#%:8%N<>#8=F%J:=K%$<9P8<;%:8T<;9=F7%=K#%F=;#8U=K%!T%=K#%;#$<>!8FK:N%

1#=J##8%$<9P8<;%:8T<;9=F%!;%X Y%<8"%"#N;#FF:B#%FQEN=!EF%E<Q%=K#;#T!;#%F=;!8U$Q%"#N#8"%

!8%=K#%>E#%!T%"#N;#FF:!8%<FF#FFE#8=(%
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R8% <$=#;8<>B#% #GN$<8<>!8% 9!P$"% 1#% =K<=% =K#% ;#$<>!8FK:N% 1#=J##8% 9#;#1;<$% FE<$$-B#FF#$%

":F#<F#%<8"%"#N;#FF:B#%FQEN=!EF%E<Q%:8%T<9=%1#%1:":;#9>!8<$(%C!%T<;7%!8#%F=P"Q%T!P8"%=K<=%

"#N;#FF:!87%"#A8#"%<F%$:T#>E#%E<S!;%"#N;#FF:B#%#N:F!"#%!;%9P;;#8=%<8>"#N;#FF<8=%PF#7%E<Q%

1#%<%;:FV%T<9=!;%T!;%=K#%N;!U;#FF:!8%!T%X Y%B!$PE#%25(%\K#F#%A8":8UF%FK!P$"%K!J#B#;%1#%

:8=#;N;#=#"%J:=K%9<P>!87%F:89#%J#%FK!J#"%:8%9K<N=#;%2('%=K<=%=K:F%;#$<>!8%E<Q%1#%#GN$<:8#"%

1Q%<8>"#N;#FF<8=%PF#%;<=K#;%=K<8%1Q%FQEN=!EF%!T%"#N;#FF:!8(

\K:;"7%E!F=% F=P":#F% :8B#F>U<>8U% =K#% ;#$<>!8% 1#=J##8% 9#;#1;<$% FE<$$-B#FF#$% ":F#<F#% <8"%

"#N;#FF:!8%PF#"%<%9P=-!^%F9!;#%=!%"#A8#%9$:8:9<$$Q%;#$#B<8=%"#N;#FF:B#%FQEN=!EF7%;<=K#;%=K<8%

=!% :"#8>TQ%P8"#;$Q:8U%FQEN=!E%9K<;<9=#;:F>9F(% &8%9K<N=#;F%3('%<8"%/('%J#%"#E!8F=;<=#"%

=K<=%=K#%N;#F#89#%!T%X Y%<8"%$<9P8<;% :8T<;9=F% :8%"##N%JK:=#-E<L#;%<8"%1<F<$%U<8U$:<% :F%

N<;>9P$<;$Q% ;#$<=#"% =!% E!;#% F#B#;#%E!>B<>!8<$% FQEN=!EF7% 1P=% =K<=% :8% =K#%E<S!;:=Q% !T%

N<;>9:N<8=F% =K#%!B#;<$$% FQEN=!E%F#B#;:=Q% T<$$F%1#$!J%F=<8"<;"% =K;#FK!$"F%PF#"% =!%"#A8#%

9$:8:9<$$Q% ;#$#B<8=%"#N;#FF:B#% FQEN=!EF%<8"% =K#;#T!;#%E<Q% ;#E<:8%P8;#9!U8:`#"%JK#8%<%

F=<8"<;"%9P=-!^%F9!;#%:F%PF#"(

 !>B<>!8<$% FQEN=!EF% K<B#% 1##8% N;!N!F#"% <F% "!E:8<8=% T#<=P;#F% !T% eB<F9P$<;%

depression’'/70,(%R$=K!PUK%!8#%F=P"Q%9!8A;E#"%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%=!%1#%;#$<=#"%

=!%E!;#%E!>B<>!8<$%FQEN=!EF%:8%!$"#;%"#N;#FF#"%:8":B:"P<$F%',7%;#9#8=%A8":8UF%FPUU#F=#"%

=K<=% <% F:E:$<;% <FF!9:<>!8%E<Q%1#% T!P8"% :8%N#;F!8F%J:=K!P=% <%"#N;#FF:!8%":<U8!F:F% 30. In 

9K<N=#;%3('%J#%:8"##"%"#E!8F=;<=#"%=K<=%X Y%<8"%$<9P8<;%:8T<;9=F%:8%"##N%JK:=#-E<L#;%

=;<9=F%J#;#% <FF!9:<=#"%J:=K%E!;#% F#B#;#%E!>B<>!8<$% FQEN=!EF% <$F!% :8% =K#% <1F#89#% !T%

E<S!;%"#N;#FF:B#%":F!;"#;7%FPUU#F>8U%=K<=%=K#F#%FQEN=!EF%E<Q%:8%T<9=%1#%E<8:T#F=<>!8F%

!T%<%E!;#%U#8#;<$%E!>B<>!8<$%FQ8";!E#%;<=K#;%=K<8%+B<F9P$<;.%"#N;#FF:!8%9K<;<9=#;:F>9F(%

@!8F:"#;:8U% =K#% U;#<=% ;#F#E1$<89#% :8% FQEN=!E% 9K<;<9=#;:F>9F% 1#=J##8% <N<=KQ% <8"% =K#%

E!>B<>!8<$% :=#EF% !T% "#N;#FF:!8% ;<>8U% F9<$#F% 2'7207% :=%E<Q%J#$$% 1#% =K<=% =K#%E!>B<>!8<$%

FQEN=!EF%<FF!9:<=#"%J:=K%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%<;#%E<8:T#F=<>!8F%!T%<N<=KQ%;<=K#;%

than depression 33.

A#+;-0;1-&3%$U%%-&(8($"N&(-7&7%8*%++#1-

RN<=KQ% :F% "#A8#"% <F% ;#"P9#"% U!<$-":;#9=#"% <9>B:=Q% :8% =K#% 1#K<B:!P;<$7% 9!U8:>B#% <8"%

#E!>!8<$% "!E<:8F% 25% <8"% :F% 9K<;<9=#;:`#"% 1Q% ":E:8:FK#"% :8:><>!87% 1$P8=#"% #E!>!8<$%

;#FN!8F#7% $!J% F!9:<$% #8U<U#E#8=7% :8":^#;#89#% <8"% N!!;% N#;F:F=#89#7% NFQ9K!E!=!;%
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T!;%I2%<U!8:F=Fr%RE%k%m#;:<=;%HFQ9K:<=;Q%0))'?%,M00-0,

'/(%% R$#G!N!P$!F% mC7%  #Q#;F% iC7% o!P8U% 6@7% @<EN1#$$% C7% C:$1#;FJ#:U% I7% @K<;$F!8%  (% e[<F9P$<;%
"#N;#FF:!8f%KQN!=K#F:F(%R;9K%m#8%HFQ9K:<=;Q%',,4?%35M,'3-,00

'4(%% n;:FK8<8%n67%a<QF%k@7%i$<`#;%Im(% 6&-"#A8#"%B<F9P$<;%"#N;#FF:!8(%RE%k%HFQ9K:<=;Q%',,4?%'35M5,4-
3)'

'*(%% \<Q$!;%XI7% <9b<$$%k67%H<Q8#% D7% 9cP!:"%I67%C=#^#8F%I@7%H;!B#8`<$#%k 7%n;:FK8<8%66(%m;#<=#;%
 6&%$#F:!8%B!$PE#F%:8%#$"#;$Q%"#N;#FF#"%FP1S#9=F%=K<8%:8%9!8=;!$%FP1S#9=F(%HFQ9K:<=;Q%6#F%0))3?%
'2,M'-4
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',(%% n;:FK8<8%n67%\<Q$!;%XI7% 9cP!:"%I67% <9b<$$%k67%H<Q8#% D7%H;!B#8`<$#%k 7%C=#^#8F%I@(%@$:8:9<$%
9K<;<9=#;:F>9F% !T% E<U8#>9% ;#F!8<89#% :E<U:8U-"#A8#"% FP19!;>9<$% :F9K#E:9% "#N;#FF:!8(% i:!$%
HFQ9K:<=;Q%0))5?%33M2,)-2,4

0)(%% _fi;:#8%k\7%b:;1<8V% k7%n;:FK8<8% C7%B<8%C=;<<=#8%D@7%B<8%"#;%b$:#;%X 7%H#=;!B:9%n%#=%<$(%XK:=#%
E<L#;%KQN#;:8=#8F:>#F%;<=K#;%=K<8%$<9P8<;%:8T<;9=F%<;#%<FF!9:<=#"%J:=K%"#N;#FF:B#%FQEN=!EF%:8%
!$"#;%N#!N$#M%=K#%YRI&C%F=P"Q(%RE%k%m#;:<=;%HFQ9K:<=;Q%0))/?%'5M*25-*5'

0'(%% &V;<E% R7%YP:S#8":SV%ak7%[#;8!!:S% X7%a!TE<8%R7%j:#FF#8%Xk7%B<8%"#;%YPU=%R%#=%<$(%[<F9P$<;%1;<:8%
":F#<F#%<8"%"#N;#FF:!8%:8%=K#%#$"#;$Q(%DN:"#E:!$!UQ%0)')?%0'M4*-*'

00(%% C=#^#8F%I@7%a#$EF% k7%n;:FK8<8%n67%iP;V#%mY(%@#;#1;!B<F9P$<;%":F#<F#%<8"%"#N;#FF:!8%FQEN=!EF%
:8%=K#%9<;":!B<F9P$<;%K#<$=K%F=P"Q(%C=;!V#%',,,?%2)M0'3,-0'//

02(%% m;!!$%R 7%B<8%"#;%m;<<T%o7% <$:%XH7%m##;$:8UF% &(%Y!9<>!8%!T%9#;#1;!B<F9P$<;%<8"%"#U#8#;<>B#%
9K<8U#F7%"#N;#FF:B#%FQEN=!EF%<8"%9!U8:>B#%TP89>!8:8U%:8%$<=#;%$:T#M%=K#%C R6\- #"#<%F=P"Q(%k%
j#P;!$%j#P;!FP;U%HFQ9K:<=;Q%0)''?%*0M'),2-''))

05(%% 6<:8#;% n7% P9V#%aR7%s#K#=E<Q#;%C7%n;<EN$<%X7%nPF#$1<P#;%\7%X#:FFU;<E%C%#=%<$(%I<=<% T;!E%
=K#%[&\R%C=P"Q%"!%8!=%FPNN!;=%=K#%9!89#N=%!T%B<F9P$<;%"#N;#FF:!8(%RE%k%m#;:<=;%HFQ9K:<=;Q%0))/?%
'5M32'-324

03(% m!":8%_7%IPT!P:$%@7% <:$$<;"%H7%I#$9;!:G%j7% <`!Q#;%i7%@;:B#$$!%b%#=%<$(%XK:=#%E<L#;%$#F:!8F%<F%<%
N;#":9=!;%!T%"#N;#FF:!8%:8%=K#%#$"#;$QM%=K#%2@-I:S!8%F=P"Q(%i:!$%HFQ9K:<=;Q%0))*?%/2M//2-//,

0/(%% C=#^#8F%I@7%n;:FK8<8%n67%@;PEN%@7%iP;V#%mY(%@#;#1;!B<F9P$<;%":F#<F#%<8"%#B!$P>!8%!T%"#N;#FF:B#%
FQEN=!EF%:8%=K#%9<;":!B<F9P$<;%K#<$=K%F=P"Q(%C=;!V#%0))0?%22M'/2/-'/55

04(%% \#!"!;9`PV% R7% _fi;:#8% k\7% b:;1<8V% k7% H<8=!8:% Y7% H!UU#F:% R7% D;V:8SP8u% \% #=% <$(%XK:=#%E<L#;%
9K<8U#F%<8"%$<=#-$:T#%"#N;#FF:B#%FQEN=!EFM%$!8U:=P":8<$%F=P"Q(%i;%k%HFQ9K:<=;Q%0))4?%','M0'0-0'4

0*(%% [#;F$P:F%@D7%B<8%"#;% <F=%6@7%B<8%iP9K#E% R7%i!$$#8%DY7%i$<PJ%mk7%D#VK!T%kR%#=%<$(%H;!U;#FF:!8%
!T% 9#;#1;<$%JK:=#%E<L#;% $#F:!8F% :F% 8!=% <FF!9:<=#"%J:=K% "#B#$!NE#8=% !T% "#N;#FF:B#% FQEN=!EF%
:8%#$"#;$Q%FP1S#9=F%<=%;:FV%!T%9<;":!B<F9P$<;%":F#<F#M%\K#%H6_CHD6%C=P"Q(%&8=%k%m#;:<=;%HFQ9K:<=;Q%
0))/?%0'M243-2*'

0,(%% R$#G!N!P$!F%mC7% #Q#;F%iC7%o!P8U%6@7%n<VPE<%\7%C:$1#;FJ#:U%I7%@K<;$F!8% (%@$:8:9<$$Q%"#A8#"%
B<F9P$<;%"#N;#FF:!8(%RE%k%HFQ9K:<=;Q%',,4?%'35M3/0-3/3

2)(%% j#1#F%6I7%[!;<% &k7% #$=`#;%@@7%bPVP:% i7%X:$$:<EF%6Y7%n<E1!K% &%#=%<$(%6#$<>!8FK:N%!T%"##N%
JK:=#%E<L#;%KQN#;:8=#8F:>#F%<8"%<N!$:N!N;!=#:8%D%U#8!=QN#%=!%"#N;#FF:B#%FQEN=!EF%:8%!$"#;%
<"P$=F%J:=K!P=%9$:8:9<$%"#N;#FF:!8(%RE%k%HFQ9K:<=;Q%0))'?%'3*M*4*-**5

2'(%%  <;:8%6C(%RN<=KQM%<%8#P;!NFQ9K:<=;:9%FQ8";!E#(%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%',,'?%2M052-035

20(%% R8"#;FF!8% C7% n;!UF=<"% k 7% b:8F#=% R(% RN<=KQ% <8"% "#N;#FF#"%E!!"% :8% <9WP:;#"% 1;<:8% "<E<U#M%
;#$<>!8FK:N%=!%$#F:!8%$!9<$:`<>!8%<8"%NFQ9K!NKQF:!$!U:9<$%;#<9>B:=Q(%HFQ9K!$% #"%',,,?%0,M554-
53/

22(%% b!8#F%@C(%I:F>8UP:FK:8U%<N<=KQ%FQ8";!E#F%T;!E%B<F9P$<;%"#N;#FF:!8(%R;9K%m#8%HFQ9K:<=;Q%',,*?%
33M*55-*53

25(%% C=<;VF=#:8%CD7%H#=;<99<%m7%@K#E#;:8FV:%D7%n;#E#;%k(%CQ8";!E:9%B<$:":=Q%!T%<N<=KQ%:8%R$`K#:E#;fF%
":F#<F#(%RE%k%HFQ9K:<=;Q%0))'?%'3*M*40-*44

23(%%  <;:8%6C(%6#B:#J%!T%HFQ9K:<=;Q(%',,/?%+Yk%I:9VF=#:87% i%6:1<%<8"%k %_$"K<E%#"(?%X<FK:8U=!87%I@M%
American Psychiatric Press)

2/(% &FK::%C7%X#:8=;<P1%j7% #;B:F%k6(%RN<=KQM%<%9!EE!8%NFQ9K:<=;:9%FQ8";!E#%:8%=K#%#$"#;$Q(%k%RE% #"%
I:;%RFF!9%0)),?%')M2*'-2,2

24(%% I;:SU#;F%6Y7%R<$=#8%H7% Y##8=S#8F%Rb7%[#;K#Q%b6(% �RN<=KQM% T;!E%FQEN=!E%=!% FQ8";!E#�(%\:S"F9K;%
HFQ9K:<=;%0)')?%30M2,4-5)3

2*(%% Y#BQ% 67% IP1!:F% i(% RN<=KQ% <8"% =K#% TP89>!8<$% <8<=!EQ% !T% =K#% N;#T;!8=<$% 9!;=#G-1<F<$% U<8U$:<%
9:;9P:=F(%@#;#1%@!;=#G%0))/?%'/M,'/-,0*
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C"$"=$%&'15%&&7>"11"&'+(1"%1"'%#+'+":$"11(>"'1?5:)*5'-4%$%-)"$(1.-1

'*,

3('

2,(%% YQV#=F!F%@m7%Y!N#`%_7%k!8#F%i7%b:=`N<=;:9V%RY7%i;#:=8#;%k7%I#n!FVQ%C(%H;#B<$#89#%!T%8#P;!NFQ9K:<=;:9%
FQEN=!EF% :8%"#E#8><%<8"%E:$"% 9!U8:>B#% :EN<:;E#8=M% ;#FP$=F% T;!E% =K#% 9<;":!B<F9P$<;%K#<$=K%
F=P"Q(%kR R%0))0?%0**M'543-'5*2

5)(%% B<8%6##VPE%67%C=PFF%I\7%_F=;<8"#;%Y(%RN<=KQM%JKQ%9<;#r%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%0))3?%
'4M4-',

5'(%% CK:E%oC7%o!P8%o@7%j<%IY7%n:E%Co7%@K#!8U%an7% !!8%Co%#=%<$(%D^#9=F%!T%E#":<$%=#EN!;<$%<=;!NKQ%
<8"%JK:=#%E<L#;%KQN#;:8=#8F:>#F%!8%=K#%9!U8:>B#%TP89>!8F%:8%N<>#8=F%J:=K%R$`K#:E#;fF%":F#<F#(%
DP;%j#P;!$%0)''?%//M43-*0

50(%% i##VE<8%R\7%@!N#$<8"%k67%H;:89#% k(%6#B:#J%!T%9!EEP8:=Q%N;#B<$#89#%!T%"#N;#FF:!8%:8%$<=#;%$:T#(%
i;%k%HFQ9K:<=;Q%',,,?%'45M2)4-2''

52(%% B<8%"#8%i#;U% I7%_$"#K:8V#$%Rk7%i!PKPQF%RY7%i;:$E<8%D&7%i##VE<8%R\7%_;E#$%k(%I#N;#FF:!8%:8%$<=#;%
$:T#M%=K;##%#>!$!U:9<$$Q%":^#;#8=%FP1U;!PNF(%k%R^#9=%I:F!;"%0))'?%/3M',-0/

55(%% H<$E#;%n7%I:%&P$:!%b7%[<;F:%RD7%m:<88:%X7%C<89#F<;:!%m7%@<$=<U:;!8#%@7%CN<$$#L<%m(%j#P;!NFQ9K:<=;:9%
N;#":9=!;F%!T%N;!U;#FF:!8%T;!E%<E8#F>9-E:$"%9!U8:>B#%:EN<:;E#8=%=!%R$`K#:E#;fF%":F#<F#M%=K#%
;!$#%!T%"#N;#FF:!8%<8"%<N<=KQ(%k%R$`K#:E#;F%I:F%0)')?%0)M'43-'*2

53(%% bP% ka7%X!8U% n7% !V% [7% aP% l7% l:!8U% o7% @K#8% o% #=% <$(% j#P;!:E<U:8U% N;#":9=!;F% T!;% "#N;#FF:B#%
FQEN=!EF%:8%9#;#1;<$%FE<$$%B#FF#$%":F#<F#(%&8=%k%m#;:<=;%HFQ9K:<=;Q%0)')?%03M')2,-')52

5/(%% Y#BQ% Y7% @PEE:8UF% kY7% b<:;1<8VF% YR7% <F=#;E<8% I7% :$$#;% iY7% @;<:U% Ra% #=% <$(% RN<=KQ% :F% 8!=%
"#N;#FF:!8(%k%j#P;!NFQ9K:<=;Q%@$:8%j#P;!F9:%',,*?%')M2'5-2',

54(%% @<;8#Q%6 7%b;##"$<8"%nD7% :$$#;%mD7%k<^#%RC(%I#N;#FF:!8%<F%<%;:FV%T<9=!;%T!;%9<;":<9%E!;=<$:=Q%<8"%
E!;1:":=QM%<%;#B:#J%!T%N!=#8><$%E#9K<8:FEF(%k%HFQ9K!F!E%6#F%0))0?%32M*,4-,)0

5*(%% b#:U:8% [7% 6<=8<F<1<N<=KQ% o7% R8"#;F!8% @(% I!#F% 1$!!"% N;#FFP;#% $!J#;:8U% =;#<=E#8=% N;#B#8=F%
"#E#8><% !;% 9!U8:>B#% "#9$:8#% :8% N<>#8=F% J:=K% 9<;":!B<F9P$<;% <8"% 9#;#1;!B<F9P$<;% ":F#<F#r% k%
j#P;!$%C9:%0))3?%00,-02)M'3'-'33

5,(%% bP%ka7% !V%[7%Y<E%X7%X!8U%R7%@KP%X7%l:!8U%o%#=%<$(%D^#9=F%!T%F=<>8F%!8%N;!U;#FF:!8%!T%FP19$:8:9<$%
1;<:8%:8T<;9=(%@#;#1;!B<F9%I:F%0)')?%2)M3'-3/

3)(%%  !V%[@7%Y<E%XX7%b<8%oa7%X!8U%R7%jU%HX7%\F!:%\a%#=%<$(%D^#9=F%!T%F=<>8F%!8%=K#%N;!U;#FF:!8%
!T%9#;#1;<$%JK:=#%E<L#;% $#F:!8M%H!F=%K!9%<8<$QF:F%!T%=K#%6_@RC%+6#U;#FF:!8%!T%@#;#1;<$%R;=#;Q%
C=#8!F:F.%F=P"Q(%k%j#P;!$%0)),?%03/M43)-434

3'(%% 6:9K<;"%D7%m!PJ%RR7%C9K#$=#8F%H7%B<8%m!!$%XR(%[<F9P$<;%9<;#%:8%N<>#8=F%J:=K%R$`K#:E#;%":F#<F#%
J:=K%9#;#1;!B<F9P$<;%$#F:!8F%F$!JF%N;!U;#FF:!8%!T%JK:=#%E<L#;%$#F:!8F%!8% 6&M%=K#%#B<$P<>!8%!T%
B<F9P$<;%9<;#%:8%R$`K#:E#;fF%":F#<F#%+D[R.%F=P"Q(%C=;!V#%0)')?%5'M335-33/
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Summary

@<;":!B<F9P$<;%":F#<F#% :F% <% 9!EE!8%<8"% :EN!;=<8=%K#<$=K%N;!1$#E7%J:=K% :F9K#E:9%K#<;=%

":F#<F#%<8"%F=;!V#%<F%=!N%9!8=;:1P=!;F%=!%E!;1:":=Q%<8"%E!;=<$:=Q%J!;$"J:"#(%IP;:8U%=K#%

$:T#FN<87% 9<;":!B<F9P$<;% ":F#<F#% :F% <FF!9:<=#"% J:=K% FP1F=<8><$% :EN<:;E#8=F% :8% F#$T-;<=#"%

K#<$=K%F=<=PF%<8"%<8%:89;#<F#"%;:FV%!T%$<=#-$:T#%"#N;#FF:!8%<8"%9!U8:>B#%"#9$:8#(%I#FN:=#%=K#%

$<;U#%8PE1#;%!T%9<8":"<=#%E#9K<8:FEF%=K<=%K<B#%1##8%:8B#F>U<=#"7%=K#%#G<9=%P8"#;$Q:8U%

E#9K<8:FEF% #GN$<:8:8U% =K#% ;#$<>!8% 1#=J##8% 9<;":!B<F9P$<;% ":F#<F#% <8"% "#N;#FF:!87%

9!U8:>B#% :EN<:;E#8=% <8"% N!!;#;% F#$T-;<=#"% TP89>!8:8U% ;#E<:8% P8V8!J8(% _8#% !T% =K#%

N!=#8><$%E#9K<8:FEF%:F%=K#%N;#F#89#%!T%B<F9P$<;%":F#<F#-;#$<=#"%F=;P9=P;<$%1;<:8%9K<8U#F7%

9K<;<9=#;:`#"% 1Q%JK:=#%E<L#;% $#F:!8F% +X Y.7% $<9P8<;% :8T<;9=F% <8"% <=;!NKQ% !8%E<U8#>9%

;#F!8<89#%:E<U:8U%+ 6&.(

\K#% eB<F9P$<;% "#N;#FF:!8f% KQN!=K#F:F% N;!N!F#"% =K<=% ":F;PN>!8% !T% T;!8=<$-FP19!;>9<$%

8#=J!;VF% ;#FP$>8U% :8% :EN<:;#"%8#P;<$% 9!88#9>B:=Q%E<Q%1#% <%E#9K<8:FE%1Q%JK:9K%X Y%

<8"% $<9P8<;% :8T<;9=F% N;#":FN!F#7% N;#9:N:=<=#% !;% N#;N#=P<=#% "#N;#FF:!8% :8% $<=#% $:T#(% &8% =K:F%

=K#F:F%J#% :8B#F>U<=#"%=K#% :8vP#89#%!T%9#;#1;<$%FE<$$-B#FF#$%":F#<F#%<8"%<=;!NKQ%!8%F#$T-

;<=#"%K#<$=K%F=<=PF7%9!U8:>B#%N#;T!;E<89#7%"#N;#FF:B#%FQEN=!EF%<8"%E!;=<$:=Q?%JK#=K#;%

":^#;#8=% "#N;#FF:B#% FQEN=!E% 9K<;<9=#;:F>9F% <8"% :EN<:;E#8=F% :8% 9!U8:>B#% TP89>!8:8U%

<;#%;#$<=#"%=!%=K#%F=;<=#U:9%$!9<>!8%!T%X Y7%$<9P8<;%:8T<;9=F%<8"%<=;!NKQ%:8%":F>89=%1;<:8%

;#U:!8F?%<8"%=K#%N!FF:1$#%":;#9>!8%!T%9<PF<>!8%1#=J##8%X Y%<8"% $<9P8<;% :8T<;9=F7%F#$T-

;<=#"%TP89>!8:8U%<8"%"#N;#FF:B#%FQEN=!EF(

D%*%3*(4&+'(4456%++%4&7#+%(+%9&+%425*($%7&"%(4$"&+$($/+&(-7&04#-#0(4&8*1:-1+#+

X#%A;F=% :8B#F>U<=#"% =K#% :8vP#89#%!T% :89;#<F#"%N;!U;#FF:!8%!T%X Y%B!$PE#%!8%9K<8U#F%

:8%F#$T-;<=#"%NKQF:9<$%<8"%E#8=<$%K#<$=K%F=<=PF%"P;:8U%T!P;%Q#<;F%T!$$!J-PN%:8%N<>#8=F%J:=K%

FQEN=!E<>9%<=K#;!F9$#;!>9%":F#<F#%+5*/%N<;>9:N<8=F7%3*w,%Q#<;F?%*)O%E<$#.%+0"(8$%*&GYE).

X#% T!P8"% =K<=% !B#;<$$% NKQF:9<$% K#<$=K% F=<=PF% :89;#<F#"7% JK#;#<F% E#8=<$% K#<$=K% F=<=PF%

"#9;#<F#"% :8% FP;B:B!;F% !T% <% FQEN=!E<>9% <=K#;!F9$#;!>9% #B#8=(% R% E!;#% N;!8!P89#"%

N;!U;#FF:!8%!T%X Y%B!$PE#%9!8=;:1P=#"%=!%<8%#B#8%F=;!8U#;%"#9$:8#%:8%E#8=<$%K#<$=K%F=<=PF7%

1P=%":"%8!=%:8vP#89#%9K<8U#F%:8%NKQF:9<$%K#<$=K%F=<=PF(
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